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The diverse contributions to Environmental History 

of the Hudson River examine how the natural and 

physical attributes of the river have influenced human 

settlement and uses, and how human occupation 

has, in turn, affected the ecology and environmental 

health of the river. The Hudson River Valley may be 

America’s premier river environmental laboratory, and 

by bringing historians and social scientists together 

with biologists and other physical scientists, this book 

hopes to foster new ways of looking at and talking 

about this historically, commercially, and aesthetically 

important ecosystem.

 

Native people’s influences on the ecological integrity of 

aquatic and shoreline communities were generally local 

and minor, and for the first 12,000 years or so of human 

use, the Hudson River was valued mainly as a source 

of water, food, and transportation. Since the arrival 

of European colonists, however, commerce has been 

the engine that has driven development and use of the 

river, from the harvesting of beaver pelts and timber 

to the siting of manufacturing industries and power 

plants, and all of these uses have had pervasive effects 

on the river’s aquatic and terrestrial ecosystems. In the 

meantime, aesthetic movements such as the Hudson 

River School of painting have sought to recover and 

preserve the earlier pastoral landscape, anticipating 

the more recent efforts by environmentalists that 

have led to dramatic improvements in water quality, 

shoreline habitats, and fish populations.

Despite the pervasive forces of commerce, the Hudson 

River has retained its world-class scenic qualities. 

The Upper Hudson remains today a free-flowing, 

tumbling mountain stream, and the Lower Hudson 

a fjord penetrated and dominated by the Hudson 

Highlands. The Hudson’s unique history continues to 

affect current uses and will surely influence the future 

in remarkable ways.

R o b e R t  e .  H e n s H a w  received his Ph.D. in 

environmental physiology at the University of Iowa and 

worked for twenty years as an environmental analyst 

at the New York State Department of Environmental 

Conservation. He has taught in the Department of 

Geography and Planning at the University at Albany–

SUNY, and is a member of the Board of Directors of 

the Hudson River Environmental Society. He lives in 

West Sand Lake, New York.
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This book is dedicated to my father, Dr. Paul S. Henshaw, nuclear
biophysicist, from whom I learned the unity of physical and biological
sciences with the social sciences; and to Dr. G. Edgar Folk Jr., environ-
mental physiologist at the University of Iowa, from whom I learned
professional persistence.
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THE HUDSON IS A RIVER of dreams. Human
dreams have transformed this body of water and
recreated it. They have explained and interpreted it.
It is a river that has been sculpted by the ideas of a
people. In its waters and on its shores are written
the changing thoughts of Americans over the great
sweep of history.

Many of our nation’s rivers have come to em-
body an idea or a moment in time in our history.
The Mississippi will always be the river of Huck
Finn and steamboats and jazz. The Columbia tells
the story of Louis and Clark, while the Rio Grande
echoes with memories of ancient canyons, water
wars, and the human heartbreak of border crossings.
George Washington will forever be crossing the
Delaware and dwelling on the Potomac, the seat of
our national government and our monuments and
shrines. The Saco we think of as wild and free, and
the Red River Valley a place of goodbyes.

The Hudson is a different kind of river, because
it tells not one but many stories. It was the river of
the frontier, a battleground for freedom, and the
creative inspiration for a generation of American
poets and painters. Here, the civil engineers’ visions
of possibility bore fruit, and so did the dreams of
entrepreneurs and captains of industry. It has been
the gateway to America for millions of immigrants
who aspired for a new life. From its harbor the
Statue of Liberty sends forth her beacon of light. As
rivers go, the Hudson may be short—it is a mere

315 miles in length—but its connection with our
country’s history is long and deep.

This environmental history of the Hudson,
compiled by the Hudson River Environmental
Society (HRES), begins, as it must, with the river’s
unique geography, but it also weaves in the human
element, exploring the role of ideas, innovation, and
passion. It shows how science can unravel the mys-
teries of our past. It illustrates the deep divide of val-
ues that forced legal showdowns, as well as the
attitudes and practices that allowed the river to be-
come polluted. It shows how the emergence of new
ideas inspired a later generation to focus on restor-
ing the estuary and its ecosystem.

Nature blessed the Hudson with a deep harbor
that doesn’t freeze, a pleasant climate and good soils
for agriculture, a long estuary that provides habitat
for abundant fish and wildlife, plus a geologic store-
house of metals and minerals. Its port is one of the
best in the world, a function of its size, shape, loca-
tion, and geologic history. The river also radiates
breathtaking natural beauty.

For centuries—long before the arrival of Euro-
pean colonists—these natural assets have attracted
people who seek a better life. Nature set the stage for
prosperity and entrepreneurship that is best reflected
in the great city on Manhattan Island at the mouth
of the Hudson. The accumulation of power and
wealth in New York City can be directly traced to the
river’s ecosystem. In turn, the city shaped the future

ix
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of the river and changed many aspects of its ecology.
It is through this lens that HRES has asked the au-
thors to explore the river’s history.

The way the city and the river co-evolved re-
flects not only the unique geography of the Hud-
son but also its place in world history, its mix of
ethnic groups, and its power to inspire human
imagining. The Age of Enlightenment, the Ro-
mantic Era, the transportation revolution, and the
landing of a man on the moon all colored the vi-
sion of those who sought to arrange the Hudson to
their own designs. Advances in technology have also
been critical to this story. Inventions such as the
Mercator map, the steam engine, the Bessemer
process for making steel, the use of dynamite, and
the harnessing of electricity from water power all
shaped the future of the river in profound ways.
Laws and policies have similarly been important, all
influenced by the people who settled here. Native
People, Dutch, Africans, and English in particular
established concepts of governance, trade, com-
merce, and land use that echo throughout the ages
of river history. Later, the French, Irish, Germans,
Italians, Eastern Europeans, and Chinese left their
mark. You name it: the Hudson has been the quin-
tessential melting pot of world cultures, each influ-
encing the next with their notions of the role a river
should play in meeting human needs.

Like many American rivers, the Hudson has
been dammed, filled, channeled, and polluted, but
it has also been a success story for cleanup and a
model for protection of scenery. Precedents for con-
servation of the environment have spread from here
across the nation to other places in the world. Fun-
damentally, this history comes back to ideas and
how we relate to nature.

Rivers have always been a window into the
deeper and sometimes hidden emotions, and there
is an essential spiritual element to the river’s history.
“My soul runs deep like rivers,” poet Langston
Hughes once wrote. Taking the journey to the
source, finding the hidden headwaters, the “heart
of darkness,” is part of the Hudson’s story as well as
that of many other rivers, yet this river, more than
any other in America is populated by fairies, heroes,
and scoundrels. Here myth and reality are blended.
Legends and literature have been born from such
things as the rolling thunder in its Catskill moun-
tain shoreline and odd occurrences, such as the rare

white whale that swam into the fresh tidewaters of
Albany and Troy. The Hudson has been used as a
metaphor for madness, for death, and for life.

Not surprisingly, the river’s stories and dreams
are intertwined. The artist, funded by the entrepre-
neur, painted works that inspired the conservation-
ist. The engineer remodeled the river and then
designed the mechanics of its recovery. The fabu-
lously wealthy became the philanthropists whose
treasure has preserved a natural and historic her-
itage. Immigrants who carried out the transforma-
tion of the Hudson’s shores raised children and
grandchildren who fought to save the river from de-
struction. Politicians whose childhood was spent on
the banks of this storied river drew lessons from
their childhood ramblings and applied these expe-
riences to state and national policies that reverber-
ated here and everywhere.

Having grown up on the river and studied its
history, I have concluded that the story of the Hud-
son is really about passion. Among the ranks of
those who have made a difference in the history of
the river are governors, journalists, bankers, survey-
ors, singers, aristocrats, fishermen, congressmen,
lawyers, scientists, mothers, tree farmers, business-
men, teachers, and Presidents. Their voices, their
energy have profoundly affected how civilization
has proceeded across the river valley and how it
spread from the Hudson to the nation and the
world.

The one thing all those individuals have in
common is the power of their imagination. The
Hudson inspires big dreams and energizes the peo-
ple who can fulfill them. Most of the people who
have made a difference on this river have been
steeped in personal experience of it. They swim in
it, they study its rocks, and they listen to the songs
of its birds and observe the habits of its fishes. They
smell the fragrance of the sweet flag growing in its
shallows or contemplate the scenery in quiet medi-
tation. They are moved by it, as am I.

My own personal experience of the river grew
over a period of years. When I was a child, in the
’50s and ’60s, the river was at its worst, a stinking
sewer that was hard to love. I remember having to
get shots to go out on a boat with a friend, in case
I fell in. Then Earth Day came along when I was in
college, and the Clearwater Sloop began having fes-
tivals on the waterfront, spreading a message of both
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anger and hope. Like many young people of my
generation, I was inspired to do something about
the pollution of the river. The environmental move-
ment coincided with the women’s movement and
the civil rights movement. I was lucky to get an in-
ternship that launched what has become a career in
conservation. Now, with more than thirty-five years
of experience in protecting the river’s water quality,
historic sites, fisheries, habitats, and scenery, I am
one of a number of women who have made a pro-
found difference for the river as we know it today,
and I have been blessed to know many of the peo-
ple who played key roles in its recovery.

Among those who have made a great contribu-
tion to the future of the river are the scientists,

engineers, and historians who make up the mem-
bership of the Hudson River Environmental Soci-
ety. This fine book is a collection of essays from
people who have worked in the trenches, bringing
a depth of personal experience, scientific knowl-
edge, and historical perspective that shines a light
on our understanding of the river and its people.

Frances F. Dunwell,
author of The Hudson:
America’s River
New Paltz, NY
November, 2010
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MUH-HE-KUN-NE-TUK—the River That Flows
Both Ways. Native Americans revered the river and
defined themselves by it for at least twelve millen-
nia. Early European explorers and colonists renamed
it many times: Mauritius; River of the Mountains;
North River; Hudson River. It has been called Amer-
ica’s Rhine. Those who have lived or traveled along
it, worked upon it, defended it, or simply beheld it,
have valued this river out of all proportion to its
meager 315 mile length. Others, too, who built on
its shores, conducted commerce along it, transported
upon it, and expelled industrial and municipal
wastes into it, also relied on the river. Over the years
the people who settled along it deforested its shores
and built vast businesses. Communities and indus-
tries sullied it, causing the people to shun it for many
years. Today they rediscover it. This volume attempts
to explain the enigma of this, the queen of America’s
rivers, the Hudson River.

In 2009 New York State celebrated the quadri-
centennial anniversary of Henry Hudson’s 1609
voyage into the river that came to bear his name.
Most public recognition celebrated the last four
hundred years of human presence on the Hudson
River. Less attention was given to the many envi-
ronmental influences of the human presence since
the coming of the Europeans, and even less to the
preceding thirteen millennia of human presence on
the river. The Hudson River Environmental Soci-
ety participated in that anniversary celebration by

convening a conference to examine the ways that
human activities affected the ecosystems of the
Hudson River watershed, and how once those
ecosystems had been altered, subsequent human ac-
tivities had to be modified. More than a historical
accounting of events, the speakers, each an expert in
his or her respective subject, sought to explain the
interplay of human activities with the Hudson River
watershed. Because the audience comprised many
disciplines, discussions ranged widely. This volume
is based on the speakers’ original presentations, now
modified based on those discussions.

Seemingly widely diverse, these chapters all con-
sider, directly or by implication, a single concept:
the reciprocal effects of human uses and ecosystem
responses. Some authors look for causation in pre-
ceding events or ramifications in later events.
Others consider ecological conditions and the im-
plications in preceding or subsequent animal or
plant communities. Still others focus directly on
human activities implying ecological effects. If one
looks only at specific details and events, the history
of the Hudson River appears unique. If, on the
other hand, one considers patterns of change and
general mechanisms, then the Hudson is seen to
model any river.

This volume is divided into four parts, each ex-
amining particular aspects of the human use/eco-
logical response feedback relationship. Each part
begins with a short introductory narrative history

xv

INTRODUCTION

Robert E. Henshaw

We found a pleasant place below steep little hills. And from among those
hills a mighty deep-mouthed river ran into the sea.

—Giovanni da Verrazano, Italian explorer, 1524 for “his most serene
and Christian Majesty,” Francis I of France, his patron

This is very good land to fall in with, and a pleasant land to see.
—Robert Juet, Henry Hudson’s historiographer, 2 Sep 1609



Earliest map of the Hudson River (Courtesy of the New York State His-
torical Association Library, Cooperstown, NY). From the second edition
of “A Description of the New Netherlands,” by Adriaen Van der Donck,
published by Evert Nieuwenhof, Bookseller in 1656, copyrighted for fifteen
years in 1653. In a foreword Nieuwenhof states his intention for the book:
“Comprehending the fruitfulness and natural advantages of the country,
within itself, and from Abroad, for the subsistence of man…” Preceding
Van der Donck’s text, Nieuwenhof also offered this poem:

ON THE PATRONS AND THE HISTORY OF NEW NETHERLANDS
Still Amstel’s faithful Burger-Lords do live
Who East and West extend their faithful care;
To lands and men good laws they wisely give,
That like the beasts ran wild in open air.,
With aged care Holland’s gardens still they save—
And in New Netherlands their men will ne’er be slaves.

Why mourn about Brazil, full of base Portugese? [sic]
When Van der Donck shows so far much better fare;
Where wheat fills golden ears, and grapes abound in trees;
Where fruit and kine are good with little care;
Men may mourn a loss, when vain would be their voice,
But when their loss brings gain, they also may rejoice.
Then, reader, if you will, go freely there to live,
We name it Netherland, though it excels it far;
If you dislike the voyage, pray due attention give,
To Van der Donck, his book, which, as a leading star,
Directs toward the land where many people are,
Where lowland Love and Laws all may freely share.

(Evert Nieuwenhof)

Every line provides clues to life, conditions and authority in New Nether-
lands; many are discussed throughout this volume.

F IG. INTRO.1. Map of New Netherlands with a View of New Amsterdam 1656.



FIG. INTRO.2. Asher B. Durand, Progress (The Advance of Civilization), 1853, oil on canvas. (Generously provided by the Westervelt Collection;
original is displayed in the Westervelt-Warner Museum of American Art in Tuscaloosa, AL)

Asher B. Durand was the second prominent artist in the Hudson River School of Landscape Painting. A former respected banknote engraver, he was
noted for his accurate and realistic depictions. This painting, done on commission from Jay Gould, the railroad magnate, is thought to be a conflation
of many scenes, rather than a specific location (Ferber 2010). We may consider it a composite snapshot of the Hudson River Valley in the mid-nine-
teenth century. While some in the Hudson River School, especially Thomas Cole, its founder, deplored encroachment on the wildness, Durand deals
unapologetically, perhaps even approvingly, with the notion of “continued upward progress” of American society which was much debated in mid-nine-
teenth-century learned society. In this one scene Durand encapsulates many ways that humans were changing the Hudson River ecosystems, and how
those changes both enabled and forced changes in the ways humans continued using those ecosystems. Some art historians believe that two years
later, Durand began to criticize “progress.”

In the foreground are remnants of the primeval forest that so attracted arriving Europeans, though shown here in dark tones that contrast with
the scene below. Durand features “blasted” (storm-damaged) trees—iconic of Hudson River School paintings. Three Native Americans (nostalgi-
cally?) view the scene from the cliff top. A tributary stream to the Hudson has been canalized to facilitate flatboat traffic but impeding fish access to
headwaters for spawning. The floodplain is now cleared and farmed, reducing biodiversity. Poles along the road suggest the arrival of the telegraph,
a recent invention of fellow resident of the Hudson River Valley, Samuel F. B. Morse. Villages line the shoreline, attesting to their continued reliance
on the river for both water source and waste disposal. A railroad connects river communities to far off places, but creates a linear slice separating
people from the river, and dividing properties and communities. The tracks have required excavation of the rock bluffs and are supported on a cause-
way that restricts the river’s circulation through a former embayment. Beyond, the river sweeps around a point where industries and brick factories
send plumes of smoke and steam skyward. In the far distance, mountains, probably based on the Hudson Highlands, rise into the clouds, but unlike
the present course of the river, in this scene the river turns to the right beyond the distant prominence. A church and a large institution occupy com-
manding views of the river, suggesting they valued landscape vistas. If the large institution in the middle ground is meant to suggest Sing Sing Prison,
it was not placed there for a commanding view, but rather because, as they explained at the time, that is where the stone used in its construction was
in abundance. Thus, some construction was river-dependent, drawing on the river for resources or transportation, or simply for aesthetic joy, while
other developments clearly were not. Lighthouses may be in the river channel attesting to the amount of boat traffic. Durand shows one steamboat,
one oceangoing sailing ship, and one Hudson River freight-hauling sloop. Although many HRS paintings portray robust river traffic, the artist has not
done so in this scene—perhaps to force the viewer to focus on riverside development.

The eye is inevitably drawn to the center of the painting where the sky is bright at the very point where the sun would be setting in shades of red
if this view were northwestward. Was this Durand’s optimism for “progress?” The viewer is left to ponder what is gained and what is lost when civiliza-
tion advances.



of events and context surrounding the subjects of
chapters that follow it. These introductions may be
read in sequence for an unfolding of the environ-
mental history of this phenomenal river we call
home—how we got to our present state and how
we leave it to future generations.

In Part I, “History and Biology: Providing Ex-
planations,” the convening authors discuss general
concepts of the use/response interaction. They seek
to demonstrate the valuable and necessary syner-
gism between biologists and historians—one that is
too often ignored by both. We hope the result of
the present volume will be that biologists and his-
torians in the future will consider collaboration es-
sential to complete their work.

Part II, “River of Resources,” concentrates on
the resource base exploited by Native Americans
and colonists. Native American tribes varied in
their uses of the Hudson River and the surround-
ing forest ecosystems. Archeologists believe that be-
cause of their low population density and their
lifestyles, they lived sustainably within the produc-

tive capacity of the Hudson region—as surely they
must have since they occupied the Hudson region
for at least twelve millennia. This volume examines
evidence of early Native American uses of re-
sources, but it concentrates on the most recent four
hundred years since the arrival of European
colonists, on their increasing presence and accu-
mulating impacts on the Hudson River and its sur-
rounding terrestrial communities, and on their
(our) failure to live sustainably within the produc-
tive capacity of the Hudson region.

For millennia the Native American tribes ar-
rayed up and down the Hudson exploited the river
for trade and transportation—uses that were eco-
logically benign. Part III, “River of Commerce,”
demonstrates that from the first viewing, Europeans
sought to exploit the river and its surroundings with
little or no regard to ecological impact. Arriving
from stressed and crowded Europe, the new lands
appeared almost magically productive and available.
Many assumptions were made; buffalo and uni-
corns were hypothesized in the remote north, and
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FIG. INTRO.3A. Progress, 2010 Panorama of Lower Hudson River Valley at Rivermile 41 (looking toward south and west). (Scene continues in Fig.
Intro. 3b)

At this point the Hudson River threads through the Allegheny Mountains. During the last ice age an ice plug blocked southward river flow and diverted
the flow northward into the St. Lawrence River. To the south, Peekskill Solid Waste Facility is exactly centered in the focal point of the southern vista.
Easily seen on a clear day, the large structure is out of character with the regional natural landscape. This plant might have been sited 1,000 m to the
east and have been completely out of sight, but during reviews of plans New York State regulators concentrated on protecting fish from discharges and
not on protecting scenery. Directly across the river, Iona Island is the site of a former U.S. Navy munitions storage depot with underground ammunition
storage vaults. The island is ostensibly open to the public, however access is difficult. Reintroduced bald eagles frequent the island. Beyond is Iona
Marsh, ca. 80 ha of cattails where once the river flowed freely. This is one of four tidally flushed wetlands in the Hudson estuary managed by the Na-
tional Estuarine Research Reserve System. The marsh resulted from restriction of river flushing of the former embayment when the Hudson River Line
Rail Road (today the West Shore RR) was constructed in the mid-nineteenth century without regard to environmental effects. This railroad is still the
principal route to deliver freight northward to the crossover near Albany bound for New York City south of here. On the far shore is the site of Doodle-
town, a colonial riverside community, now vanished leaving virtually no signs of its previous existence. Above rise the forested low mountains of Bear
Mountain State Park; a gift to the state from a wealthy river family. (Photo by the author)



the earliest map of the region (Fig. Intro. 1) indi-
cated that the today’s Rockland County and New
Jersey were an island.

The authors in the present volume describe ef-
fects of forestry, agriculture, ice, sanitary, chemical,
and power industries on the river and its surround-
ings. Many other industries might be examined
with respect to the use/change feedback model but
space limitations prevent inclusion in this volume.
Perhaps the best summary of nineteenth-century ef-
fects of human uses on ecosystems in the Hudson
River Valley was created by the artist Asher B. Du-
rand (cover and Fig. Intro. 2). This 1853 painting
all but encapsulates the content of this volume.
That scene may be compared to a present-day vista
from the Scenic Overlook opposite Bear Mountain
State Park. Here, compressed into one glorious view,
one may see the pervasive effects of prior develop-
ment decisions imposed on stunning, otherwise
pristine scenery as well as present-day uses of the re-
gion (Figs. Intro. 3a and 3b). To provide a geo-
graphic context for all that follows, we begin with

an abbreviated geography of the Hudson River
Basin.

Reactions to growth and development of the
Hudson were varied. Many residents observed envi-
ronmental deterioration and despaired, forsaking the
river. Others reveled in growth, arguing that
“Progress” (see Fig. Intro. 2) was inevitable and even
“Manifest Destiny.” A remarkable number of Hud-
son citizens were stimulated to strike out in new di-
rections, creating new literature, art, law, and
regulatory procedures. Even the form of the new fed-
eral government following the Revolutionary War
was shaped by study of the Iroquois Confederacy.
The authors in Part IV, River of Inspiration, discuss
the uniquely large spiritual impact this river has had
on its inhabitants generation after generation.

It should come as no surprise that the world’s
environmental movement began in the Hudson
River Valley, initiated specifically to protect its
unique environmental qualities. Similarly, it was
along the Hudson River, at Ft. Edward in 1986,
that one of the first negotiated agreements between
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FIG. INTRO.3B. Progress, 2010 Panorama of Lower Hudson River Valley at Rivermile 41 cont. (looking toward west and north). (continued from
Fig. Intro. 3a)

Beyond the northern tip of Iona Island is the Hudson River Line RR trestle that restricts water flow through the Doodletown embayment (see Fig. Intro.
3a.). Between the island and the trestle are mute swans, a Eurasian exotic species introduced during the 1800s on large Hudson River estates. Unlike
most invasive species, the swan population is stable. Above the shoreline, Bear Mountain rises 300 m (900 ft.), accessible to the public as a state park.
At the north end is Bear Mountain Bridge. When constructed in 1924 it was the longest suspended bridge as well as the largest privately owned bridge
in the world. It remained in private ownership until 1940 when the state bought it. Just upstream of the bridge are the sites of the former Revolutionary
War Fort Clinton and Fort Montgomery. Here the first Great Chain was suspended across the river during the Revolutionary War to prevent British in-
cursion. The British dismantled and salvaged the chain. The cliff on the east side is 300 m (900 ft.) high Anthony’s Nose named to celebrate the prodi-
gious proboscis of Anthony Van Corlaer, trumpeter for early governor Petrus Stuyvesant. The mountains above the picture site (out of view) are Camp
Smith, a former New York State militia training ground. Although ostensibly off-limits, the peaks are popular with day hikers. Immediately below the cam-
era’s location the eastside railroad tracks carry passengers and freight to New York City. As with the 1853 Durand version of “Progress” (Fig. Intro. 2.),
the viewer of this modern-day vista may ponder what is gained and what is lost each time decisions are made for human uses that affect ecosystems.
(Photo by the author)
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the federal and state governments and the Native
American community (coordinated by Joel Gross-
man, author of chapter 8 in this volume),
established a new protocol for archaeological inves-
tigations which respects Native American
values through on-site nondestructive documenta-
tion and in-place reburial under Native American
supervision.

This diminutive river system continues to hold
a disproportionate level of public interest. A com-
puter search on “Hudson River” returns more hits
per river mile than any other river in the world.
The Hudson River has had a differentially large
impact on American history and culture up to
now. We must believe that it will continue to pro-
vide lessons, guidance, and inspiration in the fu-
ture. May it spur your curiosity, imagination, and
participation, that you too may become a part of
the inspiring spiraling history of the Hudson
River.

REFERENCES CITED

Durand, Asher B. 1853. Progress (The Advance of
Civilization) 1853. Painting, oil on canvas,
Westerfelt-Warner Museum of American Art.

Juet, R. 2006. Juet’s journal of Hudson’s 1609 voyage,
from Collections of New York Historical Society,
Second series, 1841.Transcribed by Brea Barthel,
Albany: New Netherlands Museum. http://half-
moon.mus.ny.us/Juets-Journal.pdf. 2 Sep.

Van der Donck, Adriaen, J.U.D. 1656. A descrip-
tion of the New Netherlands. Tr. from the origi-
nal Dutch by Hon. Jeremiah Johnson. Evert
Nieuwenhof, Bookseller, Amsterdam

Verrazano, Giovanni da. 1524. In Carl Carmer,The
Lordly Hudson: Over 350 years a mighty pag-
eant of history has moved through the myth-
haunted valley of the Great River of the
Mountains. American Heritage Magazine. De-
cember 1958, 10(1). http://beta2.americanher-
itage.com/articles/magazine/ah/1958/1/1958_1
_4.shtml. accessed Dec 2010.



HUDSON RIVERWATERSHED

By comparison with America’s other great rivers, the
Hudson River is small, yet because of its location,
topography, and ecology, it is one of America’s most
interesting rivers. By virtue of its location, it is one
of America’s most important rivers. It originates in
the Adirondack Mountains and flows 507 km (315
miles) to the Atlantic Ocean. The northern half
brings the river down from the side of New York’s
highest mountain peak to sea level; the southern half
is a single long estuary emptying through its all-sea-
son harbor into the Atlantic Ocean. En route it trav-
erses two mountain ranges, bisects a broad pastoral
valley, receives sixty-five tributaries draining eleven
sub-watersheds, and merges with branches of the sea
isolating Manhattan and Long Island. It creates sce-
nic landscapes so striking that they are protected by
federal law. The reader should take this incredible
journey in the fifteen-minute virtual airplane tour
of the entire length of the river from the southern
point of discharge into the Atlantic Ocean north-
ward to the source of the river in the Adirondack
Mountains at the Hudson River Environmental
Society’s website, www.hres.org.

The watershed of the Hudson River comprises
an area of ca. 3.5x106 hec (13,600 mi2), 93 percent
of which is in New York; the rest is in Vermont,
Massachusetts, Connecticut, and New Jersey (Fig.
G.1 and on the CD). It lies strategically between
New England and the interior of the continent and
saw key battles to control it during the American
Revolutionary War. The watershed is 65 percent

forested, 25 percent agricultural, and 8 percent
urban. The Hudson River system comprises three
legs: the Upper Hudson, the Mohawk River, and
the Lower Hudson. Each leg is distinct in hydrol-
ogy, biology, terrestrial setting, and history of
human habitation, uses, and impacts (Fig. G.2).

UPPER HUDSON RIVER

The Upper Hudson River begins its 277 km (172
mi.) descent to sea level near the 1,460 m (4,800
ft.) level of New York State’s tallest mountain, Mt.
Marcy. It issues from the diminutive, and roman-
tically named, Lake Tear of the Clouds, as Feldspar
Brook, which empties into the Opalescent River
before becoming the mainstem Upper Hudson
River. For the first three-fourths of the way it tum-
bles through the granitic Adirondack Mountains.
As a result it has very low turbidity and is highly
oxygenated. It receives little allochthonous (in-
washed) nutrient material, and therefore is olig-
otrophic. Total aquatic biomass and biological
productivity are low. When it reaches Troy, New
York, still 246 km (153 mi.) inland from the ocean,
the river is virtually down to sea level. The Upper
Hudson is virtually free flowing even as it passes
through more than twenty dams. It takes but a few
days for a drop of water leaving Lake Tear of the
Clouds to arrive at Troy.

Precipitation is 1.0–1.2 m/year (40–48 in./year),
distributed fairly uniformly from month to month.
Average surface runoff is 46–61 cm/yr (18–24
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in./yr). However, surface runoff varies greatly with
season because virtually all of the winter precipita-
tion is held in the Adirondack Mountains as snow
cover. During April andMay the snowmelts, rapidly
releasing all of the winter-accumulated water into
the river in just a few weeks producing a dramatic
and short “spring high flow.” By August, surface
runoff declines so greatly that the “summer low
flow” is equally dramatic. The spring high flow sup-
ports world-class whitewater kayak and canoe
events, but by late summer a child can wade across
the river. For the lower sixty-four km (forty mi.),
flow of the Upper Hudson River is streamlined and
uninterrupted until it arrives at Troy.

MOHAWK RIVER

The principal tributary to the Hudson River is the
Mohawk River. It enters the mainstem Hudson
from the west near Troy. The Mohawk River is 225
km (140 mi.) long, flowing mostly through agri-
cultural lands. As a result the water is turbid due to
in-washed silt and nutrients from surface runoff. It
supports a mesotrophic food web although many
tributaries are oligotrophic. The annual flow of the
Mohawk River is seasonal, although spring high
flow is less dramatic than in the Upper Hudson be-
cause it extends over a period of months. Situated
between the Adirondack Mountains and the

xxii ROBERT E. HENSHAW

FIG. G.1. Watershed of the Hudson River Basin. Most of the 165 trib-
utaries are shown. (Courtesy of Wall 2010)

FIG . G.2. Limnological map of the Hudson River Basin.
The distinctly different productivity of the three main legs is character-
ized. Based on the relative biological productivity and surrounding de-
mographics, the “biological center” and “demographic center” are
characterized with respect to the “geographical center.” The productivity
of terrestrial ecosystems surrounding the river is generalized. Funda-
mentally these terrestrial ecosystems are second-growth forest in the
north, agrarian in the middle, and urbanized in the south.



Catskill Mountains and Allegheny Plateau, the Mohawk River pro-
vided a route along which the Erie Canal was constructed—the first
reliable commercial transportation route to the west through the Al-
legheny Mountains.

LOWER HUDSON RIVER

Hydrology

The Lower Hudson (Fig. G.3), often referred to as the Hudson River
Valley, flows in a nearly straight path from Troy southward to the
southern tip of Manhattan (“River Mile 0”), a distance of 246 km
(153 mi.). It then continues between Staten Island and Long Island
to the Verrazano Narrows on the Atlantic Ocean south of New York
City. Unless specified otherwise most of the chapters in this volume
concentrate on the Lower Hudson River.

This segment of the Hudson River is commonly considered to
be a drowned river because the main channel for the Lower Hudson
formed at a time when sea level was about 140 m (430 ft.) lower
than today. As theWisconsinan glacier retreated around 18,000 years
ago, the ocean inundated the channel. Subsequently, in-washed ma-
terials have filled much of the river channel. Today the Lower Hud-
son averages ca. 6 m (21 ft.) deep for about 80 km (50 mi.) south of
Troy. Where it breaches the Allegheny Mountains (see Fig. G.3),
often referred to as “the Gorge,” the river narrows as it rounds West
Point. Here the increased water velocity flushes out settleable mate-
rials, so that the river maintains a depth of as much as 59 m (194 ft.).
South of The Gorge the river broadens to 5.6 km (3.5 mi.) wide to
become the Tappan Zee (Tappan Sea) that is as little as 1 m (3 ft.)
deep. Water here warms in the summer and is the nursery area for
many species of fish. Because ocean-going freight vessels commute
to the Port of Albany, a navigation channel is maintained by the US
Army Corp of Engineers of 10 m (32 ft. to just south of Albany and
9 m (27 ft.) at Albany (USACE 2009, 1).

Mean annual flow in the Lower Hudson River is ca. 385 m3/sec
(13,600 ft.3/sec), but because the inflow from the Upper Hudson
and the Mohawk are seasonal, flow in the Lower Hudson varies from
ca. 1300 m3/sec (46,200 ft.3/sec) during spring high flow to ca. 245
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FIG. G.3. Satellite map of the Hudson River Valley in false color.
South of Albany and Troy the Hudson River flows southward along an ancient crease in the
earth’s surface. For the first ca. 80 km (50 mi.) it flows through a wide pastoral valley. Where the
Allegheny Mountains cross from the west into New England, the Hudson must pass through a
narrow deep gorge between mountains ca. 300 m (1,000 ft.) high. Following the recent Wiscon-
sinan glaciation, as an ice plug in this gorge melted, the ocean inundated the channel all the
way to Troy, N.Y., 240 km (150 mi.) inland. South of the gorge is the broad and shallow Tappan
Zee (Tappan Sea). For the last ca. 80 km (50 mi.) south, the river channel is deep, creating an
all-season port for deep draft oceangoing vessels. (Courtesy of NYS Department of Environ-
mental Conservation)



m3/sec (8700 ft.3/sec) during summer low flow.
Flushing rate is ca. 126 days. Although the average
residence time for a drop of water in the estuary is
ca. 4 days, during summer low flow it can lengthen
to as long as three weeks for a drop of water enter-
ing at Troy to reach the ocean.

The entire Lower Hudson River is an estuary
with mean tidal height of ca. 1.5 m (4 ft.), and tidal
flux varying between 6 and 13,026 m3/sec (200 and
460,000 ft.3/sec) all the way to Troy. Peak flood and
ebb tide water velocities are ca. 1.8 m/sec (4 mph).
Thus, tidal circulation is about ten times the river
flow. Tidal movements, combined with river flow
and variable winds that predominately blow north
and south, present sailors with interesting challenges.

The northern two-thirds of the Lower Hudson
River is freshwater. The southern third is brackish
(Table G.1). As freshwater pushes toward the ocean,
sea water attempts to enter the river channel creat-
ing an interface of sea water and freshwater, the

halocline, or more commonly, the “salt front.” As
the tide pulses in and out, the salt front moves up
and down the river twice a day. During spring high
flow of freshwater the salt front is pushed down to
about “River Mile 30” (48 km). During summer
low flow the salt front may advance as far north as
about “River Mile 80” (128 km) (Fig. G.4). This
“front” is not a vertical wall. Sea water contains
about 3 percent salt, and therefore is more dense
than freshwater. Thus, as the sea water attempts to
flow in, the freshwater tends to “float” on top of the
sea water for a distance before they fully mix. The
salt front is more correctly viewed as a “salt wedge”
(Fig. G.4). The salt wedge is extremely important
to larval aquatic animals because they can maintain
their location in the river simply as a result of their
normal vertical migrations up into freshwater mov-
ing out, then down into sea water moving in.

Biology

The Lower Hudson holds a rich abundance of
aquatic plants and animals. Overall biodiversity is
great because there are freshwater, salt water, and
brackish water species, and there are salt marshes,
tidal saltwater wetlands, and tidally flushed fresh-
water wetlands. Total biological productivity is very
high because there are two foundations for the food
web, the usual algae-based primary production as
well as bacterial and fungal decomposition of in-
washed organic matter (detritus) such as leaves. In
essence the Lower Hudson is a long trough within
which the tidal flux sloshes the contents back and
forth for up to months while the freshwater moves
slowly fromTroy to the Atlantic Ocean. This means
that in-washed organic matter remains in the trough
long enough for bacteria and fungi to break it down
into a rich broth available to support a robust mix
of ecological communities of organisms. In the
Hudson River detrital decomposition provides
twice as much chemical energy to the trophic steps
above as algal production (Cole and Caraco 2001,
101; Caraco and Cole 2004, 308). The sum of both
foundations for the food webs above makes the
Hudson River estuary an unusually productive one.

Overall river productivity has been affected by
several important anthropogenic modifications

xxiv ROBERT E. HENSHAW

FIG. G.4. Salinity of the Hudson River.
Spring high flow pushes the halocline, or “salt front,” downriver. Summer
low flow allows sea water to penetrate farther, pushing the salt front up-
river. (Based on Oak Ridge National Laboratory 1977)

TABLE G.1. Distribution of Salinity

River Mile River Km High Flow Low Flow

100 161 0.0 0.0
90 144 0.0 0.1
80 128 0.1 0.2
70 112 0.2 0.7
60 96 0.5 1.0
50 80 0.6 1.8
40 64 1.1 3.0
30 48 2.3 6.1
20 32 6.0 10.5
10 16 12.3 17.0
0 0 23.5 25.0
-1 -2.5 25.0 25.0



through the last century. The center-river channel
has been dredged from the harbor to Albany to ac-
commodate oceangoing freight ships and barges.
Dredge spoils were placed in channels among is-
lands effectively removing the braided channel.
Railroad embankments tended to linearize the
shorelines and simplify them with riprap. Where
railroads encountered meandering shorelines and
embayments, the tracks were often laid on elevated
gravel beds and trestles, semi-enclosing the embay-
ments. All of these affected aquatic productivity
(Strayer and Findlay 2010; Findlay et al. 2002).

These conditions prevailed until about 1993
when the exotic zebra mussel arrived in the Hud-
son River. With no natural parasites present in the
Hudson, it quickly produced a huge population. It
is such an effective filter feeder of suspended nutri-
ents that algae and detritus were greatly reduced. As
a result, abundance of most animal groups in the
trophic web changed dramatically. Biologists con-
tinue to monitor populations to determine how the
balance of processes will eventually stabilize.

In excess of two hundred species of fish occur in
the Lower Hudson River. Spawning, egg laying, and
early larval growth concentrate in the brackish re-
gion of the salt front. For this reason this region is
characterized in Fig. G.2 as the “biological center”
of the Lower Hudson. A number of species of fish
are anadromous, relying on the freshwater and
brackish parts of the river for spawning and early
growth before spending the bulk of their lives at sea.
Seasonal migration runs, when the mature fish
commuted into and out of the river, historically
supported robust commercial fisheries. A few
species of fish are catadromous, such as the eel,
which spends its life in the river but travels to the
mid-ocean Sargasso Sea for reproduction. During
colonial times, the nonmigratory short nosed stur-
geon that could grow to more than 2 m (7 ft.) and
a body weight in excess of 60 kg (150 lbs.) was
taken as “Albany beef.”

For many years wastes from the metropolitan
areas along the Hudson’s shores affected the biolog-
ical integrity of the river. Until the installation of
secondary sewage treatment in 1975, waste released
from Albany and Troy caused a severe reduction of
oxygen in the water downstream for ca. 30 km (24
mi.). This “oxygen block” precluded virtually all

species of fish from reachingTroy.Within two years
of installation of secondary treatment most species
of fish again could be found as far north as the fed-
eral dam at Troy. New York City also released vast
quantities of raw sewage until 1991 although it did
not seem to cause the degree of impact as occurred
at the north end of the estuary.

Demography

The Lower Hudson passes several large cities and
many smaller cities and villages. Albany and Troy
are at the northern end. Poughkeepsie is at about
the midpoint. By far, the largest and densest met-
ropolitan area is at the southern end, Yonkers to
Manhattan on the east side and Jersey City to Eliz-
abeth on the west side. For this reason, Fig. G.2
suggests the “demographic center” of the Lower
Hudson is south of the “geographic center.” The
smaller cities and villages differ from highly urban
to nearly rural in character, and provide a wide va-
riety of community quality of living, cost of living,
and opportunity to their citizens (hudson-river-
valley.com 2010). Some of those communities
have concentrations of certain ethnic groups or
economic levels. As a loose generalization, mean
household income, home value, cost of living, and
cost of education increase from south to north.
Cost of housing in New York City (up to five hun-
dred times higher than in Albany) accounts for the
bulk of the high cost of living there. Demograph-
ics of the five boroughs of Greater New York City
differ markedly; household income, home value,
and all costs of living are highest in Manhattan.
Environmental quality parameters do not follow
such a trend from south to north but rather reflect
local conditions. New York City’s drinking water,
world famous for its high quality, is delivered
through two massive aqueducts by gravity flow
from nineteen reservoirs in the Catskill Mountains
more than 160 km (one hundred miles) northwest
of the city. The reader may go online to find the
fascinating story of the creation in the nineteenth
century of “Greater New York City” from its five
separate boroughs to increase political and pur-
chasing power in order to gain access to mountain
water resources.

The Hudson River Watershed xxv



xxvi ROBERT E. HENSHAW

Industry

Throughout the nineteenth and twentieth centuries
large industries located along the shores, capitalized
on the river to transport products to market. With-
out regulation, industrial wastes, including chemi-
cal wastes, were increasingly disposed of in the
receptacle of greatest convenience, the river. Fish
populations bore the brunt of those impacts. Many
organic chemicals, notably the infamous polychlo-
rinated biphenyls (PCBs), were carcinogens and hor-
mone mimetics. Sport fishing for most fish species
and commercial fishing for striped bass and shad fi-
nally were closed at the end of the twentieth century
because of chemical pollution. In the new century,
public, technical, and regulatory attention is now fo-
cusing on contamination from pharmaceutical
residues in municipal waste water and pesticides in
agricultural runoff.

During the early part of the twentieth century
large power plants were constructed along the
shores of the Lower Hudson, some in the region of
the salt front, that is, unknowingly in the “biologi-
cal center” of the river. These large power plants,
being only about 30 percent efficient, produce enor-
mous quantities of excess heat that must be dissi-
pated by passing millions of cubic meters of water
per day through the plant. In this region where fish
spawning and early larval growth predominate, tiny
fish with limited mobility cannot avoid the cooling
water intakes. Nearly all are killed. The particularly
large impact on fish populations due to power
plants became the subject of litigation that culmi-
nated in a historic settlement in 1980 modifying
the operation of the power plants during fish
spawning season (Barnthouse et al. 1988).

READINGS IN GEOGRAPHY

In this short geography facts are assembled from
many sources and are presented mostly without at-
tribution. The reader is encouraged to explore the
unusually robust literature on the Hudson River.
As a starting place one might review the following
respected general discussions: “An Atlas of the Bi-
ologic Resources of the Hudson Estuary” (L. H.
Weinstein, ed. 1977), “The Hudson River Ecosys-

tem” (Limburg et al. 1986), and “The Hudson: An
Illustrated Guide to the Living River” (Stanne et
al. 1996). The Internet provides access to a vast
amount of data. Of particular importance are ex-
cellent summaries such as “The Hudson River Wa-
tershed Alliance” (U.S. Fish and Wildlife Service
2009); “Significant Habitats and Habitat Com-
plexes of the New York Bight Watershed” (2009);
and a compendium of data from the United States
Geological Survey (USGS 2009). Also, it is possi-
ble to actually experience ongoing limnological re-
search in real time via the Internet from in-river
monitoring stations (USGS) and even free-floating
data logging devices (Stevens Institute of Technol-
ogy 2010; HRECOS 2010). This present cursory
description of the geography of the Hudson River
Watershed must serve only to whet the reader’s
appetite.

Geography is an inclusive subject. Description
demands functional analysis, which in turn facili-
tates interpretation and interconnections. The au-
thors of the papers in the present volume attempt to
describe and to interpret some of the functional re-
lationships of humans and the Hudson River Basin.
They cannot disguise their personal involvement
and love for the Hudson River. We can be sure that
the remarkable beauty, diversity, abundance, and
importance will continue to captivate and inspire
the observer whether he or she has not (yet) trav-
eled the length of the river or has spent a lifetime
upon it.
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BIOLOGISTS ARE MOST COMFORTABLE de-
scribing present-day ecological conditions or popu-
lation size, i.e. parameters that can be directly
measured. But of what importance are these specific
conditions? Are populations up or down? By how
much? And is that change important to the organ-
ism, the ecosystem, or the human community de-
pendent on it? It is easy for a present-day researcher
to believe that because the present sample is well
quantified that it somehow may be more than sim-
ply one “grab-sample” in the long life history of a
species or ecosystem. But the population abundance
of a plant or animal at any given time results as that
species exploits the habitat available and its nutrient
supply while contending with predation, disease,
and parasitism, as well as the effects of human ac-
tions. Establishing a timeline, or trend, for a pa-
rameter over time can facilitate interpretation of
single samples. Thus, the population of a species re-
sults from preceding population levels. Earlier con-
ditions may affect a species in ways that impact
future population size. The present volume con-
centrates on effects of human activities on the
River’s ecosystems, and how ecological conditions
determine the possible human activities (Fig. 2.1;

Findlay develops this concept in chapter 2 in this
volume). Because the feedback relationship derives
from functional processes, components may be sys-
tematically examined, quantified, and predicted.
The feedback loop can look forward suggesting ef-
fects of human activities on the present population,
possibly lasting, in the future. Likewise, the feed-
back relationship can permit predictions backward

PART I

HISTORY AND BIOLOGY

Providing Explanations

Robert E. Henshaw

[The] river is really the summation of the whole valley. To think of it as
nothing but water is to ignore the greater part.

—Hal Borland, This Hill, This Valley

[H]istory in its broadest aspect is a record of man’s migrations from one en-
vironment to another.

—Huntington Ellsworth, The Red Man’s Continent:
A Chronicle of Aboriginal America (1919)

1

FIG. 2.1. (from Findlay, ch. 2) Diagram of feedbacks between human
society and ecosystem attributes. Drivers may affect either humans or
ecosystems separately but eventually all are connected by the proposed
feedbacks.



in time and suggest a likely earlier population con-
dition due at least in part to preceding human uses.
The feedback loop, then, really is more accurately
viewed as a spiral of events through time. No mat-
ter where you enter the diagram, it suggests earlier
and later conditions, and infers drivers and mecha-
nisms that might be fruitfully examined. The au-
thors in this first section examine the functional and
predictive value of this approach for biological and
physical sciences.

Historians have documented past events, but
their descriptions leave us with questions. How
important were those preceding events in deter-
mining subsequent events? Why did the histori-
cally documented activity occur? Is it explained by
simply describing it? Was it due only to other
human activities, or might the resources available
to the people have driven their choices in their ac-
tivities? The historian who simply documents that
historical events occurred clearly misses important
explanations of those historical events. What
might the historian, then, learn from considera-
tion of the biological resources that were available
to the study population? How did the availability
of key natural resources determine what, how, and
to what extent a particular human activity could
be practiced? What preceding human activities
might have influenced the biological resources
available at the time? Can knowledge of key
human activities permit extrapolation of, or at
least hint at, changes in floral or faunal popula-
tions or ecosystems? Might this information per-
mit the biologist to estimate trends in biota? And
might establishing a pattern provide greater confi-
dence to extrapolate biological conditions when
no direct biological data exist? Historical descrip-
tions and accountings may imply or demonstrate
biological conditions even if they may not have
been written to directly describe extant species or
ecosystems or they were written before naming of
species was standardized or ecological processes
well understood. Authenticated historical accounts
do provide firmly established points in time, some-

thing that may be very weak in biological trend
analysis. Thus, historical literature represents a po-
tential valuable resource to biologists as they at-
tempt to describe earlier biological communities.
Likewise, establishing biological conditions exist-
ing at earlier times can provide historians with
valuable inferential information into why earlier
human activities were undertaken.

This first section explores the power, implica-
tions, and mutual benefit of this approach to both
historians and biologists. The convening authors
seek to demonstrate the value of history to biologi-
cal interpretation of existing conditions, and the
equally important value of biology to historians
when they wish to understand the reasons for many
past activities. In chapter 1, Henshaw, drawing on
established events from colonial Hudson River his-
tory, demonstrates the value of historical analysis to
biologists. Findlay, in chapter 2, analyzes the com-
ponents of the feedback relationship between
human uses and ecological response. In chapter 3,
Johnson finds relationships among the subsequent
chapters in this volume and demonstrates how the
reader may make productive associations among the
authors’ analyses of human activities and ecology.
These conceptual chapters then are followed in sub-
sequent sections by specific discussions of the Hud-
son River’s resources used by humans, the growth
of Hudson River commerce and industry, the emer-
gence of environmental consciousness, conservation
concern, and environmental law in the Hudson
River Valley, together with lessons to be learned by
looking backward to better see the future.
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ABSTRACT

For millennia, the impact of humans on the ecosys-
tems of the Hudson River Valley was minimal. That
changed with the arrival of Europeans in 1609. Na-
tive Americans inhabited the valley and utilized re-
sources concomitant with their needs. Europeans,
although initially few in number, marketed the Hud-
son’s resources to a vastly larger population in the
home continent. The fur trade, a good example,
began in 1610, but declined beginning only a dozen
years later. The Native Americans who trapped and
dried beaver skins were exceedingly skillful, and thou-
sands of skins were shipped in the first few years. If the
decline was due to extirpation of the beaver in the re-
gion, major changes in the ecosystems surely resulted.
The high biological productivity and species richness
of the wet communities would have declined as drier
ecosystems developed. Biologists seek to describe ani-
mal abundances during colonial times and before. Al-
though direct contemporaneous observations may not
exist for species abundances, it may be possible to re-
construct abundances based on review of historical
documents written on entirely different subjects. Sub-
sequent chapters in the present volume propose a feed-
back relationship between human uses and changes
in the ecosystems that human communities relied on.
Reciprocally, changes made in keystone species such as
the beaver must have required changes in uses that
human communities made of those ecosystems as well
as changes in the methods humans used to exploit
their ecosystem resources.

INTRODUCTION

For thirteen thousand years the Native American
groups lived along the Hudson River; Lenape in the
southern and coastal portion, and Mahicans north
of the Hudson Highlands. These groups fished the
waters, hunted the forests, and created river-related
cultures. When Europeans came to the area, they
too created a culture that relied on the river and its
surrounding ecosystems. Each of these cultures
surely influenced the region’s ecosystems. Biologists
have tried to determine the character of forest and
river ecosystems during the precolonial and early
part of the colonial period, but few data are avail-
able. However it may be possible to reconstruct
those early ecological conditions using residual evi-
dence of earlier ecosystems, for example, pollen de-
posits or historical documents left by persons who
had no formal knowledge of biology.

Europeans first traveled the Hudson River when
Dutch businessmen in 1609, desiring to compete
with Portugal in the spice trade, sought a northern
route to the Orient. They engaged one of the many
available English navigators, Henry Hudson, who
hired a crew of Dutch and English sailors. On his
third voyage Hudson, his way blocked by sea ice
and facing a threatened mutiny by his crew, violated
his contract with his employers and turned due
west. He avoided fur trading European settlements
in New France on the north as well as the religious
English colonies in New England and Virginia. In
September he entered the river that came to bear

CHAPTER 1

HISTORICAL FACTS/BIOLOGICAL QUESTIONS

Robert E. Henshaw
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his name and sailed as far north as then navigable to
just south of present-day Albany. His crew’s first im-
pressions of the Hudson River, noted in the ship’s
log, were of the rich forests and likely productivity
of the land (Juet 1610, Sept. 2nd).

FUR TRADE

Other Dutch explorers, Hendrick Christiaensen
and Adriaen Block, investigated the lower reaches
of the Hudson River from 1610 to 1614 (Lewis
2005). Block established a trading post on the is-
land of Mannahatta (later Manhattan.). His report
spurred Dutch businessmen to establish the New
Netherlands Company and begin vigorous fur trade
in the Hudson River region relying on active col-
laboration of the Native American population to do
the trapping and drying of beaver skins.

Beaver trade in the Hudson River Valley, how-
ever, reportedly declined beginning in 1624 (Figler
2009), and was apparently commercially ended in
the region by 1640 (Leach 1966). One may ask
why fur trade from the Hudson River declined
forty years before fur trade from adjacent regions.
In those same years around eighty ships filled with
pelts returned from New France on the St.
Lawrence River (Ray 1978), demonstrating that
the European market for beaver fur remained
strong during the seventeenth century (Feinstein-
Johnson 2009) . Fur trade from New England also
was active until the end of the century. European
settlement of the Hudson River with consequent
land clearance started so slowly that that could not
have accounted for reduced beaver trade. Two pos-
sible explanations for the early decline seem prob-
able. Either beaver trapping declined or beaver
populations gave out, or trapping continued un-
abated but the pelts were sold to the French be-
cause the French provided better trade goods (see
Bradley 2007, 61).

All trapping of furbearing animals and drying
of the pelts was carried on by Native American
hunters because Europeans recognized their supe-
rior skills as hunters and trappers. This meant that
Europeans were entirely dependent on the Native
Americans for their success in the fur trade. On the
St. Lawrence River, the French respected the Na-

tives and treated them as equals (Fischer 2008).
However, from the beginning in the Hudson River,
the Dutch and English explorers, and then the fur
traders, treated the Natives with distrust and disre-
spect. Henry Hudson’s scribe, Robert Juet, whose
journal is the only surviving record of the voyage,
noted this distrust even on the first day in the river.
“This day many of the people came aboard, some in
Mantles of Feathers, and some in Skins of divers
sorts of good furres. At night they went on Land
againe, so we rode very quiet, but durst not trust
them” (Juet 1610, Sep 5; emphasis added). Juet re-
peated the crew’s distrust of these new people several
times in his journal.

By the second day, conflict erupted and one of
their crew was killed by an arrow. Hudson sailed
north away from the coastal Lenape Indian tribes.
Above the Hudson Highlands he encountered
warmer acceptance by the Mahicans, but following
further conflict, he hurriedly returned to Europe.
In the following years, this early disrespect for, and
conflict with, the Hudson River Native Americans
became pervasive. Clearly settlers did not under-
stand Native values and customs. They referred to
them as “lazy” “sauvages” and “wilder” (wildmen)
(Frey 2001; Lewis 2005). This distrust surely was
known to the Native fur trappers. Trading with the
Europeans may have declined as a result. An alter-
native explanation for the early decline in Hudson
River fur trading might credit the Natives with trap-
ping so efficiently that beaver in the region were ef-
fectively trapped out within a couple of decades.
Either beaver populations remained high due to re-
duced taking or trapping exceeded replacement po-
tential and the beaver was locally depleted. Because
the Native Americans quickly became addicted to
the Europeans’ trade items, knives, axes, and beads
especially, they likely continued to grudgingly trap
to the point of commercial extirpation of the beaver
from the Hudson River region.

The biological implications of the decline in
beaver trade are profound. The biologist interested
in environmental change might be able to examine
records of the beaver harvest and infer conditions
that could explain change. Actual field surveys of
animal abundances did not begin until the nine-
teenth century, so knowledge of abundances in
prior times must be mostly conjectural in lieu of de-
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finitive contemporaneous reports of beaver popula-
tions. However, given the keystone importance of
the beaver in controlling its ecosystem, the biolo-
gist might fruitfully examine historical records for
indications of other ecological changes that may
correlate with beaver abundance. Such changes
would be predicted if trapping significantly reduced
beaver populations.

The proclivity of the beaver to dam streams
and create water impoundments that support ex-
tensive wet forest and swamp ecosystems is well
known. As beaver populations were reduced, the
number of water impoundments would have been
reduced. The ecological effects would have cas-
caded through wetland and nearby dry ecosystems.
Forest type should have shifted toward dry habitat
communities. Cronon (2003) reported an increase
in dry forest species occurred in New England in
the late seventeenth and early eighteenth centuries
as beaver trapping declined there. The abundance
of wet habitat–dependent amphibians and birds,
and possibly certain mammals, surely declined in
response. Overall ecological productivity as well as
species richness probably declined. For the biologist
attempting to estimate abundances of species dur-
ing this early settlement period when direct con-
temporaneous data are lacking, it may be possible
to extrapolate those abundances and changing
ecosystems by analysis of the beaver trade.

USE OF FIRE

Humans also effect large-scale change to their sur-
roundings with predictable environmental conse-
quences. An example is use of fire. Prior to arrival
of the Europeans the Lenape people in the south-
ern part of the Hudson River Valley used fire to
clear patches in the forest for agriculture (Juet
1610, Sep. 2, Oct. 2; Williams 2001; Cronon
2003). In northern areas, where the Mahicans re-
lied primarily on hunting and gathering, fire may
have been used only occasionally to flush deer from
cover (Cronon 2003). Fire, regularly used, causes
profound effects on local ecosystems. Fire-tolerant
tree species survive while others are lost. Cronon
reported that during colonial times, fire used to
open forests in southern New England caused fire-

tolerant tree species to be favored. Similar changes
in forest types in the lower Hudson River Valley
and coastal region may be conjectured. Cronon
also reported that the shift in forest type in New
England favored large mammals, as well as turkey,
grouse, and raptors. Similar changes could have oc-
curred in the Hudson River Valley if forests were
modified or reduced.

COLONIAL LAND USE

Beginning with the New Netherlands Company the
overarching motivation of the Dutch businessmen
in the Hudson River region was commercial ex-
ploitation. Commerce in furs soon led to commerce
in commodities and eventually to extractive indus-
tries.

Following their arrival European settlers did not
adopt the Native peoples’ hunting and fishing
lifestyle. Rather, they imported their familiar Euro-
pean customs including land ownership, land clear-
ing for homestead and pastures, and keeping of
livestock. As land became exhausted, they cleared
more forest. As livestock increased in number, more
forest needed to be cleared for pasturing. Shift in
the relative abundance of pollens from forest species
to grass species in lake bottom soil cores correlate
with the arrival of Europeans in the Hudson region
(Peteet, 2010).

VALUE OF FUNCTIONAL ECOSYSTEM
ANALYSIS

Historians have documented events and actions.
They have given less attention to the patterns of
ecological change over time, or to the possible un-
derlying reasons for the changes. We can assume
that colonial enterprises and activities had ecologi-
cal effects; however, the induced changes in the
ecosystems have been poorly described in the Hud-
son River region so that actual abundances of floral
and faunal species at earlier times are not well es-
tablished. Even so, it should be possible to recon-
struct estimates of those plant and animal
populations by relying on the interplay between
human uses of the ecosystem (documented by
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historians) and the expected ecological effects (re-
searched by biologists). It is expected that such a
collaborative approach may establish the character
of the ecosystems during presettlement and early
colonial periods.
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CHAPTER 2

LINKAGES BETWEEN PEOPLE AND ECOSYSTEMS

How Did We Get from Separate to Equal?

Stuart Findlay
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ABSTRACT

It is well established that humans derive multiple
benefits from the ecosystems they inhabit as well as
causing a certain degree of alteration, generally but
not exclusively damaging natural features and
processes. What has not been fully explored is the net-
work of interactions and feedbacks between ecosystem
services and impacts and how these interactions af-
fect future human actions and ecosystem attributes.
Most attention has been paid to negative effects of
human activities on ecosystems (and the Hudson
River has certainly not been spared), but this chapter
argues that ecosystem attributes have also caused sig-
nificant changes in human behavior and then these
new behaviors cause further changes in ecosystem at-
tributes. Thus, there may often be two-directional in-
fluences of humans on ecosystems and ecosystems on
humans and an explicit recognition of these feedbacks
yields a clearer understanding of how human uses and
ecosystem attributes have changed over time. This
chapter reviews how human-ecosystem interactions
have become explicitly recognized and lays out some
examples from the Hudson River. These examples will
highlight the long-lasting effects of these feedbacks,
demonstrating how their consequences may change
over time. Understanding the environmental history
of the Hudson Valley requires that we consider how
human uses have affected and been affected by the
provision of natural resources from the Hudson River
ecosystem.

RECOGNIZING FEEDBACK RELATIONS

The science of ecology deals with factors affecting
the abundance and distribution of organisms and
human society has obviously been a major factor
driving increases in some species, declines in others,
and greatly changing how species are distributed
around the planet. Concurrently, there is no doubt
that human societies rely on ecosystems to provide
goods and services including timber, water sup-
plies, opportunities for recreation, etc. In hindsight
it would seem obvious that natural scientists could
not understand the world around them without
some consideration of what humans might be
doing (or have done) to make the ecosystem appear
and function the way it presently does. By the same
token, much of human behavior, history, culture is
driven by the availability of (or lack of, or conflict
over) natural resources including food, fuel, water,
minerals, etc. and so historians or sociologists
would need to understand how these resources be-
come available. Despite the apparent two-way need
for those studying nature to include people as a fac-
tor and for those studying people to consider na-
ture, it is only within the past two decades that
there has been a widespread and explicit recogni-
tion of these feedbacks and approaches for their
study. As few as twenty years ago there was a view
that one could not study an ecosystem that in-
cluded a significant human component since the
natural functioning would somehow be masked or



fundamentally altered (Cronon 1993). Change has
been swift, with an almost complete acceptance of
the idea that human effects do not remove an
ecosystem from the pool of systems worthy of
study. One may argue persuasively that there is no
ecosystem on the planet that has not been altered
to some degree by one of many far-reaching human
activities (Likens 1991). In fact, there are now two
Long-Term Ecological Research sites located in
cities of the United States (Baltimore and Phoenix)
and a scholarly journal entitledUrban Ecology. This
theme of bidirectional human-ecosystem interac-
tion represented as a feedback loop (Fig. 2.1) is
proposed to be helpful in drawing together the so-
cial science and natural science perspectives on par-
ticular subjects represented in this volume. Such a
diagram reminds and encourages all researchers to
consider how their findings have been altered by
these feedbacks. I would argue that these feedbacks
are essential to understanding the human-ecosys-
tem interactions we observe around us today and
the current state of the ecosystem is partially due

to prior patterns in human-ecosystem interaction.
I will use two Hudson River Valley examples to

illustrate how these ecosystem-human feedbacks
have, and continue to, operate locally. Firstly, the
aquatic biology, natural history, and particularly
the ecology of native fishes in the Hudson have
shaped the way people in the Hudson River Valley
have used these resources over the past four hun-
dred years (derived from Daniels et al., ch. 4, this
volume). In the first two hundred years, as during
the preceding twelve millennia, fishing was prima-
rily for consumption within the community and so
impacts on the fisheries resources would be dis-
persed and relatively minor due to the low human
population. With the Industrial Revolution came
the need for a vastly increased food supply deliv-
ered to the growing urban centers. Shad, with their
timed migrations were relatively easy to harvest and
were the target species for the first fifty-plus years
of commercial fishing (late 1800s). As Daniels et
al. recount, eventual overfishing, possibly com-
pounded by habitat destruction and water quality
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FIG. 2.1. Diagram of feedbacks between human society and ecosystem attributes. Drivers may affect either humans or ecosystems separately but
eventually all are connected by the proposed feedbacks.



problems, led to the first collapse of the shad pop-
ulation and a shift to the next most feasible
species—sturgeon. The locations for best results
and necessary gear were quite different and so the
characteristics of the resource base caused changes
in human behavior. Clearly with this example, hu-
mans have altered the nature of the ecosystem by
changing the abundance of important top con-
sumers. Daniels et al. (ch. 4, this volume) argue
that the most recent change is a shift to manage-
ment intended to increase the abundance and size
of piscivorous sportfish, which may well lead to al-
tered abundances of other species. Concurrently,
the nature of the available resources has affected
how human society meets food demands or where
and how they target harvest efforts. Thus, the two-
way interaction between ecological attributes and
human society has fed back and forth to change the
components of the Hudson River ecosystem as well
as the functioning of human society.

Human occupation and use of the Hudson’s
shorelines is another case illustrating two-way ef-
fects. Clearly, the suitability of the Hudson as a
transportation corridor has led to a concentration
of human development along its shores. In addition
to communities and facilities intended to service
travelers and the transportation infrastructure, vast
ice-harvesting operations (see Harris and Pickman,
ch. 14, this volume) and brick factories were con-
centrated along the shore. The proximity to raw
materials (ice and clay) and easy transportation
drew these operations to the near-river areas and so
again the nature of the resource influenced human
behavior. While the nature of the Hudson has al-
tered how people occupy and use the near-shore
area, human modifications of the Hudson have
been occurring for centuries, with large and per-
sistent effects. Humans have stabilized the shoreline
and altered near-shore habitats by dredging and fill-
ing to improve the navigation channel, vastly
changing the flow regimen and abundance of many
habitat types. These examples or numerous others
illustrate the pervasive nature of the two-way inter-
actions between the Hudson River and the people
in the valley. Understanding the history of natural
resource use or the status of the ecosystem will be
less complete than is possible without a broadening
of views about how ecosystems shape people’s lives
with long-lasting effects.

There are two aspects of the human-ecosystem
feedback loop relevant to consideration of environ-
mental history: (1) How did this blending of social
and natural sciences develop? and (2) How might
this blending improve conservation of ecosystems
while allowing human use of natural resources? In
perhaps an overly pessimistic view of how this
merger has progressed, I would argue that the real-
ization that all parts of the globe have somehow
been altered by human changes in global biogeo-
chemical cycles (atmospheric CO2, widespread ni-
trogen release), species introductions/extirpations,
and demand for resources, which have forced ecol-
ogists to think more directly about human actions.
From a more intellectually satisfying perspective the
merger has progressed because practitioners of both
social and natural science have realized they could
expand their domain of inquiry by applying new
tools and concepts that may ultimately allow a
seamless view of how humans and ecosystems in-
teract. McDonnell and Pickett (1993) suggest
(somewhat facetiously) that human effects on
ecosystems may be divided into “The good, the bad
and the subtle.” “The good” are far too often over-
looked and underappreciated and would include
broad, far-reaching, and long-lasting management
actions such as passage of the Clean Water Act and
the Endangered Species Act and creating a system of
National Parks, National Forests, Wild and Scenic
Rivers, and a legal standing for citizens to advocate
in favor of natural resource protection. In this vol-
ume on the environmental history of the Hudson
River Valley there are many good examples of
human actions with positive effects on the ecosys-
tems as they exist today that increase the likelihood
these ecosystems will help sustain future genera-
tions. In fact, the landmark court case centered in
the Hudson River Valley (see Suszkowski and
D’Elia 2006) and described by Butzel (ch. 19, this
volume) established a voice for the public in deci-
sions about natural resource management.

Unfortunately, there are also many examples of
“the bad,” which can be shortsighted (although fre-
quently unknowing) human actions that have had
large, long-lasting negative consequences. Extinc-
tion of species, introduction of exotic species (see
Teale, ch. 13, this volume), and discharge of con-
taminants (PCBs, cadmium) (Levinton, ch. 16, this
volume; Levinton andWaldman 2006, chs. 23–28)
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must all lie near the top of the list. The subtle effects
may include historical legacies, displaced effects,
and indirect effects (see McDonnell and Pickett
1993 for details). Combined storm and sanitary
sewers serve as a good example of an historical
legacy effect. When originally designed to remove
animal waste from city streets (see Tonjes et al., ch.
15, this volume) they were clearly a step forward in
waste handling and beneficial for water quality.
Presently, they primarily act to overwhelmWWTP
and are detrimental since the problem they were in-
tended to address is no longer present. Therefore,
their legacy is a negative and difficult management
problem, although they undoubtedly improved liv-
ing conditions when first constructed. Cumulative
effects might also be considered among subtle ef-
fects. The first power plant on the Hudson with
once-through cooling (Danskammer, operational
1951—water withdrawal <5 percent of annual
freshwater flow) probably had a tiny impact on lar-
val fish survival, but together with five other large
plants (with a cumulative demand of as much as
one-third of freshwater flow) has been found to
have a significant negative effect (Young and Dey,
ch. 18, this volume). Similarly, a small amount of
impervious surface in a drainage basin probably has
little effect on groundwater recharge or delivery of
pollutants to surface waters, but once a threshold
has been passed even small additions of impervious
surface can result in disproportionate effects (Cun-
ningham et al. 2009).

In contrast to the fairly well-documented record
of human effects on ecosystems, the record of how
ecosystem attributes affect human society and indi-
vidual behavior is less robust. There have long been
beliefs that our surroundings influence our individ-
ual behavior (consider the underlying themes in
Thomas Mann’s Death in Venice; Joseph Conrad’s
Heart of Darkness) and, perhaps the most egregious
in early writings, the view that “savages” are less
than human due to ther rustic way of life dictated
by their untamed surroundings. A controversial de-
bate exists over which came first, cities or agriculture
(see Ali 2009, ch. 3). Some argue that the suitabil-
ity of an area for high-yielding agriculture allows the
higher population density of cities. The converse ar-
gument is that the need to live in cities drove the
development of agriculture. In either case, the bidi-
rectional influences of people on place and place on

people are recognized and few would suggest we can
understand early stages of civilization without con-
sidering these feedbacks. Furthermore, many of the
early environmental protections were put in place
following the recognition that environmental con-
ditions could lead to greater risk of human disease
transmission, so there was a clear appreciation that
humans were not isolated from or somehow “above”
their surroundings.

DEVELOPMENT OF HUMAN
ECOSYSTEM FEEDBACKS

In the last few years there has been a formalization
of the various ways ecosystems provide services to
human society. Development of a solid conceptual
basis for ecosystem services grew out of a desire to
assess the status of ecosystems around the world in-
cluding some measures of how well ecosystems were
supporting human demands and whether these
might be sustainable. The Millennium Assessment
required standardized concepts, terminology, and
measures of how humans relied on ecosystems, and
this framework has come into widespread use (Fig.
2.2) (MEA 2005).

This scheme describes four broad classes of
ecosystem services: Supporting, Provisioning, Reg-
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FIG. 2.2. Representation of classes of Ecosystem Services as used in
the Millennium Assessment. The four types of Services (described in text)
are subject to differing schemes for valuation and provide fundamentally
different benefits to human society.



ulating, and Cultural. The first, Supporting, might
be loosely considered to be the capital or infra-
structure the ecosystem requires for maintenance.
For instance, allowing soil formation and suitable
nutrient cycling pathways is essential to the future
of an ecosystem, and any human action that im-
pedes or degrades these components will ultimately
cause degradation of the ecosystem. Biodiversity
may be considered a Supporting service since there
is substantial (although not universal) evidence that
more diverse systems are more productive and re-
silient (see Hooper et al. 2005). Provisioning serv-
ices include the fairly well-known and traditional
extraction of natural resources (fish, fur, fuel), and
these are commonly perceived as valuable and can
be readily converted to economic terms if necessary.

Regulating services include the capacity of wet-
lands to store flood waters or forested catchments
to remove pollutants derived from atmospheric dep-
osition. For example, forested catchments currently
remove well over 50 percent of nitrate delivered
from above (Lovett et al. 2002) and this service es-
sentially displaces the need for any engineering ap-
proach to ameliorate nitrogen loading. Cultural
services include the value placed on natural entities
by various religions, as well as opportunities for ed-
ucation and recreation. Several of the services in this
category are quite difficult to convert to economic
terms yet are sacrosanct to many groups, and their
continued availability may be legally required by
treaty.

The ecosystem services framework has been very
helpful in showing individuals, managers and poli-
cymakers how functioning ecosystems are essential
to viable human societies, and there has been
tremendous progress in recognizing, quantifying,
and applying “value” to a wide array of ecosystem
services (see Bennett et al. 2009 for brief review).
However, there is not yet a robust scheme to trans-
late this knowledge into management action. Sev-
eral problems are evident, perhaps the most
fundamental being that any ecosystem provides mul-
tiple services that may be negatively correlated, so
maximizing one service may be associated with de-
cline in another. There is not a generally accepted
method for resolving this issue of trade-offs among
ecosystem services. Layered on this are differences in
perceived value among services and stakeholder
groups. For instance, it may be easy to justify actions

that protect human health even though there is some
cost to another species or some biogeochemical
process. While it is understandable that value is in
the eye of the beholder the risk is a ratcheting down
of some of the supporting services that allow the
ecosystem to persist but perhaps are less directly as-
sociated with immediate benefits to human well-
being. At present we do not have an objective way to
ensure that supporting services or those harder to
value in economic terms receive the requisite atten-
tion in management plans. Quite recently there have
been proposals for a circular feedback between
ecosystem service valuation and management tools
(institutions, incentives, etc.) to sustain those serv-
ices (Daily et al. 2009). I feel there is a reasonable
expectation that we will eventually have mechanisms
tightly connected to tracking and maintaining (and
improving) ecosystem services for all segments of the
global population.

What might be done to help sustain and even
expand delivery and management of ecosystem
services with the ultimate goal of broadening access?
I believe that a more explicit recognition of the feed-
backs between people and the ecosystems around
them would increase public awareness and support
for novel management approaches. Explicit de-
scription of any feedbacks would generate a much
greater appreciation of the two-way effects of peo-
ple on ecosystems and of ecosystems on people.
These interactions can cause long-lasting effects
such that knowledge of history is essential for un-
derstanding how societies and ecosystems came to
function as they do today. Conversely, if people re-
alize how tightly dependent they are on services
from their ecosystems they should (must?) have a
greater interest in understanding how those ecosys-
tems work and what is needed for their long-term
viability. The concept of ecosystem services can
therefore act as the icebreaker for realizations of how
people and ecosystems depend on and influence
each other.
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CHAPTER 3

SYMBIOSES BETWEEN BIOLOGISTS
AND SOCIAL SCIENTISTS

Lucille Lewis Johnson
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ABSTRACT

For at least one million years, humans and our im-
mediate ancestors have interacted with the environ-
ments within which they operate through the use of
technology, which can be seen as humanity’s species-
specific adaptive mechanism. In order to survive and
thrive, humans create technologies for living, which
include tools, the rules for making and using them,
and the social and political systems within which they
are enmeshed. Thus, much of our adaptation as in-
dividuals is to the sociotechnical world we have cre-
ated for ourselves. On the other hand, for individuals
and societies to survive, we also have to adapt to the
natural environments within which we find our-
selves. While our technologies and the social mystique
with which we surround them often make us feel in-
dependent from nature, the choices we make and pat-
terns we create will not succeed if we too blatantly
ignore the constraints imposed by the environments
in which we find ourselves. Feedbacks between cul-
tural and natural processes can be seen with particu-
lar clarity in the Hudson Valley, where, for millennia
and particularly for the last four hundred years, hu-
mans have intentionally and accidentally created
changes in the watershed that have influenced the
ecology of the valley, necessitating additional human
interventions which attempt to correct problems cre-
ated by the earlier cultural interventions. To under-
stand the environmental history of the valley, it is
necessary to study the natural environment; the geo-
graphical facts and climatic conditions that have

shaped the valley and its species, and the historical
factors that have led humans to act in certain ways
toward the valley; and thus change the valley in ways
that are often detrimental and require further inter-
vention to correct.

AT A CONFERENCE entitled State of the Hudson
in the fall of 2009, it was clear that scholars study-
ing the river and its valley as it is today clearly rec-
ognized the interrelations and feedback between
natural and cultural processes. For example, Burns
(2009) discussed ways in which human land use
and disturbance can completely overwhelm climate
effects, which were exemplified in Wall’s paper
(2009) showing that the differing amounts of sedi-
ment in the Mohawk drainage in comparison to the
upper Hudson were due to the heavy agricultural
use of the Mohawk Valley as opposed to the forested
upper Hudson. So, the history of land use in the
two drainages determined the sediment flows,
which then influenced growth conditions for
aquatic plants and animals in the estuary.

These papers and others framed the Hudson
River Environmental Society’s quadricentennial
conference and this book, with a series of questions:
How have these intersecting processes operated in
the past? How can we enhance our historical un-
derstanding by combining scientific and cul-
tural/historical approaches? How can this enhanced
historical understanding help us move forward into
the future in ways that will preserve both natural
and human health in the Hudson Valley?
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The papers included in this volume have been
arranged by the editor in one logical linear struc-
ture, but the interactions and intersections among
these papers (Fig. 3.1) are much richer than a linear
order might suggest. In this chapter I will attempt
to provide a guide to some of the interactions and
feedbacks between these papers and the phenom-
ena they study as I see them from an anthropolog-
ical perspective.While I am sure there are additional
relationships that I have not considered, I have
found seven rubrics under which to look at inter-
connections: changes in the river’s shape and their
effects, changes in the river itself, changes in the val-
ley lowlands and margins, changes in land use and
their effects, changes in the vegetation of the valley,
changes in human use of the shorelines, changes in
valley transportation.

The book and my discussion begin by looking
at how humans have purposely changed the shape
of the river during the historic period in order to
enhance transportation (Fig. 3.2; see Panetta, ch.
17; all references to chapters are to those in this vol-
ume). Nitsche et al. (ch. 6), consider the historic

reasons why people purposely changed the river’s
shape, how they went about doing it, and then an-
alyze the intended and unintended results and con-
sider what can be done to mitigate the latter. Other
changes in the river’s course were caused by such ac-
tivities as ice harvesting and clay and sand mining
for bricks (Harris and Pickman, ch. 14), while in
the lower Hudson the river was both dredged, to
improve shipping, and narrowed, to create more
land for Manhattan (Tonjes et al., ch. 15). All of
these changes affected the fish and the fisheries,
(Daniels, Schmidt, and Limburg, ch. 4).

A major change in the shape of the river was
also created by the railroads (Panetta, ch. 17), whose
tracks now line both sides of the river. The railroad
tracks and trellises separated bays from the river, cre-
ating swamps and backwaters where they had not
been before, and this affected the fish spawning
grounds (Daniels, Schmidt, and Limburg, ch. 4).
The railroad tracks also had a number of major ef-
fects on the human occupation of the valley, both
bringing people and goods into and out of the val-
ley and separating river towns from their riverfronts,
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turning what we, today, think of as prime residen-
tial land on the river into industrial zones, and this
also exacerbated the pollution in the river (Tonjes et
al., ch. 15).

In focusing on the river itself (Fig. 3.3), Nitsche
et al.(ch. 6) examine the changes in bathymetry due
to dredging and filling of the river, Daniels, Schmidt,
and Limburg (ch. 4) look at the overall health of and
changes in the fishery, while Levinton (ch. 16) looks
at the effect of one particular pollution event and its
cleanup to understand how organisms reacted to
human degradation and subsequent cleanup of the
environment. The issue of river health is also treated
in Peteet et al.’s chapter (ch. 9) on river marshes.
Both Levinton and Peteet et al. consider not only
the human attempts to clean up humanly degraded
environments, but also the natural processes by
which the environment tries to clean itself up. The
ice harvesting industry (Harris and Pickman, ch. 14)
used the river water itself as its resource, cutting it up
and taking it away during the dormant period of the
year for biological organisms, while power plants
(Young and Dey, ch. 18) use the river water for cool-
ing during all seasons of the year, seriously affecting
the marine biota during their peak activity.

While this first set of papers focuses on the river
itself, the valley includes the watershed as a whole,
including its valley bottoms and uplands (Fig. 3.4).
In order to understand how the valley has been used
and changed by its human residents over the last
twelve thousand years, we turn to archaeology
(Lindner, ch. 7) and history (Litten, ch. 11). These
overviews set the stage for a detailed study of
changes in a particular region over a three century
time span (Vispo and Knab-Vispo, ch. 12), consid-
ering again how land forms and water influence
people, and human activities change land forms and
water. A detailed study of herpetofauna (Breisch,
ch. 5) and how they have been affected by human
activities compliments Daniels et al.’s (ch. 4) study
of fish, and further enhances our understanding of
human action and environmental resilience.

Looking at changes in the land and its uses and
how these changes affect the waterways, the waters
and the biota forms another major focus of the pa-
pers included in this volume (Fig. 3.5). Henshaw
(ch. 1) looks particularly at beavers and pigs, how
the hunting out of the former changed the quantity
and distribution of wetlands in the valley and how

the latter modified the forests. Findlay (ch. 2) indi-
cates how the building of dams by humans for hy-
dropower reversed the earlier decline in wetlands
that was partially caused by the extirpation of the
beaver noted by Henshaw. Additional factors of land
use include the farm ponds (one of which, now
swamp, sits outside my window as I write) as im-
portant humanly created wetlands and, conversely,
the filling of wetlands during construction as im-
portant human destruction of wetlands. Thompson
and Huth (ch. 10) show how the vegetation of the
Shawangunk Ridge, which forms the western mar-
gin of the watershed in the mid-Hudson region, was
decimated by human activity and has recovered, but
not to the state it was in before. Many of the activi-
ties that they detail resulted in increased runoff into
the streams and other wetlands of the valley. Some of
these are detailed by Peteet et al. (ch. 9), who,
through the examination of deep cores taken from
uplands and coastal marshes, both in the mid and
lower Hudson Valley, show the effects of changes in
land use on riverine deposits, which then, of course,
affect the fish and fisheries (Daniels et al., ch. 4).
Changing valley transportation systems have also
had a major effect on waterflow and waterways
(Panetta, ch. 17). Finally, one major aspect of the
Storm King Con Ed plant was its potential impact
on the striped bass (Butzel, ch. 19).

The landscape of the valley has also been af-
fected by vegetation change, as Grossman (ch. 8)
and Teale (ch. 13) discuss in two very different his-
torical contexts (Fig. 3.6). Grossman looks at evi-
dence for native/Dutch interaction in the Colonial
Period New Amsterdam, particularly as it concerned
food and medicinal uses for both native and Euro-
pean plants, while Teale looks at plants which were
introduced into the valley in the nineteenth century
to enhance the beauty of the valley landscapes as
perceived by American Romantics, and which, in
many cases have had devastating effects on native
vegetation. Flad (ch. 20) and Brackett (ch. 21) ex-
amine other effects of this romantic vision in terms
of the creation of a Hudson River aesthetic and the
effects of this aesthetic on subsequent human inter-
actions with the valley. Peteet et al. (ch. 9) also con-
sider introduced and now invasive species such as
reeds, while Thompson and Huth (ch. 10) look at
the changing vegetation of the Shawangunk Ridge
as people cut the trees for various industrial uses,
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burned the trees to enhance blueberry meadows,
and then, as human uses of the ridge changed, al-
lowed the vegetation to grow back as it would,
though meadows are still subject to controlled burns
to retain the historic farm landscape in the lowland
areas of the preserve. In an interesting twist, Vispo
and Knab-Vispo (ch. 12) examine how the humanly
created landscape of Columbia County mimics, in
many ways, the natural landscape it replaces.

While there have been dramatic changes in the
river’s shape due to transportation concerns, and to
valley lands, both above the ground as plant com-
munities have changed and changed again, and
structural, as mining has resculpted much of the val-
ley, human uses of the shoreline have effected even
greater changes, as the next set of papers demon-
strates (Fig. 3.7). Most of these changes are strongly
related to the pull of the city at the mouth of the
river. Harris and Pickman (ch. 14) discuss the major
social and environmental effects of the ice harvest-
ing industry, which, in the mid to late nineteenth
century developed to provide city residents with the
refrigeration necessary for the population to grow
and thrive. At the same time, the Great Fire of 1835
in the city led to the blossoming of the Hudson Val-
ley brick-making industry, which completely altered
the shape of the estuary south of the canalization
zone as well as having major social and population
effects in the valley. In the same period, the railroads
along the Hudson were being built, creating more
environmental change and allowing more city peo-
ple to visit the valley and enjoy their romantic vi-
sions, as will be mentioned later by Panetta (ch. 17),
and Flad (ch. 20). Tonjes et al. (ch. 15) ask, What
effect did the explosive growth of the city, which led
to such huge changes in the valley, have on its own
shores and water? Looking at the long spiral of de-
cline in water quality and New Yorkers’ relationship
to their harbor and river, they ask whether the de-
sired climb back can be fully achieved given politi-
cal realities.

Whereas ice harvesting removed water from the
river, brick making used water for processing, and
the lower Hudson was sullied by human waste, an-
other city-driven industry, the power industry, has
had the most dramatic effect on the upriver fauna of
any of these industries. Young and Dey (ch. 18) dis-
cuss the major research that has occurred to under-

stand the effects that the use of water for power gen-
eration has had on river life and Butzel (ch. 19)
takes up the topic in discussing the creation of en-
vironmental legislation designed to mitigate those
effects over the past forty years. Brick making, rail-
road construction, sewage and power plants have all
had a major effect on Hudson River fisheries
(Daniels, Schmidt, and Limburg, ch. 4).

Turning to the final set of papers looking at
transportation and the valley (Fig. 3.8), Roger
Panetta (ch. 17) considers transportation within the
watershed, showing that major routes, until the
early twentieth century, went north and south up
the valley, with only a few east-west routes made
possible by canoes (Lindner, ch. 7) and ferries. The
modifications of the river’s course considered by
Nitsche et al. (ch. 6) were, of course, directly moti-
vated by transportation, as continued dredging of
the river, and winter ice clearing continue to be. For
much of its course, the Hudson has lowlands on the
east shore and highlands on the west, which resulted
in great differences in human use until tunnels and
bridges brought the two sides together—to an ex-
tent. Harvey Flad (ch. 20) and Geoffrey Brackett
(ch. 21) show how historical perspectives on the val-
ley changed over time, but also how these perspec-
tives shaped the ways in which people interacted,
and continue to interact, with the valley and the
“other people”—the plants and animals—who also
inhabit it.

This examination of the numerous ways in
which the chapters in this volume interact with and
complement each other to enrich our understand-
ing of human/environment interactions over the
past 12,000 years has in no way exhausted the rich-
ness of the data. For example, one might focus on
the water of the river itself, how the water flows
from the tributaries (Fig. 3.9) (Vispo and Knab-
Vispo, ch. 12) through riverside marshes (Peteet et
al., ch. 9) and through ground water sources, and
how it has been polluted by sewage (Tonjes et al.,
ch. 15) and by heat (Young and Dey, ch. 18).

As obligately technological creatures, we must
and do change our world, but should we, and how
should we, and how far should we go? In order to
chart our future course we must understand what
we have done in the past and what the effects of
these actions have been: we need history and
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science, to understand the results of our past actions
and to chart a future based on strong scientific evi-
dence and historical understanding. As Gerda
Lerner has said:

We can learn from history how past genera-
tions thought and acted, how they re-
sponded to the demands of their time and
how they solved their problems. We can
learn by analogy, not by example, for our cir-
cumstances will always be different than
theirs were. The main thing history can
teach us is that human actions have conse-
quences and that certain choices, once
made, cannot be undone. They foreclose the
possibility of making other choices and thus
they determine future events. (http://wom-
enshistory.about.com/cs/quotes/a/gerda_ler
ner.htm; accessed March 11, 10)

I hope that as you read this book, you will en-
counter additional connections that will enrich both

your understanding of the valley and your future
research.
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PRISTINEWILDERNESS

The first European explorers to enter the Hudson
River commented on the abundance of natural re-
sources. Sponsored by businessmen, European voy-
ages around the world were strictly utilitarian. By
the sixteenth century Dutch merchants traded in
salt and slaves from South America, sugar from the
Caribbean, and fish from the Outer Banks of North
America. They desperately wanted in on the im-
mense profits possible with spices from the Orient.
They hired Henry Hudson to find a direct northern
route. When sea ice blocked his way, and his crew
threatened mutiny, Hudson diverted to the New
World to seek a western route. Upon entering the
great bay, Hudson’s historiographer, Robert Juet,
recorded their immediate awareness that they were
in a great river and not a possible sea route to the
Orient, and that they set about documenting the
immense resources to be exploited there. Similar ac-
counts by Dutch and English explorers also extolled
the majestic forests, extensive grasslands and marsh-
lands, and abundant aquatic life in the Hudson

River and terrestrial fauna in the neighboring areas
(Sanderson and Brown 2007).

Thirteen millennia of occupation by Native
Americans seem to have left the aquatic and ter-
restrial ecosystems throughout the Hudson River
region rich and viable. In the southern part the
agrarian Lenape harvested the abundant shellfish,
birds, and mammals, and also cleared patches of
forest to accommodate their crops of corn, beans,
and squash (Cronon 2003). North of the Hudson
River Gorge (see “An Abbreviated Geography,” in
this volume), the Mohawk relied entirely on hunt-
ing, fishing, and gathering. No Native American
group concentrated on the Adirondack Mountains
because of the low biological productivity there.
Throughout the entire region the Native Ameri-
can custom of taking only the number of game
that they wished to consume at the time led to
their living entirely sustainably. Hudson’s crew
commented on the abundance of game even near
Native villages, confirming that game was not
overexploited even there. The high abundance of
beaver was readily apparent and noted. By 1611

PART II

RIVER OF RESOURCES

Robert E. Henshaw

We . . . saw many salmons, and mullets, and rays very great. (2 Sep.)

[Our crew] went up into the woods (on the east side) and saw a great store
of very goodly oaks, and some currents . . . which were sweet and good.
(5 Sep.)

The land . . . were as pleasant with grass and flowers, and goodly trees, as
they had seen. (6 Sep.)

We went on land on the west side of the river, and found good ground for
corn, and other garden herbs, with great store of goodly oaks, and walnut
trees, and chestnut trees, yew trees, and trees of sweet wood in great abun-
dance, and a great store of slate for houses, and other good stones. (25 Sep.)

—Robert Juet, Journal of Henry Hudson’s historiographer, 1609
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the Dutch East Indies Company and its immedi-
ate successor, the New Netherlands Company,
began active trade for beaver and other furbearing
species (Lewis 2005).

Juet described, and modern botanists have con-
firmed, that the entire northeastern region was
densely forested except for the patches in the south-
ern coastal regions cleared by Native Americans for
agriculture. One can surmise that those forests con-
tained a high percentage of wet forest communities,
given the high abundance of beaver. As the Dutch
West Indies Company established patroonships be-
ginning in 1624, homesteads became more numer-
ous and pasturelands and orchards increasingly
replaced the forests. In the following century com-
mercial lumbering, tanning bark harvest, and coke
production further reduced those dense forests until
the entire Hudson River Valley was virtually defor-
ested by around 1800 (Gurth 1935; NYS Depart-
ment of Environmental Conservation 2009).

Direct contemporary quantitative assessments
of early abundance of terrestrial animal species are
virtually lacking. Reconstruction of the abundance
of the pre-European ecosystems must be by extrap-
olation from human activities established by histo-
rians to have occurred at known times, as discussed
in the preceding chapters. Homesteading, keeping
of livestock, the freeing of pigs to forage in salt
marshes or the forests, and the later extractive in-
dustries all took their toll. By the end of the seven-
teenth century game was no longer the principal
source of protein in the colonists’ diet (Cronon
2003). This may have been due to the increased
numbers of settlers hunting beyond sustainable lev-
els, or to the increasing numbers of livestock sup-
plying consumptive needs.

Early colonists also exploited the fish and shell-
fish in the river and its tributaries. Commercial fish-
ing began immediately, both for local consumption
and later for shipment to the sponsoring Dutch
merchants. It later declined as channelizing of the
river (Nitsche et al., ch. 6) removed spawning and
nursery habitat and the increasing population and
nineteenth-century industries sullied the river with
wastes. Commercial fishing for striped bass ended,
due to PCB contamination from shoreline indus-
tries, and for shad in 2010, due probably to a com-
bination of pelagic and in-river overharvest (Streeter
2009; Mylod and Nack 2010).

HUMAN ACTIVITIES THAT AFFECTED
THE RIVER

In the present volume, the authors detail many eco-
logical changes due to human activities in the Hud-
son River. Modifications in the shorelines are
documented by Nitsche in chapter 6. In chapter 7,
Lindner discusses archeological evidence from Na-
tive American occupation for thousands of years.
Peteet et al., in chapter 9, examine pollen counts in
soil cores and confirm the drastic reduction in for-
est density as Europeans settled in. Thompson and
Huth, in chapter 10, demonstrate further reduction
in forests as early settlement increased. The chang-
ing forest density may be correlated to evolving agri-
cultural practices throughout the Hudson River
Valley as described by Litten in chapter 11. Uses of
plants in the growing village of New Amsterdam on
Manahatta Island is described by Grossman in
chapter 8 and throughout the Hudson River Valley
by Teale, in chapter 13.

RESPONSES TO HUMAN ACTIVITIES

The Hudson River and its surroundings are re-
markably rich and resilient. The Hudson provided
resources to the human occupants for fourteen mil-
lennia without known deterioration. During the last
four hundred years the increasing presence of hu-
mans and their activities has greatly affected the
river. Hudson River fauna responded to the anthro-
pogenic changes in forest cover and river channel.
Daniels et al., in chapter 4, detail the declines in pro-
ductivity of fish populations during four hundred
years of changes in fishing pressure as human popu-
lations grew and fishing methods changed. Breisch,
in chapter 5, discusses likely changes in amphibian
and reptile populations as these species faced on-land
pressures similar to those faced by fish populations.
Conspicuously absent in this volume are similar
analyses of responses of other flora and fauna, espe-
cially birds and mammals, in the face of increasing
human settlement and development. Likewise ab-
sent is a thorough consideration of the unusually
high biological productivity of the aquatic food web
due to its autotrophic and heterotrophic foundations
(see “An Abbreviated Geography” in this volume).
Papers on these topics were not offered in response
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to the call for papers. We hope the present chapters
will stimulate the reader to construct similar analy-
ses of the long-term interplay of human activities
and other components of the aquatic and terrestrial
flora and fauna. The present chapters in Part II focus
on the ecological component of the feedback rela-
tionship between ecosystems and human activities.
Today a thorough analysis of any of the physical and
biological resources provided by the river demands
careful attention to the reciprocal feedback effects of
humans on their resources and of those ecological
resources on the human users. This volume fosters
that consideration.
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ABSTRACT

The Europeans that entered the Hudson River in
1609 and the years immediately following entered a
system with a fish assemblage that included almost a
dozen diadromous species, several estuarine species,
and many freshwater species. Actual numbers for pop-
ulation size of any given species are not available, but
every early account noted the abundance of fish pres-
ent in the river and its tidal tributaries. Reconstruc-
tions of life on the pre-contact river also suggest that
fish were exceptionally abundant. Over the last four
hundred years, species composition and overall and rel-
ative abundance of the fish assemblage has changed.
The current assemblage is also made up of diadro-
mous, estuarine, and freshwater species, many of them
introduced within the last two hundred years. How-
ever, abundance of most, if not all species is arguably
less than that noted in the earliest reports. In the in-
tervening four hundred years, fish stocks have been
harvested, in some cases, to a point where they were
no longer commercially viable. They have been sub-
jected to changes in river morphology and have re-
sponded to effects of changes in landscape use
throughout the drainage. They also have been affected
by increases in pollutants, both chemical and biotic, in
the water. Fish resource use by humans has focused not
on protecting individual species as sustainable re-
sources, but on protecting the commercial catch as a

whole, with an interesting exception for the striped
bass fishery. The trend since the mid-nineteenth cen-
tury has been to harvest an individual species until
fished to extremely low numbers and then switch to an-
other, more abundant species. Here we examine the
composition of the assemblage in 1609. We examine
trends in fishery resource use beginning in the early sev-
enteenth century using archaeological inferences, early
written reports, and fisheries statistics published by gov-
ernment agencies. We link these trends to changes in
human attitude toward the use of these resources.

INTRODUCTION

When Henry Hudson sailed up the North River in
September 1609 he entered a river that, by all ac-
counts, was teeming with fish. The established in-
digenous populations had recognized these fishes as
important resources and the arriving Europeans,
such as Juet (1909) and Van der Donck (2008),
quickly learned that a little effort in fishing provided
ample returns. Although the native populations
used effective harvest methods (Brumbach and Ben-
der 2002), their numbers were too low to affect fish
abundance (Dunn 1994). For almost two centuries
after 1609, the number of Europeans that arrived
in the Hudson River valley remained low as well
(Swaney et al. 2006), and their arrival coincided
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with declines in the populations of Native Ameri-
cans (e.g., Snow and Starna 1989). In fact, fishing
was a household effort, where individuals caught
fish primarily for their own use (Cheney 1896). Few
were commercial fishers. That changed with the In-
dustrial Revolution when the number of people in-
creased and fish became a resource to the market
economy. In the nineteenth century commercial
fishers dominated the resource, a status that was re-
tained until the late twentieth century when com-
mercial fishing declined and recreational anglers
became dominant (Hudson River Estuary Manage-
ment Program 1996).

Here we examine changes in fisheries resources
in the Hudson River from 1609 to the present. We
speculate on the composition of the fish assemblage
present during the early years of European settle-
ment and trace changes in commercial harvests. We
focus on three species as examples of exploitation of
a natural resource and human responses to changes
in abundance. Patterns of use and response are sim-
ilar and suggest that the individual species were rel-
atively unimportant. In each case, the focus had
been on protecting the overall market value of the
resource and not the component species that make
up the total resource. Only in the last few decades
has this pattern been challenged by resource man-
agers (Hattala and Kahnle 1997; Limburg et al.
2006).

HUDSON RIVER FISHERY RESOURCES
IN THE SEVENTEENTH AND
EIGHTEENTH CENTURIES

It is impossible to delineate with absolute certainty
the component species of the Hudson River fish as-
semblage that existed prior to the early nineteenth
century. Lake (2009) suggested that fish were boun-
tiful and easily harvested. Brumbach and Bender
(2002) noted that prior to AD 800 fish were the
dominant component of the diet of people living in
the Hudson Valley. After AD 800 maize became
dominant but fish continued to be an important
food. Rostlund (1952) estimated that the fish har-
vest in the Lower Hudson River was 29,000–
35,000 kg/year. Brumbach (1978) estimated
pre-contact fishery stocks at 10.63 million kg of
anadromous fish alone. Either number supports the

contention that fish were abundant in the river
when considering that the population of Mahicans
living in the lower valley at contact was estimated
between 4,000–8,000 individuals (Brasser 1978;
Dunn 1994).

Historical records support the assessment that
fish were abundant in the river during the first cen-
tury of European exploration and settlement. These
reports also offer clues to the species present. The
problem with identifying species based on early re-
ports is that the authors rarely used names that are
easily interpreted by modern readers. Typically the
early reporters used familiar European names. Take
Robert Juet’s report of the 1609 Hudson voyage up
the North River. He corroborates that fish were
abundant: “The River is full of fish.” He also names
the fish caught by crew. During the twenty-two days
that the Half Moon was in the river, Juet mentions
that the crew fished on three days and that they
caught “mullets, breames, bases and barbils” [sic].
He also mentioned catching mullets and a ray at the
mouth of the river and in seeing many “salmons” at
the mouth and upriver. The only additional infor-
mation provided was that the mullets exceeded 1.5
feet in length. The identification of salmon as At-
lantic salmon (Salmo salar), a species that these Eu-
ropean mariners should have recognized, is
controversial and has been largely discredited (Web-
ster 1982) because this species has not been found
in the river in the last several centuries. In fairness,
Juet only claimed to observe this species and did not
report catching one. Identifying the other four
species is problematic and depends on which char-
acteristics of the fish are used in making the identi-
fication. Most have made the assumption that these
names were given because the fish caught was taxo-
nomically close to a European counterpart: breame,
then, could be a golden shiner (Notemigonus
crysoleucas), a fish similar to the common bream
(Abramis brama) and in the family Cyprinidae. Juet,
however, may not have focused on taxonomic sim-
ilarity but instead on the deep body and laterally
flattened appearance of the fish and the term bream
denotes a variety of freshwater and marine fish
today. Juet may have applied the name to sunfish
(Centrarchidae: Lepomis) or temperate bass (Mo-
ronidae: Morone) or both. So “mullets, breame,
bases and barbils” could be interpreted as striped
mullet (Mugil cephalus), golden shiner, white perch
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(Morone americana), and fallfish (Semotilus corpo-
ralis); these are fish present in the river that have
closely related European counterparts. Or, Juet may
have focused on a single characteristic most similar
to the European species so that barbils refers to
white catfish (Ameiurus catus), which have promi-
nent barbels, and mullet to striped bass (Morone sax-
atilus), because both species have prominent lateral
stripes. Juet unfortunately offered no clues to his
naming process so that any later interpretation is
problematic.

Similar interpretation problems arise with early
Dutch reports and are compounded because Eng-
lish-language researchers must rely on interpreta-
tions. Nonetheless, these reports offer clues to the
composition of the seventeenth-century Hudson
River fish assemblage, and interpretations arising
from the New Netherlands project, led by Charles
Gehring, have yielded a wealth of detail of the era.
Writing in 1644, Johannes Megapolensis described
fisheries of the upper Hudson (or possibly Mohawk
River, below Cohoes Falls) in Mohawk Country:

In this river is a great plenty of all kinds of
fish—pike, eels, perch, lampreys, suckers,
cat fish, sun fish, shad, bass, etc. In the
spring, in May, the perch are so plenty, that

one man with a hook and line will catch in
one hour as many as ten or twelve men can
eat. My boys have caught in an hour fifty,
each a foot long. They have three hooks on
the instrument with which they fish, and
draw up frequently two or three perch at
once. There is also in the river a great plenty
of sturgeon, which we Christians do not
like, but the Indians eat them greedily. . . .
This river ebbs and flows at ordinary low
water as far as this place, although it is
thirty-six leagues inland from the sea.
(Megapolensis 1909)

In addition to the report of ReverendMegapolensis,
Captain David Pieterszoon de Vries, chronicling
1633–1643, also listed and described fish present
in the drainage (Table 4.1). The lists show some
consistency and suggest that at least several dozen
species of fish were the basis of the fish assemblage
at that time.

The most extensive coverage of seventeenth-
century resource use is detailed by Adriaen Van der
Donck in 1656 (2008). He notes the presence of
twenty types of fish found in the Hudson River and
its tributaries (Table 4.1). He often used European
names and, for most species, included little
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TABLE 4.1. Fishes present in the Hudson River, seventeenth century, see Juet (1909), De Vries (1909), Megapolenus (1909) and van der Donck (2008).

Juet, 1609 De Vries, 1633–43 Megapolenus, 1644 van der Donck, 1656 Possible Identification

lamprey lamprey 2 lamprey species
sturgeon sturgeon 2 Acipenser spp.

aal Young A. rostrata
eel eel paling Adult A. rostrata
elft shad elft 3–4 Alosa spp.

barbils catfish 2 Ameiurus spp.
dirteinen dirteinen 2–5 sucker species, marine strays

sucker sucker 2–3 sucker species, lamprey
breames roach, carp carp 3–5 species of large cyprinid

minnow 8–18 species of small fish in several families
salmon salmon Salmo salar

trout Salvelinus fontinalis
silverfish Menidia spp., Alosa spp., Osmerus mordax?

pike pike pike 2 Esox spp.
frostfish Microgadus tomcod

bases bass bass Morone americanus?
mullets twalift twalift Morone saxatilis

sunfish sunfish Lepomis gibbosus, other Lepomis spp.
perch perch perch Perca flavescens

flounder Trinectes maculatus, marine strays
brikken ?

4 10 9 20 38–55



descriptive information. Several names are relatively
easy to interpret. The European sturgeon, bass, pike,
trout, perch, and lamprey have North American
counterparts that closely resemble and are taxo-
nomically close to their Old World cousins. Al-
though Van der Donck’s name may not be
attributable to a specific species, it does provide ev-
idence of the presence of a group of organisms with
similar characteristics. Sturgeon, for example, prob-
ably covered both species native to the Hudson
River, and pike probably refers to two species of
pickerel. Van der Donck also noted the presence of
aal and paling, which refer respectively to the young
and adult of American eel (Anguilla rostrata), an-
other species with an obvious European counterpart.

Two species are listed with sufficient descriptive
information to link to a Hudson River species. The
sunfish, with its “spotty skin of brightly flecked
scales” is the pumpkinseed (Lepomis gibbosus). The
frostfish, which comes up from the sea in winter
and resembles the silver hake, is clearly the Atlantic
tomcod (Microgadus tomcod). Several names are
more difficult to assess either because they could
represent several species or because there is no trans-
lation of the name: carp, minnow, silverfish, floun-
der, and brikken. The only name in Van der
Donck’s list that is associated with an obvious North
American family without a European counterpart
is sucker, family Catostomidae. However, this name
may be a descriptor rather than reference to a taxo-
nomic group of fish and if so, may refer to lamprey
or remora rather than one of the catostomids now
present in the river.

An interesting aspect of Van der Donck’s list,
and that of others (Table 4.1), is the quaint habit of
naming unknown fishes sequentially. Consequently
the Dutch settlers caught fish named elft (eleven),
twalift (twelve), and dirtienen (thirteen). Elft and
twalift are described well by both Van der Donck
(2008) and De Vries (1909) and refer to American
shad (Alosa sapidissima and possibly the two species
of river herrings) and striped bass respectively. Dir-
tienen is much less obvious. The Dutch word used
to name this fish is lipfis, which is translated as
wrasse (C. Gehring, New Netherlands Project, per-
sonal communication). Wrasses are common shore
fishes in Europe and should have been recognized
by the early settlers. Van der Donck noted that dir-
tienen is not comparable to any known fish. De

Vries provided other clues to its identity: it is yel-
low, shaped and with scales like a carp, bigger than
a cod, and runs the river after the twalift. Because
there is no obvious candidate, this fish is often
thought to be a marine fish, such as red drum (Sci-
aenops ocellatus) or one of the two species of wrasse
present in the area (Limburg and Waldman 2009
for discussion of marine species in the river). This
interpretation relies heavily on the translation of
lipfis as wrasse and less on De Vries’s description.
If the term lipfish is taken as a descriptor rather
than a name, then there are other Hudson River
fishes that qualify as dirtienen. White sucker
(Catostomus commersonii), creek chubsucker (Er-
imyzon oblongus), and shorthead redhorse (Moxos-
toma macrolepidotum) are present in the Hudson
River drainage today. They are members of the
Catostomidae, a group of fish notable for their dis-
tinctive lips. They have scales like carp and are
shaped like carp and, although they do not run the
river from the sea, they probably do run the tribu-
taries from the river, and the redhorse, at least,
would make the spawning run after striped bass.
One of these species, or all three, may be the
dirteinen.

A second way to determine the components of
the fish assemblage is to back calculate from the as-
semblage present today. The species composition of
the Hudson River assemblage changes because of
introductions and increased sampling; there are ap-
proximately 217 species reported from the drainage
(e.g., Daniels et al. 2005). Of these, 104 are marine
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TABLE 4.2. Piscivorous fish in the Hudson River and year of estab-
lishment. See Daniels et al. (2005) for additional information.

Species Year

Brook trout, Salvelinus fontinalis Native
Striped bass, Morone saxatilis Native
Chain pickerel, Esox niger Native
Redfin pickerel, Esox americanus Native
White catfish, Ameiurus catus Native
Largemouth bass, Micropterus salmoides 1830s
Smallmouth bass, Micropterus dolomieu 1830s
Rock bass, Ambloplites rupestris 1840s
Northern pike, Esox lucius 1840s
Walleye, Sander vitreus 1893
White crappie, Pomoxis annularis 1900s
Black crappie, Pomoxis nigromaculatus 1900s
White bass, Morone chrysops 1975
Channel catfish, Ictalurus punctatus 1976
Snakehead, Channa argus 2007



fish, 44 are exotic, and 14 are reported only from
the Mohawk River or upper Hudson River. The
number of native freshwater, estuarine, and diadro-
mous species in the lower Hudson River is roughly
fifty-five, a number similar to that obtained by ex-
amining historical records. Of these, approximately
twenty-five species would be commercially desirable
because they are large species, migratory and there-
fore easy to catch, or abundant. One interesting as-
pect of the historic assemblage is that few of the
species are fish-eating predators. Of the possible
species in the native assemblage, approximately five
are largely piscivorous (Table 4.2).

THE NINETEENTH CENTURY AND
THE DEVELOPMENT OF COMMERCIAL
FISHERIES

The origin of commercial fishing, that is, harvesting
fish for sale rather than personal use, probably dates
to a time soon after the arrival of Europeans; how-
ever, large-scale commercial fishing developed in the
Hudson River in the nineteenth century (Cheney
1896). Statistics on commercial harvests do not be-
come routine until mid-century, but it is likely that
fishers harvested and marketed most of the species
in the river and did not necessarily concentrate on
a single-species catch. For example, Gill (1856)
noted harvests of striped bass, white sucker, and
common carp. Mearns (1898) reported that red-
breast sunfish and rock bass taken in fyke nets were
commonly sold at fish markets. Nonetheless, as
markets developed, the value of some species in-
creased over that of others and, with use of selective
gear and careful attention to fish behavior, com-
mercial catches could and probably did concentrate
on single-species catches.

American shad had been a mainstay in the diets
of Native Americans and European arrivals (see
McPhee 2002 for a popular account). The shad
fishery probably dates to the arrival of humans in
the valley, and American shad was clearly part of the
Native American diet (Lake 2009). Cheney (1896)
noted that, in the early part of the nineteenth cen-
tury, farmers traveled to fishing camps at natural
barriers to harvest and salt this species and “use
them for home consumption.” Harvesting for fam-
ily use probably was the pattern until the Industrial

Revolution and the influx of large numbers of im-
migrants, when commercial harvesting of fish in
general and American shad in particular became
common in the Hudson River (Limburg et al.
2006). American shad and the two smaller, related
species called river herring (blueback herring Alosa
aestivalis, and alewife A. pseudoharengus) are anadro-
mous species and easily caught in large numbers be-
cause their spawning runs are predictable in time
and space (Schmidt et al. 1988). Initially, these
species supported the commercial fishing effort in
the river.

Landing records for American shad in the
Hudson River were episodic until the early part of
the twentieth century, but by 1880, more than 1.2
million kg of shad were caught by commercial fish-
ers and sold in cities along the river (Fig. 4.1). It is
likely that there remained a personal use harvest as
well. Commercial harvests were impressive during
this period; in the 1890s, commercial landings
reached nearly two million kg.

Catches were a response to the need for inex-
pensive food for recent immigrants. The recogni-
tion that the fishery was an important economic
mainstay must have occurred early in its develop-
ment because the first laws protecting shad were
passed in New England in the early nineteenth cen-
tury and on the Hudson River, the first restriction
on fishing passed was in 1870 with net lift regula-
tions (Laws of New York 1870). It was not until
1895 that the first assessment of the fishery was un-
dertaken (Cheney 1896). In that year, 5,520 nets
were fished in the river from Bay Ridge (Brooklyn)
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FIG. 4.1 . American shad (Alosa sapidissima) landings in the Hudson
River, 1880–2005. See Limburg et al. (2006).
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to Castleton and 1,868,547 fish were caught weigh-
ing more than 1.8 million kg—staggering statistics
by today’s measure. The reason an assessment was
funded was that the catches had begun to decline
(Cheney 1896). Beginning in 1882, American shad
young-of-year were stocked in the Hudson River
(Fig. 4.2). Each year, until 1902, shad from New
York State and federal hatcheries was stocked. As is
true for any stocking effort, it is assumed that the
stocked fish enhance the fishery, but no assessment
was ever undertaken to demonstrate this. By the be-
ginning of the twentieth century, it was clear that
the American shad fishery was in deep decline, and
it collapsed completely by 1910 (Blackford 1916).

Overfishing may have been the sole reason for
the collapse of this fishery, but other factors may
have affected abundance as well. During the mid-
nineteenth century, in-stream environmental con-
ditions changed with added pollution and exotic
species, damming, dredging, and channelization
(Stephenson 1899). Lossing (1866) specifically
noted that the construction of a railroad bridge
across the river at Troy and the ensuing modifica-
tion of islands in the river at that site led to the loss
of both the shad and sturgeon fishery in that area.
Land-use practices in the surrounding valley
changed. The railroads, in particular, altered the ri-
parian zone of the river (Swaney et al. 2006) by
eliminating riparian vegetation and the associated
biological community, stabilizing the shoreline with
the actual tracks and with riprap, isolating embay-
ments or minimizing tidal entry into embayment
by restricting entry through culverts, and restrict-
ing access to tributary streams by trestle construc-
tion and the creation of bridge pools at the mouths
of streams. Changing conditions may have affected
the ability of American shad and the river herrings
to successfully reproduce, but there is little infor-
mation directly linking environmental conditions
and fish abundance during this period, whereas
there is ample evidence that the fishing effort was
extremely high.

American shad were important because they
provided an inexpensive food source for an increas-
ing human population. This led to an increase in
the fishing effort and a change in fishing methods,
coupled with environmental changes that were not
favorable to the shad. The response was twofold:
regulations that provided some protection for the

shad and an intensive stocking program, neither of
which were either assessed or successful. The final
response to the declining shad fishery was to switch
to a new fishery. Having failed to protect American
shad as a resource, the ultimate tactic was to switch
to a new resource, which kept markets open but re-
quired consumers to accept and buy a different fish.

ALBANY BEEF AND A SECOND LATE
NINETEENTHCENTURY MARKET
RESOURCE

American shad and the river herrings constituted an
important fishery in the nineteenth century along
the Hudson River but other fishery resources were
as important to fishers in the valley. Although not
highly regarded by either Dutch (Megapolensis
1909; Van der Donck 2008) or English (Thacher
1854), sturgeon was present, available, and abun-
dant. Saffron (2004) linked the inception of the
commercial sturgeon fishery to the increase in price
of halibut (Hippoglossus hippoglossus) from the
Grand Banks in the mid 1800s. Albany beef
(smoked sturgeon) was an inexpensive food alter-
native for newly arrived immigrants in New York
City.

The Hudson River is home to two species of
sturgeon, the anadromous Atlantic (Acipenser
oxyrinchus) and the estuarine shortnose (A. brevi-
rostrum) sturgeon (Smith 1985). Nineteenth-cen-
tury reports suggested that Atlantic sturgeon grew
to 5 m and 350 kg and, like the American shad and
river herrings, was harvested as the fish moved up-

FIG. 4.2. Stocking effort of American shad (Alosa sapidissima), Hud-
son River, New York, 1882–1906. See Cheney (1896).
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river to spawn. Albany beef, initially a term of deri-
sion, became an important and inexpensive re-
placement resource as the marine halibut fishery
declined. By the 1850s, sturgeon had eclipsed other
fishes as an inexpensive staple. Sturgeon was caught
from the Battery to Troy, although Hyde Park and
Low Point, just downriver of Newburgh, were iden-
tified as the most productive areas (Lossing 1856).
Munsell (1869) noted that approximately 2,500 in-
dividual sturgeon with an average weight of 100 kg
came to market in Albany during the May through
August season and had a value of $18,750 (or about
$4.5 million in today’s dollars). In addition to Al-
bany beef, sturgeon provided other products—its
offal was rendered into oil for lamps and medicine
and sturgeon roe is caviar. Oil was valuable; one
hundred barrels of oil were produced in Albany
from the 2,500 individuals caught (Munsell 1869).

Reports of declining sturgeon catches began in
the 1880s (Anonymous 1881a). By this time, Al-
bany beef was no longer an inexpensive protein
source for arriving immigrants. In 1880, Albany
marketed on average 450 kg of smoked sturgeon per
week at about 40 cents per kg, but on occasion
more than two thousand kg per week was sold
(Anonymous 1881a). This same article noted that
sturgeon from the river was becoming increasingly
rare and the much of the sturgeon marketed in Al-
bany and other river cities came from Maine,
Florida, and the Great Lakes. Finally, the article
mentions that the catch from the Hudson River
could not meet local demand.

The response to the decline in the sturgeon fish-
ery was met with increasing importation of sturgeon
from other areas within the country and with at-
tempts to save the fishery through legislation. In
1894, the New York State Assemblyman Howard
Thorton of Newburgh introduced legislation that
was designed to protect the sturgeon oil industry,
which was important to that city (Anonymous
1894). His bill would close sturgeon fishing from
September 1 to June 1, which would make harvest
illegal during the early part of the spawning season
(Smith 1985). The bill was enacted into law May
10, 1894, as part of a major overhaul of the Fish
and Game regulations (Laws of New York 1894).
In addition to the closure of the fishing season, the
law required that nets used to harvest sturgeon have
bar mesh greater than 17.8 cm. In 1902, legislation

requiring that sturgeon from the Hudson have a
minimum size of 91.5 cm was passed (Laws of New
York 1902).

As was the case for American shad, when At-
lantic and shortnose sturgeon declined in the catch,
legislation was enacted to protect the resource while
minimizing major harm to the commercial fishery.

The sturgeon fishery on the east coast of the
United States peaked late in the nineteenth century
and by the beginning of the twentieth century the
sturgeon fishery had been reduced to harvest from
a few populations (Saffron 2004). Unfortunately,
newspaper reports indicated that the Hudson River
sturgeon fishery peaked as early as the 1870s (e.g.,
Anonymous 1881a) and was already on a precipi-
tous decline before declines were noted along the
rest of the east coast. Legislation was too late to save
sturgeon and shad as resources. In the case of shad,
the stocking program also failed to save the river
fishery, but was successful in introducing American
shad and alewife into other bodies of water where
they were not native, particularly in western North
America (cf. Boyle 1979). As both American shad
and sturgeon declined in the Hudson River another
species was quickly found as a replacement so that
neither the commercial fishery nor availability of
fish at market was seriously affected.

THE IMPORTANCE OF AN EXOTIC
COMMON CARP

The actual date of introduction of common carp
(Cyprinus carpio) is controversial. DeKay (1842)
quotes extensively a letter from Henry Robinson,
Esq., of Newburgh, Orange County, in which
Robinson states that he brought six or seven dozen
carp from France in 1831 and 1832, and intro-
duced them into his ponds. DeKay’s description of
the fish is inconclusive, noting characteristics that
are clearly carp-like and others that are not. He re-
ported that Robinson released one to two dozen in-
dividuals into the Hudson River each year, where
they grew larger than the pond fish and were caught
by fishers in nets. In 1877, Spencer Baird (cited in
Zeisel 1995) argued that the first common carp
were imported to North America by the U.S. Fish
Commission in 1872 and that on his trips to the
New York City markets, he had found no genuine



carp but rather “the common gold-fish, reverted to
its original normal condition.” He also stated that
market netters took “precisely similar specimens of
white, red, and all intermediate conditions” from
the Hudson. It seems to us that there is little reason
to believe that DeKay was in error, but early records
of carp catches from the Hudson are probably a
mixture of carp and goldfish.

Common carp were readily available fromHud-
son waters by the 1880s and were sold at half the
price of American shad (Zeisel 1995). Smith (1896)
reported that commercial fishers in the Illinois River
in 1893 had an offer from New York [City?] deal-
ers who would take all that the fishers could catch
at $0.08 per kg rough. Smith (1896) also reports
carp being sent from the federal hatcheries to forty
states, the District of Columbia, and the “Indian
Territories.” As American shad, sturgeon, and
striped bass declined in the commercial catches in
the late 1800s, commercial fishers switched to com-
mon carp. Initially, common carp was sold as an
ethnic food and marketed under names such as
“Great Lakes Salmon” (Zeisel 1995), but as other
species became exhausted at the turn of the century,
common carp began to dominate the market. By
1908, for example, 1,425 metric tons were sold at
the FultonMarket for 25 cents per kg (Zeisel 1995).

The technology of catching common carp from
the river did not differ from that used to capture the
native fishes such as American shad, although the
switch did entail capital investment. Exotic carp was
hardy and had been reared for aquaculture for mil-
lennia (Balon 1995) and could be treated differently
than the native species after capture. Carp was
shipped alive to New York City on commercial
steamers (e.g., The Redfield) and sold at the Fulton
Fish Market. Several commercial operators built
holding ponds for carp and fattened them with
grain before market. One fisher built a barge with
six live wells. The barge, named the Live Carp, was
15 x 5 m and could hold more than three metric
tons of fish. By adapting aquaculture techniques to
the harvest, transport became easier, the product ar-
rived at market fresher and, by holding the fish in
ponds, the market could be manipulated to the ben-
efit of the fishers.

American shad, the river herrings, and the stur-
geons were commercially extinct by the beginning
of the twentieth century and common carp and re-

lated fishes, such as the native white sucker, which
had been harvested for an ethnic market since the
1880s, immediately assumed dominance in the
overall market. Despite substantial local catches, the
Hudson River fishers could not keep up with de-
mand. In 1901, 3.1 million kg of carp were im-
ported from the Great Lakes and the Mississippi
River (Illinois) and were shipped alive in specially
designed railroad cars. By 1922, 135,000 kg of carp
was harvested from the Hudson River and 58,500
kg of white sucker was caught. In 1924 the carp and
sucker catch totaled almost 230,000 kg. Common
carp and related species became the fish of choice
for millions in New York City and protected the
freshwater market when other species were no
longer abundant enough to support a fishery.

Then in the 1930s, harvest of carp declined
with a resurgence of the American shad population
and the resultant in-river shad fishery. Carp have
languished in relative fisheries obscurity ever since
(Zeisel 1995). However, catches of common carp
exceeded forty metric tons per year until after 1947.
Sucker catches were always less than ten metric tons
except in 1939. Common carp and suckers were
worth the same or more than shad (on a per pound
basis) until the mid-1940s (Fig. 4.3). The fall in
total catch of common carp in the Hudson (Fig.
4.4) is correlated with a substantial increase in value
of American shad (Fig. 4.3) and therefore a relative
devaluation of common carp. The price for suckers
remained comparable to shad in the 1950s, but
catches were never large. The carp fishery allowed
the freshwater fishing industry and its market to
continue during a period when other fishes were
unavailable for harvest. As one of them, American
shad, rebounded, common carp was replaced. Its
fall from favor did not seem to be solely related to
a decline in numbers but to the rebound of a more
popular and recently readily available species.
Common carp as a resource was abandoned, be-
cause the market was secured by the increase in
American shad numbers.

SWITCH IN TACTICSCOMMERCIAL
FISHING TO SPORT FISHING

Prior to the 1840s, fishing on the Hudson River was
limited primarily to harvests for personal use
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FIG. 4.3 . Value of three species of commercially harvested Hudson River fishes, in cents per pound, from 1936–1961. Data were calculated from An-
nual Reports of the State of New York Conservation Department, 1936–1961. There are no data for 1945, 1954, and 1959.

F IG. 4.4. Commercial catch of common carp (Cyprinus carpio) and suckers (Catostomidae) from the Hudson River, 1936–1961. Data are from An-
nual Reports of the State of New York Conservation Department, 1936–1961. There are no data for 1945, 1954, and 1959.



(Cheney 1896). From the beginning of commercial
market fishing in the 1840s to the 1960s, the gen-
eral pattern was to harvest a species until it was
commercially extinct and then harvest a different
species until it became commercially extinct. Re-
gardless of collapses in fish stocks, the market de-
mand for fish was consistently high. Importation of
fish from the Great Lakes, the Mississippi River, and
farther abroad filled some of the demand, but local
fishers were best positioned to respond. They did so
by shifting exploitation to more common species.
In the three cases examined here, harvests were in-
tensive and, although there were efforts to enhance
certain fisheries through stocking and laws were en-
acted to limit catches by season and size, the miti-
gating measures were often late and insufficient to
protect the individual fisheries.

A possible exception to harvesting to commer-
cial extinction is the striped bass. Commercial ex-
ploitation of striped bass has a long history in the
Hudson River. Ackerly (1818) reported that striped
bass were for sale in considerable quantity in Feb-
ruary and they were shipped frozen to Albany and
“the interior of the country.” The market price for
striped bass in New York was between forty and
sixty-five cents per kilogram from 1879 to 1882
(Anonymous 1879, 1880, 1881b, 1882), often sold
as fish from the Delaware River, North Carolina, or
“the provinces.” Hornaday (1904) mentioned a
catch of 10,164 lbs of striped bass on Fire Island in
1879 (single seine haul), which suggests that local
stocks were harvested for market in this time pe-
riod. These prices indicate that the consumers of
striped bass were from a different social stratum
than the consumers of American shad or carp.

Striped bass was managed differently from the
other species we have discussed. Many efforts were
made to protect the stock including creel limits and
size limits imposed on sport fishers and fishing sea-
sons, lift periods, size limits, and gear restrictions
placed on commercial fishers (McLaren et al. 1988).
There is some evidence that this single species man-
agement began early in the fishery. For example, in
1879, it was illegal to possess striped bass less than
0.25 kg (Anonymous 1879). Because of its eco-
nomic importance, striped bass was one of several
species that were the focus of intensive study during
the 1970s and 1980s. These studies primarily ex-
amined the effect of water use in power generation

along the river. Boyle (1979) popularized the evi-
dence on the effect power generation had on fish,
particularly striped bass, with graphic photographs.
Others (e.g., McDowell 1986) reviewed the exten-
sive literature and noted that environmental
changes resulting from shoreline power generation
clearly and negatively affected fish populations and
the fish assemblage in general and that there even-
tually developed a consensus on the extent of the
impact that led to mitigation measures and changes
in management for these species.

Striped bass aside, mitigation measures aimed
at protecting the individual fishery were weak and
often inadequate, in part because there was always
an alternative, underutilized stock that could be
marketed instead. Clearly during the 120 years of
intense commercial fishing, overfishing was not the
only factor that affected catches. This period coin-
cides with increases in the human population in the
valley and with changes in land use practices and
massive in-stream modifications (Swaney et al.
2006). Whether it was overfishing or environmen-
tal change that affected riverine fish stocks, the re-
sponse was consistent: utilize a new resource.

In the 1960s, when the American shad popula-
tion collapsed a second time, the number of com-
mercial fishers on the river began to decline
(Limburg et al. 2006). Although some commercial
fishing continues on the river, although not for
American shad, in the last several decades Hudson
River fish resources have become increasingly a
game fishery. This has led to the introduction, often
unsanctioned, and repeated stocking of fish that are
popular game fish (Table 4.2). The effort to estab-
lish game fish in the river markedly increased the
number of species that are piscivorous, from about
six species to fifteen. Two of these, largemouth and
smallmouth bass, have affected fish and invertebrate
assemblages and are important economically (Mills
et al. 1996). At present, it is impossible to assess the
extent of the change to the fish assemblage that has
occurred or may occur due to this increase. Daniels
et al. (2005) reported declines in forage fish and sev-
eral of the smaller anadromous species.

These declines may not result solely from the
presence of more exotic predators in the system, be-
cause pollutants, increasing temperatures (which, in
the case of rainbow smelt [Osmerus mordax], may
have led to extirpation), the introduction of other
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exotics, harvesting, and habitat modification may
also affect numbers. For example, pollutants, such
as polychlorinated biphenyl (PCB), contaminate
fish, although there is high variability among species
and even individuals (Zlokovitz and Secor 1999).
Because of the contamination, catch restrictions and
consumption advisories were implemented, which
have reduced catches and led to increased numbers
of fish that are nonetheless contaminated (Barnt-
house 2000). The introduction of exotic zebra mus-
sel and water chestnut has had profound effects on
ecosystem processes (e.g., Caraco et al. 2000; Caraco
and Cole 2002). Zebra mussels’ removal of phyto-
plankton and microzooplankton has been enough
to demonstrably alter fish community structure
(Strayer et al. 2004). Habitat complexity that was
probably important for juvenile life stages of many
species was largely removed by repeated dredging of
the up-estuary shallows and filling of side channels
(Nitsche et al., ch. 6 in this volume; Daniel Miller,
New York State Department of Environmental Con-
servation, personal communication). The effect of
the loss of shallow side channels, embayments, and
shoreline wetlands to riverine fishes is well docu-
mented (e.g., Hughes et al. 2005) and their loss in
the Hudson River probably has affected community
structure, species diversity, and abundance.

In addition to exotic predatory fish, the native
piscivores, particularly striped bass, and several ma-
rine species that utilize the river affect the compo-
sition of the Hudson River fish assemblage. Striped
bass feed when in the river and, at least the larger
ones, are largely piscivorous (Gardinier and Hoff
1982). With the resurgence in numbers in the last
few decades, the predatory demand of this species in
the river could account for observed declines in
some species (Heimbuch 2008). Marine fish, such
as bluefish (Pomatomus saltatrix), can account for
large declines in river fish as well (Buckel et al.
1999). Nevertheless, the number of predatory
species now in the river that were not present pre-
viously, increasing populations of native predatory
fish resulting from management efforts to increase
numbers, and the presence of marine species all af-
fect the survivability of many of the smaller species
and young-of-year of larger species, particularly the
anadromous American shad, river herrings, and
striped bass. Sport fisheries in the river have the po-
tential to be sustainable, in contrast to the history of

commercial fisheries. In a sport fishery, there are
lower catches, effective regulation, and both single-
species and ecosystem management of the resources
(Hudson River Estuary Management Program
1996). Conversely, the effort to successfully develop
a sport fishery with several exotic predators may
stymie efforts to protect and manage the several na-
tive species that serve as prey.

By developing the river as a sport fishery, the
pattern established with previous declines was only
slightly modified: as each riverine fishery collapsed,
a new resource was tapped. However, the develop-
ment of the game fishery resulted in the introduc-
tion of exotic fishes and the enhancement of native
predatory fishes, which has altered the assemblage
by increasing the number of top predators in the
system.

CONCLUSION

Hudson River fish compose a resource that was rec-
ognized as important by Native Americans, early
European settlers, commercial fishers, management
agencies, and decision makers. However, since the
development of a market economy almost two cen-
turies ago, individual fish species were not recog-
nized as resources; instead, the catch, with serial
replacement of the dominant species, was treated as
the resource. Fishing in the Hudson River displayed
a pattern typical of commercially driven resource
extraction; there were few if any provisions for con-
servation or setting sustainable quotas (see Richards
2003). As individual species declined in number,
possibly due to overfishing, environmental change,
or a combination of both, protective regulations,
enhancement efforts, and new technologies were
mustered in an effort to protect the individual
species, but ultimately and consistently, the effort
rapidly moved to switch to a new species and pro-
tection of the overall catch. This culminated in a
switch from commercial fishing to sport fishing in
the last several decades and an effort to establish sev-
eral exotic top carnivores in the Hudson River and
enhance through management native predatory
species. As exotic game fish were promoted there
has been a change in attitude regarding individual
species. Recent efforts to recognize each species as a
separate resource have resulted in management
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plans that specifically protect and enhance sturgeon,
American shad, river herrings, striped bass, and
other species (Hudson River Estuary Management
Program 1996). It is ironic that now, after belatedly
recognizing the importance of each species as a re-
source worthy of individual protection and man-
agement, the introduction of several exotic species
to the Hudson River has altered the system (Mills et
al. 1996), which may make it difficult to restore ef-
fectively the anadromous fisheries that were promi-
nent in the last two centuries.
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ABSTRACT

The amphibian and reptile species found in the Hud-
son River watershed today are the result of a series of
invasions that followed the retreat of the Laurentide
Ice Sheet about 11,000 years ago. Although Native
Americans utilized these species in a variety of ways,
little of this use is documented in early literature or
archaeological digs. European settlement of the Hud-
son River Valley has resulted in significant changes to
the native populations of amphibians and reptiles,
some through direct action but much through the un-
intentional consequences of other actions. The earli-
est written reports of amphibians and reptiles in what
is now New York came from the Dutch shortly after
Henry Hudson sailed up the river now bearing his
name. Amphibians and reptiles were originally ex-
ploited or persecuted by the Dutch settlers and those
that followed. Recognition of New York’s herp diver-
sity peaked during the “Naturalist Period,” which ex-
tended from the early 1700s to the late 1800s. This
transitioned into the modern era around the begin-
ning of the twentieth century when popularizing, sci-
entifically studying, and protecting amphibians and
reptiles became the standard. Although still threats
today, exploiting and persecuting herps have to a large
degree been replaced by acceptance, appreciating, and
understanding.

THE EARLY YEARS

Native flora and fauna found in New York today
have had a relatively short period to colonize the
state since the entire state, except for a small area in
the western Allegany Plateau, was buried under ice
during the most recent glacial period, the Wiscon-
sinan, when the Laurentide Ice Sheet reached its
maximum about 21,750 years ago (Isachsen et al.
2000). Approximately 11,000 years ago the ice
front had retreated from what is now the Hudson
River watershed.

The retreat of the ice 12,000 to 10,000 BP cre-
ated land forms that can still be seen today and in-
fluenced this recolonization. Whereas mammals,
birds, and fish can invade new habitats relatively
quickly, most amphibians and reptiles (i.e., herpeto-
fauna, herps for short) would have been slower to
recolonize the state. Little is known of this invasion,
but Holman (1992) suggests that the Wood Frog
(Lithobates sylvaticus) was the first species of herp in-
vader followed by about two dozen other primary
invaders as tundra gave way to boreal forest. Sec-
ondary and tertiary invaders would have followed as
mixed conifer-hardwood forests and finally decidu-
ous forests developed by about 7500 BP resulting in
a herpetofaunal assemblage similar to what we have
today. Few archeological sites have been uncovered
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in New York containing significant evidence of
amphibians and reptiles except for species that were
used in ceremonies or eaten. Most Native American
tribes in New York at the time of European contact
revered turtles and adopted the turtle as one of their
clan symbols. Turtle rattles used in ceremonies were
considered particularly sacred.

The earliest written record of amphibians and
reptiles in the state comes from Adriaen Van der
Donck (1656) less than fifty years after Henry Hud-
son sailed up the river now bearing his name. Two
sections of his book A Description of New Nether-
lands are of particular interest to herpetologists.

The first section, titled “Of the Fishes,” deals
with aquatic species of all sorts, from true fishes and
sharks to invertebrates such as lobsters, shrimps,
oysters, and crabs but also includes whales, por-
poises, and turtles. Van der Donck notes, “There
are shrimps and tortoise in the water and on the
land. Some persons prepare delicious dishes from
the water-terrapin, which is luscious food. There are
also sea-spiders, and various other products of the
ocean, which are unknown in Holland, and are of
little consideration, as they contribute little to the
wants of human society.” He does not further de-
scribe “tortoises in the water and on the land” or
“water-terrapin” but since his concern was clearly
for animals that could be eaten he was most likely
referring to the Northern Diamond-backed Terra-
pin (Malaclemmys terrapin) and the Common Snap-
ping Turtle (Chelydra serpentina), although it is
possible that several species of sea turtles that enter
New York waters during the warmer months might
have been included. And we cannot rule out the
Eastern Box Turtle (Terrapene carolina), which was
eaten by coal miners in the nineteenth century, or
the Wood Turtle (Glyptemys insculpta) which was
collected and sold as food about the same time
(Babcock 1971), as both species are still frequently
found in the lower Hudson River watershed.

Understandably, food was a major concern to
these early European settlers, but perhaps equally
important were the things that could cause harm,
which Van der Donck treated in a section titled “Of
the Poisons.” In this section he relates some of the
lore from the Native American tribes he encoun-
tered along with observations he claims to have
made himself. Van der Donck lists “Several kinds
of black, speckled and striped snakes” that are

“found in the country” and “are said to have con-
nections with the eels.” He notes that “Snakes of
those kinds do no damage except destroying young
birds” so at least he did not consider all snakes to
be a threat but he also note that “Unless they escape
from travelers and farmers, they are usually put to
death. The Indians do not fear snakes of this kind,
for they will run after and take them by the tails,
then take hold of them behind the heads and bite
them in the neck: thus they kill them.”

Van der Donck spent considerable space dis-
cussing rattlesnakes. His statement that “[r]at-
tlesnakes like those of Brazil, are found in the
country” indicates that in the mid-seventeenth cen-
tury Brazilian rattlesnakes were better known to the
Dutch than the Timber Rattlesnake (Crotalus hor-
ridus) found in New York. And although the “yel-
low, black and purple colours” can be seen in
modern Timber Rattlesnakes, his description that
they had “four sharp teeth in the front of their
mouth, which the Indians use for lancets” makes
one wonder how he determined that until one real-
izes that since the snakes were dead when the Indi-
ans extracted the fangs, they may have also removed
the smaller replacement fangs that lay next to or be-
hind the two front fangs that are normally used to
inject venom into the snake’s prey (Greene 1997).

Van der Donck continues with a description of
the rattlesnake: “at the end of the tail it has a hard,
dry, horny substance . . . with which these snakes
can rattle so loud that the noise can be heard sev-
eral rods; but they never rattle unless they intend to
bite.” “When persons are bitten by those serpents
and the poison enters the wound, their lives are in
a great danger.” His observation that “fortunately
the rattlesnakes are not numerous” indicates that
he did not travel extensively in the Hudson High-
lands. He does report rattlesnakes on Long Island,
an area from which rattlesnakes were extirpated
about 1920 (Welch 1995). Van der Donck cites “an
experiment made on Long-Island with snake-wort,
on a large rattlesnake, when a person chewed a
quantity of the green plant, and spit some of the
juice on the stick, which was then put to the nose
of the snake, it caused the snake to thrill and die in-
stantly. The Indians hold this plant in such high es-
timation, that many of them carry some of it, well
dried, with them to cure the bites of those ser-
pents.” However, he does note that when bitten by
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a rattlesnake, Indians frequently die of the bite, so
the snake-wort cure apparently did not always
work. Modern observations have shown that as
many as 25 percent of rattlesnake bites are “dry,”
that is, no venom is injected. This could account
for the observation by these early settlers of an oc-
casional “cure” after being bit.

Rattlesnakes were not the only species of her-
petofauna believed to threaten early humans.
“Lizards . . . which have pale bluish tails . . . are
much feared by the Indians, because (as they say)
this kind will crawl up into their fundamentals,
when they lay asleep on the ground in the woods,
and cause them to die in great misery.” This blue-
tailed lizard is the juvenile of the Common Five-
lined Skink (Plestiodon fasciatus). Gibbons (1983)
warns that one bite of a fried blue-tailed lizard will
make a person immediately ill, but there is no doc-
umentation that one crawling into your “funda-
mentals” or any other location will cause great
misery let alone death.

“Toads” were included in Van der Donck’s ac-
count as one “of the poisonous reptiles” he “discov-
ered in the country.” It was several centuries until a
clear distinction was made between amphibians and
reptiles, but the poisonous nature of toads, an am-
phibian, has long been known.

THE NATURALIST PERIOD

After Van der Donck’s detailed history there fol-
lowed a period of exploration by early naturalists
searching for new species of plants and animals to
collect and describe. In the eastern United States
this “Naturalist Period” (Adler 1979) extended from
about 1725 to the mid-nineteenth century. In New
York, interest in the native herpetofauna began

about 1750 with the advent of the Linnaean system
of classification of living organisms, peaking in the
early 1800s. As a result, the Hudson River water-
shed, including portions of New York City, is cred-
ited as being the “type locality” (the first place a
previously unknown species is collected and de-
scribed for science) for nine species of amphibians
and reptiles (Table 5.1).

The first attempt to list all the species of am-
phibians and reptiles found in New York was pub-
lished by James Macauley in 1829. His list placed all
species in the class “Amphibia” which was divided
into two orders: “Reptilia,” which included four-
teen species of turtles, frogs, toads, salamanders, and
lizards, and “Serpentes,” which included thirteen
species of snakes. His imprecise descriptions make
it impossible to determine exactly which species he
was referring to. He referred to salamanders as
“lizards” and he recognized four species of toads
mainly by color (only three species of toads occur in
New York) which he placed in the genus Rana (now
Lithobates), thereby grouping toads with the true
frogs. He also considered a number of harmless
snakes to be venomous.

Macauley did, however, make a number of ob-
servations onTimber Rattlesnakes that are valid. He
listed known occurrences from across the state but
noted that they do not inhabit all parts of the state.
He identified six areas in the Hudson River water-
shed where rattlesnakes could be found including
parts of the Highlands, the Nose in Montgomery
County, several places along Schoharie Creek,
Glenville in Schenectady County, the Helderbergs
in Albany County, and Snake Hill near Newburgh.
Rattlesnakes are still found at the former three lo-
cations but have been extirpated at the latter three.
He noted that they have a preference for oak forests,
they can swim across rivers and lakes and may make
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TABLE 5.1. Amphibians and reptiles first collected and described for science from the Hudson River watershed.

Common name Species Notes Source

Eastern Red-backed Salamander Plethodon cinereus Originally reported by Rafinesque 1818 Smith (1963)
Gray Treefrog Hyla versicolor As reported in Schmidt 1953 McCoy (1982)
Wood Frog Lithobates sylvaticus Originally reported by LeConte 1825 Martof (1970)
Snapping Turtle Chelydra serpentina Originally reported by Linnaeus Gibbons, et al (1988)
Painted Turtle Chrysemys picta Originally reported by Schneider 1783 Ernst (1971)
Wood Turtle Glyptemys insculpta As reported in Schmidt 1953 McCoy (1982)
Northern Watersnake Nerodia sipedon As reported in Schmidt 1953 McCoy (1982)
Eastern Milksnake Lampropeltis triangulum Originally reported by Lacepede 1788 Williams (1994)
Timber Rattlesnake Crotalus horridus Originally reported by Linnaeus 1758 Collins and Knight (1980)



excursions of four to five miles, all observations that
have been confirmed in recent studies (Brown
1993). Macauley noted that rattlesnakes were
slaughtered in great numbers directly by man,
swine, and by “conflagrations incidental to clearing
land.” Even in the first half of the nineteenth cen-
tury, habitat loss was recognized as a reason for the
decline of a species. But direct persecution can be
credited with causing the biggest losses. In some in-
stances several hundred would be killed in the
spring at a single den. In the area around Lake
George 1,500 Timber Rattlesnakes were killed in a
single year!

James E. DeKay, as Head of Zoology Section of
the New York Geological and Natural History Sur-
vey, published a five-volume treatise, The Zoology of
New York (1842–44). Part III, the reptiles and am-
phibians, was the first comprehensive treatment of
these species for New York and was considered a
model for a state faunal survey at that time. DeKay
described all species known from the state but also
included species found in surrounding states that
he expected would be found in New York. The vol-
ume also included colored illustrations, some more
realistic than others, with most of the reptiles ap-
pearing more lifelike than the amphibians. Quite
advanced for its time, DeKay’s Zoology corrected
previous errors such as clearly distinguishing am-
phibians from reptiles and salamanders from lizards.
But it was not without errors. DeKay described
what we now call the Red-spotted Newt (Notoph-
thalmus viridescens) as three distinct species in two
separate genera: the Yellow-bellied Salamander
(Salamandra symmetrica), the Scarlet Salamander
(Salamandra coccinea), and the Crimson-spotted
Triton (Triton punctatus).

James Eights, a contemporary of DeKay’s, doc-
umented a number of unusual records from the
Hudson Valley. It was Eights who first reported to
DeKay that he had found the “Brown Swift” (East-
ern Fence Lizard, Sceloporus undulatus) in New
York, at a site near Fishkill, Dutchess County. And
when DeKay (1842) reported that the range of the
“Muhlenburgh Tortoise” (Bog Turtle, Glyptemys
muhlenbergii) had at last been extended into New
York, Eights (1853) responded with a short note
that for the last thirty years he “had been in the
habit of obtaining them from a morass in the
county of Rensselaer.” Bog Turtles have not been

found in Rensselaer County since the time of
Eights. In a series of articles in a monthly periodi-
cal published in 1835 in Albany, “The Zodiak,”
Eights (McKinley 2005) reported Red Salamanders
(Pseudotriton ruber) in swamps around Albany and
a Soft-shell Turtle (Apalone spinifera) under the Co-
hoes Falls. He also reported receiving two specimens
of Tiger Salamanders (Ambystoma tigrinum) from
the vicinity of Albany, which are the only records
of this species north of Rockland County. And at
that time Spotted Turtles (Clemmys guttata) were
“every where seen in the pools of clear water about
the pine plains,” an area currently known as the Al-
bany Pine Bush where Spotted Turtles are now ex-
tremely rare.

Toward the end of the nineteenth century, and
the end of the Naturalist Period, naturalists were re-
visiting lands that had previously been explored, re-
porting new species or extending their ranges, even
in areas as well known as the Hudson Valley.
Around the start of the twentieth century, herpeto-
fauna were championed by three distinct move-
ments: to popularize them, to scientifically study
them, and to provide some level of protection to
them.

POPULARIZING HERPS

The first person to popularize herps was Raymond
L. Ditmars, Curator of Reptiles at the Bronx Zoo,
who published numerous books and articles on rep-
tiles. Most significantly for us is his pamphlet on
the reptiles in the vicinity of New York City (Dit-
mars 1905). His observation that “the Spotted Tur-
tle rivals the Painted Turtle in being the most
common of the local chelonians” is reminiscent of
Eights’s earlier statement about Spotted Turtles near
Albany. Sadly today neither of them is true. Dit-
mars also noted that “within fifty miles of New York
City, the rattlesnake is now scarce.” That statement
sounds a lot like Van der Donck’s assessment, but
today, although far less numerous than they once
were, the greatest concentration of the state’s rat-
tlesnakes do occur in the Hudson Highlands within
about fifty miles of New York City.

Keeping with the tradition of zoo curators
reaching out to the public, Carl Kaulfield, Curator
of the Staten Island Zoo, published two books
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(Kaulfield 1957, 1969) about snakes. Although he
included a plea for conservation of these animals,
his description of where and how to find them un-
intentionally led to the decimation of populations
of rattlesnakes in Dutchess County and other loca-
tions. The late John Behler, Curator of Herpetol-
ogy at the Bronx Zoo from 1973 to 2006, was also
a champion of promoting reptiles and amphibians
to the general public. In addition to his interna-
tional scientific and conservation work, primarily
on turtles and crocodilians, Behler found time to
undertake long-term detailed studies of the ecology
and life history of Bog, Spotted, and Wood Turtles
in Westchester, Putnam, and Dutchess counties.
He, often with his wife Deborah, produced a num-
ber of popular books and field guides on reptiles
and amphibians, most notably the field guide to
amphibian and reptiles as part of the Audubon Field
Guide Series (Behler and King 1979). John was also

one of the coauthors of the recently published book
on the herpetofauna of New York State (Gibbs et
al. 2007).

THE SCIENTIFIC PERIOD

The change from the Naturalist Period of the eigh-
teenth and nineteenth centuries to what I call the
Scientific Period of the twentieth century is best ex-
emplified in New York by a team of researchers
from Cornell University, Professor Albert Hazen
Wright and his wife Anna Allen Wright. The
Wrights produced two handbooks (Wright and
Wright 1949, 1957) that are still cited as key refer-
ences for anyone working on frogs or snakes. Ear-
lier, in 1932 A. H.Wright (reprint 2002) published
a book on the frogs of Okefenokee Swamp, Geor-
gia, and in this book included life history studies of
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frogs he conducted far from Georgia and even on
species not found in Georgia at all. Hidden in this
book is a twenty-two-page treatise on the Mink
Frog, Lithobates septentrionalis, based on studies he
made largely within the Upper Hudson River
drainage in the Adirondacks. The information pro-
vided on the life history and seasonal activity pat-
terns of this species was by far the most detailed
account produced at the time. Wright suggested,
based on the Mink Frog’s range and habitats, it
might be found in the Catskill Mountains. He was
apparently not familiar with the earlier report by
Mearns (1898) of Mink Frogs from the Hudson
Highlands, but based on work conducted since then
it is unlikely Mink Frogs are in either the Catskills
or the Hudson Highlands. Of all species of am-
phibians in New York, the Mink Frog, a cold cli-
mate–adapted species, may be the species most
detrimentally affected by global warming (Popescu
2007) and could possibly disappear from the state’s
herpetofauna before the end of this century.

Sherman C. Bishop was a contemporary of A.
H. and A. A. Wright. Although Bishop published
on fishes, birds, mammals, and spiders as well as rep-

tiles and amphibians, he is best known for two pub-
lications (Grobman 1952). His “Salamanders of
New York” (1941) is still considered one of the most
comprehensive treatments of this group produced
for any state. Based at the New York State Museum
in Albany for several years, he conducted life history
studies of all the salamanders associated with the
Helderberg Escarpment and associated wetlands in
Albany County but also traveled, observed, and col-
lected throughout the Hudson Valley and the rest of
the state. In 1947, he produced the “Handbook of
Salamanders,” which provided in-depth summaries
of what was then known about all salamanders in
the United States and Canada.

Many other researchers have chosen the Hud-
son River watershed for their herpetofaunal studies.
Space does not allow mention of all of them, but a
few stand out as being leaders in the field. Daniel
Smiley, whose family established the Mohonk Pre-
serve on the Shawangunk Ridge in Ulster County,
was one of them. Dan was one of the pioneers in
monitoring acid precipitation and its possible ef-
fects on vernal pool amphibians. Perhaps longer
than anyone else in the state, Dan recorded the sea-
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sonal activity patterns of vernal pool amphibians,
notably the ambystomid salamanders, beginning in
1929 and continuing until his death in 1988. The
work he began is being continued today under the
direction of Paul Huth and John Thompson (see
Thompson and Huth, ch. 10 in this volume).

Dr. Margaret M. Stewart, known as “the frog
professor” on campus at the State University of New
York at Albany, was well known in the Hudson
River Valley, both as a conservationist and re-
searcher (Brown and Breisch 2005). Her long-term
studies of the amphibians and reptiles in the Albany
Pine Bush (Stewart and Rossi 1975), and contin-
ued work with numerous undergraduate and grad-
uate students until her death in 2006 (Brown and
Breisch 2006), has provided a basis for measuring
changes and setting priorities for conservation ac-
tions. Stewart also played many roles in her work
with the Eastern New York Chapter of The Nature

Conservancy, notably as chair of the Conservation
Committee. Her commitment is memorialized at
both the Discovery Center in the Albany Pine Bush
and the Environmental Education Center at Sam’s
Point in the Shawangunks.

Perhaps the researcher most closely associated
with the herpetofauna of the Hudson River itself, is
Erik Kiviat of Hudsonia, Ltd., and Bard College.
Kiviat has conducted extensive research and inven-
tory of the region’s natural resources, always with
great consideration for the amphibians and reptiles
(Kiviat 1997, 1998). Most notably, he is the expert
on the Blanding’s Turtle (Emydoidea blandingii) in
Dutchess County. When asked to assist with devel-
oping a wetland mitigation plan to protect the habi-
tat of the Blanding’s Turtle, which was required
when Arlington High School expanded their facil-
ities, Kiviat and his colleagues incorporated the
management strategy into a long-term research
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project to test the effectiveness of the action (Kiviat
et al. 2000). This project serves as an example of
how difficult, and expensive, it is to recreate habitat
for a threatened turtle species such as the Blanding’s
Turtle. The project was given the Society for Eco-
logical Restoration Award in 1997.

PROTECTING HERPS

New York was the first state to regulate the collec-
tion of any reptile or amphibian (Breisch 1997)
when, in 1905, the “Forest, Fish and Game Law”
was amended to prohibit the “taking, killing, or ex-
posing for sale of all land turtles or tortoises, in-
cluding the box and wood turtle.” The law was
again amended in 1912 setting seasons on the
“bullfrog, green frog and spring frog [leopard
frog].” What seems like an enlightened beginning
of the twentieth century was followed by decades of
continued persecution and unregulated collecting
of all other species as well as illegal collection of the
protected species. The New York State Conserva-
tion Department (1939) encouraged people to
“control and utilize” Snapping Turtles because of
their perceived threat to fish and young waterfowl.
And the state authorized counties to establish
bounties on “undesirable” species. In three coun-
ties in northern New York (Warren, Washington,
and Essex) people could collect bounties onTimber
Rattlesnakes until the bounty system was outlawed
in 1973. Some of the bounty collectors admitted
that they collected rattlesnakes in counties that did
not have a bounty and turned them in to the
county clerk in counties where they could collect
the bounty (Furman 2007).

In 1974, New York adopted an endangered
species law and the Bog Turtle was the first herp to
be placed on the list. With almost all of the known
Bog Turtle sites in New York occurring within the
Hudson River watershed, this became a useful tool
in protecting wetlands within this region of the
state. The law was amended in 1983 to include
species that could be designated as threatened. Five
additional herp species found in the Hudson River
watershed have now been added to the lists of en-
dangered and threatened species: Eastern Cricket
Frog (Acris crepitans) and Eastern Mud Turtle (Ki-
nosternon subrubrum) as endangered, and Blanding’s

Turtle, Timber Rattlesnake, and Eastern Fence
Lizard as threatened. Completing the protection
picture, in 2006, a bill was enacted giving the New
York State Department of Environmental Conser-
vation (DEC) authority to regulate the collection
and possession of all native amphibian and reptile
species in New York.

As strong as the Endangered Species Law is, a
landmark court decision added even more strength.
In 1990, a hard-rock mining application near
Fishkill, Dutchess County, was proposed by Sour
Mountain Realty, Inc. Subsequent review showed
that the proposed mine would have a significant im-
pact on a Timber Rattlesnake population by modi-
fying the habitat the snakes used and by making a
significant portion of the habitat inaccessible to
them. The rattlesnakes from this population over-
wintered in a den that was located only 260 feet
from the Sour Mountain Realty property. Subse-
quently, a second den was found on their property.
The court determined that the actions of Sour
Mountain Realty to modify the habitat could be
considered a “taking” of a threatened species under
the law even if direct killing of the snakes could not
be demonstrated, and that DEC could deny the
permit (Amato and Rosenthal 2001).

A 240-unit residential housing project below
the ridge of Schunnemunk Mountain, Orange
County, also involved Timber Rattlesnakes. In this
case the den was initially believed to be about a half
mile from the proposed development. An eight
thousand foot long fence four feet high, constructed
of half-inch hardware cloth was erected as a snake
barrier to keep the rattlesnakes and the residents
separated. A three-year study demonstrated that the
fence was quite ineffective in keeping the snakes out
of the development and that snakes that managed to
find their way past the fence and into the develop-
ment often were killed (Breisch, et al. 2005).

A three-year undercover investigation, dubbed
“Operation Shellshock,” by DEC into the poaching,
smuggling, and illegal sale of protected reptiles and
amphibians led in early 2009 to charges against
eighteen individuals, eight of whom illegally col-
lected wood turtles, box turtles, rattlesnakes, cop-
perheads, hognosed snakes, and salamanders from
the Hudson River Valley, often from state park lands
or lands owned by not-for-profit conservation or-
ganizations. More than 2,400 individual turtles,
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snakes, and salamanders were involved in the docu-
mented crimes with several hundred of these being
confiscated during the investigation. The investiga-
tion was coordinated through DEC’s Bureau of En-
vironmental Crimes Investigation. Undercover
investigators spent hundreds of hours afield with
poachers and at commercial herp shows where the
under-the-table sale of protected species was occur-
ring. Operation Shellshock should serve not only as
a deterrent to those who illegally trade in our native
herpetofauna but also should raise public awareness
about the need to protect all exploitable wildlife.
During the summer of 2009, six of the confiscated
copperheads were released back into the wild at Mo-
honk Preserve following a year of quarantine to as-
sure that the snakes were healthy and did not carry
any exotic diseases. In July 2010, the Operation
Shellshock teammembers were awarded the first an-
nual Peter A. A. Berle Memorial Award in recogni-
tion of their outstanding contribution in furtherance
of the DEC’s mission of environmental stewardship.

THE HERP ATLAS

In 1990, DEC began a ten-year project to map the
distribution of all species of amphibians and reptiles
that occur in the wild in New York. This project, in-
volving more than 1,900 volunteers, collected data
from nearly a thousand atlas blocks across the state.
More than 65,000 individual species reports were re-
ceived documenting the distribution of sixty-nine
native and three introduced species. Of these sev-
enty-two species, twenty-seven species of amphib-
ians and twenty-eight species of reptiles occur in the
Hudson River watershed, making it the most diverse
watershed in New York for herpetofauna. Prelimi-
nary data have been used to create maps for a book
on New York’s herpetofauna (Gibbs et al. 2007). A
publication is now in preparation providing more
detailed distribution maps which also include his-
toric and museum records before 1990 and new lo-
cations documented since 1999. Accompanying
each species account will be a map showing these
data (Fig. 5.1). A chart showing number of records
received by date will also be included to highlight
seasonal activity peaks for each species (Fig. 5.2).
When all the distribution information is combined,
the atlas blocks with the highest species richness for

herps are seen to be primarily in the Hudson River
watershed (Fig. 5.3). These data can be used in proj-
ect reviews for proposed developments, conservation
planning on public and private lands, or to identify
“Important Herp Areas,” similar to a program now
being used to identify Important Bird Areas.
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ABSTRACT

Since the beginning of European colonization, the
Hudson River Estuary has been a focus of commerce
and transportation in the northeastern United States.
Varying demands caused by changing technology and
increasing population have resulted in significant
modifications of large sections of the Hudson River
shoreline including channel constriction, filling, re-
locating, stabilization, and the construction of piers
and docks. These modifications resulted in substantial
changes of estuarine flow, sediment transport, and
deposition patterns in the Hudson River. In this chap-
ter we compare historic documents with modern data
from the Hudson River Estuary. Using examples from
various parts of the estuary we demonstrate the im-
pact of human modifications on bottom morphology
and sediment distribution and how these modifica-
tions reflect the changing priorities in the use of the
Hudson River.

INTRODUCTION

The Hudson River is one of the major rivers in
North America and has been used by humans since
long before Europeans arrived. But the exploration
of the river by Henry Hudson in 1609 and the Eu-
ropean colonization that followed marks a transi-

tion to more direct modification and major impacts
on river morphology and sediment transport. As de-
scribed by other papers in this volume, during the
eighteenth and nineteenth centuries the Hudson
River became the dominant route connecting Eu-
rope via New York City to the northern Midwest
and the Great Lakes region.

Over the last four centuries, changes in tech-
nologies, economic interests, and aesthetic values
have influenced the way people used and viewed the
Hudson River. The first European settlers used the
river mostly for trade, connecting early settlements,
and as a food source. Therefore, a major concern of
these settlers and tradesman was easy access to the
river. On the other hand, the first ships, especially
the early Hudson River sloops with their wide flat
hulls, were small enough to reach most shores and
most of the Hudson River was naturally deep
enough for shipping at this time.

With time, the population in the Hudson Val-
ley increased and so did the need for transportation
capacity and reliability on the river. Larger boats
with deeper drafts required better access to the
water, such as larger piers, and improved navigation
of the waters, especially after the introduction of the
steamboats during the nineteenth century. Further
improvements in technology and engineering dur-
ing the nineteenth and twentieth centuries brought
about the building of railway and highway systems,
as well as the construction of bridges to further
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improve transportation along and across the
Hudson River.

Although the Hudson River remains an impor-
tant transportation corridor today, industrialization
during the twentieth century shifted the focus of
use from transportation toward a resource for the
growing industries along the river including power
plants and factories. More recently the focus shifted
again toward recreational use of the river including
parks, sportfishing, and riverview housing develop-
ments (Dunwell 2008).

Several sections of the Hudson River in its nat-
ural stage did not meet these increasing demands
for navigation and usage and, as a result, were sig-
nificantly modified by humans. These various
human activities not only affected the landscape,
flora, and fauna along the shores of Hudson River,
but also had an impact on the river itself by chang-
ing its shape, hydrodynamics, and the nature and
distribution of sediments at the bottom of the river.

In this chapter we discuss several examples of
human modifications of the Hudson River Estuary
during the last centuries and analyze their effects on
morphology, sediment distribution, and hydro-
dynamics.

THE HUDSON RIVER ESTUARY

Our analysis focuses on the ~240 km long Hudson
River Estuary, also called the Lower Hudson River,
between the Battery in New York City and the Fed-
eral Dam in Troy (Fig. 6.1). The Lower Hudson
River is a partially mixed, meso-tidal estuary with a
tidal range of 1–2 m all the way to Troy (Abood
1974). The estuary has strong seasonal variations in
river flow with discharge varying between 100 and
>1500 m3/s at low and peak flow conditions re-
spectively and current velocities up to 1 m/s (Geyer
et al., 2000; Geyer and Chant 2005). Maximum
water depths (natural and dredged) vary along the
estuary with an average of ~15 m in the main chan-
nel and a maximum depth of 55 m in the Hudson
Highlands. Along some sections of the estuary the
main channel is bound by extensive shallow flats
with depths between 1 and 3 m (Nitsche et al.
2007). The extent of salt intrusion typically reaches
the area of Haverstraw Bay and the Hudson High-
lands, but it moves farther northward to Newburgh
Bay during extreme dry conditions or southward
into the Tappan Zee during extreme fresh water
flow events (Geyer and Chant 2005).

The general trends in bottom morphology and
sediment distribution of the Hudson River Estuary
have been described by Sanders (1974) and Coch
(1986) and have recently been refined through
comprehensive acoustic mapping and sediment
sampling (Bell et al. 2004; Bell et al. 2006; Nitsche
et al. 2007).

METHOD AND DATA

To identify different modifications over time and to
analyze their effects on riverbed morphology, river
flow, and sediment processes we analyze data from
the present Hudson River Estuary as well as from
historic documents and maps.

We obtained information about the present
morphology and sediment distribution of the es-
tuary mainly from the Hudson River Benthic Map-
ping Project (HRBMP; Nitsche et al. 2005; Bell et
al. 2006) and from NOAA’s National Ocean
Services estuarine datasets (http://estuarineba-
thymetry.noaa.gov/). These datasets include high-
resolution bathymetry, sidescan sonar, seismic
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FIG. 6.1. Overview map of Hudson River Valley with the watershed area
outlined in dark gray and black rectangles showing the locations of ex-
amples discussed in this chapter.



profiles, and sediment information from cores and
grabs that allow characterization of the bottom of
the river in great detail (Nitsche et al. 2007). These
data provide a reference point for determining
changes compared to historical data. In addition,
past modifications and their effects are in some
cases directly visible in the present morphology or
in sub-bottom data.

We compare the present morphology, shoreline
location, and sediment distribution with historic
documents from various sources including histori-
cal charts and soundings from NOAA (http://
www.nauticalcharts.noaa.gov/), maps from the Li-
brary of Congress (http://memory.loc.gov/ammem/
gmdhtml/), and historic maps provided by the New
York State Department of Environmental Conser-
vation (NYSDEC). Because the Hudson River has
always been intensively used for navigation, many
of the historic maps include bathymetric informa-
tion that we used to identify changes in the bottom
morphology of the river. We loaded digitized ver-
sion of these maps into a Geographic Information
System (ArcGIS), where we geo-referenced the
maps based on known fix points and unchanged
segments of the shoreline. Using ArcGIS we digi-
tized shorelines and depth soundings, and con-
verted the depth sounding from fathoms and feet
to meter following established procedures (Nitsche
et al., 2002). In addition, we used historical shore-
line data provided by NYSDEC for the Albany-
Troy section of the Hudson River and the 1865
shoreline by the New York State Office of General
Services (http://www.nysgis.state.ny.us/gis9/hrshor
line.zip).

EXAMPLES OF MODIFICATIONS AND
THEIR IMPACT ON THE RIVER

Navigation Enhancements

Since the beginning of the European colonization,
the Hudson River has been a major conduit for
transporting goods and people connecting the im-
migration hub of New York City to upstate New
York, the Great Lakes region, and the northernMid-
west. An increase in traffic and size of ships with
time, especially in the second half of the nineteenth
century, required improvements of the waterway

(Dunwell 2008). Modifications to the river were
made to accommodate this growing need.

One of the biggest modifications was the chan-
nelization of the Hudson River between New Bal-
timore and Troy. Originally this stretch of the river
was characterized by a system of primary and sec-
ondary channels with frequent sandbars and islands.
Very likely this was a dynamic system, where depth,
location, and shape of channels and sand bars
changed over time. This became a major obstacle to
increasing river traffic with bigger and deeper ves-
sels. Thus, at the end of the nineteenth century it
was decided to close off the side channels and nar-
row the main channel by constructing longitudinal
dikes (Collins and Miller 2009).

In addition to the loss of wetlands, this chan-
nelization also altered the morphology and sedi-
ment composition of the river bottom. Figure 6.2
shows the present river bottom together with the
historic and present shorelines of a small section of
the altered part. The reduction in surface area of the
channels is clearly visible, but it also shows that the
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FIG. 6.2. Section of Hudson River Estuary between Albany and Troy,
N.Y., (Fig. 6.1) with the present land showing in light gray and the shore-
line of 1865 showing as thick black line (http://www.nysgis.state.ny.
us/gis9/hrshorline.zip). Pie graphs show the results of grain size analysis
of sediment grab samples. They show that gravel and sand dominate the
bottom sediment in this stretch. River bottom is shown as sun-illuminated
bathymetry derived from Hudson River Benthic Mapping data (Bell et al.
2006).



bottom is now dominated by gravelly sediments where older maps
indicate a softer bottom dominated by sand and mud. This change
in bottom sediments is most likely caused by increased flow ve-
locities resulting from the reduced cross-section in the narrower
channel. The faster flow is moving finer particles from this section
of the river and leaving mostly coarser gravel and sand behind.

This change in substrate from sand and mud toward coarser
gravel also changed the habitat conditions for species living on the
bottom and might even have increased the changes of invasive
species to establish themselves. For example, the invasive zebra
mussels prefer a harder substrate for colonization and the increased
amount of gravel might have helped the migration and establish-
ment of zebra mussels in this section of the Hudson River (Strayer
et al. 1996).

Dredging

Before the navigation was influenced by introducing channel con-
strictions and re-locating the shoreline through filling, different
parts of the estuary were frequently dredged to make them pass-
able for larger ships.

Although the channelization improved the navigation signifi-
cantly, it was not sufficient for the continuing increase in size and
draft of ships operating on the Hudson River. Larger vessels re-
quired a deeper main channel. The Rivers and Harbors Act of
1910 authorized the U.S. Army Corps of Engineers to create and
maintain a navigational channel of 3.6 m (12 ft) up to Albany.
The mandatory depth was then subsequently increased to 8.2 m
(27 ft) and 9.75 m (32 ft) in 1925 and 1954 respectively (USACE
Public Notice No. HR-AFO-09). Although large sections of the
Hudson River were at this depth naturally, several other sections
required dredging to achieve this depth.

Figure 6.3 shows that large sections of the estuarine Hudson
River have been dredged throughout the twentieth century to es-
tablish and maintain a continuous navigation channel at the re-
quired depth. Most dredging activities took place north of
Kingston, N.Y., in the Manhattan section of the river south of the
George Washington Bridge and in Haverstraw Bay.

Records of the U.S. Army Corps of Engineers, who manage
the dredging operations, show that between 1930 and 2000
~57,000,000 m3 of material were removed from the Hudson River
by dredging (Fountain 2003). This sediment volume is compara-
ble to the estimated sediment input to the lower Hudson River,
which ranges from 300,000–1,000,000 metric ton per year (Olsen
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FIG. 6.3. Dredged areas in the northern (left) and southern (right) section of the Hudson
River based on information provided by the U.S. Army Corps of Engineers (after Fountain
2003). Dredged areas in the New York harbor are not included.



1979; Bokuniewicz 2006; Wall et al. 2008). Thus,
it is likely that the removal of this sediment had a
substantial impact on the sediment budget and
processes of the system.

One of the smaller dredged areas is located in
Haverstraw Bay (Fig. 6.1). Haverstraw Bay consists
of a wide, shallow embayment with an ~1 km wide
main channel on the western side (Fig. 6.4). The
central section of the main channel is naturally less
then the required 32 feet (9.75 m) deep. To provide
this depth, a central part of the channel was dredged
in 1961 and again in 1987 to maintain the channel
(Houston et al. 1989).

Haverstraw Bay is one of the major depositional
areas of the Hudson River (Nitsche and Kenna
2007). Sediment accumulation during the twenti-
eth century is concentrated within the main chan-
nel area and ranges from 0 to >2 m (Fig. 6.4). The
highest deposition rates are found in the dredged
portion of the main channel. Since this section was
dredged in 1961 and 1987, the observed sediment
accumulation occurred over a much shorter time

(~13 years) while accumulation in the remaining
areas took place over a period of eighty years. This
large difference in accumulation rates (0.01–0.02
m/y versus 0.15–0.2 m/y) indicates that the
dredged channel has a focusing effect on local dep-
osition (Nitsche and Kenna 2007).

It is likely that these high, local accumulation
rates are a direct effect of the dredging (Fountain
2003). Similar focusing effects in dredged areas have
been observed in other places such as the Elbe River
(Johnston 1981; Kerner 2007). In some cases,
dredging might even cause erosion along nearby
flanks (Johnston 1981). To date, dredging-related
erosion has not been identified in the Hudson River
itself, but it is suspected for the nearby Jamaica Bay
(Hartig et al. 2009).

In addition to these large-scale dredging proj-
ects, smaller areas along the edge of the river are
dredged to maintain shore access in places such as
between piers and marinas. These small-scale oper-
ations have only local effects on sediment distribu-
tion and flow.
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FIG. 6.4. (a) Bathymetry of Haverstraw Bay and (b) interpolated thickness of twentieth-century sediment deposition. Note that the thickest deposition
occurs in the area where a narrow band was dredged in the center of the main channel.



Shoreline Development

The increase of transportation as a result of popula-
tion and industrial growth in the Hudson River Val-
ley and the use of larger vessels had also affected the
shoreline. Piers and quays were needed to connect
these deeper draft vessels to the shore and allow for
rapid unloading and loading of goods and people.

These shoreline developments are most obvious
in the New York City area of the Hudson River.
Long before the population of the New York met-
ropolitan area reached its current numbers, exten-
sion of piers toward deeper waters caused major
shoreline changes on the Manhattan and New Jer-
sey shores. Slagle (2007) analyzed the shoreline
changes of the Hudson River near New York City
area using historical nautical charts. Analysis of the
historic maps shows that over time the shoreline de-
velopments significantly narrowed the Hudson
River in the Manhattan section (Fig. 6.5). Com-
paring the bathymetry data reveals a successive

deepening of the main channel as the cross-section
becomes narrower (Klingbeil and Sommerfield
2005; Slagle 2007). It is likely that this deepening is
a direct effect of the narrowing as the river system is
trying to maintain its cross-sectional area and pre-
serve its dynamic equilibrium surface (e.g., Olsen
et al. 1993; McHugh et al. 2004).

The last major shoreline alteration was the cre-
ation of Battery Park City in the 1970s, an exten-
sion of the lower tip of Manhattan into the Hudson
River (Fig. 6.5b). Although other shoreline exten-
sions often filled the shallow water areas, the Bat-
tery Park City extension was built into the main
channel, where it provided an obstacle to the flow.
Comparison of more recent bathymetry data shows
a shift of dominant erosion from the deep channel
near the east shore toward the middle of the Hud-
son River (Fig. 6.5b). This could indicate a shift of
the main channel flow from the east to the center of
the river (Slagle, 2007).
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FIG. 6.5. (a) Changes in shoreline between 1865 and 2000 in the Manhattan section of the Hudson River show the enlargement of the land area; (b)
Shoreline and bottom morphology of the Hudson River near Battery Park City. River bottom is shown as sun-illuminated bathymetry derived from Hud-
son River Benthic Mapping data (Bell et al. 2006). Battery Park City is built into the old channel path and a new channel is forming closer to the center
of the river.



Railroads

The introduction of the railway in the middle of the
nineteenth century provided an additional mode of
transportation within the Hudson Valley. Although
the waterway continued to be an important path-
way for the transportation of goods, especially bulk
materials, trains became more and more important
(Dunwell 2008).

The shore of the Hudson River is close to sea
level all the way to Troy, New York, and the relief
along the Mohawk River valley between Troy and
the Great Lakes is relatively modest compared to
other crossings of the Appalachian Mountains. This
low-relief route is one of the preferred paths across
the Appalachian Mountains to the Great Lakes re-
gion and the Chicago area.

To take advantage of this natural, low-relief
route, the railroad tracks have been built directly
along or close to the shoreline of the Hudson River.
Where the tracks run directly along the shore they
were stabilized with beds and causeways constructed
of boulders, sometimes called riprap (Fig. 6.6),
which created a harder, erosion-resistant shoreline.
The railroad tracks also cut off many smaller inlets
and creeks to keep the tracks straight, which lim-
ited the connection and exchange of water and sed-
iments between these wetlands and smaller
tributaries with the main stream of the river.

The importance of the railroad beds and cause-
ways and associated hardening on river flow and
sedimentation of the entire system is unknown.

Large segments of the Hudson River shoreline nat-
urally consists of hard bedrock. On the other hand,
Ellsworth (1986) estimated that exchange with
shoals and bank erosion could be a significant com-
ponent of the Hudson River sediment budget.
Today more than 90 percent of the Lower Hudson
shoreline is composed of rocks or artificially hard-
ened, and, thus, only a fraction of the shoreline is
available for erosion. As a result the contribution
from shoreline erosion to the sediment load of the
river is only on the order of six thousand metric tons
per year (Ellsworth 1986).

The disrupted or reduced physical connection
between wetlands and the main river has reduced
sediment exchange between the river and the wet-
lands. This probably reduced sediment contribu-
tions from the river to the wetlands, while also
reducing the loss of sediments from the wetlands to
the main river.

Bridges

The first railroads ran along the river shore. Cross-
ing the Hudson River using ferries was time con-
suming, but the width of the river, which varies
between 400 m near Albany to >4,800 m in Haver-
straw Bay, was a challenge for bridge construction.
During the second half of the nineteenth century
growing traffic and population increased pressure
to replace ferries with bridges. In 1888 the Pough-
keepsie Railroad Bridge was the first major bridge
south of Albany to cross the Hudson. Several more
bridges followed, including the Bear Mountain
Bridge (1924), the George Washington Bridge
(1931), and the Tappan Zee Bridge (1955), as the
pressure for bridging the Hudson River increased as
result of the use of automobiles (Adams 1996;
Dunwell 2008).

Although bridges can have a great impact on the
economy and society of a wider region their impact
on the riverbed is local and usually small compared
to dredging and shoreline alterations. Some bridges,
such as the GeorgeWashington Bridge, do not have
pillars in the river bed and, thus, do not have an
effect on morphology or sediment distribution.
Conversely, bridges constructed with pillars in the
river influence the local flow, and affect riverbed
morphology.
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FIG. 6.6. Hudson River shoreline with railroad dam hardened with riprap
and a narrow bridge providing limited exchange with small tributary.



Figure 6.7 shows a perspective view of the river
bottom near Poughkeepsie. The local morphology
around the bridge is dominated by ridges and scours
running parallel to the river flow. The ridges usu-
ally form up- and downstream of the bridge pillars
whereas the troughs are located between the pillars.
This pattern reflects the changes in the flow dy-
namics created by the bridge pillars (Melville and
Coleman 2000). The focusing of the flow between
the pillars generates higher flow velocities and thus
erosion, whereas reduced flow behind the pillars al-
lows sediments to settle and form the observed
ridges. Since the Hudson River is a tidal estuary
with water flowing both ways, the ridges and
troughs are observed up- and downriver of the
bridge.

The change in flow dynamic also affects the sed-
iment distribution. The faster flow between the pil-
lars sweeps finer particles away and leaves a coat of
coarser sediments behind whereas the ridges often

consist of more fine-grained sediments. However,
the observed differences in Hudson River sediments
are small and, like the effect on bottom morphol-
ogy, local, reaching only up to one thousand meters
up- and downstream of the bridge (Fig. 6.7).

INFLUENCES ON SEDIMENT SUPPLY

The sediment budget of the Hudson River varies
annually between 300,000 and 1,000,000 metric
tons per year (Olsen 1979; Ellsworth 1986;
Bokuniewicz 2006;Wall et al. 2008). Beside the di-
rect changes to the Hudson River caused by modi-
fying the shoreline and bottom by dredging and
filling, human activity also altered the sediment
supply to the river.

The New York State Department of Environ-
mental Conservation dam inventory of 2008 lists
more than two thousand dams in the Hudson River

60 NITSCHE, SLAGLE, RYAN, CARBOTTE, BELL, KENNA, AND FLOOD

FIG. 6.7. Perspective image of the river bottom morphology near Poughkeepsie. Two bridges span the Hudson River with pillars in the river bed for
support. The bottom topography shows a series of sediment ridges that originate from the bridge pillars.



watershed (Fig. 6.8; http://www.nysgis.state.ny.us/
gisdata). The total effect of these dams on the sedi-
ment flux is uncertain. Monitoring of suspended
sediment loads shows that much of the suspended
sediment flows over these dams, especially the
Green Island Dam in Troy (Wall et al. 2008). On
the other hand, these dams are likely to interrupt
bedload transport of sediment, and it has been
shown that the cumulative effect of smaller dams
can significantly alter sediment load in a system
(Walter and Merritts 2008). Although a model of
the sediment input of twenty tributaries in the
lower estuary estimates a contribution of eighty to
one hundred thousand metric tons per year (Lodge
1997), the actual sediment load of most tributaries
remain uncertain.

Dams might have reduced the effects of land use
changes with time. Clearing original forest for agri-
culture and settlements after colonization and re-
planting of forests again in the twentieth century
should have resulted in significant changes of sedi-
ment availability and runoff pattern. The dams
would have acted as buffers for the increased sedi-

ment supply when the original forest was cleared. On
the other hand, the dams would have also reduced
the sediment signal of the subsequent reduction of
sediment delivery during twentieth-century refor-
estation. Unfortunately, the necessary data to recon-
struct the impact of these changes on sediment
delivery are not available.

Although dams might have reduced sediment
input from tributaries, the increasing number of
people living in the Hudson River Valley became a
significant source of sediment. Systematic treatment
of sewage including the removal of large particles
did not begin until the second half of the twentieth
century (Brosnan et al. 2006). For most of prior
centuries, sewage and other waste was simply re-
leased into the Hudson River. Gross (1974) ana-
lyzed various sources that contribute sediment to
the Hudson River before major upgrades of the
sewage treatment plants were installed. He esti-
mated the input of solids from sewage into the
Hudson River, Newark Bay, and Upper Bay to be
~270,000 metric tons per year, which is about a
third of the estimated annual load of ~800,000–
1,000,000 metric tons per year of waterborne “nat-
ural” sediments. A later estimate from 1986 shows
the significantly lower contribution of ~52,000
metric tons per year of sediment from sewage and
waste sources (Ellsworth 1986), which demonstrate
the effect of systematic sewage treatment since the
Clean Water Act of 1972.

It is unclear whether much of this anthro-
pogenic sediment remained in the Hudson River.
Much of these sediments were probably deposited
in the New York Harbor and removed as part of the
dredging operations there. On the other hand, some
studies identified changes in sedimentation rates in
neighboring areas such as Raritan Bay that could be
related to increased anthropogenic sediment supply
(Gaswirth et al. 2002).

On a much smaller scale people also dumped a
variety of objects and waste into the Hudson
River—sometimes intentionally, sometimes unin-
tentionally. At many sites we find shipwrecks and
other remnants of human and industrial activity,
which are a byproduct of the intense use of the
Hudson River as a waterway. In some cases these
objects cause local scouring of sediments (Fig. 6.9).
In other cases, when they are located in shallow
water they could create navigation obstacles.
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FIG . 6 .8 . Hudson River valley dam locations and major waste water
treatment plants (WWTP) (http://www.nysgis.state.ny.us/from State Pol-
lutant Discharge Elimination System-New York State (NYSDEC) 2007
and NYS DEC dam inventory 2008).



One specific example is a mound in the main
channel underneath and north of the GeorgeWash-
ington Bridge (Fig. 6.10). During the early twenti-
eth century the municipal garbage was dumped on
the continental shelf in New York Bay. During
World War II the threat of enemy submarines
caused the city to temporarily abandon this prac-
tice and fifty million cubic yards of waste were
dumped in the harbor and the Hudson River. This
included eleven million metric tons that were put
under the GeorgeWashington Bridge (Gross 1974).

SUMMARY AND DISCUSSION

The different examples described in this chapter
demonstrate that the Hudson River Estuary was
subject to significant human alterations during the
last four hundred years. After colonizing the Hud-
son Valley people modified the river according to
their changing needs and uses, which often followed
technological advances and population increase.

The largest direct alterations, which had the
biggest impact on bottom morphology and sedi-
ment processes, are shoreline changes, dredging and
filling operations that were made to enhance navi-
gation on the river and to gain additional land.

Relocating and hardening shorelines appear to
have the most permanent effects, especially since
these modifications often prevent natural readjust-
ments. In addition, these shoreline changes can have
consequences in terms of unwanted erosion and
permanent alterations of the river flow system.

Dredging also alters the riverbed morphology
and can affect sediment processes by focusing sedi-
ment flow into the dredged areas, starving other
areas of sediment supply, and occasionally causing
erosion in nearby areas. On the other hand, the fo-
cusing of sediment accumulation in dredged areas
tends to restore natural equilibrium conditions to
the river bottom, if left to itself.

Smaller, local alterations such as bridges with
pillars have only local effects on the bottom mor-
phology and sediment distribution, although locally
the effects can be large.

Indirect impacts of human activities on sedi-
ment and morphology of the Hudson River are re-
lated to alterations of sediment supply. Changes in
land use, the construction of dams, and the release of
sewage and other waste into the river modified the
amount and type of sediment delivered to the sys-
tem. In this chapter we do not discuss the impact of
land use, although it could have had a stronger im-
pact on the sediment budget, because the necessary
detailed data on this topic are still insufficient.

The alterations of the river by dredging, chan-
nelization, and stabilization often caused additional
problems, such as unwanted erosion, shifts in sedi-
mentation pattern and changes of habitats. A com-
mon response to these consequences was further
alterations of the channel, landfill, or additional
dredging.
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FIG . 6 .10 . Mound of material dumped underneath and north of the
George Washington Bridge.

F IG . 6 .9 . Examples of shipwreck on the bottom of the Hudson River
showing local scouring (left) and a combination of scour and deposition
(right). Images are artificial sun-illuminated bathymetry data (after Nitsche
et al. 2005).



This analysis shows that the present Hudson
River is a result of many human modifications. Al-
though some sections are close to their natural state
most others have been significantly altered. The
available information allows us to identify and
quantify the impacts some modifications had on
the river. However, the existing data are not suffi-
cient yet to quantify the impact of other, water-
shed-wide modifications such as dams or land use
changes.
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ABSTRACT

Here we explore through time the shifting balance be-
tween ancient people’s activity in contrastive habitats,
either close to the Hudson River estuary or in the
backcountry. Our lenses are new techniques of analy-
sis, many of them microscopic, which focus on rela-
tively recent information about subsistence. We
consider five shifts in settlement patterns that may
have occurred due to changes in food procurement
strategies.

OVERVIEW

During the last quarter century, most professional
fieldwork in eastern New York, as elsewhere in this
country, has taken place in response to proposals for
development. Municipal application of the New
York State Environmental Quality Review Act
(SEQRA) increasingly mandates that cultural
resource management (CRM) archaeologists do re-
search ahead of ground disturbance. Such archaeol-
ogy has produced a meaningful accumulation of
new data, particularly on the physiographic settings
of sites, as fieldworkers investigate a broad spectrum
of riverine and backcountry habitats. Meanwhile,
academic and museum researchers have led in the
examination of microscopic evidence for the uses of
plants and animals. With recent discoveries of
buried camps in diverse biomes and new techniques
of inquiry into their contents, we have fresh

glimpses of ecological relationships that may change
our views of ancient lifeways in the Hudson water-
shed. By virtue of a greater familiarity with the mid-
dle reaches of the estuary, there is likely a bias in my
emphasis on sites from Nutten Hook to the Hud-
son Highlands, even though I include discoveries
up and down the river, and in neighboring
drainages.

Despite the probability that canine compan-
ions were with ancient people throughout their stay
in the valley, I’ll avoid “arch bark,” the archaeolog-
ical jargon that is endemic to scientists and lay en-
thusiasts alike. I won’t use the technical names of
evolutionary stages, or cultural phases and periods,
such as the new “South Hill complex of the early
Late Archaic period.” Instead, I will discuss lengthy
spans of the past in terms of adaptation. Dates will
express calendar years before 2010 and will ap-
proximate times given originally according to the
radiocarbon clock, which were more recent by cen-
turies in the earliest four-fifths of the thirteen mil-
lennia in question.

Based on recent models and evidence from var-
ious sources, we’ll consider whether the estuary and
its valley saw five major shifts in subsistence-settle-
ment systems that may have taken place in the sea-
sonal balance between the Hudson and inland
habitats. The major subsistence-settlement pattern
shifts are as follows:

1. From starting places along the river, near mi-
gration routes of caribou, people relocated
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FIG. 7.1. Archaeological sites, noted in the text, from between 13,000 and 300 years ago along the Hudson River and neighboring drainages.



their principal camps for greater proximity to
backcountry wetland resources in glacial lake
basins.

2. Eventually, settlement took on an even more
widely dispersed pattern, along interior
streams for access to game and nuts in the in-
creasingly productive forests.

3. Gradually people, greatly diminished in pop-
ulation, developed a focus on floodplains so
as to intensify small seed harvesting and
begin cultivation of domesticated plants.

4. In a relatively sudden shift, more people lo-
cated their camps on the Hudson for its
anadromous fish.

5. Finally, certain groups renewed their disper-
sal onto the floodplains of tributary streams
to practice plant cultivation.

The estuary was always part of the seasonal
round, even though its weight in the balance of an-
cient adaptations varied through time. One should
maintain awareness that even when there was a
focus on particular resources, people continued to
use a broad array of foods and moved camp fre-
quently through diverse habitats.

William A. Ritchie (1958) wrote the first fairly
comprehensive prehistory of the Hudson Valley al-
though four of its seven main sites were upstream of
the estuary, including its only site not located on
the river itself. The study compared artifact styles
with those of central New York in an attempt to de-
fine the distinctiveness of the more eastern region.
Bert Salwen’s (1975, 65) article “Post-glacial Envi-
ronments and Cultural Change in the Hudson
River Basin” provided a general treatment of cli-
matic and adaptive shifts while it gave rough esti-
mates of population sizes with the interpretation
that “each society, like any other biological popula-
tion, has tended to live up to the carrying capacity
of its habitat, using the technologies at its com-
mand. Until relatively recently, the limits of these
technologies limited, in turn, the rate of population
growth and the rate and extent of modification of
the habitat.”

In a final synthetic comparison of his research
on estuarine, coastal, and interior riverine environ-
ments, the late New York State Archaeologist Emer-
itus, Robert E. Funk (1992), contrasts his early
“back-country versus riverine model of settlement”

for the Hudson Valley (1976), with his more recent
“valley-floor versus upland model” for the upper
eastern branch of the Susquehanna.We should keep
in mind that the latter research effort, partly done
as CRM testing for the extension of Interstate 88,
was heavily skewed to discovery of riverine sites
sealed in alluvial deposits. Yet Funk’s (1993, 294)
survey reveals a pattern of site location closer than
100 m to the Susquehanna River in floodplains and
outwash terraces on the valley floor.

While the Hudson has tidal flats above Nutten
Hook, riverine floodplains are rare southward. Ad-
jacent to the estuary’s middle reaches is a relatively
level, broad valley. Its hills are mainly low until they
attain higher elevations in the Catskills, Helderberg
Escarpment, and theTaconic Mountain Range. The
Hudson River farther downstream, in the High-
lands and below, resembles a fjord. The oak-
chestnut-forested ridge and valley terrain of the
Hudson-Champlain lowland contrasts markedly
with the Allegheny Plateau of high uplands covered
with hemlock-white pine-northern hardwoods that
border the Susquehanna River floodplains and al-
luvial terraces. In Fig. 7.1 I provide a list of archae-
ological sites discussed.

STARTING PLACES 13,000 TO 10,000
YEARS AGO: CARIBOU TO HUNT,
PLANTS TO FORAGE, AND FISH TO
CATCH

Funk (2004) revisitedWest Athens Hill, a few kilo-
meters back from the Hudson, to update his earlier
findings (Ritchie and Funk 1973) of a flint quarry,
tool manufacture workshop, and multipurpose
campsite that could date as far back as thirteen mil-
lennia. The high ridge top has expansive views of
valleys to both sides. The waterways through the
valleys were likely the migration routes of caribou,
the principal game animal for several thousand
years, until the herds moved northward perma-
nently. Funk’s (2004,128) analysis of debris reduces
the number of habitation clusters from fourteen to
five, about which he comments, “Even in the ab-
sence of features and postmolds, it is difficult to es-
cape the notion that the clusters were family
dwelling and working areas.” He had searched with-
out success for features, such as hearths or firepits
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with burned earth, and looked in vain for post-
molds, usually stains where saplings had been set in
the ground, until they rotted away or were pulled
out and their holes were filled with earth.

The largest known aggregation place in North
America during this era, where groups from various
areas gathered nearly 13,000 years ago, is the Bull
Brook site in northeastern Massachusetts (Robin-
son et al. 2009). Possibly twenty-eight families
camped there in a circular configuration for manu-
facture of tools from Hudson Valley chert (flint) to
hunt and process migrating caribou. It would be at
least six millennia before a large, intensively occu-
pied site was deposited in the Hudson Valley, the
most intact one being the newly documented
Rhinebeck 2 site in northwest Dutchess County
(Lindner 2008).

GIS expert Susan Winchell-Sweeney and Bard
College master’s student Patterson Schackne
(2005) analyzed the four counties of the Mid-Hud-
son Valley to delineate the high-water level of the
post-glacial river, known to geology as the Lake
Fort Ann stage of Lake Albany. Their map plots the
proximity of West Athens Hill, and several Mid-
Hudson find-spots of tools from the earliest several
millennia of human habitation in the Northeast,
to within several hundred meters of the former
shoreline, strongly suggestive that this habitat had
a particular attraction, possibly as a pathway for
caribou migration.

Michael Gramly (1988, 267–68) observes that
certain artifacts, made of jasper quarried ca. two
hundred km away but found in the earliest sites
along the Hudson, may be evidence that human
bands “had a well-developed cycle of movement up
and down the Lowland into New Jersey and east-
ern Pennsylvania.” Microscopy of biotic remains
from stratified floodplain camp deposits (McNett
1985) indicates that people near the Watergap at
Stroudsburg brought a variety of wild plants and
fish from the Delaware River to the Shawnee-
Minisink site almost 13,000 years ago (Gingerich
2007). These resources included hawthorn plum
(Crataegus sp.), bramble berry (Rubus sp.), and wild
spinach (Chenopodium sp.). Such plants were likely
procured at this time by groups in the Hudson
Basin, too. There is not, however, any sign of plants
or fish having been consumed along the estuary
during the earliest millennia, although Funk (2004,

95) notes that people at the 6LF2 or Templeton site
nearby in Connecticut “were collecting acorns, re-
flecting the presence, though probably not abun-
dance, of oak trees” in the area at the end of this
span. Evidence is also lacking in the Hudson Low-
lands for human interaction with megafauna; the
numerous mastodon bones found there thus far
have had neither cut marks from stone tools, nor
artifacts near enough in the ground to be consid-
ered the result of exploitation. The Hiscock site in
New York’s far western lake plains (Laub et al. 1988)
provides the first example of artifacts in association
with mastodont in the Northeast. Funk (2004, 94)
mentions the extinction of megafauna prior to
10,000 years ago but does not implicate human
predation. He notes the high likelihood that sites
along the coast, now deeply submerged by sea level
rise, were the scenes of significant early human ac-
tivity in the region.

THE FIRST SHIFT 10,000 TO 6,000 YEARS
AGO: REGIONAL ADAPTIVE DIVERSIFI
CATIONGLACIAL LAKE BASINS AND
THE MAST FOREST

George Peter Nicholas (1988) proposes a “glacial
lake basin mosaic model” for clusters of camps that
exhibit recurrent use around eleven millennia ago.
He theorizes that diverse and high biomass envi-
ronments, near the SWB/NWB sites in the Rob-
bins Swamp along the Housatonic River in
northwestern Connecticut, may have attracted
more settlement after the caribou herds moved
north permanently. Funk (1992, 25) agrees, but he
makes the focus at that time appear less remarkable
when he notes, “Examination of available site loca-
tion data indicates that archaeological sites of all pe-
riods tend to be more frequently concentrated
around wetlands than in other areas of the land-
scape.” The upland forests eventually grew in pro-
ductivity, and settlement increased there. Funk
(1993, 283) regards a rise in oak on regional pollen
charts as indication that by 8,000 years ago acorns
had become “reasonably abundant.” He notes an in-
crease in hazel and walnuts in the pollen assemblage
of an oak-hemlock forest zone that he calls “essen-
tially modern” except for the lack of significant
amounts of hickory (Funk 1993, 264).
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Funk’s (1976) Hudson Valley monograph
charts the distribution of datable projectile points
and counts the sites on which they occur, in rela-
tion to six environmental settings. The earliest pro-
jectile point that he can plot in meaningful
frequency is typical of the second several millennia
in the basin. The thin distribution of these charac-
teristic bifurcated-base projectiles is notably spread
across open camps in the backcountry, in contrast to
sites in riverine habitats. For example, bones of deer
and other mammals from this era were found at the
Muddy Brook Rockshelter, far in the backcountry
of Putnam County (Funk 1993, 264).

At least a few such projectile points have occurred
on bluffs and low-lying landforms along the Hud-
son. Several bifurcated-base points are documented
by avocationalist finds on a Hudson River beach at
the Spicebush site along Tivoli South Bay in Red
Hook, Dutchess County (Lindner 2002). Riverine
habitation evidence from this era may well exist un-
derwater.Waterman (1992) depicts two scenarios for
the submergence of the Tivoli Bays as the Hudson
rose, at first rapidly and then at a rate of one meter
per millennium over the last 6,000 years. The em-
bayment may originally have been dry land, later re-
ceived tidal flow, and last held permanently the
waters of its tributaries and the river. Or the embay-
ment may have been for a long time much deeper
but eventually filled with sediment, possibly in his-
torical times, until its waters became quite shallow.

THE SECOND SHIFT 6,000 TO 3,000
YEARS AGO: FOREST SETTLEMENT AND
POPULATION PEAK

The best faunal subsistence information for eastern
New York during this span comes from the Sylvan
Lake Rockshelter in the Taconic foothills of eastern
Dutchess County, where Funk (1976) identifies
bones from several datable strata. The deepest of
these layers at the Sylvan Lake site has diverse fauna
that include mostly deer, but also elk, woodchuck,
turkey, grouse, goose, and turtle. The next layer up
contains deer, elk, bear, raccoon, turkey, turtles,
clams, and the earliest fish bones recorded in the
Hudson basin. Assay of charcoal from a hearth in
this stratum yields the radiocarbon age of 4,730 +/-
80 years (Lab #Y-1535), which calibrates to 5,500

calendar years ago. Faunal materials in a deposit
from a few centuries later at Sylvan Lake Rockshel-
ter comprise 90 percent deer remains, with raccoon
also fairly abundant.

Ritchie (1980, 167) considers the increase of
shellfish remains on Long Island as potential evi-
dence of a shift in orientation “toward the sea” and
away from an interior forest adaptation, as “a pos-
sible correlation with a growing scarcity of large
game.” In his research report on a western inlet of
Narragansett Bay, Bernstein (1993, 50) allows the
possibility of demographic pressures in the intensi-
fication of shellfish harvesting but emphasizes more
the effect of “stabilization of the coast and the con-
comitant development of habitats, such as marshes
and clam flats, that can support substantial mollusc
populations” 5,000 to 4,000 years ago.

Along the lower estuary in the same era, the
Dogan Point shell midden excavations reveal the
start of the most intensive ancient use of oysters on
the Atlantic coast (Claassen 1996). The shell deposit
preserved the bones of a variety of finfish, but not
sturgeon. On a high bluff along the river, at the
Roeliff Jansen Kill confluence, a Ford site firepit
dates approximately to this time, and contains the
oldest known sturgeon remains in the Hudson wa-
tershed (Funk 1976).

Funk’s (1993) decade-long excavations on the
upper Susquehanna produced enough data for him
to draw a model of seasonal mobility of several
bands and to propose a model of springtime aggre-
gation of groups to exploit fish migrations and per-
form ceremonies of annual renewal. He interprets a
line of hearths as evidence of the oldest known
house in the region, at the Mattice 2 site near
Oneonta, datable to approximately 4,500 years ago.
Mast foods such as acorns, hickory, and butternuts
were also important to the occupants’ diet, along
with animals from the hunt.

Hoffman (1998) argues that researchers should
accept the oldest radiocarbon dates for ceramic pots
in the Northeast, ca. 5,000 years ago, rather than
ca. 3,500 years ago as conventionally held. Instances
of crushed nutshells in association with ceramic
sherds, particularly during the third millennium be-
fore present in the Delaware Valley, suggest to
Hummer (1994) extraction of oil from nuts and
acorns. Innovative pyrolysis gas chromatography/
mass spectrometry analysis of residues on ceramic
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containers along the St. Lawrence River by Taché et
al. (2008) suggests that pots made between 3,200
and 2,700 years ago were used to process fish and
nuts, possibly for their oils in ceremonial feasts.

Preparation of special foods for feasting may
have been the function of soapstone vessels in the
Northeast for the millennium of their abundance
after 4,000 years ago (Sassaman 2006, 146). Using
trace element analysis, Truncer (2004; 2006) pres-
ents an interpretation for steatite vessel proliferation
that emphasizes prolonged cooking of red oak
(Quercus rubra) acorns. Hart et al. (2008) challenge
his hypothesis with analysis of phytoliths and fatty
acids on soapstone sherds from the 3,700-year-old
Hunter’s Home site in the Finger Lakes. They iden-
tify residues of meat, pine resin, grass, and a legume,
but not mast foods.

Along the upper Delaware, numerous net-
sinkers and large beds of burned rock suggest to
Kraft (2001, 155) the drying and smoking of fish
harvests during this time span. Custer (1996) notes
unpublished experiments that indicate such “plat-
form hearths” were used for extraction of fish oil.
Jacoby (2000) uses protein analysis to detect the
residues of fish and mammals on tools used to
process them at the Mifflinville sites, along the
Susquehanna River’s North Branch in Pennsylva-
nia. He supports the identifications by comparison
of tools found on the bottomland that exhibit
residues of fall migrating eel, in contrast to artifacts
on a higher terrace, above the reach of the spring
flood, that have residues of vernal spawning shad.
These finds support Funk’s emphasis on the im-
portance of riverine fishing that started more than
four millennia ago.

THE THIRD SHIFT 3,000 TO 1,500 YEARS
AGO: INTENSIFICATION OF SEED
PROCUREMENT AND INCEPTION OF
HORTICULTURE DURING A MILLEN
NIUM OF APPARENT LOW POPULATION

For almost a thousand years, centered about two
millennia ago, there appears to have been a popula-
tion decline, down to 7 percent of its previous lev-
els in the Hudson Valley and adjacent drainages,
according to Funk’s (1993) graphs of numbers of
sites per century and occurrence of temporally di-

agnostic projectile points. There remains a lack of
causal evidence, although Fiedel (2001) surveys a
variety of climatic and epidemiological factors, sug-
gesting that they took effect successively or in con-
catenation. In the Hudson and Susquehanna valleys
at least, population levels significantly rebounded
by 1,500 years ago, back to within 30 percent of
their apex two millennia earlier (Funk 1993). Funk
and Ritchie (1973, 369) note the hiatus and specu-
late that plant cultivation began soon afterward, but
evidence to fill the gap and to factor in horticulture
has begun to accrue just recently.

During the population low, burials with exotic
items such as ocean shell beads and copper tools
were made at the Van Orden site south of Catskill
and the Barton site above Albany (Funk 1976).
These components evidence participation in an in-
teraction sphere of subcontinental range, with Ohio
at its center. That the rise in funerary elaboration in
the Hudson Valley occurs during a time of apparent
population collapse suggests ritual behavior to
counter severe stress. At the Lopuch 3 site in the
lower Schoharie Creek valley, a buried layer dates
to approximately 2,500 years ago where nutshell
fragments rest beside a hearth, while in and around
an adjacent firepit are thirteen fragmentary drill bits
(Lindner and Folb 1998). Such “microdrills” of flint
could have made the holes in shell beads found as
offerings in roughly contemporaneous burials along
the Mohawk River nearby.

Funk’s (1976, 278) distributional data support
his generalization of “a decided preference for the
Hudson and its major tributaries in all seasons” dur-
ing this interval. In the middle of the third millen-
nium before today there was wild rice (Zinzania
aquatica) at the Parslow Field site in Schoharie
County (Hart et al. 2003, 635) and wild spinach
seeds at the Schoharie Creek II site (Rieth 2008).
Both locations are near the largest tributary to the
Mohawk River. At the Vinette site in the Finger
Lakes, Hart et al. (2007) have identified opal phy-
toliths of maize (Zea mays) in pottery encrustations
that they cautiously date by accelerator mass spec-
trometry (AMS) at 2,300 years ago, and more defi-
nitely between 1,900 and 2,000 years ago. They
anticipate skepticism about the older reading, as it
currently constitutes the earliest date on maize in the
Eastern Woodlands. Their two later readings on
Vinette ceramic residues are only slightly younger
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than a site in Illinois where researchers identify maize
by a massive screening project to find the oldest
known macroremains of maize in the subcontinent.

Through the same process of phytolith identi-
fication and AMS dating, Hart et al. (2007) docu-
ment maize and squash (Cucurbita sp.)
approximately 1,600 years ago at theWestheimer 2
site near the confluence of Fox and Schoharie
creeks. Ritchie and Funk (1973) interpret the same
deposit as a recurrently occupied fall-winter camp
for hunting, with fishing a minor activity. Similarly,
Hart et al. (2007) date to 1,500 years ago maize,
squash, and sedge (Cyperus sp.) in occupation zone
3 at the Fortin 2 site near the confluence of Char-
lotte Creek and the Susquehanna River. Funk
(1998) offers butternut (Juglans cinerea) in support
of his (1993) interpretation of Fortin as an inten-
sively occupied (probably recurrent) fall camp
where hunting and fishing took place. Finally, Hart
et al. (2007) date squash phytoliths on potsherds
from the Scaccia site on the Genesee River to 3,000
years ago (cf., Ritchie and Funk 1973, 114).

The earliest seeds in the Hudson Valley proper
are currently those of arrowwood (Viburnum denta-
tum) in an earth oven datable to 2,150 years ago at
the Grouse Bluff site on Tivoli Bays in Dutchess
County (Lindner 1992; 2002). At the nearby Light-
house Cove site numerous lobate-stemmed projec-
tile points indicate an intensive occupation at this
time (Lindner and Folb 1998). Flotation of approx-
imately twelve liters of platform hearth sediments
yields fifty-two carbonized shells of hickory (Carya
sp.), one of acorn (Quercus sp.), and three bony frag-
ments similar to turtle carapace/plastron (Largy per-
sonal communication 2005). Labrador’s (2008)
microscopic analysis of pottery temper composition
supports the interpretation that people occupied
Lighthouse Cove mainly about two millennia ago,
even though some artifacts from earlier and later
times have become interspersed during tillage, a de-
positional situation typical of most sites in the region.

THE FOURTH SHIFT 1,500 TO 1,100
YEARS AGO: A SUDDEN FOCUS ON
FISHING

There is abundant evidence for sturgeon procure-
ment for several centuries around 1,300 years ago in

the Mid-Hudson Valley (Lindner 2009). At the
Spicebush site, less than a meter above mean high
tide today, Bard College students have found frag-
ments of sturgeon scutes in deposits of similar age.
In the Goat Island rockshelter at Tivoli North Bay,
deposits possibly of this time contained bones of
sturgeon and three other species of fish, as well as
several species of waterfowl (Chilton 1992). Funk’s
theory that large flint blades had been used for the
removal of scutes or bony plates from sturgeon re-
ceives support from Reifler’s (2004) replicative ex-
periments at Bard College that also identify wear
traces from butchering deer on the archaeological
specimens at the Tufano site. There, on the bank of
the Hudson, Funk (1976) records hearths and shal-
low pits, possibly for storage, in which many of the
large blades occurred together with sturgeon scutes
and deer bones. The pits were adjacent to graves
that contained a total of two dozen human burials.

Brumbach and Bender (2002) theorize a shift
away from weirs and traps to catch migratory her-
ring around two millennia ago, at the Schulyerville
site near a Hudson confluence. At the ca. seven hun-
dred-year-oldWinney’s Riff site along Fish Creek in
Saratoga County nine km farther up this major trib-
utary, people may have used gill nets and spears, as
evidenced by deposits of numerous small fish verte-
brae. The adjacent floodplains were potentially the
scene of horticultural activity. Ceramic technology
changed in tandem with settlement location and
procurement strategies. The pottery at the later site
along Fish Creek was more dense in composition
than before and had thinner walls, which would
have improved the cooking of maize or wild seeds
(Brumbach and Bender 2002, 236).

THE FIFTH SHIFT 1,100 TO 400 YEARS
AGO: MAIZE CULTIVATION AND
RESOURCE DIVERSIFICATION

Cassedy and Webb (1999) report pits datable to
1,100 years ago that contain the earliest evidence of
corn or maize along the Hudson River estuary. At
the 211-1-1 site, on the Roeliff Jansen Kill, flota-
tion was used to process one hundred liters of soil
for each individual bit of maize. I used the same
technique of “flotation,” half-millimeter-mesh sift-
ing of measured samples of soil dissolved in water,
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to process a few liters of earth from each of a dozen
hearths or dark-stained pits at the Grouse Bluff site
on Tivoli South Bay (Lindner 2002). Paleoethnob-
otanist Tonya Largy studied the flotation residue
and identified charred shells of nuts and acorns, and
a carbonized seed similar to pond weed (Potamoge-
ton sp.), but no maize, potentially due to the small
sizes of the samples or preservation biases. Two
firepits datable to an average of 1,000 years ago
yielded huckleberry seeds (Gaylussacia sp.).

Another approach to detection of cultigens,
roots, and tubers is the study of residues on tools,
such as mortars and pestles, possibly used to process
plants. At the Manna site near Milford, Pennsylva-
nia, on the upper Delaware River, Messner and
Dickau (2005) identified starch grains of maize on
stone mortars from the last millennium.

At the Fox Meadows site onWappingers Creek
(Iroquois Pipeline site 230-3-1), radiocarbon assay
roughly corroborates the stylistic dating of its ce-
ramics as late in the span 650–500 years ago
(Cassedy 1998). Its excavator, Jonathan C.
Lothrop, discerns the postmold pattern of a house,
ten by five m in extent, which surrounded four
hearths in a line. At least one of these hearths con-
tained maize, as did several pits for storage and/or
refuse disposal. Some of the hearths and pits lay
outside, but near the house. They date earlier and
later than the house by a few centuries, suggestive
of more permanence than usually envisaged. Pro-
jectile points reflected hunting and netsinkers in-
dicated fishing, although no animal bone was in
evidence, probably due to acidic soils. Mast food
remains were acorns, hickory, walnut (Juglans
nigra), butternut, and hazelnuts (Corylus sp.). Seeds
were from smartweed (Polygonum sp.), bramble
berry, and sumac (Rhus sp.).

Native adaptations in the Hudson basin had no
extensive impacts on the environment. Patterson
and Sassaman (1988) find evidence of the wide-
spread practice of land clearance by burning in the
Northeast for horticulture and intensification of ter-
restrial wild food procurement, but only in the last
few centuries of ancient times. Gramly (1977) ar-
gues that conflicts arose during the last half millen-
nium to protect deer hunting territories valued for
hide procurement to clothe populations, burgeon-
ing from increased production of food, particularly
in central New York and southern Ontario.

Diamond (1996, 103) summarizes his excava-
tions at the Staubly site near Esopus Creek in Ulster
County, where he identifies glass beads from “per-
haps 1580–1620.” Bones of deer and bear are pres-
ent there, with walnut, hickory, and carbonized
maize. Diamond also reports beans (Phaseolus sp.)
from Staubly, a first for the Hudson Valley. Hart
and Scarry (1999) demonstrate the total lack of ev-
idence that beans entered the Northeast at the same
time as maize, contrary to previous interpretations.
Using accelerator mass spectrometry, they directly
date beans in the Susquehanna Valley to about seven
centuries ago. Hart (2008) has recently explored the
“changing histories” of the Three Sisters: squash,
maize, and bean in the Northeast.

At the Goldkrest site, on Papscanee Island in
the Hudson River across from Albany, archaeolo-
gists and paleoethnobotanists (Lavin et al. 1996;
Largy et al. 1999) associate two houses, probably
from the early 1600s, with a variety of floral and
faunal remains that include sturgeon. From sedi-
ments in a firepit between the dwellings, Largy
identifies poisonous buttercup seeds (Ranunculus
sp.) and comments, “Assuming that the presence
of this species represents intentional use, some me-
dicinal or ritual (charm) purpose likely accounts
for its presence in the hearth” (Largy et al. 1999,
77). She suggests that buttercup may have been a
protective measure against the spread of European
diseases that had begun to decimate the Mohican
populations. This firepit contained two pieces of
sheet brass that possibly were cut from kettles
traded from Fort Nassau or Fort Orange on the op-
posite side of the river.

Native camps have come to light in the
Catskills. I excavated a hearth at the Little Falls
rockshelter along Esopus Creek, immediately
below the Ashokan Reservoir (Lindner 1998).
From a radiocarbon assay, I estimate its date as ca.
1700, not long after the Dutch founding of
Kingston. The hearth contains a mixture of Native
ceramics, chert flakes, a bone tool possibly for
sewing, a white clay pipe bowl, and a sheet brass
arrowhead with its tip rolled, potentially as a sym-
bolic ornament. Fish bones are present, along with
deer, raccoon, and other small mammals, according
to faunal analyst David Steadman (personal com-
munication 1998). Paleoethnobotanist Roger
Moeller (personal communication 1998) identifies
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charred walnuts and bramble berry seeds from
flotation of thirty-six liters of hearth sediment.

I compare Little Falls and seven other Ashokan
Catskill rockshelters with clusters of eight such sites
in the lower Hudson basin’s Bear Mountain area
and eleven in southwestern Connecticut. The fre-
quency of temporally diagnostic tools at these sites
reveals two peaks in occupation, for several cen-
turies around 5,000 years ago, during the millen-
nium of highest population density, and again
around five centuries ago. If one makes an adjust-
ment for significant proportion of mountainous ter-
rain in the range of the Mohican and mid-Hudson
Lenape groups, their population densities would ap-
proach that of the Lenape farther down the estuary,
which Salwen (1975, 55) estimates at about one
person per square kilometer at the start of colonial
times.

CONCLUSION: ANCIENT PEOPLES OF
THE HUDSON VALLEY AND THEIR
IDENTIFICATIONWITH THE ESTUARY

Four hundred years ago when Henry Hudson’s voy-
age laid claim to the region around Manhattan, the
estuary was known as Muhheakunnuk (Brasser
1978, 211), “the river that ebbs and flows.” De-
scendants of the large group of Native Americans
who inhabited its upper reaches now have a reser-
vation in central Wisconsin. Yet they still call them-
selves Mohicans after the estuary, and maintain an
active interest in the valley. They are officially the
Stockbridge-Munsee Band, Mohican Nation
(Davids 2004, 7). The Munsee part of their name
refers to the language of Algonquian groups down-
stream from the Mohicans’ ancestral lands. Toward
the end of the seventeenth century, English
colonists referred to Native groups who resided near
the Hudson as “River Indians” (Brasser 1978, 204).

Rather than an expression of Native identity,
does the name River Indians better reflect the
colonists’ experience with the various groups who
lived along the estuary? Many of the River Indians
may have self-identified as Lenape, or “people” in
their language. The colonists called the Lenape
groups “Delaware” after the bay at the southern ex-
tent of their range, which had been named for the
first governor of Virginia, Sir Thomas West, Lord

de la Warr (Goddard 1978, 235). Descendents of
the Lenape groups have tribal lands today in Okla-
homa and Ontario.

The colonists of New Netherland, later New
York, concentrated their settlements along the estu-
ary, but had Native ancestors done the same? Could
the primary reason for Mohican self-identification
with the river be a heritage of seasonal ceremonial
gatherings that combined abundant fishing and
feasting with annual rituals of group solidarity?
Does the estuary’s seasonal bounty in migratory fish
loom too large in our reconstruction of past adap-
tive patterns, as we continue to learn more about
sites along tributary streams and elsewhere in the
backcountry?

This sketch of shifts in adaptation along the
Hudson River gives the outline of sustained swings
in emphasis between the estuary and its hinter-
land. While the Hudson’s role appears not to have
always been dominant in the seasonal round, its
part was usually influential. Now we need to con-
trast the Hudson Valley with comparable environ-
ments—estuaries of the Delaware, Susquehanna,
and Connecticut—to distinguish their adaptive
particularities.

The five shifts in habitat are drawn from evi-
dence at various levels of supportive quality. The
model of an initial shift, from a focus on riverine
migration routes to a diversified adaptation to fit
glacial lake basins, applies thus far only to reloca-
tion along the Housatonic River in Connecticut.
The second major adjustment, to concentrate on
backcountry forest resources of nuts or acorns, and
animals that feed on them, appears fairly demon-
strable. The third shift, to diversify by intensifica-
tion of seed harvesting and inception of
horticulture, may be due to differential application
of field sampling and laboratory analysis techniques.
After all, the use of flotation at the oldest dated site
in the region demonstrates this technique’s effec-
tiveness on deposits of even the most remote times.
The fourth shift, to migratory fish exploitation, ap-
pears quite dramatic and its suddenness perhaps
particular to the Hudson estuary. Finally, the adop-
tion of horticulture in the region has a growing
body of evidence for its inception as the fifth and
final shift before Colonial times. The sparse use of
cultivation in the Hudson Valley and the slowness
of its increase, however, pose questions about the
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overall subsistence pattern in the basin during the
last millennium before people from the Old World
arrive. As new analytical techniques proliferate and
more sites come to light, these interpretations will
likely change or become refined, by additional data
and wiser theoretical frameworks.
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ABSTRACT

This chapter analyzes the environmental implications
of seventeenth-century ethnobotanical data from the
initial shoreline block of the Dutch West India Com-
pany (WIC) in Lower Manhattan. In addition to the
structural remains of the colony’s early inhabitants, the
excavation yielded a well-preserved sequence of colo-
nial plant remains spanning the periods of Dutch and
early English rule. This analysis of the archaeological
chronology and plants: (1) provides new understand-
ings of the continuity and shifts in the relative preva-
lence of European and indigenous plants between the
seventeenth and the eighteenth centuries; (2) presents
new archaeological insights about the introduction and
nature of early Dutch cultigens in New Amsterdam;
(3) suggests that many of the archaeologically recovered
early-seventeenth-century plants may have been main-
tained or collected as foods, dyes, or medicines, from
both European and Native American sources; and fi-
nally (4) building from new research in Dutch botan-
ical history, suggests mechanisms and institutionalized
protocols in the exchange of medicinal plant knowledge
between Native American herbalists and Dutch
botanists in the seventeenth century.

INTRODUCTION

The study of environmental history has two ways
to go. As brought to my attention by my Dutch col-
league Jaap Jacobs, in 2008 Geoffrey Parker—a

British-trained military historian of sixteenth and
seventeenth-century Europe—defined the dilemma
as follows: “Either we ‘fast-forward’ the tape of his-
tory and predict what might happen on the basis of
current trends; or we ‘rewind the tape’ and learn
from what happened during global catastrophes in
the past. . . . [Many] experts . . . have tried the for-
mer, few have systematically attempted the latter”
(Parker 2008, 1078).

Parker’s work supported the notion that much
of contemporary environmental modeling is too
shallow in time-depth to provide reliable bases for
projecting into the future. He also cited the work
of two Norwegian scientists, Nordås and Gleditsch,
who summarized a recent military intelligence as-
sessment entitled, “National Security and the
Threat of Climate Change: Report from the Panel
of Retired Senior US Military Officers” (Military
Advisory Board 2007). This crossover report be-
tween the disciplines of military threat assessment
and the study of climate change is relevant because
it criticized the: “failure of the International Panel
on Climate Change (IPCC) to undertake system-
atic analysis of historical evidence to show how cli-
mate change acts as a threat multiplier for instability
in some of the most volatile regions of the world”
(Nordås and Geditsch 2007, 627–38; in Parker
2008, 1078).

This inadvertent validation of the need for
time-depth in environmental reconstruction is
music to an archaeologists ears . . . and an opera to
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environmental historians working on issues of habi-
tat change in colonial New York. We have the best
of both worlds: an unmatched material record of
early Dutch settlement, coupled with a trove of sev-
enteenth-century archival sources, in Manhattan,
Albany, and The Netherlands. Accordingly, while
most of our regional environmental modeling has
relied heavily on relatively recent nineteenth, and
rarely eighteenth, century sources, I will use ar-
chaeological and ethnobotanical evidence from
New Amsterdam to push the record back to the
mid-seventeenth century.

Accordingly, consistent with the focus of this
volume, Environmental History of the Hudson Val-
ley, and the four hundred-year anniversary of the
arrival of Henry Hudson, I will use the archaeo-
logical record of seventeenth-century New Ams-

terdam to characterize the environmental condi-
tions and consequences of human interaction
within the confines of the DutchWest India Com-
pany (WIC) property in Lower Manhattan, which
fronted on the waterfront at Pearl Street, then also
referred to as the Strand (Fig. 8.1). The 1984 NYC
Landmarks Commission–mandated excavation,
eight to twelve feet below the modern city (pro-
tected by the rising sea and the thick brick base-
ment floors of early-nineteenth-century row
houses), documented the survival of the four hun-
dred-year-old structural remains of the colony’s
first inhabitants (Grossman et. al. 1985; Grossman
1985; 2000; 2003; 2008). In addition to the re-
covery of 43,000 well-preserved Dutch, English,
and Native American artifacts, foundations, and
cisterns, the deep urban dig disclosed a number of
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FIG. 8 .1 . The Seventeenth-Century Environment of New Amsterdam. Extruded from Viele’s 1865 topographic map of Manhattan, this 3D terrain
model shows the environmental context of the seventeenth-century Dutch West India Company colony (red outline) and excavated western end of the
block at Pearl Street and Whitehall (red rectangle). The initial settlement was bounded to the north by a two-pronged escarpment which stepped down
from a higher plateau at City Hall Park, and to the east by a spring-fed marsh (Blommaerts Vly) which drained into the East River through a ditch (the
“Graft”) under modern Broad Street. The predominantly “open” vegetation illustrates not a “pristine” or “primeval” canopy of continuous tree cover at
European contact, but instead an “anthropogenic” landscape representing centuries of Native American seasonal clearing, burning, cultivation, and se-
lective tree harvesting. As put forth by Hammett (2000) and others (cf. Day 1953; Cronon 1983; Denevan 1992), these activities suggest a patchwork
for Lower Manhattan of upward to thirteen humanly altered habitats. In addition to major thoroughfares (e.g., Broadway), these probably included fields
and gardens, residential and defensive sites, food (fish and shellfish) processing stations, edge areas and meadows, parklands and orchards, hunting
areas, old fields, and landing sites.



undisturbed features and deposits, each contain-
ing dated, but previously unanalyzed and unre-
ported, samples of colonial seeds, and each
important as an “environmental time capsule.”
This reanalysis of the artifact and botanical evi-
dence documents a refined three-phase, century-
long sequence dating back to the second quarter
of the seventeenth century. It also revealed signif-
icant, and previously unreported, order-of-
magnitude changes in plant diversity between the
seventeenth and eighteenth centuries; shifts that
help refine the onset of the “Historic Horizon” in
the environmental history of the Hudson drainage
(see Peteet, ch. 9 in this volume for long-term pre-
historic change; see Vispo and Vispo, ch. 12, and
Teale, ch. 13 in this volume for cases of eighteenth
and nineteenth-century change).

Using this archaeological chronology (and its
associated 3D computerized database—see Gross-
man 2003), the following ethnohistorical study:
(1) defines the context and time frame of the eth-
nobotanical data, (2) uses quantified seed data to
highlight continuities and changes in plant diver-
sity between the 1630s to the 1730s (Fig 8.2; Ta-
bles 8.4, 8.5, 8.6), (3) incorporates new data to
argue the presence of European vegetables, (4)
evaluates each of the identified plants from the
multiple perspectives of sixteenth and seven-
teenth-century European herbalism and botanical
history, North American prehistoric archaeology,
and contact-period ethnobotany to suggest that
many of the archaeologically recovered seeds may
in fact represent previously underappreciated in-
digenous foods, or Native American and Euro-
pean medicinal plants in seventeenth-century
New Amsterdam, (5) uses new research into the
training of Dutch botanists, doctors, and officials
to suggest potential mechanisms of cross-cultural
information exchange between the Dutch and
Native Americans. Finally, parallels in the nam-
ing, qualities, and uses of the medicinal plants
also, it is argued, may reflect the existence of in-
terregional and often long-distance, networks
(e.g., Interior-Coastal, Intercoastal, Upper Hud-
son-Lower Hudson) between Native American
ethnic groups, as well as between Dutch, English,
and possibly French colonial botanists and med-
ical practitioners.

THE ARCHAEOLOGICAL SEQUENCE
AND HISTORICAL CONTEXT

The age and timing of historic environmental im-
pacts in the Lower Hudson have often been based
on a limited number of radiocarbon determinations
(generally with a standard deviation of +/- one hun-
dred years, or more), localized historical accounts
and assumptions, or estimates based on the inter-
polation between earlier and later dates to fill gaps
in sediment core time scales, especially for the sev-
enteenth century. In contrast, this study uses two
lines of archaeological and historical evidence to
date and define changing patterns of plant diversity
between the seventeenth and eighteenth centuries
in Lower Manhattan: (1) the reanalysis of the ar-
chaeological chronology of the Pearl Street excava-
tion based on the availability of new artifact dates
from excavations in Europe and the Americas, and
(2) a reevaluation of historical land-use records
based on when the first residents of the block ar-
rived in New Amsterdam, in contrast to using the
date of the earliest recorded (or surviving), and sig-
nificantly later, land grants by the DutchWest India
Company to parcels within the block. Both ap-
proaches need to be explicitly addressed because
they define the earliest concrete evidence of plant
use in New Amsterdam, and because they date sig-
nificant shifts in the environmental record between
the seventeenth and eighteenth centuries.

The excavation resulted in the documentation
and reconstruction of three major phases, or periods
of occupation: the second quarter of the seven-
teenth century, the late seventeenth century, and the
early eighteenth century:

1. Early to mid-seventeenth century (ca. the
early 1630s to ca. early 1650) deposits and
features all belong to the Dutch period;

2. Late-seventeenth-century, post-1680, de-
posits pertain to the culturally Dutch, but
politically “English” Period of occupation at
the site (as per Goodfriend 1991);

3. Early-eighteenth-century, post-1710 to ca.
post-1730, complex of features and structural
remains deposited some forty to fifty years
after the English takeover of New Amster-
dam.
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Of these three periods and primary units of
comparison, only the time frame of the earliest
group has been revised, from the mid- or late sev-
enteenth century, back to the second quarter of the
seventeenth century. This chronological shift also
provides a three-phase framework for comparing
continuity and change in the nature and diversity
of colonial plant remains over a one hundred year
time span between the early seventeenth and early
eighteenth centuries at the site (Table 8.1).

Chronological Revisions

As is the case for the Dutch West India Company
site, archaeological chronologies (dating schemes)
are moving targets, subject to change with each new
discovery.While the relative placement of individual
features and deposits is fixed at excavation by the
natural stratigraphic sequence of deposition, the ab-
solute dates of the artifacts within them can change
significantly as new data become available. Over the
last decade, new artifact dates from early-seven-
teenth-century excavations at Jamestown, Virginia,
new finds inThe Netherlands, and the deep-sea dis-
covery of tightly dated shipwrecks, have redefined
many of the original time markers originally used to
date the artifacts of the Pearl Street block. This
transatlantic progress in historic archaeology is im-
portant because it underscores the significance of
multinational collaboration and because it suggests
that the initial occupation of the site is significantly
earlier, by at least two decades, than initially thought.

When the Broad Street excavation took place in
the early 1980s, the early-seventeenth-century ex-
cavations at Jamestown had not yet taken place, and
local comparative material was limited to ongoing
excavations in Manhattan and to preliminary results
from the work of Paul Huey at Fort Orange in Al-
bany, New York. Previous excavations in Manhat-
tan east of Broad Street had demonstrated the
survival of late-seventeenth-century remains (post-
1670) under nineteenth-century basements in
Lower Manhattan, but these were still being ana-
lyzed (Rothschild,Wall, and Boesch 1987; Cantwell
and Wall 2001, 170). At the time, it was generally
assumed that the earliest Pearl Street artifacts were
roughly conterminous with two periods identified
in Albany dating to 1640–47, and 1648–1657, and

specifically post-1653 based on a land grant to one
of the occupants in the New Amsterdam block
(Huey 1988, 598). Others thought they were later.
One ceramic specialist reassigned new letter desig-
nations to the excavated deposits, grouped/mixed
the earliest and latest deposits from the Pearl Street
excavations together into one assemblage, and as-
signed it to a single broad late-seventeenth-
century period between 1653 to 1685 (Janowitz
1993, 13, Table I). New data now suggest that these
treatments are no longer reliable.

Over the last decade, new research with a focus
on the date of introduction (T.P.Q., or Terminus
Post Quem—“date after which”) of a number of
“generic” pottery types (e.g., “Eng/Dutch Tin-
glazed” earthenware and several kinds of stoneware),
formerly thought to have been indicative of the
mid-seventeenth century (post-1640 or 1650), are
now dated in Jamestown to post-1600 (Kelso and
Staube 1997, 14, Tables 2 and 3; Mallios 2000, 50,
Fig. 58). Furthermore, new archaeological se-
quences from well-dated, single-component (un-
mixed with later periods or occupations) house and
farmstead sites near Jamestown have shown that
many of the pottery types recovered from the Pearl
Street site, formerly thought to be statically “most
popular” in the mid-seventeenth century, were sub-
sequently recovered in the Chesapeake area between
1630 and 1650, or to at least a decade, if not two
decades, earlier (Mallios and Fesler 1999, 3, Fig. 60;
Mallios 2000, 50, Fig. 58).

Likewise, from Holland, new chronologies for
Delft tiles, developed by Dutch scholars, show that
particular design elements on tiles (specifically,
“ox-head” and “spider’s head” corner motifs)
thought in the 1980s to postdate 1650 (Grossman
et al. 1985, Plates V-4, V-17) may have actually
been introduced in the second quarter of the sev-
enteenth century, if not as early as the 1620s (Pluis
1998, 537; Van Lemmen 1997) (Table 8.1). In ad-
dition, two important time markers, large sherds
of Wan-Li–decorated pottery, from two different
features (Components 38 and 62) at Pearl Street,
both with seeds, previously thought to postdate
1670, or even 1690 (Wilcoxen 1990, pers. com. to
Diana Wall at the South Street Seaport Museum
1990, in Dallal 1996, 220), are now dated by
Dutch scholars to sometime between 1650 and
1660; a shift that in turn suggests that the basket
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feature it was found in predates the mid-seven-
teenth century (Jan Baart, pers. com. Dec. 4,
2009). Furthermore, the possibility exists that they
may be somewhat earlier; Wan-Li pottery has been
repeatedly recovered from late-sixteenth to early-
seventeenth-century shipwrecks (Table 8.1). This
chronological revision suggests that the basket
(which I interpret as a probable drain at the out-
side corner drip-line of two walls of an early-sev-
enteenth-century shell-limestone foundation ), and
the seeds it contained, was in use before 1650. Al-
though the presence of post-1676 leaded glass kept
the barrel fill of Component 62 in the late seven-
teenth century, this adjustment in the age of Wan-
Li pottery is also important because the a
basket/cask with seeds (Component 38) can now
be reassigned to the early to-mid-, versus the late,
seventeenth century, as was previously thought
(Table 8.1).

Finally, Dutch experts in the history of clay
smoking pipes have now established that one for-
mer, and widely used, dating tool, the measurement
of pipe stem bore diameters (based on the assump-
tion that the wider the bore diameter, the earlier the
stem fragment), which supported the initial inter-
pretation that the earliest deposits at Pearl Street
postdated the 1640s and 1650s, appear now to be
no longer useful. Research by Don Duco, of the
Pijpenkabinet Museum of Amsterdam, has invali-
dated the utility of this technique for seventeenth-
century artifact dating by showing that pipe stem
bore measurements from a single pipe can vary con-
siderably in diameter (Duco 1987, 135–36). This
elimination of pipe stem dating for seventeenth-
century contexts effectively removed four mid-sev-
enteenth-century age time-markers from six early
deposits, and from four with seeds (Components 2,
6, 8, 12); a change that reassigned their probable
age of deposition to sometime in the early seven-
teenth century, instead of the mid-seventeenth cen-
tury (Table 8.1).

These multiple lines of revised chronological
time markers—a post-1630 pipe bowl, decorative
tile motifs now understood to have been introduced
as early as the 1620s, the recovery of post-1620–30
raised glass “prunts,” (adornos in the form of raised
molded berries on the stems of goblets) from three
early deposits (Components 8, 12, 13), and the
elimination of previously presumed mid-seven-

teenth-century “pipe stem mean dates” for six fea-
tures (Components 2, 6, 8, 9, 13, 38)—now suggest
that the earliest archaeological features postdate the
1630s, and were probably deposited within the
decade of 1630 to 1640 (Table 8.1).

Historical Evidence of Early Occupation

These corrections of the material record are paral-
leled by historical shifts in archival interpretation
which suggest that the first inhabitants of the block
arrived earlier than initially thought. At the time of
the original study (1983–85), the consensus of a
number of New York archaeologists and historians
was that the earliest surviving land grants and deeds,
dating to the mid-seventeenth century (1647–
1653), referenced by Stokes in his Iconography of
Manhattan Island (1915–1925), represented the ini-
tial dates of occupation for the waterfront along
Pearl Street in Manhattan. This interpretation over-
looked the fact that all land was originally owned
and controlled by the DutchWest India Company,
and that its workers and officials resided and
worked on “company land”; none of which was
“deeded,” or transferred, to private ownership until
later.

In addition, other historical sources, both pri-
mary and secondary, suggest that the initial occu-
pation of the excavated block may have begun as
early as the 1630s. In 1902, J. H. Innes suggested
that “within a few years after 1633 [and following
the completion of Fort Amsterdam between 1626
and 1635, (Innes1902, 5)] . . . they had extended
easterly along the north side of Pearl Street (which
here ran along the shore of the East River) almost as
far as the present Broad Street, where at this time
the tide ebbed and flowed through a small salt-water
creek. . . . [to become] the seat of trade for the town
and the focus of early shoreline commercial activi-
ties” (Van Laer 1974, I: 111; Innes 1902, 5, 45).

Innes explicitly noted that “[t]hough the deeds
or ground briefs for most of the parcels of land at
this locality [western end of the Pearl Street and the
area of the excavation] were made from 1645 to
1647, it is difficult to believe that they had not been
in several instances built upon at an earlier date”
(Innes 1902, 45). Five stone workshops along the
western end of the block may have been the first
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General
Time Period

Component
No.

Primary 17th Century
Components (with seeds)

Revised Component
TPQ Time Range
(+/– 5 years)

Revised
Ceramic
TPQ

Original
Component
TPQ

Original
Ceramic
TPQ

Original
Glass
TPQ

Original
Pipe
TPQ

Original Pipe
Mean Date
(Note 8)

EARLY-MID
17th CENTURY
Early-Mid. 17th.c. 8 BT-Lot8-N-Bar 1633–1650 1600 1640 1640 nd nd 1635 (na)

Early-Mid. 17th.c. 12 Pit/BT-Lot 8-N-Bar 1633–1650 1600 1640 1640 1630 1630 nd

Early-Mid. 17th.c. 9 BT-Lot8-S-Bar 1633–1650 1630 1650 1650 nd nd 1664 (na)

Early-Mid. 17th.c. 22 BT-Rect-Yel Brk Feat 1633–1650 1600 1640 1640 nd 1630 nd

Early-Mid. 17th.c. 10 BT-Oval Yel-Cistern 1633–1650 1600 1640 1640 nd nd nd

Early-Mid. 17th.c. 61 BT-Lot 14-Bar-BT 1633–1650 1600 1640 1640 nd nd nd

Early-Mid. 17th.c. 2 Below-Bld A-Floor 1633–1650 1600 1640 1650 nd 17th c. 1649 (na)

Early-Mid. 17th.c. 6 Bld. A Floor -
Heerman's Warehouse

1633–1650 1620 1640 - St.
Group IA

1762? 1676 ? 1645? 1665 (na)

Early-Mid. 17th.c. 13 Lot 8-N Barrel Fill 1633–1650 1630 1650 1650 1630 1630 1645 (na)

Early-Mid. 17th.c. 5 BT - Hermans
Warehouse

1633–1650 1580 1640? 1580 nd nd nd

Early-Mid. 17th.c.
/Mid-Late 17th c.

38 Rope Basket-/
cask Drain-Fill

1650 1650–60 1670–80 1670–80 nd nd 1616 (na)

LATE 17th
CENTURY
Late 17th c. 14 Lot 8-S Barrel Fill Post-1680 1620 1680 1650 1678 1678 1697 (na)

Late 17th c. 16 1/2 cir YB Cist Fill Post-1680
Late 17th c. 62 Lot 14-Barrel-Fill Post-1676 1630 1676 1680 1676 1664 1684 (na)

TABLE 8.1. Table of Revised Artifact Dates
This revised chronology used the recent availability of new artifact dates from Jamestown, Va., Holland, and tightly dated shipwrecks to
suggest that the earliest seventeenth-century features and structural remains (components) from the Pearl Street site (the Broad Financial Site),
were significantly earlier than initially thought when first studied in the 1980s. As detailed above and in the text (see chapter 8, Section II),
contemporary time markers from other subsequently excavated sites now strongly suggest that the initial occupation along Pearl Street took
place within a twenty-year period between 1630 and 1650; with the earliest features probably constructed in the decade of 1630 to 1640, or at
least 10–20 years earlier than previously estimated.



Diag. TPQ Data/Comments (See numbered footnotes 1–8)

17th Century
Occupants—
Innes 1902

Arrival Date
(van der Donck
1656; Innes 1902)

Deed/Ground Briefs from Dutsh West India Company
(Innes 1902; Stokes 1915–1928)

Delftware: Revised TPQ = 1600; Found in Post 1630 Contexts at
Buck Site, Jamestown, Va. (2); Pipe MD from small sample and
unreliable (Duco 1987)

Haie/ van Tienhoven? 1633 Ground brief July 16, 1645, pos. Jacob Haie (Stokes
II, 266); van Tienhoven “Great House” or Ware-
house, Post-1652 (Innes 1902, 57)

Delftware: Revised TPQ = 1600; Found in Post-1630 Contexts at
Buck Site, Jamestown, Va.; Raspberry Glass Prunt TPQ = 1630
(1,2); Pipe date based on single stem frag 8/64"; not reliable (Note 8)

Haie/ van Tienhoven? 1633 Ground brief July 16, 1645, pos. Jacob Haie (Stokes
II, 266); van Tienhoven “Great House” or Ware-
house, Post-1652 (Innes 1902, 57)

Westerwald, Orig TPQ 1650 revised to Post 1630 based on
Jamestown dates (4); Pipe MD from small sample and unreliable
(Duco 1987); No Pb = pre-1676

Haie/ van Tienhoven? 1633 Ground brief July 16, 1645, pos. Jacob Haie (Stokes
II, 266); van Tienhoven “Great House” or Ware-
house, Post-1652 (Innes 1902, 57)

Delftware: Revised TPQ = 1600; Found in Post 1630 Contexts at
Buck Site, Jamestown, Va.; “EB” Pipe bowl Post 1630 (1,2)

A. Heerman? 1633 Pre-1651 (Innes 1902); 1645 (Stokes 1915–1928)

Delftware: Revised TPQ = 1600; Found in Post 1630 Contexts at
Buck Site, Jamestown, Va. (2)

A. Heerman? 1633 Pre-1651 (Innes 1902); 1645 (Stokes 1915–1928)

Delftware: Revised TPQ = 1600; Found in Post 1630 Contexts at
Buck Site, Jamestown, Va. (2)

Kierstede/Steenwyck 1638 1646 (Innes 1902); 1647 (Stokes 1915–1928)

Delftware: Revised TPQ = 1600; Found in Post 1630 Contexts at
Buck Site, Jamestown, Va. (Millios 1999); Pipe MD from small
sample & unreliable (1,2,7) cf Duco 1987

A. Heerman? 1633 Pre-1651 (Innes 1902); 1645 (Stokes 1915–1928)

Component TPQ marked by Pb glass (pos intrusive); Two 18th
century “post-1762 Creamware” sherds prob intrusive and ex-
cluded from sample; Ceramic TPQ = “Ox-head” dec on tile rev to
1620; 95 Pipe frags had MD of 1665, now rejected cf Duco 1987;
“Rouletted” dec. bowl rims dated to ca 1645 cf (Hume 1976).

A. Heerman? 1633 Pre-1651 (Innes 1902); 1645 (Stokes 1915–1928)

Diag. Tile with “Ox-Head” motif Rev TPQ = 1620; Glass Raspberry
Prunt, TPQ = 1630; Pipe MD = 1645 or pos. 1635 (1,5) invalid
(Duco 1987); Pipe TPQ based on ca. EB = 1630–1683; bowl shape
(ca 1645–1666) cf Duco 1981; Westerwald orig. dated to ca 1650,
rev to 1630 cf. Jamestown dates

Haie/ van Tienhoven? 1633 Ground brief July 16, 1645, pos. Jacob Haie (Stokes
II, 266); van Tienhoven “Great House” or Ware-
house, Post-1652 (Innes 1902, 57)

Majolica: Ceramic TPQ = 1580 (1) A. Heerman? 1633 Pre-1651 (Innes 1902); 1645 (Stokes 1915–1928)

WanLi design = Comp TPQ; Originally assigned TPQ of post-1670
in text & Plate III-C2 (Table I-A2 in Grossman et al. 1985 listing of
“1664” is typo); Revised TPQ of 1650–1660 cf (Jan Baart-Pers.
comm. 2009) TPQ for Comp38.; Note: General Wan-Li ca 1630–50
at site, Jamestown,Va. and post-1613 Shipwreck (Note 3); Tile w
“spider’s head” corner tile dec. Rev TPQ = 1640 (Note ,5), but
common in second half of 17th century.

Haie/ van Tienhoven? 1633 Ground brief July 16, 1645, pos. Jacob Haie (Stokes
II, 266); van Tienhoven "Great House" or Ware-
house, Post-1652 (Innes 1902, 57)

Component TPQ set by Pipes and Pb Glass: Post-1678 “RT” mark
on English Pipe; Bowl forms = 1680–1690; Lead Glass = TPQ of
1676; Tile w “Ox-head” corner Motif-post 1620; (1,5)

van Tienhoven? 1633 1652? (Innes 1902); Stokes II, 266

1638
Originally dated to post-1680 “buff bodied slipware” questionable
def. type; Wan-Li-TPQ: Originally ident. as post-1670, Rev to 1620;
Manganese Purple: orig. TPQ of 1670–75 cf Ft. Orange contexts,
rev. to post-1630 cf. Jamestown, Va. data; Comp. TPQ: Pipe
Bowls (HG Mark) Post 1664; Pipe MD of 1684 unreliable (1,3);
Comp 62 TPQ from Pb glass—post 1676

Kierstede/Steenwyck? 1638 1646 (Innes 1902); 1647 (Stokes 1915–1928)



TABLE 8.1. continued

General
Time Period

Component
No.

Primary 17th Century
Components (with seeds)

Revised Component
TPQ Time Range
(+/– 5 years)

Revised
Ceramic
TPQ

Original
Component
TPQ

Original
Ceramic
TPQ

Original
Glass
TPQ

Original
Pipe
TPQ

Original Pipe
Mean Date
(Note 8)

Late 17th c. 76 Pearl St.-Matrix Post-1680 1620 1680 1670 nd 1680 1698 (na)

Late 17th c. 17 Build. E BT Post-1680 1620 1800 1800 1680 1678 1688 (na)

EARLY 18TH
CENTURY
Early 18th c 63(Cx 102.02-

04)
Lot 14 R-BrkCistern-02-04 Post-1720 na 1720 1720 1710 1720–

1727
1725

Early 18th c 53 Bld. D Lower Fill Post-1720 na 1720 1675 1705 1678 1706

Early 18th c 54 Bld. D Upper Fill Post-1720 na 1720 1700 1705 1678 1716

Early 18th c 63(Cx 102.01) Lot 14 R-BrkCistern-
Late 01 Cx

Post-1734 1734 1734 1734 1710 1690–
1720

1699

EARLY-MID 19TH
CENTURY
Early-Mid. 19th. c. 28 Pit - Stone Pier Fill Post-1830 1795 1795 1726 1730 1711

Early-Mid. 19th. c. 66 Pit Fill (N65 E25) Post-1813 1813 1813 nd 1786 nd
Early-Mid. 19th. c. 33 Brick Drain-Fill Post-1850 1850 1780 1750

Early-Mid. 19th. c. 15 Oval YL Brk Cis Fill
(reused brick)

Post-1844 1844 1844 1800 1738 1730

Early-Mid. 19th. c. 75 Interface w Floor?? Post-1857 1857 1780 1857

EARLY 20th
CENTURY
Early-20th 35 StoneRubble-Bl Base Post-1903 1903 1903 1903 1680
Early-20th 68 Olive Silt-Lt 13-14? Post-1903 1903 1903 1903 1832

Footnotes: New TPQ Dates and Changes:
1. (Grossman et.al. 1985; Table I-A2); Pipe Mean and TPQ dates as per originally reported by D. Dallal (Chapter VII in Grossman et al., 1985); Glass Dates as originally

reported by J. Diamond, Chap VI in Grossman et al., 1985); Revised Ceramic dates per Kelso and Stroub 2004 & Mallios 1999.
2. “Delftware”: Originally dated to Post-1640 based on Mean Date at Fort Orange (Huey 1984 per. Com. in Grossman et al., 1985); Rev. to Post 1600 TPQ; Post-1630

at Buck Site, Va. Jamestown, Va.: (Mallios 1999, Fig. 60).
3. “Wan Li dec.”: Orig TPQ 1670, Revised Date Range for Comp 14 and 62 TPQ examples = 1650–1660 (Pers. Comm. J. Baart Dec. 2009); Generic Wan-Li dec.; From

1630–1650 contexts at Buck Site, Va. (Mallios 1999, Fig 60, p. 48); Recovered from 1613 Shipwreck Witte Leeuw (van der Pijl-Ketel (ed) 1982; Sjostrand, 2007); See
Dallal 1996 re earlier assessments that Comp 38 Wan Li charger post-dated 1670–1690 ; now disputed by Jan Baqart (pers. comm. 2009).

4. Westerwald post-1618 at Jamestown (Kelso & Straube 2004, 136); European Date Range of 1550–1775 (Mallios 1999, Fig 60, p 48; Hurst et al., 1986).
5. “Ox-Head” Tile Corner Motif: New TPQ 1620 vs. 1650 (Pluis 1998, 537; see Huey 1988, p. 436); “Spider’s head corner motif on delft tile dated to post-1640 to ca. 1670

(Pluis 1998, 555)
6 “Buff bodied slipware” original dated to 1680 (cf.Huey pers. Com. in Grossman et al 1984, Pages, V-8, V-21) Revised to post 1588, cf. Huey 1988, 404); Assumed to

be too generalize for site-specific TPQ.
7. Component 2 (Below cobble floor of building A) dateable only to early-mid 17th c.; Original Pipe TPQ of 1657 is typo (1659 rev down to 1649, cf McCashion, Dallal in

Grossman et al.,1985). Orig. Glass TPQ of 1676 is error—no lead glass present (Grossman et al., 1985, vi–5, vii–14).
8. Pipe Bore Stem Mean Dates are now rejected as unreliable cf. (Duco 1987, 135–136).
Graphic: Joel Grossman, Ph.D. © 2010.



Diag. TPQ Data/Comments (See numbered footnotes 1–8)

17th Century
Occupants—
Innes 1902

Arrival Date
(van der Donck
1656; Innes 1902)

Deed/Ground Briefs from Dutsh West India Company
(Innes 1902; Stokes 1915–1928)

“EB” Pipe Mark 1630–1683; 10 Pipe bowls post-1680 forms; Latest
dateable ceramic was tile with “Ox-head” motif, Rev. to post-1620;
Orig. Ceramic TPQ based on 3 late sherds—Westerwald, Pearl-
ware and Whiteware, prob. Intrusive; 99% (292/298) were Early-
Mid 17th c.; Earliest Ceramic type was a Weser red-slipware platter
(1570–1630), [No seeds recovered due to mixture](1,5)

Street Matrix
@ Pearl

“Laid Out” ca 1630;
Paved-cobbles ca.
1680

Singleton 1909

Post-1725 Glass TPQ in is data entry error in Table I-A2, Actual
Glass TPQ for Component was ca. Post-1680 Wine Bottle finish&
Pb Glass = Post 1676-80; Orig. Ceramic TPQ of 1800 based on a
probably intrusive sherd of embossed Pearlware; Profile suggests
mixture from cap of 18th rubble over Late 17th c. Builders Trenches
(Grossman 1985, Plate IV-12Top); Comp. TPQ revised from Post-
1800 to Post-1680 based on pipes & glass 1) Grossman 1985 et. al
V29;VI-21); Ceramic TPQ based on “Ox-Head” tile motif, Rev. to
Post-1620

Post-Warehouse
Building E Wall BT

Building Earlier than
thought; Rev. from
Early 19th c. to Late
17th; Wall suggests
pos correlation in
time and space with
first Stat Hays.

na

Note: Top context (102.01) Stratigraphically more recent with
Ceramic TPQ (1734 Soft Past-Porc.) than lower contexts.

Kierstede/Steenwyck 1638 1646 (Innes 1902); 1647 (Stokes 1915–1928)

Pipe Mean Date = 1706; Pipe bowl TPQ’s = 1678; Kiersted prop-
erty until 1710 (Stokes 1915–1928); Crossmend w Comp. 54 w MD
of 1716; Original and 2008 Component TPQ of 1720 is approxi-
mate cf. Glass and Pipe TPQ’s.

Kierstede Rear
Shed/Cookhouse?

1638 1646 (Innes 1902); 1647 (Stokes 1915–1928)

Pipe stem Mean date = 1716; Pipe bowl TPQ =1678 (crossmnd:
Cmp53)

Kierstede Rear
Shed/Cookhouse?

1638 1646 (Innes 1902); 1647 (Stokes 1915–1928)

Note: Top context (102.01) Stratigraphically more recent with Ce-
ramic TPQ (1734 Soft Past-Porc.) than lower contexts.

Kierstede/Steenwyck 1638 1646 (Innes 1902); 1647 (Stokes 1915–1928)

Cx-29 TPQ=1830; Early 19th C. Stone Pier Pits, Cmps.
27,28,29,49 = Early 19th C - Contemp. Structural Group

1830–1850 Early 19th c. Features

1830–1850 Early 19th c. Features
Doc and Structural Evidence of mid-19th Cent.; Assoc w Comp. 47-
Brick Drain assoc. w post 1820 Ceram & post 1850 ceramic (St.Grp
I).(Grossman et. al. Table I-A2)

1830–1850 Early 19th c. Features

Flow Blue Transprint Whiteware (1844) 1830–1850 Early 19th c. Features

Comp. TPQ = Glass- Snap case base, Post 1857 1830–1850 Early 19th c. Features

ABM (Automatic bottle Machine) 1903
ABM (Automatic bottle Machine) 1903



buildings erected (Innes 1902, 5–6). A tavern and
a brewery were in place, apparently across the street
to the north, by 1631, and a church—“a mean
barn”—was erected along the Strand (Pearl Street)
by 1633 (Innes 1902, 3, 58; Stokes 1915–1925,
267). A surviving letter, referring to the decade be-
fore 1639, also documented that this early 1630s
commercial activity, in the western end of the block
near Whitehall, was matched by a zone of boat re-
pair and construction facilities fronting the eastern
end of the block at the outlet of the ditch or
“Graft,” later renamed as Broad Street (Van Laer
1974, I: 111). In 1934 Poole also described this it
as a landing place for small “country shallops”
(Poole 1934, 52).

This 1639 affidavit before Secretary van Tien-
hoven by a carpenter seeking compensation for
work done during the administration of VanTwiller,
the director of New Netherland between 1633 and
1638, provides a glimpse of the extent of building
activity in the 1630s. Specifically referring to work
outside the fort, he listed a bake house, a church
with house and stable in the rear, a large shed in
which boats and yachts were built, a goat house, a
small house for the midwife (the mother of Sara
Roelofs Kierstede?), a number of houses, the repair
of sawmills and a gristmill, and the buildup of the
fort bastion (Van Laer 1974, I: 108–109).

Additionally, the excavation exposed the rec-
tangular stone foundation of a single large building
that was originally interpreted as the warehouse be-
longing to Agustijn Heerman (variously spelled as
Augustyn Heermans and/or Augustine Heerman),
who arrived in New Amsterdam in 1633 (Jameson
1909, 289). Heerman, in actuality, administered the
warehouse as an agent for the firm of Pieter Gabry
and Sons; Pieter Gabry was the son of Charles or
Carel Gabry, merchant of Amsterdam and director
of the West India Company (Jameson 1909, 375;
pers. com. Jaap Jacobs 2009). When excavated, it
was thought that the warehouse postdated these sur-
viving records of land transfer, interpreted by dif-
ferent historians to have taken place either in 1647
(Innes 1902, 18) or after 1645 (Stokes 1915–1935
). But Innes suggested that the warehouse appears to
have been rebuilt several times before 1647 (Innes
1902, 18).

Finally, the block included the early home, or
compound, of one of the settlement’s first doctors,

Dr. Hans Kierstede (built for him by the WIC),
who arrived in 1638 and married Sara Roelofs in
1642 (Van Rensselaer 1898, 24). (As noted by Jaap
Jacobs, Kierstede was in actuality a surgeon and
would have been addressed and referred to as
“meester,” or Mister, instead of Doctor [pers. com.
Jan. 24, 2010].) After a decade of service to the
WIC, Dr. Kierstede was granted title to his parcel at
the corner of Pearl and Whitehall streets in 1646
(Innes 1902, 18). But his home may have been built
soon after his arrival in 1638 and possibly before his
wedding. Innes described his company-built home
as being ”to the west of the Company’s Warehouse
on the Strand,” which suggested (1) the absence of
other residences in the intervening space, and (2)
that both the warehouse and the Kierstede home
may have been already built before 1642 (Fernow
1976; van Rensselaer 1898, 24; Innes 1902, 18).

Accordingly, when combined, the revised ar-
chaeological and archival evidence suggests that the
earliest structural elements and ethnobotanical sam-
ples date to the second quarter of the seventeenth
century. Given ambiguities over the date of intro-
duction for different artifact types and the con-
stantly evolving assessment of regional and
international chronologies, it is safe to suggest that
the early to mid-seventeenth-century components
probably fall within a twenty-year time span be-
tween the 1630s and the 1650s. Of these, the earli-
est features appear, based on the historical references
above, to have been constructed and deposited be-
tween 1633 and 1638, consistent with the above-
referenced revised archaeological assignment to the
decade of 1630. As detailed in Table 8.1, the earli-
est deposits and features were almost exclusively
made up of the fill of builder’s trenches for founda-
tion walls, cisterns, and privies (denoted by “BT”).
As such, these “BT” features, and their seeds, also
reflect the earliest environmental conditions and
plants when the site was initially occupied by the
Dutch, prior to 1630 (Table 8.1).

ETHNOBOTANICAL CONTINUITY
AND CHANGE

Using the artifact-based archaeological sequence for
dating, this treatment will concentrate on the
chronology and ethnobotanical significance of three

86 JOEL W. GROSSMAN



primary topics: (1) Native American potherbs and
starchy seed bearing plants, (2) identification of
Cruciferae/Brassica or cabbage family vegetables, and
(3) Native American and European medicinal
plants, predominantly in the early seventeenth
century.

While the archaeological record at Broad Street
does not extend back to the decade of Henry Hud-
son’s initial visit to the area in 1609, it documents
several important trends in changing plant diversity
that are otherwise not clearly in evidence from
archival sources alone. As will be documented
below, the stratigraphically sequenced, dated, and
quantified plant remains suggest that the earliest
Dutch settlers may have had access to, or actively
exploited, a range of previously underappreciated
indigenous plant foods and medicines; present new
evidence for the appearance of European vegetables
and fruits; and show a profound “dropoff” in plant
diversity by the early eighteenth century.

The Botanical Flotation Samples

The basic units of ethnobotanical analysis were se-
lected only from “hi-integrity,” or unmixed, units
of well-dated natural stratigraphic association and
contemporaneity. These minimal units of associa-
tion, the individual excavation “Contexts” (each
distinguished by a unique computer number des-
ignation), were grouped in the stratigraphic recon-
struction process into larger units of analysis and
dating, called Components (each a discrete, and
functionally distinct, feature—e.g., pit, cistern,
builder’s trench—with each comprised of one or
more contexts). Botanical analysis was limited to
only those reconstructed components that were
both tightly dated and stratigraphically unmixed.
Once the stratigraphic associations and relative age
of each was defined based on the age of the most re-
cent artifacts they contained, this subset of un-
mixed and dated deposits were subjected to
archaeological “flotation,” a technique that uses
water suspension and jets of circular air streams to
agitate and separate out fragile plant seeds, mostly
charred, from their soil matrix.

With the exception of one large 8.5 liter sample
from Component 38, and one two liter sample
from Component 8, all other flotation samples were

limited to one-liter volumes. A total of 32.5 liters
from six components and fifteen stratigraphically
distinct contexts were “floated,” manually sorted,
and prioritized for ethnobotanical identification.
Additional specimens, especially the larger pump-
kin and peach pits, were also recovered from the
one-quarter-inch field screens during excavation
from five additional components made up of eight
contexts (Tables 8.2 and 8.3).

The resultant seed recovery was roughly com-
parable both in sample size and seed count for all
three periods. Out of a total sample of 2,607 recov-
ered seeds (1,148 unidentified), 1,458 seeds were
identified to the genus level from twelve compo-
nents and twenty-four contexts for all three periods.
Out of twenty-four identified seed types, nineteen
were identified from seven components and twelve
contexts dating to the early-mid seventeenth cen-
tury; thirteen varieties from three components and
seven contexts were recorded for the late-seven-
teenth-century sample, and seven plant types were
recovered from three components and five contexts
for the early eighteenth century (Tables 8.2 and
8.3). See www.GeospatialArchaeology.com/Broad-
SeedData.html for a context-specific breakdown of
seeds types by basic context-level units of associa-
tion and contemporaneity.

These levels of recovery may be far from repre-
sentative of the full range of plants once present.
Samples from other historical sites have demon-
strated that only between 8 to 32 percent of artifi-
cially introduced “control” seeds were recovered by
flotation (Miller 1998, 65). Accordingly, the fol-
lowing analysis treats the recovered plants remains
as gross, order of magnitude, indices of the chang-
ing diversity, and assumes that the actual range of
variation may have been significantly broader for
each period.

Continuity and Change in Plant Diversity

Despite these generic sampling issues, the quanti-
fied seed data suggests order of magnitude changes
in plant diversity between the early seventeenth and
early eighteenth centuries (Fig. 8.2).

In addition to these gross changes, the range of
identified seed types were evaluated according to
seven major ethnobotanical functional categories:
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(1) Native American potherbs, (2) indigenous
starchy seed plants, (3) indigenous seasonably avail-
able fruits and berries, (4) Native American pump-
kin or squash, (5) non-food plants (indigenous and
European), (6) European fruits and vegetables, and
(7) Native American and European medicinal
plants. Each of these categories was further com-
pared as a plot of continuity and change in three
functional distribution tables designed to graphi-

cally show the shifting patterns of plant diversity be-
tween each period of the revised three-phase site
chronology: early to mid-seventeenth century
(Table 8.4), the late seventeenth century (Table
8.5), and early eighteenth century (Table 8.6).
These comparisons also showed that some varieties
continued to be represented in all three periods.
Seeds of squash or pumpkins, strawberries, and
brambles (as well as peaches and small-seeded
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Seed Totals (Identified) per
Dated Component and Period

TABLE 8.2. Cross tabulation breakdown of seed counts per dated Components and Periods.

EARLY-MID 17TH C.

Comp 13 - Lot 8 - North Barrel fill 1 1 1 1 1 1 23 1 1 6 6 2 1 1 47

Comp 10 -BT - Oval Yellow brick cistern 12 12

Comp 61 - BT - Lot 14 Barrel 2 2

Comp 9 -BT - Lot 8 South Barrel 6 6

Comp 8 -BT - Lot 8 North Barrel 5 1 6

Comp 6 -Warehouse floor - Bld. A 1 1

Comp 38 - Rope Basket / Cask - fill 1 5 4 4 7 1 1 10 9 1 43

EARLY-MID 17TH C. TOTAL 2 1 1 1 1 5 1 4 4 35 1 1 14 17 15 10 1 2 1 117

LATE 17TH C.

Comp 14 - Lot 8 - South Barrel fill 24 1 7 8 10 2 8 2 1 1 1 65

Comp 62 - Lot 14 - Barrel fill 2 2 2 1 1 8

LATE 17TH C. TOTAL 24 1 7 2 10 12 3 1 8 2 1 1 1 73

EARLY 18TH C.

Comp 53 - Building D - Lower fill 18 1 2 1173 1 1195

Comp 63 - Lot 14 - Red brick cistern / well -Cx.01 6 6

Comp 63 - Lot 14 - Red brick cistern / well -Cx.02 9 9

Comp 63 Lot 14 - Red brick cistern / well - Cx. 02-04 9 9

Comp 63 Lot 14 - Red brick cistern / well - Cx. 02-05 28 28

Comp 63 Lot 14 - Red brick cistern / well - Cx. 02-06 4 4

Comp 63 Lot 14 - Red brick cistern / well - Cx. 02-07 14 14

Comp 63 Lot 14 - Red brick cistern / well - Cx. 02-08 2 2

EARLY 18TH C. TOTAL 18 44 2 1173 27 2 1 1267

GRAND TOTAL 2 1 1 1 1 5 1 4 22 59 2 8 60 29 1200 40 2 10 3 1 1 1 2 1 1457

Graphic: Joel Grossman, Ph.D. © 2010



grapes) were recovered from a variety of deposits
from all three periods. Blueberries were restricted to
only the early and late-seventeenth-century samples.

As graphically depicted inTable 8.4, twelve (12)
or ca. 60 percent, of the nineteen different plant
types identified from the early-seventeenth-
century sample could be linked to Native American
food sources (potherbs and seed bearing plants) and

potential medicinal uses. However, the early-seven-
teenth-century sample also included two European
orchard fruits, represented by multiple instances of
peach pits and a single citrus seed. Like blueberries,
strawberries, and brambles (raspberries/black-
berries), peach pits were recovered from multiple
deposits from all three seventeenth and eighteenth-
century sample periods. While peach was of
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TABLE 8.3. Cross Tabulation Showing Number of Instances of Stratigraphically Distinct Deposits (Contexts) for Each Seed Type per Dated Compo-
nent and Period.

EARLY-MID 17TH C.

Comp 13 - Lot 8 - North Barrel fill 1 1 1 1 1 1 4 1 1 2 3 1 1 1 20

Comp 10 -BT - Oval Yellow brick cistern 2 2

Comp 61 - BT - Lot 14 Barrel 1 1

Comp 9 -BT - Lot 8 South Barrel 1 1

Comp 8 -BT - Lot 8 North Barrel 1 1 2

Comp 6 -Warehouse floor - Bld. A 1 1

Comp 38 - Rope Basket / Cask - fill 1 1 1 1 1 1 1 1 2 1 11

EARLY-MID 17TH C. TOTAL 2 1 1 1 1 1 1 1 1 6 1 1 4 4 5 3 1 2 1 38

LATE 17TH C.

Comp 14 - Lot 8 - South Barrel fill 4 1 3 4 3 2 5 1 1 1 1 26

Comp 62 - Lot 14 - Barrel fill 2 1 1 1 1 6

LATE 17TH C. TOTAL 4 1 3 2 5 4 3 1 5 1 1 1 1 32

EARLY 18TH C.

Comp 53 - Building D - Lower fill 2 1 2 2 1 8

Comp 63 - Lot 14 - Red brick cistern / well -Cx.01 1 1

Comp 63 - Lot 14 - Red brick cistern / well -Cx.02 1 1

Comp 63 Lot 14 - Red brick cistern / well - Cx. 02-04 1 1

Comp 63 Lot 14 - Red brick cistern / well - Cx. 02-05 1 1

Comp 63 Lot 14 - Red brick cistern / well - Cx. 02-06 1 1

Comp 63 Lot 14 - Red brick cistern / well - Cx. 02-07 1 1

Comp 63 Lot 14 - Red brick cistern / well - Cx. 02-08 1 1

EARLY 18TH C. TOTAL 2 4 2 2 3 1 1 15

GRAND TOTAL 2 1 1 1 1 1 1 1 3 10 2 4 10 11 11 9 2 7 2 1 1 1 1 1 85

Graphic: Joel Grossman, Ph.D. © 2010

Contexts per Component and Period
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undisputed European origin, and peach orchards
were documented in New Amsterdam by 1639 (Ja-
cobs 2005, 107), the attribution of peaches to
purely Dutch sources must be approached with cau-
tion. Peach orchards were cultivated by Cherokee
farmers along the Gulf Coast, suggesting that
peaches may have been introduced as early as the
fifteenth century by Spanish conquistadors (Del-
court 2004, 107). Peach (as well as plum and
cherry) pits were also among the seeds ordered by
the Massachusetts Bay Colony to the north by 1629
(Hedrick 1919, 463).

The single citrus seed was recovered from the
unmixed, single-component, interior fill of a dou-
ble-barrel cistern that was abandoned in the second
quarter of the seventeenth century (Component 13;
Tables 8.2 and 8.3). The feature was undisturbed

by later intrusions, and both its association and dat-
ing to the early seventeenth century appear reliable.
No citrus seeds were recovered from later seven-
teenth and eighteenth-century deposits. However,
its presence begs the question as to how it got into
the site matrix. The native habitat of citrus is gen-
erally limited to tropical and subtropical environ-
ments; it does not tolerate temperatures below 47o
to 57oF, and does not react well to frost or salty soils
(Culture Sheet.org; www.culturesheet.org/ru-
taceae:citrus). Therefore, citrus trees probably could
not have grown in New Amsterdam in the seven-
teenth century without the protection of a green-
house-like structure against frost. One possibility is
that the seed arrived in some form of preserve such
as an early marmalade (a concentrate of boiled sugar
and rinds) that was being made in Europe, origi-

FIG. 8.2 . Changes in Plant Diversity by Period.
This horizontal bar chart compares gross changes in the relative prevalence of major plant categories between each of the three main Periods. It il-
lustrates an order of magnitude (ca. 50%) decrease in the number and diversity of plants between the early and late seventeenth centuries, with an
even sharper reduction in plant diversity (ca. 80%) by the early eighteenth century (see Tables 8.4 to 8.6 for detailed plant-use breakdowns). These
pronounced changes underscore the danger of relying on either contemporary or historical, eighteenth or nineteenth century, plant inventories to re-
construct conditions in the early seventeenth century.
*Medicinal plants include: tobacco, grapes, sedge, bedstraw, and squash as well as a number of indigenous and introduced potherbs and seed-bear-
ing nutritional plants; exclude: citrus, clover, copperleaf, and cabbage family examples.
Graphic: Joel Grossman, Ph.D. © 2010
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nally as of the thirteenth century with quinces, but
with oranges and limes by the seventeenth century
(Davidson 2006, 483; Wilson 1999, 126). The
other possibility is that that the seventeenth-century
Dutch of New Netherland may have experimented
with early examples of “orangery.” An early heated,
and apparently glassed-in, building had been built
at the Hortus Botanicus of Leiden as of 1599, called
the Ambulacrum, to house exotic collections and
dormant plants, and to train students during the
winter (Swan 1998, 11; Huxley 1978, 230; Cook
2007b, 120). Given the strong links between Dutch
East and West India Company doctors, apothe-
caries, botanists, officials, and the University of Lei-
den (see below); it is plausible that similar protective
structures may have been tried in New Amsterdam
as well.

The recovery of sedge (Cyperus sp.) from the
early and late-seventeenth-century deposits may re-
flect both environmental conditions and a combi-
nation of indigenous and European cultural
patterns. Its “nut-like tubers” are edible, either raw
or cooked, were known in the Rhine drainage as
“German Sarsaparilla,” and used there as a substi-
tute for coffee (Fernand and Kinsey 1958, 107–10).
Because of its pleasant odor, “sweet sedge” was used
in Europe to cover the floors of churches and homes
(Grieve 1931, 726–30). In addition to its Native
American use as cordage and basket-making mate-
rial, sedge was known in nineteenth-century Amer-
ica as a diuretic and “sudoric” treatment for profuse
sweating (Ripley and Dana 1875, XIV, 748). Al-
though present in the earlier deposits, no sedge was
recovered from the early-eighteenth-century sam-
ples; a change that suggests either that the local wet-
lands may have been drained or filled, or that it was
no longer being collected or growing in the vicinity
by the early 1720s-’30s.

The transition from the early to late seventeenth
century was characterized by three contrasting
trends: (1) continuity of fruits and berries of both
local and foreign origin; (2) the disappearance of
most of the earlier indigenous potherbs and starchy-
seed esculents (edible plants, either wild or culti-
vated); and (3) by the appearance of members of the
Brassica or cabbage family. In addition to the drop-
ping out of six plants belonging to Eastern Agricul-
tural Complex, the transition to the late seventeenth
century was demarcated by the appearance of toad-

flax (Linum sp.) and woundwort (Stachys sp.), both
apparently alien introductions from Europe (Tables
8.2, 8.3, 8.5, 8.9). Potential medicinal plants
dropped by one-half in the late seventeenth century,
down from the early-seventeenth-century total of
thirteen to six. Finally, although recognized as a
member of the prehistoric Eastern Agricultural
Complex, carpetweed (Mollugo sp.) was not identi-
fied until the late seventeenth century (Table 8.5).

The early-eighteenth-century sample was dis-
tinguished by a pronounced reduction in overall
plant diversity. However, fruit and berry plants
(strawberries and brambles), pumpkin/squash, as
well as peaches, continued from the earlier seven-
teenth century into the first quarter of the eigh-
teenth century (Table 8.6). The singular appearance
of cherry pits only in the early-eighteenth-century
deposits was late for the settlement‘s horticultural
history; Van der Donck recorded the successful im-
portation and cultivation of cherry trees at least by
the first half of the seventeenth century (Goedhuys
2008, 25).

Sampling and recovery issues aside, the revised
stratigraphic and artifact sequence, and quantified
comparisons of shifting plant diversity between the
early seventeenth and early eighteenth centuries
suggests: (1) that what were potentially indigenous
potherbs, starchy seed-bearing foods, and medici-
nal plants were concentrated only in the early-sev-
enteenth-century phase of the sequence, but had
disappeared from the archaeological record by the
first quarter of the eighteenth century; (2) a sharp
decline in indigenous plant diversity, both food-re-
lated, and of potential medicinal uses between the
early and late seventeenth century; (3) a continuity
of indigenous fruits, berries, and squash/pumpkin
(as well as peach)—but no vegetables—into the
early eighteenth century; and (4) the introduction
of European vegetables and fruits in the early sev-
enteenth century.

INDIGENOUS PLANTS OF THE “THE
EASTERN AGRICULTURAL COMPLEX”

Pre-Contact Starchy Seed Plants and Potherbs

Although often dismissed as “introduced,” “weedy,”
“alien,” “emergent,” “naturalized,” “adventive [sic],”
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“invaders,” “pioneering” species, or simply “pests”
(Dudek et al. 1998, 66; Richardson etal. 2000, 93),
and often interpreted as indicators of environmen-
tal trauma, nearly 30 percent of the nineteen seed
varieties from the initial early to mid-seventeenth-
century samples may have been derived from in-
digenous antecedents, that were exploited either as
food sources, dyes, or as medicinal plants (Table
8.4). Archaeological findings from prehistoric sites
throughout eastern North America, and historic
ethnobotanical accounts, have underscored the im-
portant roles these formally underappreciated
potherbs and high-carbohydrate seed-producing
plants over the last two millennia in the Northeast-
ern United States (see Smith 1989; 1992; Delcourt
2004).

Although no evidence for maize, beans, or sun-
flower cultivation was recovered from the historic
seventeenth-century deposits at Broad Street, in ad-
dition to pumpkin/squash, fruits and berries, eight
of the seventeenth-century seed types—amaranth
(Amaranthus sp.), lambsquarters (Chenopodium sp.),
knotweed (Polygonum sp.), purslane (Portulaca sp.),
tobacco (Nicotiana sp.), bedstraw (Galium sp.),
pokeweed (Phytolacca sp.), and carpetweed (Mollugo
sp.) belong to what is now defined by North Amer-
ican archaeologists as prehistoric and contact-period
potherbs and/or starchy seed-bearing components
of the two thousand-year-old pre-maize “Eastern
Agricultural Complex” (Smith 1989), or the “early
Woodland garden complex” (Delcourt 2007, 42;
Watson 1989). Five of the Broad Street plants have
been identified in the archaeological and ethnob-
otanical literature as potherbs: pokeweed (Phytolacca
sp.), purslane (Portulaca sp.), amaranth (Amaran-
thus sp.), lambsquarters (Chenopodium sp.), and car-
petweed (Mollugo sp.) (Delcourt 2004, 42, 106).
Three others from the early to mid-seventeenth-
century contexts may have been exploited for their
high-starch-yielding seeds, knotweed (Polygonum
sp.), amaranth (Amaranthus sp.), and lambsquarters
(Chenopodium sp.) (McAndrews and Boyko-Di-
akonow 1989; Byrne and Finlayson 1998; Delcourt
2004, 94) (Tables 8.2 and 8.3).

Both amaranth and chenopods have a long his-
tory in the archaeological and ethnohistorical record
as significant Native American food plants, long rec-
ognized for Mexico and the Andes, but only re-
cently for eastern North America (Safford 1917;

Sauer 1950; Sauer 1967). “Amaranths are fast grow-
ing, cereal like plants that produce high protein
grains in large, sorghum-like seed heads” (National
Academy of Sciences 1975, 14). Both wild and do-
mesticated South American and Mexican species
have been recorded to produce yields of between
eight hundred and one thousand pounds per acre;
with nutritional qualities distinguished by high lev-
els of protein (+15%), amino acids, especially lysine
(6.2%), and fat (3–6%) (Cole 1979, 275–79).
Chenopodium, like amaranth (as well as pokeweed
and bedstraw), thrives in disturbed “anthropogenic”
habitats “as an invasive plant . . . near barns, fields,
and along roadsides” or “other humanly altered en-
vironments” (Martin et al. 1951, 389–90; Fernald
and Kinsey 1958, 185; Delcourt 2004, 86). The
Mohawk name for lambsquarters was “loves vil-
lages” (Fenton 1942, 525).

Over the last thirty years, archaeologists work-
ing in the eastern United States have argued that
these indigenous potherbs and seed-producing
plants began to be exploited, collected, or “quasi-
cultivated,” several thousand years before the ap-
pearance of maize (ca. AD 800 and 1100);
and—after an initial period of transition as flood-
plain-adapted species between 2000–1500 BC—
were under cultivation between 500 and 0 BC
(Smith 1992, 12). Significantly, both knotweed
(Polygonum sp.) and lambsquarters (Chenopodium
sp.) were recovered from prehistoric storage pits or
caches in caves outside their natural habitat range,
with knotweed constituting upward of 30 percent
of the “small seed assemblage” in some excavated
prehistoric sites (Delcourt 2004, 42, 106). Likewise,
roughly contemporary charred seeds of amaranth
and Chenopodium quinoa were recovered from pre-
Inca deposits dating to between 1000 and 1500 BC
from a hilltop occupation site in the southern Andes
of Peru (Grossman 1983, 86).

In North America, and building on early work
by Jonathan Sauer (1952) on the floodplain adap-
tation of pokeweed, later scholars have argued that
many of these plants (e.g., pumpkin/squash/gourds,
amaranth, chenopods) were “tightly tethered,” if
not pre-adapted, to disturbed open floodplain en-
vironments created first by annual flooding and
which later expanded into “open habitats created by
human activities whenever opportunities arose”
(Struever 1964, 102–103; Smith 1992, 29).
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Likewise, Watson proposed that amaranth was ex-
ploited for its edible seeds as a member of a
“panoply of tolerated, encouraged or quasi-culti-
vated plants” by at least 1000 BC (Watson 1989,
555–71). Subsequently, Watson and Kennedy
(1991) also proposed that this process was both
gradual and “gender-specific,” and tightly linked to
the role of women in planting (Smith 1992, 31). As
such, their presence in the early Dutch deposits may
no longer be easily dismissed as “emergent”
“weeds”—indicative of environmental trauma—of
“modern” origin, but instead as potential carryovers,
or transplants, of long-established indigenous
foods—perhaps extending back many centuries be-
fore the arrival of the Dutch.

However, given the fact that only single speci-
mens of lambsquarters (Chenopodium sp.) and
amaranth (Amaranthus) were recovered from early-
seventeenth-century contexts, it is difficult to eval-
uate their presence based on either the contextual
or morphological criteria of domestication (thick-
ening of seed casing)—identifiable only with elec-
tron microscope scans not readily available at the
time of the original analysis of the Dutch West
India Company samples—set forth by Bruce Smith
in his study of Midwestern prehistoric specimens of
chenopods (Smith 1992, 110–23).

In addition, the recovery of pollen and seeds of
purslane from cores near Iroquois sites in the Great
Lakes region, dating to between the fourteenth and
sixteenth centuries, suggests that purslane was also
exploited as a North American potherb, and possi-
bly as a source of nutritional seeds, both before and
after European contact (Byrne and McAndrews
1975, 726–27). The persistent association of
purslane with the better-known prehistoric Native
American crops (corn, pumpkin/squash, and beans)
has been interpreted by North American archaeol-
ogists as indicative of Iroquois agriculture beginning
at least 650 years earlier than estimated—ca. AD
1350 (Delcourt 2004, 92–94; McAndrews and
Boyko, Diakonio 1989, 528–30; Byrne andMcAn-
drews 1975, 726–27). In addition, Delcourt and
others classified purslane as a critical element of pre-
historic sustenance, of equal import with other
traditionally recognized indigenous cultigens: “Ev-
idence of local cultivation of plants included pollen
frommaize and cucurbits [pumpkin/squash], pollen
and seeds of sunflower, and pollen and seeds of

purslane” (Delcourt and Delacourt 2004, 94; em-
phasis added; Byrne and Finlayson 1998, 94–107).

Two non-food plants, bedstraw (Galium sp.)
and tobacco (Nicotiana sp.), both recognized as
members of the Eastern Agricultural Complex, were
recovered from seventeenth-century contexts at the
site. A single seed of bedstraw (Galium) was recov-
ered from an unambiguous early-seventeenth-
century context (Component 13—see Tables 8.2
and 8.3). Although bedstraw has been included by
prehistoric archaeologists in the Eastern Agricultural
complex because of its utility as a late prehistoric
Native American dye (Delcourt 2004, 42), its pres-
ence may also have been due to its importance as
an indigenous and/or European medicinal plant. Fi-
nally, one tobacco seed was recovered from Com-
ponent 38 (the “Tienhoven Basket/Cask”), which
can now be dated to post-1650 to 1660, versus late
in the seventeenth century (Jan Baart pers. com.
Dec. 4, 2009; see Tables 8.1, 8.2, 8.3). A second
possible example of a tobacco seed came from a
1630–1650 context (Component 13; Tables 8.1,
8.2, 8.3). However, a question mark in the original
laboratory seed inventory notes puts its identity in
question. Both only provided material evidence that
tobacco was present in the mid-seventeenth cen-
tury—a fact that was already well documented in
the archival record (Jacobs 2005, 231, 261; 2009,
124–28).

Ethnohistorical Parallels and Analogues

Archaeological evidence is generally restricted to the
recovery of either burned or waterlogged seeds; eth-
nohistorical archival sources may also include refer-
ences to the use of soft tissue (leaves, roots, and
stems) that are not generally preserved in the ar-
chaeological record. In addition to their long tenure
in prehistoric archaeology, historic ethnobotanical
accounts suggest that the recovery of pokeweed,
amaranth, lambsquarters, and purslane in the sev-
enteenth-century deposits in New Amsterdam may
also reflect their continuity as “carryovers” or the
residual byproducts of indigenous patterns of ex-
ploitation as esculents, or potherbs, and/or, as I sug-
gest below, as medicinal plants. Members of the
amaranth and Chenopodium families, pokeweed and
purslane were exploited as potherbs both in Europe
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and by contact-period indigenous groups in the
eastern United States (Delcourt 2004, 42; Hedrick
1919, 43–44; Foster and Duke 2000, 243). Poke-
weed is native to eastern North America, and in ad-
dition to the use of its berries as a dye, its young
leaves are edible and taste like asparagus (Peterson
1977, 46; Grieve 1931, 648). The Iroquois, the
Mohegan, and the Ojibwa harvested lambsquarters
(Chenopodium sp.) as a vegetable (Tantaquidgeon
1972, 83; Waugh 1916, 117; Arnason, Hebda, and
Johns 1981, 2209; Regan 1928, 240). Both were
documented as historic-era potherbs and “spinach”
in North America (Hedrick 1919, 43,161).

Knotgrass or bistort (Polygonum sp.) was
broadly recognized in Europe as a garden herb that
was exploited both as a potherb and for its medici-
nal qualities. Its starchy root was eaten in eastern
and northern Europe “in times of scarcity as a sub-
stitute for bread” (Hedrick 1919, 449). Where en-
countered, it was presumed to have been “an escape
from cultivation” (Grieve 1931, 105) and was de-
scribed by the sixteenth-century herbalist Fuchs as
being “commonly found along paths” (Dressendor-
fer 2001, 901). Of potential relevance to its recov-
ery in seventeenth-century contexts in New
Amsterdam, Grieve advised that “when it has a cor-
ner in the Kitchen garden, it is well to pluck it now
and then, even when it is not immediately required
for culinary purposes” (Grieve 1931, 103).

Finally, purslane, or “pulsey”, was used in sev-
enteenth-century Europe as “a pleasant salad herb
. . . with oil, salt and vinegar”; the younger shoots
in salads and the older shoots as “potherbs . . .
[and] . . . largely cultivated in Holland” (Grieve
1931, 660). The sixteenth-century German
botanist Fuchs listed purslane as a vegetable and its
buds as substitute for capers (Dressendorfer 2001,
903). It was also recorded in colonial-era Native
American contexts in eastern Canada. In 1605
Champlain observed purslane in native gardens
among the Maine coast and noted that it grew in
“large quantities among the Indian corn” (Hedrick
1919, 451).

The presence of many of these exploited seed,
potherb, and medicinal plants in the seventeenth-
century contexts from the Pearl Street block both
broadens the range of potential indigenous foods
and resources available to the early Dutch inhabi-
tants and supports the argument that they may

have been more dependent on Native American
foods and plants in the first half of the seventeenth
century than previously recognized. Several schol-
ars have pointed to poor crop yields in the first half
of the seventeenth century, but not—other than
corn—to the exploitation of other Native Ameri-
can food sources that may have been available (Ja-
cobs 2005, 220; Jacobs 2009, 119: Folkerts 1996,
42–52). As alluded to in my introduction, recent
research by students of climate history has sug-
gested that the stressed agricultural production of
the mid-seventeenth century (and specifically the
decade of 1640) may be partially attributed to
broader worldwide patterns of severe weather
events, including spikes in volcanic activity,
drought, and extreme cold during what has been
called the Little Ice Age (Parker 2008, 1063–73;
Gehring 2009, 78).

THE SEARCH FOR EUROPEAN
VEGETABLES

In addition to underscoring the role of indigenous
plants, this reanalysis has yielded new, and appar-
ently the first, material evidence for the presence of
European vegetables in the archaeological record of
seventeenth-century New Netherland. This previ-
ous gap in the physical record was particularly per-
plexing because archival sources suggested that a
broad range of Dutch garden vegetables, including
members of the Brassica or cabbage family, should
have been archaeologically visible in the seventeenth
and eighteenth-century samples at Pearl Street.

The “discovery” of seeds of European-derived
vegetables came about during the reanalysis of the
original seed tabulations by the author, which led
to the identification of a thirty-year-old data entry
error in the laboratory and computer records. The
1984 laboratory inventory included entries of five
seeds that were initially identified as members of the
nightshade family (Solanaceae) (Grossman et al.
1985, Appendix II). However, comparison of the
hard copy duplicates to the computer files revealed
that although these entries had been corrected as
“Brassica” in the original laboratory notes, they had
not been transferred and corrected in the final data-
base inventory as submitted with the official draft
report (Grossman et al. 1985). Once rectified, the
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question became: (1) What vegetables were repre-
sented, and (2) how might they be distinguished?

Given the fact that most members of the Bras-
sica or cabbage/mustard family are characterized by
small (ca. 1.65 to 2.1 mm) round to oval seeds only
distinguished from one another by small increments
in size, two lines of evidence were used to define
which vegetables may have been actually present:
(1) a comparison of the seed sizes of the archaeo-
logically recovered Brassica to control samples of
modern garden varieties and to those of “wild” mus-
tard seeds (introduced from Europe and adapted to
the Northeast, and (2) a review of ethnohistorical
literature to refine the range of potential Brassica
cultigens in the archaeological record.

Metric Comparisons of Modern Brassica and
Wild Mustard Seeds

Eight kinds of modern garden Brassica (cabbage,
kale, Brussels sprouts, turnip, broccoli, cauliflower,
and radish) were measured and averaged (from ten
seeds per type) to yield a median diameter for each
seed type. A “fudge factor” of 10 percent above and
below the mean diameter was then plotted to show
the size range of each seed type relative to the sizes
of each of the five archaeologically recovered speci-
mens. In addition, samples of seeds from beets and
radishes were measured, but neither belonged to the
Brassica family of vegetables, and both fell outside
the size ranges of the “modern” seeds of that genus
(Table 8.7).

The results showed that the five cases of ar-
chaeologically recovered Brassica or cabbage/mus-
tard family seeds overlapped in size with six of the
modern comparative samples: kale, turnip, broccoli,
Brussels sprouts, cabbage, and cauliflower. In addi-
tion, the archaeologically recovered Brassica seeds
were compared to size ranges of “Wild Mustard”
seeds—from the published measurements in the
Cornell University inventoryWeeds of the Northeast
(Uva, Neal, and diTomaso 1997). These overlapped
in size with five introduced varieties: “Yellow
rocket,” Hedge mustard, Field pennycress, Virginia
pepperweed, and “Wild Mustard” (Table 8.7).

When cross-referenced to Sturtevant’s Edible
Plants of the World (Hedrick 1919), (1) each of the
metrically comparable “Wild Mustard” species was

of European origin, naturalized in the northeast
United States, and described as escaped “weeds” in
the modern botanical literature, (2) most were also
harvested in the wild or cultivated as garden herbs
in both Europe and the eastern United States and
Canada, and 3) all were classed as “esculents” or ed-
ible plants in eighteenth and nineteenth-century ac-
counts. Three—“Yellow Rocket,” “Hairy
Bittercress” (also referred to as “Scurvy Grass”), and
“Hedge Mustard”—were formerly used as “salads,”
potherbs, and/or “spinach” (Hedrick 1919, 82, 141,
536). “Wild Mustard”—also referred to as “Wild
Radish” (Uva et al. 1997, 170–71)—was described
by Sturtevant as a “troublesome weed of Europe
naturalized in northeastern America,” but its leaves
were eaten as a salad and its pungent seeds used as
a substitute for mustard (Hedrick 1919, 483–84).

Ethnobotanical and Historical Clues

Four sixteenth and seventeenth-century botanical
accounts and plant catalogs (Table 8.8) were then
surveyed to refine the range of the potential Bras-
sica suggested by seed measurements (Table 8.7).
Two, Van Tienhoven, secretary to the director of
New Amsterdam, and Van der Donck, wrote about
Dutch vegetables in New Netherland. The third
and fourth sources came from lists of plants com-
piled by sixteenth and seventeenth-century Dutch
botanists working in Holland. One of the latter
came from the work of Van der Groen, the official
gardener of William III, who published The Dutch
Gardener (1669). The fourth continental source
came from a recently published archive of 1,115 wa-
tercolor paintings of plants, known as the Libri Pic-
turati, which was the first morphologically precise
illustrated catalogue of native and exotic plants in
the Low Countries (de Koning et al. 2008).

The Libri Picturati was apparently conceived,
coordinated, technically defined, and annotated by
Carolus Clusius (or Charles de L’Ecluse [1526–
1609]), physician and botanist, who—as we will
discuss below in the context of medicinal plants and
the role of botanical training at Leiden University—
later became professor of botany and designed the
Hortus Botanicus at the University of Leiden (of
which only 25% , versus 100%, as had been previ-
ously assumed by earlier scholars, was dedicated to
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medicinal plants) (Cook 2007b, 119; van Uffelen
2008a, 54–59; Egmond and Ramon-Laca 2008, 45;
Hophouse 1977, 118). Clusius’s detailed annota-
tions included morphological attributes, informa-
tion on the “ecological character” [sic] and
geographic distribution, and advice on the best ways
to grow plants in gardens (Egmond 2008, 20). This
sixteenth-century source is important in this con-
text (1) because of the caliber of scientific data it
showed was available to seventeenth-century stu-
dents of medicine and botany at Leiden, (2) because
it reflected an “ecological” approach to the catego-
rization of plants by habitat—i.e., plants growing
in marshes, by the sea, in “rough, sandy, and sunny
places,” etc. (Savoiea et al. 2008, 91), and (3) be-
cause it included Cauliflower in the mid-sixteenth-
century catalogue of Brassica, suggesting that it was
probably present in seventeenth-century New Am-
sterdam as well.

The later-seventeenth-century work of Van der
Groen, the official gardener ofWilliam III, included
a formalized plant inventory and conceptual design
templates for the layout for a typical Dutch
“kitchen” garden and “fruit and berry” garden. His
template for the ideal “kitchen” garden was divided
into four functionally and spatially distinct quad-

rants: “Brassicas and roots,” salad plants, medicinal
herbs, and aromatic herbs. Van der Groen’s list of
“Brassicas and roots” included “Canadian Onion,”
asparagus, beet, cabbage, carrot, Spanish radish, and
“others” (Oldenburger-Ebbers 1990, 167). Unfor-
tunately, his grouping of “Brassicas and roots” into
one category obscured the distinction between true
cabbage and non–cabbage family vegetables.

The 1650 report by Van Tienhoven listed the
contents of the first gardens in New Netherland as
being “made and planted in season with all sorts of
potherbs, particularly parsnips, carrots and cab-
bage, which bring great plenty husbandman’s
dwellings,” including “whatever else is normally
found in a cabbage and kitchen garden”
(O’Callaghan 1856, 369; Jacobs, 2005, 28; 2009,
9). Likewise, Van der Donck also explicitly men-
tioned the cultivation of turnips: “Turnips are as
good and firm as any sand turnip in this country
[Holland] can be” (Goedhuys 2008, 31; Jacobs
2009, 9). Turnips were also under cultivation in
seventeenth-century Canada, New England, and
Jamestown (Hedrick 1919, 120).

Three of the historical sources—Van der Groen,
Van der Donck, and Van Tienhoven—included
cabbage in their lists of garden plants of the Cru-
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TABLE 8.8. Table of Sixteenth and Seventeenth-Century Archival References to Brassica

HISTORIC 17th CENTURY ARCHAEOLOGICAL
MODERN BRASSICA LITERARY REEFERENCES SEEDS

Clusius/Saint Omer,
[Holland] Libri Projected

Van der Groen Picturati - ca. 1564-59, Identifications—
Van der Donck Van Tienhoven [Holland] (de Koning et. al, 2008; Seed Sizes &

[New Amsterdam] [New Amsterdam] (Oldenburger-Ebbers, Uffelen 2008; Historical References
(Mustard/Cabbage Family) (Goedhuys 2008, 28) (Singleton 1909, 14) 1990, 167) Egmond 2008) (See Table 13-8)

Cabbage X X X X (n=14) §

Turnip X X (n=1) §

Mustard X (n=5) §

Kale X (n=3) §

Broccoli

Cauliflower X (n=1) ?

Radish X

Brussels sprouts

Kohlrabi * X(n=1)

Rape * X(n=1)

This comparison of contemporary New World and European ethnobotanical accounts and plant inventories, together with the metric (seed-size) identifi-
cations of archaeologically recovered seeds (see Table 8.7), suggests the possible presence of cabbage, kale, mustard, turnip, and possibly cauliflower,
beets, and spinach, but no evidence, either physical or archival, for the seventeenth-century presence of broccoli, Brussels sprouts, or radish in New Am-
sterdam. (Note: * = not measured; n = number of varieties listed.)



ciferae/Brassica family (Table 8.8). Cabbage was
recorded in Canada by 1540, observed in Haiti by
1556, in Brazil by 1647, and in Virginia by 1669
(Hedrick 1919, 114). Given that both Van der
Donck and VanTienhoven mentioned it, it is prob-
able that cabbage was also one of the first Brassicae
in New Amsterdam (Goedhuys 2008, 28;
O’Callaghan 1856, 368). However, neither Van der
Donck nor Van Tienhoven mentioned the wider
range of vegetables in the modern inventory of Bras-
sica or cabbage family produce, for example, mus-
tard, broccoli, kale, or Brussels sprouts. Van der
Groen mentioned the radish in Holland, but it was
not mentioned by Van der Donck or Van Tien-
hoven in their lists of Brassicae in New Amsterdam.
This omission may not have been an oversight
(Table 8.8).

Although not explicitly mentioned by any of
these archival references, kale—an “open” green
without the closed head of cabbage or edible “flow-
ers” of cauliflower or broccoli (Hedrick 1919,
107)—may have been present in New Amsterdam
early on. Kale was observed in Haiti as early as
1565, and recorded in Virginia by 1669 (Hedrick
1919, 108–109). Not only is kale early in the New
World historical record, but modern nutritional
studies rank it highest (by 30 to 50%) among the
vegetables for vitamin K and Lutein (a key source of
carotenoids in the lens of the eye) relative to turnip
greens, Swiss chard, and raw spinach (Liebman and
Hurley 2009, 15). In his 1543 New Herbal, Fuchs
discussed five kinds of Brassica as a group, but only
explicitly mentioned cabbage and kale, an omission
suggesting that the two were primary in the mind-
set of sixteenth-century herbalists (Dressendorfer
2001, 910).

The ethnobotanical record also suggests that two
modern members of the Brassica or cabbage/mus-
tard family, broccoli and Brussels sprouts, not men-
tioned by Van der Donck, Van Tienhoven, or Van
der Groen, may not have been part of the seven-
teenth-century inventory of garden produce in New
Amsterdam. Broccoli was not commonly mentioned
or illustrated by European botanists until the early
eighteenth century (Hedrick 1919, 110–11). Brus-
sels sprouts were not documented in Belgium,
France, or England until the early nineteenth cen-
tury, and not in American gardens until 1806; and
its seeds were not listed for sale here until 1828

(Hedrick 1919, 112). Finally, although not men-
tioned by the three other sources, a single variety of
cauliflower was depicted and described, together
with fourteen kinds of cabbage and four kinds of
kale, in the mid-sixteenth-century Libri Picturati by
Clusius (van Uffelen 2008b, 117, Fig. 4).

Thus, based on these multiple lines of archival
and metric evidence, the comparison of the five ar-
chaeological samples to modern Brassica seeds, to
seed sizes for “Wild Mustard,” and, finally, to his-
toric sixteenth and seventeenth-century botanical
surveys, the actual diversity of garden vegetables
may in fact have been quite limited for sevene-
teenth-century Manhattan. Out of the range of po-
tential candidates, the five archaeological seeds
could have derived from either cabbage, kale,
turnip, and possibly cauliflower, or from one of five
varieties of introduced “wild” mustard, of which
three were exploited as either potherbs or condi-
ments (Tables 8.7 and 8.8). Finally, given the dy-
namic European and transatlantic trade in seeds
from the sixteenth century onward, the inclusion of
cabbage, cauliflower, turnip, beets, and spinach in a
1673 English catalogue of seeds suggests that these
garden cultivars may also have been available in
mid-seventeenth-century New Amsterdam (Thick
1990, 115–16).

Taken together, the archaeological and ethnob-
otanical evidence coalesce to suggest that the early-
seventeenth-century plants represented an amalgam
of both native and introduced varieties; some long
recognized, such as indigenous fruits, berries, and
squash/pumpkin; others only recently recognized as
nutritional sources from indigenous potherbs and
seed-bearing food sources; augmented by what can
now be described as imported European members
of the Brassica/Cruciferae family; and finally, as will
be argued below, the recognition that at least half
of the early-seveneteenth-century archaeologically
recovered seeds may have been present at the site
due to their medicinal qualities.

INDIGENOUS AND EUROPEAN
MEDICINAL PLANTS

The importance of medicinal plants among con-
tact-period Native American groups is well estab-
lished in the ethnobotanical and historical literature.
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What is new here is the notion that many of the
excavated seeds found in Lower Manhattan may be
archaeological manifestations of these ethnobotan-
ical patterns. As elaborated below, my idea that
some of the archaeologically recovered seeds may
have been used as medicines initially came from his-
torical suggestions that a seventeenth-century me-
dicinal garden may have been planted within the
block by one of the Dutch West India Company
surgeons, presumably Dr. Hans Kierstede, and from
the fact that his wife played an important role with
Native American women (Grossman 1985, 2000).
This premise led me to incorporate the work of
William A. Fenton, Native American ethnobotany,
and that of European herbalists, to expand on the
idea that some, if not most, of the identified plants
may have been used both as foods and, perhaps
more importantly, as medicines in seventeenth-cen-
tury New Amsterdam.

Cross-Cultural and Interregional Patterns
of Exchange

In his important 1942 study of indigenous medic-
inal plants and cross-cultural exchange, “Contacts
between Iroquois Herbalism and Colonial Medi-
cine,” Fenton highlighted the fact that knowledge
of medicinal plants was not restricted in function
to specific ethnic groups or localized territories. His
observations on intertribal networks of exchange
throughout the northeast are important because
they provide a basis for looking beyond the limits of
Manhattan Island for Native American ethnob-
otanical analogues. In particular, his work with lin-
guistic parallels documented that similar plant
names cross-cut tribal and geographic boundaries,
and that much of the Native American knowledge
was interregional, with common linguistic cognates
and uses shared between distinct indigenous groups
throughout the northeast and mid-Atlantic regions.
He explicitly wrote: “In comparing present Iroquois
and Algonquian plant names we find some names
that have similar meanings and yet we cannot be
sure in which direction such ideas traveled [between
different ethnic groups]” (Fenton 1942, 505). These
interregional networks of medical and botanical
knowledge were also at times long-distance. Fenton
cited the example of an injured Mohawk warrior

who traveled 2,100 miles to be treated by a tribal
surgeon (Fenton 1942, 512).

Fenton furthermore noted that scholars and
early botanists were “hard put to decide which
plants a century after contact were native and
whether Indians or colonists first used them medi-
cinally” (Fenton 1942, 514). However, it is also
clear that the exchange of medicinal information
and plant knowledge was going on in both direc-
tions—clearly in the eighteenth century, and prob-
ably so in the seventeenth century as well. Fenton
cited the observation of two eighteenth-century
botanists working in North America to suggest that
“the Indians were eager to learn the remedies of the
white physicians” (Fenton 1942, 525).

His World War II–era ethnobotanical work on
Native American medicinal plants also underscored
the problems posed by the reticence of native
herbalists to divulge traditional secrets, specifically
concerning their uses and sources. He noted that
native plant collectors and traders were aware of the
financial gains possible and were thus reluctant to
share their knowledge (Fenton 1942, 506). He also
identified impediments to ethnobotanical interpre-
tation caused by linguistic ambiguities and the is-
sues of inconsistent transliterations between what
the Dutch thought they heard and later botanical
attributions, with many native names remaining
unknown to European botanists until Peter Kalm
and John Bartram began to apply the techniques of
Linné (Carl Linnaeus) in the eighteenth century
(Fenton 1942, 515).

Despite these constraints, similar networks of
information exchange have been documented in the
historical and archaeological record of Dutch, Eng-
lish, and French interregional trade. Not only do ar-
chaeologists and historians now recognize fluid
interregional patterns of exchange between Dutch
and English settlements along the eastern seaboard
(Wilcoxen 1987, 23–37), but in addition, ceramics
experts working in Jamestown have recognized the
difficulty of distinguishing English from “Dutch”
ceramics in the early seventeenth century. They con-
cluded that “much of the material culture found in
early 17th century sites in North America is the
result of Dutch Traders who offered better rates . . .
than the English” (Straub and Luccketti 1996, 20).
Parallel historical research now also corroborates the
existence of dynamic trade networks between

102 JOEL W. GROSSMAN



Jamestown and New Amsterdam in the first half of
the seventeenth century (Matson 2009, 100).

These patterns of fluid trade of material goods
and information between the English and the
Dutch were paralleled by concurrent exchanges be-
tween the Dutch of New Netherland and the
French Jesuits of Canada (Fenton 1942, 511). Je-
suit missionaries were steeped in Dutch medical lit-
erature and maintained dynamic networks for the
international exchange of drugs and medicinal
knowledge through the publication of medical
“handbooks” and broadly dispersed networks of
pharmacies in Europe and the Americas (Anagnos-
tou, 2007, 301–302). Similar to the writing of Clu-
sius of Leiden, discussed below, “These [Jesuit]
handbooks contain[ed] descriptions and drawings
of many indigenous plants, information about the
best period to collect them and optimal storage con-
ditions, explanations about their medicinal effects,
and advice for the preparation of different medica-
tions” (Anagnostou, 2007, 301). Their motives were
similar to those of the seventeenth-century Dutch
botanists, doctors, and apothecaries. For the Dutch,
English, and Jesuits, European drugs were expen-
sive, hard to come by, and often lost their effective-
ness after long international voyages (Anagnostou
2007, 300). It is also probable that what the Dutch
knew of indigenous medicinal plants was, like the
material record, shared between the English settlers
of Jamestown and, in all probability, with the
French Jesuits of Canada.

Finally, Goedhuys’s 2008 translation of botani-
cal names and origins of plants listed in Van der
Donck’s 1655 A Description of New Netherland also
suggests that the repertoire of medicinal plants
known to the mid-seventeenth-century Dutch of
New Amsterdam may have come from multiple
ecological zones throughout the northeast, and in
several cases from distant, and in one instance, in-
ternational sources. Seven (7) or 20 percent of Van
der Donck’s inventory were introduced species. One
(Scholopentria) came from Florida, and at least one
other, “Dragon’s Blood,” was native to Indonesia
(Goedhuys 2008, Appendix, 144).

These ethnohistoric observations are important
for the following assessment of the plants found in
the archaeological features of New Amsterdam be-
cause they imply that indigenous and European me-
dicinal knowledge traveled in a fluid network of

interregional exchange over considerable distances,
and across tribal, and/or ethnic boundaries through-
out the northeast and the mid-Atlantic regions of
the eastern United States.

Ethnobotanical Evidence of Medicinal Plants

Despite the limits posed by the excavated seeds
being defined to only the genus level, the difficulties
of correlating pre-Linnaean plant descriptions by
sixteenth and seventeenth-century herbalists to
modern varieties, and ambiguities over the direc-
tion of information exchange, it is possible to iden-
tify multiple cases from North American and
European ethnobotany to suggest that similar pat-
terns of cross-cultural and interregional, if not in-
ternational, botanical exchange were taking place in
seventeenth-century New Amsterdam.

At the most general level, of the nineteen plants
identified in the earliest deposits, at least ten were
recognized, both in North America and Europe, for
their medical qualities, and many as members of the
household garden. Of these, no less than five (blue-
berry, knotweed/knotgrass, or “bistort,” amaranth,
raspberry, and lambsquarters) were recognized as as-
tringents—substances that shrink tissue, dry up se-
cretions, and restrict blood flow. At least three
(including knotweed, or “bistort,” and toadflax)
served as diuretics that help in the elimination of liq-
uids, especially urine. Two of the identified plants
(pumpkin/squash and lambsquarters) were well-
known anthelmintic cures for intestinal worms
(Meyer 1972, 148–58).

At a more specific level, the following treatment
of the recovered plants from the seventeenth-cen-
tury Pearl Street site can be organized into three pri-
mary cross-cultural categories: (1) indigenous
medicinal plants of probable local origin that were
either analogues of recognized European plants or
adopted by the Dutch, (2) medicinal plants that
could have come from either indigenous North
American or European sources, and (3) plants with
documented indigenous and European medicinal
uses of probable European origin. Together, they
highlight multiple ethnobotanical parallels in in-
digenous and European medicinal uses between the
properties and uses of potential medicinal plants by
different, and often distant, indigenous groups in
the northeast (Table 8.9).

Archaeological Indices of Environmental Change and Colonial Ethnobotany 103



Indigenous Medicinal Plants

In addition to their nutritional value, at least five of
the early plants (amaranth, lambsquarters, poke-
weed, pumpkin/squash, and strawberries) may have
been present because of their medicinal qualities.

CHENOPODS (AMARANTHUS SP. AND

CHENOPODIUM SP. )—“LAMBSQUARTERS ,”
“GOOSEFOOTS,” AND “WORMSEED”
Chenopods were recognized by both Native Amer-
ican and European herbalists for their medicinal
qualities. The seventeenth-century English herbal-
ist Culpeper lauded Amaranth for stopping blood
flow in both men and women, and bleeding, either
from the nose or a wound, and specifically recom-

mended it as a “most gallant anti-venereal and a sin-
gular remedy for the French Pox” (Potterton 1983,
15). The herbalist Grieve pointed to its use to treat
chronic diarrhea, dysentery, fevers, and malaria . . .
and commented that it was superior to quinine
(Grieve 1931, 30). Additionally, a synonym for
lambsquarters (several varieties of chenopods) in
seventeenth-century Europe was “pilewort” (Meyer
1972, 95), or “smearwart,” reflecting its use as an
ointment to clean and heal chronic skin sores,
which the English herbalist Gerard said “they do
scour and mundify” (Grieve 1931, 365). In tandem
with their European medicinal analogues, the leaves
of both amaranth and lambsquarters were used by
Native Americans as astringents to reduce swelling,
to treat dysentery, diarrhea, and ulcers, and to stop
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TABLE 8.9. Table of Potential Plant Origins

Although limited to predominantly the genus level of botanical identification, and only suggestive, the identified plants can be grouped into three transat-
lantic categories: (1) those of probably indigenous or of Native American origin, (2) those that could be from either continent, herein defined as Bilateral
or Analogous (origin undetermined, or parallel uses at the genus level), and (3) those of probable European origin. This “best guess” depiction of po-
tential origins suggests a balanced mixture of both indigenous and introduced species—many with parallel transatlantic ethnobotanical functions—most
visibly during the early to mid-seventeenth century, but incrementally less so by the early eighteenth century. Graphic: Joel Grossman, Ph.D. © 2010



intestinal bleeding (Foster and Duke 2000, 243).
The Mohegan used an infusion of amaranth leaves
for sore throats (Tantaquidgeon 1972, 70, 128).
The Iroquois used lambsquarters to treat diarrhea,
as a salve for burns, and to aid with milk flow (Her-
rick 1977, 315–16).

But perhaps the most striking parallels in me-
dicinal qualities were manifested by the use of sev-
eral species of chenopods to treat intestinal worms.
In both continents, varieties of Chenopodium were
seen as effective anthelminic treatments for the re-
moval of round worms and hookworms, “especially
in children” (Grieve 1931, 885; Chevalier 1996,
186). One species of Chenopodium, native to the
northeast, was commonly referred to as “wormseed”
in Europe and as “American wormseed” in the
United States (Grieve 1931, 189, 854–55). In 1895,
the active ingredient from Chenopodium seeds was
distilled to yield “Wormseed or Chenopodium
Oil,” which was used extensively in World War I as
a preferred prescription capable of removing 95 per-
cent of a patient’s worms with three treatments
(Grieve 1931, 856).

Significantly, three scholars, working on the
ethnobotany and indigenous medicines of three dif-
ferent eastern Native American groups, documented
parallel medicinal uses of Chenopodium seeds for the
treatment of worms. The Natchez, derived from the
Mississippian Moundbuilders, gave the plant as a
pediatric treatment for worms in children (Taylor
1940, 22). The Rappahannock, who in the seven-
teenth century lived near the English settlement of
Jamestown, Virginia, gave children a concoction of
stewed Chenopodium seeds for worms (Speck 1942,
30), and the Seminole administered a decoction of
the whole plant for “worm sickness” (Sturtevant
1954, 241).

SQUASH/PUMPKIN (CURCURBITA SP. )
Like Chenopodium seeds, those of pumpkin and
squash have long been seen as important cures for
both intestinal worms and urinary tract ailments.
The Iroquois used an infusion of pumpkin seeds to
treat children with reduced urination (Rousseau
1945, 66). As an early introduction to Europe, the
sixteenth-century German herbalist Fuchs recom-
mended pumpkin seeds, which he lumped together
with cucumbers, melons, and cantaloupe—an am-
biguity perhaps reflecting its recent arrival from

America—“when the bladder is being difficult,” a
prescription that coincided with the modern use of
extract of pumpkin seeds for urinary and prostate
problems (Dressendorfer 2001, 918, 928). Pump-
kin seeds have also been long recognized as a Na-
tive American cure that was adopted by American
doctors in the early nineteenth century as “among
the most valued anthelminics for the removal of
tapeworm” (Ripley and Dana 1875, Vol. XIV, 87–
88). They are still used by modern herbalists as a
nontoxic treatment to excise tapeworms in pregnant
women and children (Chevallier 1996, 194).

POKEWEED (PHYTOLACCA SP. )—
“AMERICAN NIGHTSHADE,” “CANCER
ROOT,” “AMERICAN SPINACH”
The twentieth-century herbalist Grieve described
pokeweed as “one of the most important of indige-
nous American plants” (Grieve 1931, 648). It was
widely viewed as a dermatological cure for skin dis-
eases by both Europeans and Native American heal-
ers (Grieve 1931, 648; Speck et al. 1942, 29). The
Delaware Indians used it as a stimulant to treat
rheumatism, as a blood purifier, for chronic sores,
and to treat glandular swelling (Tantaquidgeon
1972, 27, 32, 78). Illustrating parallel medicinal
uses between often distant groups, the Rappahan-
nock of Virginia used pokeweed as a dermatological
aid to treat poison ivy, rheumatism, warts, and piles
(Speck et al. 1942, 29). Likewise, the Iroquois in
New York also used it as a dermatological treatment
for sprains, rheumatism, bruises, swollen joints,
bunions, “skin lumps,” as an expectorant to treat
liver sickness, as a blood purifier, and as a love med-
icine (Parker 1910, 93; Herrick 1977, 316–17).
The Mohegan used a salve from its leaves to treat
sore breasts and as an antidote against poison (Tan-
taquidgeon 1972: 74, 83; Parker 1910, 93).

STRAWBERRIES (FRAGARIA SP. )
Strawberries were important to both Native Amer-
icans and Europeans for their medicinal qualities.
The University of Michigan Database of Ethnob-
otany currently documents fourteen specific me-
dicinal uses for strawberries by the Iroquois alone,
many pertaining to stomach ailments (Moerman
2004; http://herb.umd.umich.edu/). These in-
cluded its use as a blood remedy, as a treatment for
stomach bleeding, for the regulation of menstrual

Archaeological Indices of Environmental Change and Colonial Ethnobotany 105



flow, for bloody diarrhea, for sties, for babies with
colic, for gonorrhea, strokes, as a wash for chancre
sores, to soothe teething babies, as a general blood
remedy, and as an antidote for snakebite (Herrick
1977, 352; Moerman 2004). The Ojibwa used
strawberries for stomach aches, especially with chil-
dren (Smith 1932, 384). Similarly, the Chippewa
used the berries to treat “cholera infantism,” or chil-
dren’s dysentery (Densmore 1928, 346). Although
farther away, the Cherokee also used strawberries to
treat dysentery, urinary and bladder problems, kid-
ney disease, jaundice, scurvy, and nerves (Hamel
and Chiltoskey 1975, 57). Referring specifically of
its use by native peoples in New Amsterdam, Van
Rensselaer wrote: “They would brew cat-nip for the
sick or strengthen an invalid with a decoction of
strawberry leaves” (Van Rensselaer 1898, 74). The
European herbalist Grieve described strawberries as
a common medicinal component in seventeenth-
century “pharmacopoeias” and cited the seven-
teenth-century herbalist Culpeper who saw them as
“singularly good for the healing of many ills”
(Grieve 1931, 777).

Transatlantic or Bidirectional Analogues

Three of the identified seed types (purslane, bed-
straw, and knotgrass) occurred in both European
and North American contexts and could have come
from either source (Table 8.9).

PURSLANE (PORTULACA SP. )
In addition to now being recognized as a potherb
on both continents, purslane was also used in the
seventeenth century as a medicinal herb by both
North American indigenous peoples and European
herbalists. As Fenton warned, it also represents a
good example of the difficulty of establishing the
direction of these transatlantic parallels in its use as
a medical plant. It was appreciated as an important
medicinal plant at least by the sixteenth century and
was listed in Fuchs’s New Herbal of 1543 as a cure
for many ailments (Grieve 1931, 661). Also known
as “pulsey,” it was prescribed by the mid-seven-
teenth-century herbalist Culpepper as a treatment
for gout (Grieve 1931, 660). In the 1650s, Gerard
recommended the raw leaves to ease teeth “that are
set on edge with eating of sharpe [sic] and soure [sic]

things” (Grieve 1931, 660). Purslane was also seen
by sixteenth and seventeenth-century Dutch ex-
plorers as a cure for scurvy, perhaps due to its high
vitamin content. In his 1593 voyage to the South
Sea, near Cape Saint Thomas off Brazil , Sir Richard
Hawkins found a “great store of the herbe [sic]
purslane . . . which he used to treat his scurvy-suf-
fering crew” (Hedrick 1919, 451). Its medicinal
qualities may have to do with the fact that it con-
tains several neurohormones, reported to reduce tis-
sue hemorrhage, its high levels of vitamins A, C,
and E, riboflavin, calcium, phosphorus, magne-
sium, and iron; and like fish oils, it is one of the
richest natural sources of omega-3 fatty acids
(Shimer 2004, 98; Peterson 1977, 72; Foster and
Duke 2000, 110).

The ethnobotanist Shimer wrote that “Native
American people ate purslane, but were more in-
terested in its medicinal applications” (Shimer
2004, 100). Although it was cooked and seasoned
by the Iroquois as a potherb (Waugh 1916, 118),
they also used the juice from its leaves as a derma-
tological treatment for burns, insect bites, and
bruises (Herrick 1977, 318). Tea from its leaves was
used for diarrhea, stomach aches, and urinary tract
infections (Shimer 2004, 100). Likewise, the Rap-
pahannock of Virginia used the leaves to make a
topical salve to treat “footage trouble,” or sore feet
(Speck 1942, 28).

BEDSTRAW (GALIUM SP. )
Galium is both a European and American genus and
as such could have derived from either continent.
It was recognized by European herbalists and North
American indigenous peoples as a dye, for its me-
dicinal qualities and for the shared chemical char-
acteristics among different species of the genus
(Grieves 1931, 92; Delcourt 2004, 42; de Koning
2008, 121). As reflected by the sixteenth-century
reference to bedstraw as “cheese rennet,” for its abil-
ity to curdle milk, these organic characteristics con-
tributed to its medicinal qualities as well. Used
mainly as a diuretic and for skin problems, in 1735
the Irish herbalist K’oeh wrote of bedstraw that
“when applied to burns, the crushed flowers allevi-
ate inflammation, and when applied to wounds,
they heal them” (Chevallier 1996, 212). Among Eu-
ropean herbalists it was also formerly “highly es-
teemed as a remedy for epilepsy and hysteria and
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externally for cutaneous eruption, and is currently
recognized as a popular remedy for gravel, stone and
urinary tract diseases” (Grieves 1931, 91). The sev-
enteenth-century English herbalist Gerard described
it as “good for weary traveler” and his contempo-
rary Culpeper recommended it for interior bleed-
ing (Grieve 1931, 91). In his New Herbal of 1543,
Fuchs listed it as a protection against the bite of poi-
sonous animals as well as a treatment for earaches
and goiters (Dressendorfer 2001, 901).

In addition to its contact-period use as a dye,
the genus Galium has also been documented by
ethnobotanists as a widely used medicinal plant
among a number of northeastern Native American
groups. The Iroquois used it to treat swollen testi-
cles and ruptured skin, as an eye medicine, to treat
babies with backaches, as a treatment for venereal
disease (presumably of European origin), and as a
“love medicine” (Herrick 1977, 440). The Ojibwa
also prescribed it as a dermatological drug, for kid-
ney and urinary tract ailments, and, following Eu-
ropean contact, to treat tuberculosis (Smith 1932,
387). The Penobscot of Rhode Island used it to
treat gonorrhea, as well as for kidney ailments
(Speck 1917, 331).

KNOTWEED (POLYGONUM SP. )
Known in Europe as bistort, or “bistorta” in seven-
teenth-century contexts, knotweed/knotgrass is a
worldwide genus that, like bedstraw, shares com-
mon chemical and medicinal properties between di-
verse European and American species (Grieve 1931,
105, 205). In the 1930s, the herbalist Grieve rec-
ognized knotweed as “one of the strongest astrin-
gent medicines in the vegetable kingdom for
internal and external bleeding” and “of proved ex-
cellence in diarrhea, dysentery, cholera and all bowel
complaints and in hemorrhages” as well as for the
treatment of infant diarrhea, hemorrhoids, piles, ul-
cerated tonsils, and discharges of the nose, vagina,
urethra, and ears (Grieve 1931, 106–107).

In his New Herbal of 1543, Fuchs prescribed
bistort or knotgrass to stop bleeding, evacuate the
bladder, and sink fevers and lauded the plant for its
utility in the treatment of “wounds, diarrhea, men-
strual problems” (Dressendorfer 2001, 916). In
1652, Culpeper described its “Diverse Medical
Uses” and recommended it for stings or bites; its
root “hinders abortion or miscarriage,” its leaves kill

worms in children, stop inflammation of mouth
and throat, and with plantain, form an external
salve for gonorrhea (Potterton 1983, 29). In 1682,
the herbalist Salmon specifically recognized its as-
tringent properties and prescribed knotgrass to treat
the “spilling of blood,” kidney infections, inflam-
mation, and because it “cleanses and heals old filthy
wounds” (Grieve 1931, 458).

This European recognition of the medicinal
qualities of the various species of Polygonum was
matched by equally diverse, and often parallel, me-
dicinal uses by Native American herbalists in the
northeast United States. The University of Michi-
gan ethnobotanical database (Moerman 2004;
http://herb.umd.umich.edu/) listed twenty-one me-
dicinal uses of Polygonum among the Iroquois and
the Ojibwa. The Algonquin of Quebec used the as-
tringent qualities of its leaves to stop bleeding
(Black 1980, 188).

A related species, Pennsylvania Smartweed
(Polygonum pennsylvanicum), was used by unspeci-
fied groups of American Indians as a tea to treat di-
arrhea, bleeding of the mouth, and epilepsy (Foster
and Duke 2000, 180). The Iroquois adopted the
introduced variety of knotgrass, Polygonum persi-
caria, to treat rheumatism in the feet and legs, and
as a heart medicine (Herrick 1977, 315). They
used Polygonum hydropiper (marshpepper) to treat
chills “when cold,” as a gastrointestinal aid for in-
digestion, and to treat children with swollen stom-
achs (Herrick 1977, 314). The Iroquois used a
third variety of knotweed (P. arenastrum) to treat
injuries from miscarriages, as a love medicine, and
to heal sore backs (Herrick 1977, 314). They used
“prostrate knotweed” (P. aviculare) for children’s di-
arrhea and bleeding from cuts and wounds (Her-
rick 1977, 313).

Knotweed or “bistorta” may have also been
one of the earliest medicinal plants imported from
New Netherland to the University of Leiden Med-
ical Garden in the early seventeenth century. Writ-
ing from Leiden in 1633, Johan de Laet noted that
“there are a great variety of herbaceous plants,
some of which bear splendid flowers and others are
considered valuable for their medicinal properties.
I cannot avoid describing here two of this class,
although their use is not yet known” (Jameson
1909, 55). He continued to describe how “[t]wo
plants were sent to me from New Netherland that
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grew finely last year (1632) in the medical garden
of this city [Leiden]” (Jameson 1909, 55, footnote
1; 56, footnote 1). Johan de Laet, both a director
of the Dutch West India Company and an ac-
complished seventeenth-century botanist who
maintained a herbarium in Leiden, included a
drawing and description of the two plants, which
Jameson identified as Polygonum artifolium, or
“heart-leaved tear-thumb,” and Polygonum sagitta-
tum, or “arrow-leaved tear-thumb” (Jameson 1909,
56).

While it is not possible to link the genus-level
seed identifications from the Pearl Street flotation
samples with either of these two “species-specific”
identifications by Jameson, the presence of Poly-
gonum in the early-seventeenth-century contexts in
New Amsterdam suggests that, given De Laet’s
treatment of these plants as important medicinal
specimens, worthy of import to the Hortus Botan-
icus of Leiden, their transport to Holland may have
reflected parallel Transatlantic uses, and/or the pos-
sibility that they were “recognized” as similar to
known European varieties.

European Medicinal Plants

In addition to the Brassica, three other plants were
probably introduced and possibly utilized for their
medicinal qualities by both Dutch and native
herbalists: betony or Stachys sp., clover, and toad-
flax (Table 8.5). Although not specifically discussed,
some of the excavated European cultivars may also
have been used in the sixteenth and seventeenth
centuries as medicines. In addition to their value as
foods, cabbage and kale were listed by Fuchs for the
treatment for hair loss and cranial hematomas
(Dressendorfer 2001, 910).

EUROPEAN BETONY (STACHYS SP. )—
“WOUNDWORT,” “HEAL-ALL”
The potential presence of betony was represented
by one seed from a single late-seventeenth-century
context (Component 14; Tables 8.2, 8.3, 8.5). One
of more than three hundred worldwide species,
Stachys sp. is alien to North America and was prob-
ably introduced from Europe (USDA 2009). Its
species diversity and wide distribution was matched
by an equally broad range of medicinal uses and ap-

plications. Variously known as “Woundwort,”
“Heal-all,” “Self Heal,” and betony, it was viewed
as the aspirin of the seventeenth century. Pavord de-
scribed it as “one of the most important cure-alls in
the medieval canon” (2005, 18). It was valued as a
treatment for headaches, facial pain, “frayed
nerves,” premenstrual cramps, poor memory, ten-
sion, and as an astringent for headaches and con-
gestion; during the first century AD, the physician
to the Emperor Augustus “claimed that betony
would cure 47 different illnesses” (Chevallier 1996,
270). Of possible relevance to its recovery at Pearl
Street, the herbalist Grieves noted, “It was largely
cultivated in the physic gardens, both of the apothe-
caries and the monasteries, and may still be found
growing in the sites of these ancient buildings”
(Grieve 1931, 97). Its recovery in the late-seven-
teenth-century deposits—in association with other
seventeenth-century cultivars (toadflax, clover, and
Brassica)—suggests that it may have been intro-
duced as a medicinal plant.

Documented for three indigenous groups in the
northeast (the Chippewa, Ojibwa, and the
Delaware), multiple ethnobotanical references sug-
gest that Stachys sp. may also have been adapted by
them as a medicinal plant after its presumed intro-
duction from Europe. Two references to its use by
the Delaware tell of its use with nightshade and
snakeroot to treat venereal disease—presumably of
European origin (Tantaquidgeon 1942, 29, 35, 80).
The Chippewa of the northern United States and
southern Canada employed an infusion of its leaves
to treat abdominal pain described as “sudden colic”
(Densmore 1928, 344).

CLOVER (TRIFOLIUM SP. )
Clover was found in both early- and late-seven-
teenth-century, but not eighteenth-century, samples
(Tables 8.2, 8.3, 8.4, 8.5, 8.6). The presence of
clover is pertinent to this discussion of medicinal
plants because it was of unambiguous European ori-
gin and because it appears to have been widely
adopted by a diverse number of Native American
groups in the northeast after its introduction in the
seventeenth century. Three northeastern indigenous
groups, the Iroquois and Mohegan of New York,
and the Algonquin of Quebec, adopted clover as a
cold remedy and for whooping cough (Black 1988,
188; Hamel et al. 1975, 29).
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TOADFLAX (LINUM SP. )
Although only detected in one late-seventeenth-
century context (Tables 8.2,8.3, 8.5), archival
sources suggest that toadflax was probably in place
by the early seventeenth century. It was reported to
have been under cultivation in NewNetherland and
New England by the 1620s and 1640s (Ripley and
Dana 1875, 292; Hedrick 1977, 338). Van der
Donck listed it as an herb of the mid-seventeenth-
century gardens of New Amsterdam (Goedhuys
2008, 28). Toadflax was perceived to have had me-
dicinal benefits in sixteenth-century Europe, at least
a century before the arrival of the Dutch in New
Netherland. In 1543, Fuchs mentioned its benefits
as a diuretic and as a remedy for jaundice
(Dressendorfer 2001, 914), as did the seventeenth-
century English herbalist Gerard (Grieve 1931,
816). Its seeds were lauded by Culpeper for multi-
ple remedies, including for “pains of the breast [and
to] softens [sic] hard swellings” (Grieve 1931, 230).
It also represents a clear example of a European me-
dicinal plant that was both naturalized early on and
adopted by Native American healers. Although no
local ethnobotanical references are documented for
New York, the Cherokee adopted toadflax to treat
“violent colds, coughs and diseases of the lungs,
fevers, and to relieve “gravel or burning during uri-
nation” (Hamel and Chiltoskey 1975, 34; Taylor
1940, 34).

CROSSCULTURAL VECTORS OF
ETHNOBOTANICAL EXCHANGE

Archaeological and Ethnohistorical Evidence

Fresh wounds and dangerous injuries they
know how to heal wonderfully with virtually
nothing. They also have a cure for lingering
sores and ulcers. They can treat gonorrhea
and other venereal diseases so easily as to put
many an Italian physician to shame. They do
all this with herbs, roots, and leaves from the
land, having medicinal properties known to
them and not made into compounds.

—Adriaen Van der Donck, ca. 1655

There are no proofs in archaeology, only parallels
and patterns. However, multiple lines of evidence,

archival, archaeological, and ethnobotanical, con-
verge to suggest that the waterfront block of the
Dutch West India Company, and the focus of the
excavation on the Strand (Pearl Street) in lower
Manhattan was a center of Native American and
Dutch interaction in the early seventeenth century.
This long-standing locus of Native American occu-
pation may also have contributed to its being a focal
point for information exchange, especially con-
cerning medicinal plants, between, as I will argue,
the women of both cultures. This suggestion is
based on six lines of evidence: (1) the recovery of
late prehistoricWoodland or contact-period Native
American artifacts at the site; (2) historical refer-
ences to the long-term use of the excavated site at
and near Pearl Street by Native Americans; (3) his-
torical sources pointing to the presence in this wa-
terfront block at Pearl and Whitehall of one of the
colony’s first doctors, Dr. Hans Kierstede, who
worked for the Dutch West India Company some-
time between 1638 and the middle of the seven-
teenth century; (4) the close association of his wife,
Sara Kierstede, with native traders and women as a
multilingual speaker of indigenous dialects; (5) his-
torical references to the presence of a medicinal gar-
den maintained by an unnamed doctor (presumably
Dr. Kierstede) in the first half of the seventeenth
century; and finally, (6) the identification of in-
digenous and European medicinal plants among the
recovered seeds from the site.

Archaeological evidence suggests that the shore-
line Pearl Street block, between modern Broad and
Whitehall (also generally referred to as the Strand),
was a locus of indigenous activities, before, during,
and after the arrival of the Dutch. The site was
bounded on the east by a key marine landing spot,
referred to as “Canoe Place” (Van Rensselaer 1898,
32), which also served as a hub linking marine and
terrestrial transport to the southernmost end of a
major Native American roadway (modern Broad-
way) up the spine of the Island (Bolton 1922). It
also corresponds with the location of the subsequent
Dutch boat repair area at the mouth of the tidal
marsh outlet at what would become Broad Street
(Van Laer 1974, I: 111; Innes 1902, 5, 45).

The excavation at Pearl Street also documented
a number of Native American artifacts from both
mixed and unmixed historic-era deposits. A total of
eleven indigenous ceramic shards, including a
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broken pipe stem, and thirty-one indigenous
chipped stone tools (flakes, cores) were recovered.
These contact-period or Late Woodland artifacts,
dating to between the thirteenth and seventeenth
centuries, appear to have been either utilized or
deposited during or shortly before the seventeenth-
century Dutch occupation at this site. In addition,
the excavation encountered five shell wampum
beads in the wooden-bottomed basket or cask
(Component 38; see Table 8.1) which was aban-
doned and filled in sometime after 1650, and ini-
tially cut into the surface, sometime before that date
(Grossman et al. 1985, Plate VIII6). These finds
were important, because they dovetail with multiple
historical references to Native American interaction
and trade with the Dutch along Pearl Street during
the seventeenth century.

The association between the Pearl Street block
and the growing of medicinal plants can be dated to
the seventeenth-century tenure of Dr. and Mrs.
Kierstede at the site. Although not named directly,
an intriguing reference in Van der Donck’s mid-sev-
enteenth-century A Description of New Netherland
suggests that some of the potential medical plants
excavated from within the block may have reflected
the efforts of Dr. Kierstede, one of the settlement’s
first Company doctors: “A certain surgeon once laid
out a fine garden and, as he was a botanist as well,
planted many medicinal species he found growing
wild, but with his departure this came to an end”
(Goedhuys 2008, 32; emphasis added).

Hans Kierstede arrived as a prominent officer
of the Company with Director Kieft in 1638, was
given the parcel of land and a dwelling in what was
the westernmost lot of the excavated block at the
corner of Pearl Street andWhitehall, and worked as
the West India Company doctor from his arrival to
his departure from company employment to take
up private practice in 1648 (Fernow 1976). This
time frame suggests that it may have been his “fine
garden” of medical plants, and that it existed some-
time in the late 1630s to the early 1640s, or about
the time he married Sara Kierstede in 1642 (Van
Rensselaer 1898, 24).

Despite the lack of any in-depth references to
the medical background of Dr. Kierstede, or his
botanical training or studies in New Amsterdam,
knowledge of local Native American medicinal
plants was particularly well documented for his

wife, Sara Kierstede. While many of the surviving
historical references to her come from secondary
turn of the century sources, primarily from the
work of Singleton and Van Rensselaer, and are
often dismissed by historical scholars as what might
be called “oral traditions” or even multigenera-
tional folklore, these accounts begin to take on a
new and more credible stature in light of the ar-
chaeological and ethnobotanical data. According to
these traditions, Sara Kierstede and her three sis-
ters were multilingual, Dutch and English speak-
ers, daughters of Anneke Jans, the first midwife in
the settlement, and, “having been born and
brought up among the ‘Wilden’, they had learned
the Algonquin language, which they understood
and spoke with fluency” (Van Rensselaer 1898, 22).
One historian described Sara Kierstede as “being
probably more learned in the native Indian tongues
than anyone in the province” (Singleton 1909,
172). As the daughter of a native-speaking mid-
wife, it is probable that her interest in, and knowl-
edge of, local medical plants may have come as
much from her mother, one of the first DutchWest
India Company midwives, as it did from her later
union with Dr. Hans Kierstede.

Her ability to communicate with the native
women also appears to have contributed to making
her new compound at the corner of Pearl and
Whitehall a “safe haven” for local Dutch–Native
American interaction, at least between the women
of both cultures in the mid-seventeenth century:

The Dutch women had become well ac-
quainted with the wild people who sur-
rounded them and were on friendly terms
with them. Madame Kierstede was particu-
larly kind to them, and as she spoke their
language fluently, she was a great favorite
among them; and it was owing to her en-
couragement that the savages ventured
within the city walls to barter their wares.
. . . For their better accommodation and
protection Madame Kierstede had a large
shed erected in her backyard, and under its
shelter there was always a number of squaws
who came and went as if in their own vil-
lage, and plied their industry of basket and
broom-making, stringing wampum and
sewing, and spinning after their primitive
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mode; and on market days they were able
to dispose of their products protected by
their benefactress, Madame Kierstede. (Van
Rensselaer 1898, 26)

Furthermore, in addition to her linguistic skills,
one reference clearly links the women of the Kier-
stede family to a tradition of knowledge concern-
ing locally derived medicines and medicinal plants.
A century later, Van Rensselaer laudedMrs. Alexan-
der’s (the granddaughter of Dr. and Mrs. Hans
Kierstede) medical skills and the fact that she was
held in high esteem by the native ladies, “as a great
‘medicine woman’, and with her salve for burns,
which her grandmother [Sara Kierstede] had been
taught to prepare by the great Dr. Kierstede, and
which is to-day [ca. 1740] sold under his name”
(Van Rensselaer 1898, 355).

Other, predominantly secondary, references also
hint that (1) the waterfront block at Pearl Street was
both, given the Native American artifacts recovered,
a pre-contact landing site, and (2) in tandem with
the above quote, it may have continued as a safe
place for the native women well into the mid-eigh-
teenth century. Speaking of the annual permission
granted to New Jersey Indians to visit Manhattan,
Mrs. Van Rensselaer noted that after landing, the
native women “proceeded in procession to the open
space provided for them behind Mr. Phillipse’s
house, which had been kindly set apart for their use
by that gentleman, when the ancient camping
ground on the Strand, by Dr. Kierstede’s house, had
been required by the builder” (Van Rensselaer 1898,
352–53).

The historical references to the interplay be-
tween Sara Kierstede and early-seventeenth-
century Native American women coming to
Manhattan are important because they are consis-
tent with regional patterns of native women being
tied to botanical knowledge in general, and to
knowledge of medicinal plants in particular. Speak-
ing of the native women of New Netherland in the
mid-seventeenth century, Van der Donck wrote that
“[t]he women do all the farming and planting,” and
thus by extension had firsthand knowledge of me-
dicinal plants (Goedhuys 2008, 97). Similarly, in
1644 the Reverend Johannes Megapolensis ob-
served that “the women are obliged to prepare the
land, to mow, to plant and to do everything [in-

volved with plants and agriculture]” (Jameson
1909, 174; Jacobs 2005, 25).

Augmenting these historical references to in-
digenous women as botanical experts, one account
by Fenton underscores their role as keepers of me-
dicinal knowledge in both the Hudson River
drainage and the Great Lakes region. Fenton told
of the early-eighteenth-century explorer Lafitau,
who “made field trips and questioned Mohawk
herbalists” (Fenton 1942, 519). After an unsuccess-
ful search for an American species of ginseng, he re-
turned in three months only to “unexpectedly
encounter the mature plant growing within strik-
ing distance of a [native woman’s] house; to his dis-
may, a Mohawk woman, whom he had employed
to search for it on her own, recognized it as one of
their ordinary remedies” (Fenton 1942, 518–19).

The association of medicinal plants with the
contact-period Native American and Dutch-era oc-
cupation site in Lower Manhattan is also consistent
with the suggestion, put forward by Gordon Day
nearly sixty years ago, that “[p]lants used by Indians
for medicinal purposes may owe their existence in
many localities to the transplanting hand of an In-
dian herbalist” (Day 1953, 340). These ethnohis-
torical examples may also help explain both the
ethnobotanical role of Mrs. Kierstede in the trans-
ference of Native American medicinal knowledge
and the presence of so large an assortment of in-
digenous and European medicinal plants in the sev-
enteenth-century deposits at Pearl Street site.

Institutionalized Protocols of Plant Collecting
and the Role of Women Informants

The role of multilingual Dutch women and indige-
nous informants as culture brokers for the system-
atic collection and exchange of medicinal plants and
knowledge can be traced to long-standing policies
of the Dutch East and West India Companies, to
the teaching of company officials, doctors, medical
students, and botanists at the University of Leiden,
and to strong corporate links between the Univer-
sity of Leiden and the Hortus Botanicus of Leiden
under Clusius—all of which came together to play
a central role in the development of scientific and
administrative protocols for the collection of botan-
ical specimens and medicinal information for
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Dutch expeditions. These antecedents in turn de-
rived from two specific traditions in European med-
icine and botany. The first reflected official
corporate practices mandating the collection of ex-
otica and plants in search of profit and new medi-
cines in newly discovered territories. The second
stemmed from the long-standing tradition of using
local and foreign, multiethnic and multilingual,
women informants to garner information on local
medicinal plants and cures.

While close corporate-university ties were pre-
viously documented for the late seventeenth cen-
tury (Stern 1989, 181; Oldenburger-Ebbers 1990,
166), new research by Dutch scholars at the Hortus
Botanicus archives at Leiden (The Clusius Project),
has established that these links were firmly in place
by the early seventeenth century; before and during
the initial settlement of New Amsterdam. As early
as 1601, Clusius of the Hortus Botanicus and Pro-
fessor Pauw of the School of Medicine of Leiden
wrote a formal memorandum to officials of the
Dutch East India Company with the aim of imple-
menting rigorous procedures for plant collecting en-
titled Instructions to Apothecaries and Surgeons who
will Board the Fleet to the East Indies in the Year 1602
(van Uffelen 2008a, 57). Their instructions were
precise and exacting. Like their Jesuit counterparts
mentioned above, they stipulated what to collect
and how specimens were to be collected, listing
“branches bearing leaves, fruits, and flowers . . .
pressed between paper . . . together with sketches
of . . . how they grow, whether they are large or
small, deciduous or not, the names of trees and how
they are used (Swan 2007, 235–36). They also gave
guidance and mandates “to question and learn from
people of all stations and sexes—from statesmen,
scholars, and artists as well as from craftsmen,
sailors, merchants, peasants and ‘wise women’”
(Schiebinger 2007, 131).

The importance of women informants was not
new to seventeenth-century European doctors and
students ofMateria Medica (Egmond 2007, 28–31;
Barona 2007, 102; Cook 2007b, 204; Schiebinger
2007, 132). Various fourteenth to eighteenth-cen-
tury herbalists credited their insights and sources to
“highly expert old women” as the chief repositories
of multigenerational folk knowledge on the herbs
and medicinal plants of Europe (Arber 1986, 319–
20). One sixteenth-century herbalist confided that

he was “not ashamed to be the pupil of an old peas-
ant woman” (Arber 1986, 321). Even the eigh-
teenth-century Swedish botanist, Linnaeus (who
also spent time at the Hortus Botanicus of Leiden)
wrote: “It is the folk whom we must thank for the
most effacious medicines, which they keep [sic] se-
crete” (Schiebinger 2007, 130–31). A modern
scholar writing about one of Dr. Kierstede’s con-
temporary medical counterparts, Dr. Bontius, who
studied at Leiden and was serving at the Dutch East
India Company outpost of Batavia (modern
Jakarta), has argued that this hurdle and veil of in-
digenous secrecy was only breached, as may have
been the case for Mrs. Kierstede of New Amster-
dam, by a “growing population of mixed heritage
and multilingual abilities, many of whom became
crucial information brokers” (Cook 2007a, 115).

In this context, Clusius of the Hortus Botani-
cus of Leiden is important for his role in dissemi-
nating awareness of cross-cultural methods of
information gathering to Dutch and European stu-
dents of botany and medicine. These graduates
often subsequently served as officials in company
expeditions and settlements. Clusius did this
through his own research and through his wildly
disseminated translations—into many languages—
of, and commentaries on, the botanical studies of
the sixteenth-century Spanish physician and
botanist Nicolás Monardes and other Iberian schol-
ars. In particular, these studies detailed Monardes’s
botanical and medical experiments with the “newe
Medicines and newe Remedies” coming from the
New World (Barona 2007, 101; Pavord 2005,
303), and served as the principal reference texts for
seventeenth-century students and practitioners of
medicine (Thomás 2007, 176). Of particular rele-
vance, Monardes wrote of the importance of in-
digenous knowledge and the value of what we
today call “oral history” from local informants, es-
pecially indigenous women informants. As his
medical disciples would later reiterate, Monardes
specifically lauded native women as seasoned prac-
titioners and for the quality of their cures, which
he described as being “very good and in accordance
with good medicine” (Bleichmar 2007, 96). He
also taught his students the importance of women
herbalists as information brokers. Quoting an in-
formant who had written him, Monardes specifi-
cally noted: “If we know anything of the matters I
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have treated . . . we learned it from the female In-
dians” (Bleichmar 2007, 95).

These antecedents involving the role of women
informants in Europe, Asia, and the New World
and institutionalized protocols for organized plant
collecting and experimentation suggest intriguing
parallels with the multilingual and cross-cultural
links to indigenous women suggested for Mrs. Kier-
stede on the Strand of New Amsterdam. It is fur-
thermore probable that these parallels are not
happenstance, idiosyncratic or unique to any one
region, but instead suggest broader historical pat-
terns that in all probability influenced, if not pre-
scribed, Dutch and Native American mechanisms
of information exchange in New Netherland in the
third and fourth decades of the seventeenth century.
For a historical analogue, one can turn to the Old
Testament (Exodus 3:22) and to what Robert Alter
has described as the “social phenomenon” of the
“sojourner,” a Biblical female noun which recog-
nized women as “the porous boundary between ad-
jacent ethnic communities: borrowers of the
proverbial cup of sugar, sharers of gossip and
women’s lore” (Alter 2004, 324).

SUMMARY OF RESULTS

This reanalysis of the archaeological sequence,
ethnobotanical records, and historic plant remains
suggests:

1. The archaeologically dated sequence of early-
seventeenth, late-seventeenth, and early-eighteenth-
century samples provides new quantified evidence
documenting major temporally specific patterns
and shifts in the relative prevalence and diversity of
European and indigenous plant types between the
early seventeenth and eighteenth centuries. These
trends showed specifically that: (a) Indigenous
potherbs and starchy seed food sources (and the po-
tential medicinal plants) were restricted to the early
seventeenth century and dropped out of the se-
quence by the late seventeenth century; (b) The Eu-
ropean garden vegetables of the cabbage/mustard
family were restricted to early- to mid- and late-sev-
enteenth-century contexts, but were not identified
in any early-eighteenth-century deposits; (c) The
late-seventeenth-century sample was distinguished
from earlier deposits by a ca. 50 percent reduction

in plant diversity and by the introduction of car-
petweed, toadflax, and woundwort (Fig. 8.2); (d)
The early-eighteenth-century sample of edible plant
foods was characterized by a sharp reduction of ca.
80 percent in the number and diversity of all vari-
eties relative to the early-seventeenth-century sam-
ple and was limited to four types, three of local
origin (pumpkin/squash, strawberries, and bram-
bles) and one, peach, of European origin (Fig 8.2).

2. Many, if not most, of the identified early-sev-
enteenth-century plants were characterized by the
1630s by “emergent” species adopted to disturbed
open habitats that were anthropogenic in origin (in-
fluenced by human intervention), which may have
been intentionally selected, collected, protected,
transplanted, and/or cultivated. The mere presence
of many of these “emergent” species suggests that
(a) they were probably humanly introduced or sym-
biotic, and (b) that Lower Manhattan was heavily
disturbed by the second quarter of the seventeenth
century, if not earlier by Native American land-use
patterns.

3. Insights from prehistoric North American ar-
chaeology and ethnobotany suggest that what had
been commonly dismissed as invasive weeds, may
have served as both Native American and colonial-
era starchy seed sources and potherbs. With the ex-
ception of the ubiquitous peach pit, most of the
plants from the first half of the seventeenth century
were dominated by indigenous squash, collectable
fruits and berries, and an assortment of what are
suggested to be both prehistoric and contact-period
Amerindian foods, medicinal and craft plants. This
diversity exclusively in the early-seventeenth-
century deposits significantly broadens the range of
locally available edible food sources of indigenous
origin. It also supports the idea that the early Dutch
inhabitants may have been more dependent on a
broader range of Native American food sources than
previously recognized (Table 8.4).

4. The sharp transformations in the diversity of
indigenous and potentially introduced plants also
dovetails with modern studies of later New York
City historical habitats to suggest a long record of
disturbance and change in even our supposedly
most pristine, or “primeval” habitats in the metro-
politan area (Horenstein 2007; Brash 2007; see
Peteet, ch. 9 in this volume). By the early to mid-
seventeenth century, the local urban setting had
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already undergone profound environmental trans-
formations. The magnitude of these changes, be-
tween the early seventeenth and early eighteenth
centuries, also underscores the danger of relying on
either contemporary or recent historical inventories
of supposedly pristine ecological “type” sites for en-
vironmental reconstruction. While some recent re-
constructions have attempted to describe conditions
as far back as 1609, no archaeological evidence ex-
ists to establish the identity or changing diversity of
colonial plants in Manhattan prior to a ca. twenty
year period, plus or minus five years, between the
1630s and 1650s.

5. The reevaluation and correction of the orig-
inal 1980s laboratory and database records, to-
gether with the metric analysis of the colonial seeds
relative to modern varieties, suggested the proba-
ble presence of several varieties of European garden
vegetables belonging to the cabbage family (Bras-
sica), in the seventeenth-century deposits, clearly
by the late seventeenth century, and possibly as
early as the second quarter of the century (Tables
8.4, 8.5, and 8.6).

6. The archival and historical folk references to
Doctor Kierstede and his multilingual wife Sara’s
practice of providing shelter to Native American
women, recent insights into the importance of
women informants to Dutch East and West India
Company doctors and botanists, the wide range of
potential medicinal plants, the breadth of ethnob-
otanical references to their use, come together to un-
derscore the import of women, both Native
American and Dutch, as primary information bro-
kers in the exchange of botanical and medicinal
knowledge in seventeenth-century New Amsterdam.

7. Coupled with new insights into Dutch tra-
ditions of plant collecting and the transatlantic ex-
change of new medicinal plants and knowledge,
the role of women and Dutch/Native American in-
formants in New Amsterdam can now be partially
attributed to the nexus of influences. These in-
cluded early traditions of relying on “old wise
women” for “folk” knowledge of medicinal plants.
Through the translations of Clusius, they inte-
grated the training of Dutch doctors and botanists
in techniques of oral history and the use of in-
formants, especially women informants, much
based on, or influenced by, the sixteenth-century
work of the Iberian doctor Monardes. Finally, they

incorporated formalized methods and protocols,
taught at seventeenth-century university-based
botanical gardens and aimed at sensitizing students
to the economic and scientific potential for cross-
cultural transfer of knowledge from native women
herbalists and practitioners.

8. Finally, this revised chronology and historic
ethnobotanical sequence illustrates the potential for
archaeology to provide independent “proxies,”
and/or “ecological benchmarks,” to help refine oth-
erwise ill-defined episodes of environmental change
in the Hudson River drainage, in general, and the
onset of the “Historic Horizon,” in particular. Esti-
mates—based primarily on historical assumptions,
geomorphological and pollen core data, often in-
terpolated, or by a radiocarbon dates blurred by a
large +/- one hundred-year sigma, or standard devi-
ation—for the timing of this transition have
spanned from the early seventeenth to the mid-
eighteenth centuries (Pederson et al. 2004, 246;
Koster and Pienitz 2006, 521, Fig. 5; Russell et al.
1993, Fig. 2, 654–58; Hilgartner and Brush 2006,
482; Gehrels et al. 2006, 954, 958; Maenza-
Gmelch 1997, 27, Table 2, 33). The dominance of
“emergent” species in the earliest samples and the
identification of order of magnitude shifts in the di-
versity of colonial plant remains within the Dutch
West India block suggest that the advent of the
“Historic Horizon” in the Lower Hudson is visible
in the archaeological record by the second quarter of
the seventeenth century in general, and probably by
the 1630s in particular.
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ABSTRACT

The wetlands of the Hudson Valley provide valuable
archives for understanding how climate change and an-
thropogenic impact have influenced the region. Recent
pollen, macrofossil, charcoal, and loss-on-ignition (LOI)
data from a suite of cores on a downriver transect allow
comparison of uplands and river marshes. In the mid-
Hudson Region, wetland sediments from Rhododen-
dron Swamp, Shawangunk Mountains, and Black
Rock Forest pond/fen are compared to Hudson National
Estuarine Research Reserve (HNERR)Tivoli Bay, Iona
Marsh, and Piermont marsh records. All of these sites
indicate forest decline about four hundred years ago, co-
eval with a rise in invasive species such as ragweed.
While upland lakes record the regional forest history,
small wetlands such as fens, bogs, and swamps with a
rich macrofossil component enhance our ecological and
climatic reconstructions. In the river marsh environ-
ments where sedimentation rates are high, the Medieval
Warm Period (MWP), with elevated charcoal from the
watershed, is conspicuous.

In the lower HudsonValley, records from Piermont
Marsh and the Hackensack Marsh are compared to an
Alpine Swamp record from atop the Palisades in Alpine,
New Jersey. Upland farming/lumbering/industry is
recorded by a decline of trees concurrent with a rise of
weedy species such as ragweed and plantain and paral-
leled by the same markers in the river wetlands. At the
same time, the marshes document dramatic disappear-
ances of a diverse local marsh flora with the encroach-

ment of cattail and the highly invasive common reed.
Both inorganic sediment input and nutrient supply
were altered by human activity. Sensitive to climate
changes and droughts in particular, Hudson marshes
record the shifts in upland vegetation along with wa-
tershed increases in inorganic input, charcoal, and
foraminifera. Learning from the historical perspective
enhances our ability to preserve, restore, and manage
both upland wetlands and marshes as the region pre-
pares for rising sea level, warmer temperatures, and fur-
ther invasions.

INTRODUCTION

Lake sediments are the traditional archives of Qua-
ternary paleoclimate history throughout North
America (Wright, 1983). However, wetlands such
as bogs, fens, swamps, and marshes also serve as
archives with valuable complementary information.
We select several of a variety of wetland archives and
compare these records to lake/bog stratigraphy to
assess the strengths of each environmental reposi-
tory. Included is a transect of sites from 125 km up-
river in the Shawangunk Mountains near New
Paltz, New York, south to the mouth of the Hudson
at the Hackensack Meadowlands, New Jersey, and
Jamaica Bay, New York. Each of the marshes is lo-
cated at the mouth of a tributary of the Hudson,
which enhances the signal of human disturbance in
the marshes as derived from the uplands.
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GEOLOGY, CLIMATE, AND MODERN
VEGETATION

The Hudson Valley uplands contain glacially de-
rived small lakes and wetlands such as Rhododen-
dron Swamp (Fig. 9.1), which is adjacent to
Mohonk Lake atop the Shawangunk Ridge.

This site lies along parallel ridges of Silurian-age
quartz pebble conglomerates and quartz sandstones
(Shawangunk Formation) that are part of the south-
easternmost ridge of the Appalachian Mountains
(Bernet et al. 2007). Slightly to the south, Suther-
land Fen is located adjacent to Sutherland Pond
(Maenza-Gmelch 1997) near West Point in Black
Rock Forest (Fig. 9.1). Farther south near the New
York/New Jersey state line, the Palisades sill rises
150 m, where Alpine Swamp is located. A focused
examination of the age of deglaciation in this part of
the southeastern margin of the late Pleistocene Lau-
rentide ice sheet has resulted in a major controversy
over the timing of ice retreat (Peteet et al. 2006b).
In contrast to a relatively early age for deglaciation
around twenty thousand years ago from bulk dates,
more recent AMS dating of basal sediments from
lake/bog sites throughout the area suggest a sub-
stantially younger age for deglaciation at fifteen
thousand years ago (12.5 14C) (Peteet et al. 1990;
2006b). Marsh cores retrieved from low elevations
along the Hudson, including Tivoli Bay, Iona, Pier-

mont, Staten Island, Jamaica Bay and Hackensack
(Fig. 9.1), are much younger than the lakes, most
forming as the river became an estuary (Peteet et al.
2006a).

The modern climate of southeastern New York
is temperate, with warm summers and cool winters.
According to the Mohonk Lake Cooperative
Weather Station, the average temperature over the
last 105 years (1896–2000) on the Shawangunk
ridge was 8.9°C with a mean January temperature
of -4.0°C and a mean July temperature of 21.4°C.
Annual rainfall has averaged 120 cm/year with an
annual snowfall average of 149 cm. The tempera-
ture is 2°C cooler in winter and 2.3°C cooler in
summer than nearby West Point, the meteorologi-
cal records used for 50 km south of the site and very
close to Sutherland Pond/Fen in Black Rock Forest.
Southern Hudson Valley climate, including Jamaica
Bay, has a mean July temperature over 22°C, with
about the same amount of rainfall as along the
Shawangunk ridge.

Vegetation of the Hudson Valley is classified as
oak-chestnut (Braun l950) with the Hudson High-
lands dominated by chestnut oak (Quercus mon-
tana), red oak (Quercus rubra), and some white oak
(Quercus alba) (Thompson l996; Thompson and
Huth, ch. 10 this volume). Higher elevations of the
Shawangunks grade from pitch pine (Pinus
rigida)—oak-heath communities to mesic sugar
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FIG. 9.1. Hudson Valley wetland sites from which we have retrieved paleovegetational and paleoclimatic archives. Black triangles indicate upland
swamps/fens while circles indicate Hudson tidal marshes.



maple (Acer saccharum), beech (Fagus grandifolia),
yellow birch (Betula lutea), and hemlock (Tsuga
canadensis) communities. Hickory (Carya sp.) and
ash (Fraxinus sp.) are also regionally present, par-
ticularly in more southern parts of the valley. The
fresh and brackish Hudson marshes today are dom-
inated by common reed (Phragmites) and cattail
(Typha angustifolia), while higher salinity marshes
on the coast retain saltwater grass (Spartina alterni-
flora) and cordgrass (S. patens) dominance.

METHODS

Field Research

Sediment cores were taken in a N-S transect
throughout the last decade in a focused effort to un-
derstand the timing and environment of deglacia-
tion, as well as the vegetational history, the climate
history, and the human impact throughout the re-
gion. Several types of corers were utilized, includ-
ing a Dachnowski sampler, a Hiller peat sampler,
and a modified Livingstone piston corer (Wright et
al. l984). Cores were extruded, wrapped in saran
and foil, and stored in the LDEO cold room repos-
itory for analysis.

Pollen, Spore, LOI, and Macrofossil
Laboratory Analysis

Lake, fen, and marsh samples were analyzed for loss-
on-ignition (LOI) using procedures outlined in
Dean (l974). Samples for pollen analysis were
processed every four or five centimeters using stan-
dard procedures (Faegri and Iverson 1989). A min-
imum of three hundred terrestrial pollen grains was
counted at 400x magnification. Pollen sums were
calculated to include all terrestrial pollen types, and
spore percentage calculations were based on the sum
of pollen and spores. Charcoal pieces greater than
fifty microns were counted on the pollen slides.
These percentages were plotted in Tilia-Graph
(Grimm 1992).

Macrofossils were analyzed from 20 cm3 of sed-
iment according to methods of Watts and Winter
(1966), identifying seeds, fruits, needles, stems,
bryophytes, foraminifera, and charcoal. Macrofos-

sils were picked and counted using a binocular mi-
croscope and plotted based on numbers of a partic-
ular type per volume. Selected macrofossils were
dated using AMS radiocarbon dating techniques at
Lawrence Livermore Labs, California. Radiocarbon
ages were calibrated to calendar ages using CALIB
(version 5.0) (Stuiver and Reimer 1993).

RESULTS

Mid-Hudson Valley

Rhododendron Swamp (Fig. 9.2) is a small (2.4
hectare) wetland that lies southwest of Lake Mo-
honk at an altitude of 275 m.

A sediment core taken in 2002 provides an
8,800-year vegetational record thus far that records
the dominance of oak (30%) along with the major
role of birch (20–30%) at the site. Maximum pine
percentages at the base of the diagram indicate a
drier climate in the early Holocene, followed by a
wetter zone (RH-2) with hemlock and shining
clubmoss (Lycopodium lucidulum) well represented.
The mid-Holocene hemlock decline at 75 cm (be-
ginning of RH-3) is a regional event, previously
linked to a pathogen and possibly drought (Foster
et al. 2006). Additional downcore pollen and
macrofossil research in progress will define the
earliest plant communities that colonized the re-
gion after deglaciation, prior to the Holocene oak
dominance.

The advent of European impact (Russell 2001)
is shown in the top 25 cm of the pollen diagram
(RH-5) dated by 14C to 1700 CE with a decline in
trees such as birch and chestnut concurrent with an
increase in weedy species such as ragweed (Am-
brosia), grass (Gramineae), plantain (Plantago), and
dock (Rumex). Interestingly, the top 5 cm of the
core records a resurgence in some of the trees (pine,
hemlock, but not chestnut) and stabilization of oak
and birch, probably due to forest regrowth of the
twentieth century as agricultural activity declined.
The human impact is similar to that recorded in
Sutherland Pond (Maenza-Gmelch l997) in Black
Rock Forest, where the top 50 cm is marked by a
decline in tree pollen replaced by the same invasive
ragweed, grass, and plantain followed by a slight
reforestation signal.
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Marsh investigation from Tivoli Bay (Sritrairat
et al. 2008) records a shift in marsh vegetation from
a more aquatic/marsh environment to a shrubbier,
weedier regime with European impact. The shift to
a drier wetland was caused by an increase in inor-
ganic flux based on loss-on-ignition measurements
probably due to erosion from farming/industry,
which raised the elevation of the marsh. Invasives
such as pigweed (Chenopodiaceae), jewelweed (Im-
patiens), and loosestrife (Lythrum) become more
abundant at this time.

Lower Hudson Valley

Analysis of Alpine Swamp, a nine-hectare freshwa-
ter swamp atop the Palisades Sill (Peteet et al. 1990)
records the same four invasive taxa (ragweed, grass,
plantain, dock) in the top 30 cm demonstrating the
widespread signature of these weedy plants as re-
gional deforestation took place.

A pollen and spore record from Iona Island
State Park (Fig. 9.3) demonstrates the same decline
in trees (pine, hemlock, oak) regionally beginning
above 60 cm depth in the core that accompanied
the rise of grasses, ragweed, and cattails in the marsh
and adjacent upland and which dates to European
impact around 1700 CE.

The date of 1963 using the Cs-137 bomb peak
indicates the timing of an aggressive common reed
expansion, resulting in this plant replacing cattails
as the dominant wetland species in many of the
Hudson marshes over the last half-century.

This pattern of invasives is also evident in the
pollen and spore record from Piermont Marsh (Fig.
9.4), which reveals the similar declines in trees ac-
companied by increases in weedy taxa beginning
about 350 years ago.

In both Iona and Piermont Marshes, charcoal
is much higher prior to European impact, inferring
drought-induced fires during the MWP from 800
to 1350 CE. (Pederson et al. 2005).

The Hackensack River Meadowlands, spanning
34 km2, lie adjacent to the Hudson watershed. A
pollen and spore record from this marsh reveals the
same invasive species (Carmichael l980), but the ac-
companying detailed macrofossil record reveals the
various taxa that comprised the sedge (Cyperaceae)
community in the Meadowlands prior to the mod-

ern dominance of common reed, pigweed, and
Compositae (Fig. 9.5).

A remarkable assemblage of various sedges (Cla-
dium, Scirpus, Cyperus, Carex, Eleocharis) prior to
European impact demonstrate the wetland biodi-
versity now lost at the Meadowlands. This diversity
depletion is a hallmark result of human impact, and
has multiple causes, including habitat destruction,
urbanization, and nitrogen fertilization.

DISCUSSION AND CONCLUSIONS

While previous lake pollen/macrofossil stratigraphy
has set the stage for our understanding of large-scale
climate and human impacts since the Laurentide ice
retreat, the records from wetlands and marshes in
the Hudson Valley augment our understanding of
the landscape in several new ways. The following
table gives a comparison of strengths from each
archive type:

TABLE 9.1. Comparative Strengths of Different Hudson Valley Archive
Wetland Types

Hudson Valley Lakes/ Hudson Valley
Ponds/Fens/Swamps Tidal Marshes

Long-term (present–15,000 years) Shorter term (present–
6,000–11,000 years)

Sedimentation rate lower Sedimentation rate higher

Regional forest composition Some regional forest composi-
tion; local marsh flora

Deforestation and invasive history Detailed invasive history

Twentieth-century reforestation Continued detailed invasive
history

Regional fire history Local and watershed fire history

Hydrological shifts Salinity shifts
Sediment decline from dams
Detailed watershed pollution
history

Most lake and pond records were formed by gla-
cial excavation and retreat fifteen thousand years
ago (Peteet et al. 2006b), and give a continuous rep-
resentation of the history of the upland region from
ice age to modern environment. In contrast, the
marshes appear to owe their origin to the timing of
the formation of the Hudson River as an estuarine
environment around 7000 BCE), with the excep-
tion of the Staten Island record which began as a
freshwater pond (Peteet et al. 2006a). However, the
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sedimentation rates in marshes are usually much
higher (0.1–0.33 cm/yr and up to 0.7 cm/yr) than
in lakes/ponds (0.1 cm/yr), enabling much higher
resolution studies from marsh sediment, which is
particularly useful in the centuries since European
impact.

Prior to European impact, forests were composed
of more pine, oak, hemlock, and hickory than today,
as documented by pollen records from both lakes and
marshes. Climate changes suggested by pollen and
charcoal include droughts, fire, and cooler intervals,
including the Little Ice Age and the MWP. While
the lake records provide regional patterns of species
decline (i.e., hemlock decline about five thousand
years ago), the small wetlands and marshes reveal sig-
nificant details about the ecosystem, enabling refine-
ment of the climatic regime. For example,
Rhododendron Swamp shining clubmoss spore (Ly-
copodium lucidulum) stratigraphy parallels the hem-
lock moisture curve, reinforcing the interpretation of
a decline in moisture around 5000 BCE.The Hack-
ensack Marsh macrofossil stratigraphy enables us to
envision a local plant community that today does not
exist in the HudsonValley region, and provides a very
detailed understanding of the invasive history. All of
the marshes indicate extensive community distur-
bance of the landscape from the time of European
settlement up to present, with large losses of forest.
They also provide a remarkable documentation of
the sequential invasive history, beginning with cattail
dominance in the l960s and the subsequent takeover
by common reed in the last decades. However, lack-
ing in the marshes is the history of twentieth-century
reforestation in the region, primarily because the re-
gional pollen record has been overshadowed by local
marsh invasives.

Charcoal presence in Piermont, Tivoli Bay, and
Iona marshes reveal dramatic shifts throughout the
last millennium. These shifts are much larger than
those recorded in lakes/ponds, and reflect a water-
shed signal of drought as they span the MWP.
Foraminifera increases in nearby Hackensack Marsh
may be correlative with the charcoal increase, sug-
gesting a salinity increase at that site. As precipita-
tion and river flow was reduced, the salt wedge
would have moved northward. However, further
dating is needed in the Hackensack watershed.

Upland lake/pond cores often reveal an inor-
ganic increase in cores concurrent with the ragweed

rise resulting from increased sedimentation due to
soil destabilization as trees were cut and farms
replaced forests. Hudson marshes also record sedi-
mentation increases (Tivoli Bay, Piermont). How-
ever, in Jamaica Bay the opposite is true. There,
declines in sediment supply, up to a factor of 5, are
attributed to the numerous dams built by the Dutch
colonists for mills and the subsequent destruction of
the watersheds due to urban pavement of the wa-
tershed (Peteet et al. 2006a). This decline may be a
contributing factor in the loss of Jamaica Bay
marshes today, along with a rise in nitrogen.

IMPLICATIONS FOR MANAGEMENT

Upland forests in the Hudson Valley are facing se-
rious challenges due to deer browse, insect out-
breaks, and fire suppression (Thompson and Huth,
ch. 10 this volume). Sediment archives from lakes
provide a historical framework for understanding
these shifts in the long term, and various wetlands
with their abundant plant macrofossil records give
us additional clues to historical biodiversity and past
droughts, wet intervals, and temperature shifts.
Identifying past losses and the reasons for them can
enhance our ability to make the best choices for
managing these resources.

Providing historical context for Hudson River
marshes is vital to our definition of what is “nat-
ural” and in developing plans for restoration. River
marsh archives document a tremendous loss in bio-
diversity due to the intensive human impact of
dams, farming, industry, urbanization, and land
use (see Vispo and Knab-Vispo, ch. 12 this vol-
ume). Major marsh habitat for algae, invertebrates,
vascular plants, fish, and birds has drastically
changed since European impact (Peteet et al.
2006a). Undoubtedly the plant species loss has af-
fected the estuarine function. Restoration efforts
can be undertaken with the knowledge of what
communities have been lost. Charcoal and inor-
ganic input into the watershed can be understood
in the context of past climate and anthropogenic
forcing, and future estimates/models of how the
watershed will be affected as global warming and
development continue are enhanced by historical
data. Understanding past sedimentation rates in
the context of past land use and climate shifts can
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aid us as we prepare for sea level rise and strive for
marsh preservation.
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ABSTRACT

The northern Shawangunk Mountains support more
than thirty-five natural communities, including three
that are globally rare and eight that are rare in New
York State, and forty-two state rare species. The
unique combination of climate, bedrock geology, soils,
and physiography of the Shawangunk landscape give
rise to a remarkable array of species adapted to these
conditions. Higher elevations are dominated by
ridgetop pine barrens and oak forest, ravines by east-
ern hemlock. European settlement of the area in the
eighteenth century led to farming of deeper soils for
cultivation and pasture, logging in scattered wood-
lots, and cutting trails to access other natural resources
of the area. From the mid-nineteenth to the early
twentieth century, nearly all land was cleared except
for inaccessible talus slopes, cliffs, and remote swamps.
The debris left from tree harvesting provided fuel for
intense fires that burned over the land. The low yield
of this mountainous land was barely able to support
the needs of the local people.

The decline of industries and agriculture concur-
rent with the rise of the resort industry led to less in-
tensive land use. Resorts provided the first regular
seasonal employment for locals, lessening people’s re-
liance on cottage industries. Property values rose as
well, and some local people sold out and moved on.
These factors and a slackening demand for local prod-
ucts eventually led to expanded tree cover during the
latter half of the twentieth century.

At the end of the twentieth century, two main
ecological forces began driving succession at higher
elevations: fire suppression and overbrowsing by
white-tailed deer. The spatial arrangement of twen-
tieth-century ecological communities is similar to the
pattern of ecological communities that existed before
people logged, burned, and farmed the land. Today,
the “Gunks” are a world-renowned recreational re-
source for rock climbing and hiking and are an
important economic driver for neighboring commu-
nities. Changes in forest structure and composition
are affected by both past and current processes. Un-
derstanding the dynamics of this system will help land
managers to make informed decisions about steward-
ship of this biologically rich landscape.

INTRODUCTION

The last three hundred years of vegetation change in
the northern Shawangunk Mountains may be di-
vided into four periods: European settlement, in-
tensive extractive forest use, mountain resorts, and
land conservation. European settlement in the
1700s was followed by a period of intensive use by
people living in the mountains trying to scratch out
a subsistence living. Coincident with the exhaustion
of forest resources and changing demands outpaced
by economic need, land was bought up by large re-
sorts at Mohonk and Minnewaska Lakes. A move-
ment of land conservation in the late twentieth

135

CHAPTER 10

VEGETATION DYNAMICS IN THE NORTHERN
SHAWANGUNK MOUNTAINS

The Last Three Hundred Years

John E. Thompson and Paul C. Huth



century resulted in the protection of more than
12,000 ha (30,000 ac.) of summit land by New
York State and private land trusts.

The Shawangunk Ridge begins in Rosendale,
Ulster County, New York, strikes southwest through
Sullivan and Orange Counties into New Jersey as
Kittattiny Mountain, forms the Delaware Water
Gap, and continues into Pennsylvania as Blue
Mountain (Fig. 10.1). Northwest of the northern
Shawangunk Mountains is Rondout Creek, to the
east is the Shawangunk Kill, which flows into the
Wallkill River, which in turn joins with Rondout
Creek. The highest elevation of the northern
Shawangunks is about 700 m (2,289 ft.). Min-
newaska State Park Preserve, which manages 7,000
ha (18,000 ac.) of the northern Shawangunks, is
bordered by the 2,700 ha Mohonk Preserve, located
near the northeastern end of the ridge, and by the

2,000 ha (5,000 ac.) Sam’s Point Preserve to the
southwest, which is managed by The Nature
Conservancy.

The northern Shawangunk Mountains have
been the subject of numerous field investigations
due to the unique ecological communities and
many rare and endangered species found on the
ridge (e.g., Britton 1883, 105; McIntosh 1959;
Olsvig 1980; Selender 1980; Snyder 1981; Dirig
1994; Town et al. 1994; Abrams and Orwig 1995;
Seischab and Bernard 1996; Evans et al. 2003).

Due to their rich biodiversity, the Shawangunk
Mountains in 1993 were designated by The Nature
Conservancy as one of the “Last Great Places” on
Earth. The northern Shawangunk Mountains sup-
port forty-two New York State rare species, three
globally rare ecological communities, and eight state
rare communities. Forests of the Shawangunks are
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FIG. 10.1. The The Shawangunk Mountains, New York, are found between the Catskills and the Hudson River. The single ridge of the southern
Shawangunks broadens to form the northern Shawangunks.



relatively unfragmented, supporting the second
largest contiguous chestnut oak forest in New York
State (Evans et al. 2003).

The Shawangunk Mountains are capped by the
highly resistant quartz pebble conglomerate of the
Shawangunk Formation (Rutstein 1976; Leeds
1989). Below the Shawangunk conglomerate, and
underlying much of the southeastern slope of the
ridge, is the predominantly shale Martinsburg For-
mation (Rutstein 1976; Leeds 1989). The sur-
rounding valleys are formed in shales, siltstones, and
limestones mantled with glacial outwash. The com-
plex geology underlying the current plant commu-
nities is significant because it influences soil
development, hydrology, and human land use, all
factors that affect plant growth.

NORTHERN SHAWANGUNKS
ECOLOGICAL COMMUNITIES

The Shawangunk Mountains support more than
thirty-five natural communities (Fig. 10.2)

(Thompson 1996). The Shawangunks boast a
nearly continuous 15,400 ha (38,000 acre) patch of
chestnut oak forest, the predominant forest of
higher Shawangunk elevations (Evans et al. 2003).
The chestnut oak forest occurs on well-drained,
thin soils on both the Shawangunk conglomerate
and the Martinsburg shale bedrock Pitch pine-oak-
heath rocky summit and other pitch pine–domi-
nated communities occur at the highest summits,
generally surrounded by chestnut oak forest. Ap-
palachian oak-hickory forest, beech-maple mesic
forest, and successional old fields are dominant at
lower elevations.

The northern Shawangunks’ chestnut oak forest
is dominanted by chestnut oak (Quercus montana)
and red oak (Q. rubra), with red maple (Acer
rubrum) and some white oak (Q. alba) (Thompson
1996). American chestnut (Castanea dentata)
sprouts may appear in the understory. Common
shrubs include mountain laurel (Kalmia latifolia),
black huckleberry (Gaylussacia baccata), and low-
bush blueberries (Vaccinium spp.). Characteristic
groundlayer species include Pennsylvania sedge
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FIG. 10.2. Northern Shawangunk Mountains Ecological Communities (Thompson 1996).



(Carex pensylvanica), wild sarsaparilla (Aralia nudi-
caulis), wintergreen (Gaultheria procumbens), and
pincushion moss (Leucobryum glaucum).

Ridgetop pine barrens communities, such as
pitch pine-oak-heath rocky summit and the glob-
ally rare dwarf pine ridge, cover 2,850 ha (7,040
ac.) in the northern Shawangunks (Thompson
1996). Pitch pine-oak-heath rocky summit occurs
on shallow soils over Shawangunk Conglomerate.
Pitch pine (Pinus rigida) is the dominant tree, with
black huckleberry, scrub oak (Quercus ilicifolia),
low-bush blueberry (Vaccinium angustifolium),
tufted hairgrass (Deschampsia flexuosa), sheep laurel
(Kalmia angustifolia), mountain laurel (Kalmia lat-
ifolia), cow-wheat (Melampyrum lineare), and win-
tergreen occurring in the understory.

The hemlock-northern hardwood forest, cover-
ing 2,200 ha (5,400 ac.), is dominated by hemlock
(Tsuga canadensis), with white pine (Pinus strobus),
sugar maple (Acer saccharum), red maple, yellow
birch (Betula alleghaniensis), and black birch (B.
lenta) sharing the forest canopy.

Appalachian oak-hickory forest covers 4,400 ha
(10,900 ac.) in the northern Shawangunks. The
dominant trees are white oak and red oak. Associ-
ated species are hickories (Carya ovata and C.
glabra), American elm (Ulmus americana), white ash
(Fraxinus americana), red maple, eastern hop-horn-
beam (Ostrya virginiana), flowering dogwood (Cor-
nus florida), witch hazel (Hamamelis viginiana), and
shadbush (Amelanchier arborea). Low shrubs in-
clude maple-leaf viburnum (Viburnum acerifolium),
lowbush blueberry (Vaccinium angustifolium), and
red raspberry (Rubus ideus). Groundcover may in-
clude speedwell (Veronica officinalis), tufted sedge
(Carex platyphylla), and hogpeanut (Amphicarpaea
bracteata).

Beech-maple mesic forest dominated by sugar
maple, covering 2,700 ha (6,700 ac.), generally oc-
curs on sites that were farmed in the nineteenth
century.

Cliffs are vertical exposures, up to 100 m (350
ft.), of Shawangunk conglomerate. Talus is the bro-
ken rock below the cliff that was plucked by the
Wisconsin Glaciation or fallen to the base from the
weathering of the cliff face. Globally rare ice cave
talus communities, which occur in crevices in the
talus slopes below the cliffs, retain ice and snow into
the late spring and early summer months.

Some trees of the cliff and talus areas may be
described as “old growth.” Inaccessible trees were
less likely to be harvested. The white pine in Fig.
10.3 dates to 1626; the tree was cored by Dr. Ed
Cook of the Lamont-Doherty Earth Observatory
Tree Ring Lab in 1974.

EUROPEAN SETTLEMENT

The Dutch first settled fertile valleys surrounding
the Shawangunks, followed by the English. One of
the first land patents that included part of the
Shawangunk Mountains was granted to Captain
John Evans in 1694 (Russell 2001).

European settlers first moved into the Shawan-
gunk Mountains from the Rondout Valley in the
eighteenth century. Unlike in the adjacent valleys,
few early mountain homes were built of stone, but
were log structures (Haynes 1999). One of the first
cabins was constructed of hand-hewn logs in 1771
by Adam Yaple, son of German immigrants, (L. G.
Yeaple 1998).
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FIG. 10.3. 1626 White Pine cored by Ed Cook of Lamont Doherty Tree
Ring Laboratory. Photo by John Thompson.



Descendants of the Europeans settled a land-
scape characterized by pitch pine barrens at the
highest elevations, surrounded by an oak-domi-
nated deciduous forest, with hemlock-dominated
forests in the ravines. Witness trees found in the
earliest land surveys (eighteenth and early nine-
teenth centuries) at higher elevations show a forest
of white oak, chestnut oak, American chestnut,
black oak, and red oak (Russell 2001). These trees
were an attractor for the locals, as more people trav-
eled out of the valleys to explore the mountains,
the value of the vast amount of standing timber be-
came apparent.

Forests were cleared for small farms, and
sawmills were quickly erected to provide lumber for
building (Fig. 10.4). In 1799, when “up and down”
water-powered sawmills were first established along
swift flowing mountain streams, such as the Cox-
ingkill, “plank” houses began to be constructed.
This type of construction, which uses thick, verti-
cal-sawn planks as upright supports, has been des-
ignated as “Shawangunk batten-plank frame”
(Haynes 1999). The Enderly Mill was operated on
the Coxingkill at least until 1920 (Haynes 1999).

Each settlement family cleared enough mostly
rocky, poor land for their subsistence lifestyle, rais-
ing vegetables, including corn, potatoes, root crops
(carrots, beets, and turnips), and buckwheat (Fig.
10.5). Enough land was cleared for hayfields and
pasture to keep a few domestic livestock, horses,
and chickens. Fuelwood was cut from nearby
woodlots for home use and for sale. At the peak of
the Trapps, a mountain community that had grown
up, there were forty-five homes and about 150 res-
idents. The hamlet no longer exists, although a few

houses remain (Fig. 10.6) (Robert A. Larsen, per-
sonal communication).

INTENSIVE PRODUCT EXTRACTION

In 1828, the Delaware and Hudson Canal opened.
The canal ran from the Hudson at Rondout to
Pennsylvania and the Delaware River, paralleling
the Shawangunk Ridge (LeRoy 1980). The New
York Ontario andWestern Railroad extended to El-
lenville by 1871 (Daniel Smiley Research Center
Archives). The Ellenville to Kingston spur of the
O&Wwas constructed in 1902. Whereas the canal
provided seasonal transportation, the railroad could
provide year-round transport. The Wallkill Valley
Railroad, built in 1870–72 from Montgomery to
Kingston, paralleled the Shawangunks on the east
(Mabee 1995). Both the canal and the railroads,
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FIG. 10.4. Enderly Sawmill, circa 1860. DSRC archives. F IG . 10.5. Settlers lived a subsistence lifestyle. Photo c. 1920. DSRC
archives.

FIG. 10.6. Hiram Van Leuven and his family lived in the Trapps, c. 1890.
At that time, there were 50 homes and about 200 residents in a village
that is now largely gone. Courtesy of Roger Van Leuven.



immediately adjacent to the Shawangunks, pro-
vided an outlet for Shawangunk forest products and
other raw materials.

Much of what we know about the lifestyle of
the people living in the Trapps and the generations
of people that inhabited the Shawangunks in the
nineteenth century is due to a scientist of the twen-
tieth century. Daniel Smiley (1907–1989) of Mo-
honk Lake is today regarded as one of the
preeminent American naturalists of the twentieth
century (Burgess 1996). Smiley saw people as liv-
ing “within” and “from” the landscape and using the
natural resources surrounding them for their sur-
vival needs and income. He was exposed to and
documented examples of this lifestyle through in-
teracting with local people employed at the Mo-
honk Mountain House, people who had, for a
number of generations, lived locally off the land on
mostly small subsistence farmsteads. What is clear
from the records of land use made by Smiley, and
from other sources presented in this chapter, the use
of Shawangunk natural products by early first-gen-
eration European settlers and their descendents for
home use and in the harvesting and sale of forest
commodities for commercial consumption waxed
and waned as demand, industries, and economies
changed. This makes for a less than concise and,
from today’s perspective, logical progression of dates
for any one type of forest product extraction. Some
harvests were going on at the same times that oth-
ers would be started or stopped, as influenced by
price and demand. All mostly faded due to resource
exhaustion or as new technologies and cheaper
products (e.g., manufacture of steel and use of an-
thracite coal) became available.

One of the earliest forest occupations centered
around the supply of hemlock and oak bark for the
tanning industry, which started regionally as early
as 1822, and in the Shawangunks by 1849 (Russell
2001). Straight, mature hemlocks were harvested
near Plateau Path (Huth and Smiley 1985), Mossy
Glen, and Palmaghatt Ravine (Pike 1892). A num-
ber of local tanneries, including the McKinstry Tan-
nery, were in operation in Gardiner along the
Shawangunk Kill; the DeGarmo Tannery in But-
terville (Lefevre 1909) and in the Napanoch and El-
lenville area on the west side of the mountain.
Hundreds of thousands of marketable hemlock and

oak trees were cut just for their tannin-rich bark,
their trunks and limbs left in the forest to decay or
burn. In July 1864, John Stokes lost $1,000 worth
of tanbark to a 120 ha forest fire that burned up the
slope west of Mohonk Lake (Partington 1970). This
harvest lasted in the Mohonk area until the mid-
1860s. Only the hemlocks in the most inaccessible
swamps and talus slopes were spared.

One of the most intensive clearings of hard-
wood forest centered around the production of
charcoal, locally called “chark.” Thousands of cubic
meters of “chark” were produced from open pit
burning, which occurred extensively on the ridge.
Each seven-to-ten-day burn consumed 36–54 m3

(10–15 cords) of wood resulting in 14–18 m3 (400–
500 bushels) of charcoal (Smiley 1986).

Multiple generations of the Van Leuven family
lived in the Trapps, and the family was known for
their “skill in burning charcoal” (Smiley 1986). In
1943, Irv Van Leuven demonstrated charcoal pro-
duction for Dan Smiley. Smiley photographed and
described the stages of the process. Forty-seven
cubic meters (13 cords) of gray birch and red maple
were stacked to form a central chimney with vent
holes (Fig. 10.7). The stack was covered with leaves
and dirt and then fired. The burn yielded 18.4 m3

of charcoal (Fig. 10.8).
At its peak, charcoal was bagged in burlap sacks

and used locally for heating and cooking, some sold
to the MohonkMountain House and some shipped
via the D&HCanal to Poughkeepsie and New York
City and beyond for multiple uses, including in-
dustrial (Russell 2001). Iron furnaces created a rav-
enous demand for charcoal. It took 240 ha (600 ac.)
of wood to produce enough charcoal to keep a blast
furnace fueled for one year (Polhemus and Polhe-
mus 2005).

Many pit sites were used repeatedly into the
early twentieth century. Charcoal was loaded into
wagons and taken away and new wood was brought
to the same site to be stacked, covered, and burned,
with the resulting charcoal hauled away, then the
process was repeated in the same spot. Today we
find some of these pits still with bits of charcoal on
the surface. Pits are round, level areas, about 10 m
in diameter, with low encircling dirt berms. About
fifty pits can still be found on the Mohonk Preserve
in mature forest.
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As early as 1830, hoop poles were cut and
shaved to supply the extensive cooperage industry.
The need for hoop poles was driven by the large de-
mand for barrels, kegs, tubs, and firkins, and the
demand in the Shawangunks lasted into the twen-
tieth century. The cement production region, north
of the Shawangunks, produced 2.25 million barrels
of cement in 1886, each barrel requiring twelve
hoops (Forest Commission of the State of New York
1887). American chestnut, red oak, red maple,
birch, and hickory were some of the species used—
each species having favored uses and prices de-
pendent on quality and use (Forest Commission of
the State of New York 1887). Stump resprouts and
saplings were cut down and stripped of their
branches and cut into 1.4 m (4.5 ft.) or 2.4 m (8 ft.)

lengths, transported via wagon to hoop pole sheds
to be split and shaved to 3.8 cm (1.5 in.) diameter
in the fall and winter when other work was in short
supply and the wood was easiest to work (Fig. 10.9)
(Forest Commission of the State of New York 1887;
Anonymous 1897a; Smiley 1986). Many farms had
long sheds (hoop shops) and work was accom-
plished by the shaver sitting on a bench (called a
“horse”) and splitting each pole into two to five
strips (Anonymous 1893). Shaved hoops were
sorted with the hickory providing the most valuable
hoops used for the finest barrels and kegs; oak
hoops were used to “strap” packing boxes, moun-
tain ash was used to bind firkins, butter tubs and
sugar barrels; American chestnut was used for gun-
powder kegs (Anonymous 1893). Seconds, “shorts,”
were used in cement barrels (Anonymous 1893).
Once poles were cut on a property resprouts could
be re-harvested in three to four years, (Forest Com-
mission of the State of New York 1887).
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FIG. 10.7. Charcoal burning was a slow, meticulous process. On May
27, 1943, Irv Van Leuven stacked 13 cords of gray birch (Betula populi-
folia) and red maple to be burned. Photo taken by Daniel Smiley, DSRC
archives.

F IG . 10 .8 . The resulting burn yielded 522 bushels of charcoal, 40.1
bushels/cord. Photo taken by Daniel Smiley, DSRC archives.

F IG . 10.9. Irv Van Leuven displays a hoop he shaved. DSRC archives.



Mohonk Mountain House allowed, and prof-
ited from, hoop pole cutting on the area that had
burned in the 1864 fire. A December 2, 1882, note
from Daniel Smiley (Sr.) states, “Contracted with
Case Elmendorf to cut hoop poles on land below
Pine Hill this winter . . . [Elmendorf ] to shave and
market them handing over to us one half the re-
ceipts” (DSRC archives).

In 1887, an estimated thirty million hoops were
produced from the Shawangunks in Ulster County
alone, generating more income than did grain pro-
duction in the county (Forest Commission of the
State of New York 1887), which was remarkable,
considering 80 percent of the land in 1900 was in
farms (DSRC archives). In 1908, Theodore Wik-
low’s barrel hoop manufacturing plant in Ellenville
was making more than seventy-five million hoops
per year, the largest output of hoops in the country
at that time (Smiley 1986).

George Davis operated a large sawmill along the
Peterskill, from ca 1860 to 1879. As reported in the
1865 census, Davis owned 770 ha (1900 ac.) of
land, of which 750 ha (1,850 ac.) was “unim-
proved” woodlot. In 1877, he contracted with the
Wallkill Valley Railroad to provide 2.4 m (8 ft.) rail-
road ties (Anonymous 1877).

By the late 1880s, 300 ha of forest was cleared
each year in town of Wawarsing alone, 3,800 m3

(1.6 million board feet) of timber was sawed, forty-
three million hoops were produced, and two hun-
dred thousand railroad ties (Forest Commission of
the State of New York 1887). Wawarsing and
Ellenville provided a multitude of wood products
including “chair stock,” veneer, excelsior, and chest-
nut posts that were shipped by rail (Forest Com-
mission of the State of New York 1887). Some of
the 44,190 m3 (12,275 cords) of cordwood cut in
Wawarsing were used to supply the 3,600 to 7,200
m3 (1,000–2,000 cords) of wood needed each year
by the Ellenville glassworks (Forest Commission of
the State of New York 1887).

Barrel headers were produced in Rochester and
Wawarsing for use in the cement and lime indus-
tries (Forest Commission of the State of New York
1887). Local wood was used in Napanoch as raw
material in axe, tobacco-knife, and rake factories
and in paper mills (Forest Commission of the State
of New York 1887).

ECONOMIC AND ECOLOGICAL
TRANSFORMATION

A feedback developed between humans and the
landscape with humans changing the structure and
composition of the forest and the changed ecosys-
tem providing products that were more quickly
cropped and sold. Humans changed the output of
the landscape from mature hemlocks, oaks, and
chestnuts, used for tannins and timber, to short ro-
tation coppice used for hoops and charcoal. Re-
peated cutting favored vigorously sprouting trees
such as chestnut oak, red oak, and American chest-
nut. In turn, harvesters selected for trees that could
resprout and grow quickly, to shorten the period be-
tween harvests. Increasing industry provided in-
creasing demands on raw materials, including the
transportation industry, which required raw mate-
rials in its construction (e.g., railroad ties) and an
ever-increasing market outside the local area. For-
est harvest continued until cheaper materials could
be provided from other localities, or technology re-
placed the raw materials produced in the Shawan-
gunks.

By 1893, iron was beginning to replace wooden
straps for packing boxes (Anonymous 1893), and
eventually displaced wooden barrel hoops. As
Rosendale cement was displaced by Portland ce-
ment the local hoop-making industry declined and
adapted. People of the Trapps made straps from
white birch that were shipped to areas of citrus pro-
duction to be used in binding orange boxes
(Knickerbocker 1937). Though the industry slowly
faded, it is not forgotten. One area onMohonk Pre-
serve land, where trees today demonstrate multiple
trunks from the base, is still known as the Hoop
Pole Lot.

The ecological communities of the Shawan-
gunks produced much more than wood products.
From the mid-nineteenth century to the 1940s
“huckleberry” (blueberry) picking was a major
Shawangunk industry, with as many as 350 people
employed at one time in picking (Smiley 1986),
some living in camps on the mountain (Fig. 10.10).
Wild blueberry crops “filled dozens of wagons, each
carrying 40–50 half-bushel boxes [1.4–1.6 m3] in
1878” (Russell 2001). Pickers produced $35,000
worth of berries in 1887 and $50,000 of produce in
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1895 (Anonymous 1887; Anonymous 1895).
Berries were shipped to Kingston and to Newburgh,
and as many as three railroad cars per day were filled
with berries going to New York City (Forest Com-
mission of the State of New York 1887; Smiley
1986).

Huckleberry pickers likely set fires intentionally
to promote the berry crop (Anonymous 1897b;
Russell 2001). Light surface fires activated sprouting
and increased productivity of lowbush blueberry
plants, at the same time killing taller plants that out-
compete blueberries for light. Blueberry plants are
most productive in full sunlight and become less
productive or fail to set fruit entirely when shaded
by other plants (Chandler and Mason 1946; Hall
1955). Heaths are able to withstand fire due to be-
lowground stems and roots that are protected from
the heat of fire by mineral soil; these shrubs are able
to vegetatively reproduce, also a factor in their sur-
vival of fires. Frequent burns also prevented fuel

loads from building up. Berry producers would try
to avoid severe fires, which can burn or kill blue-
berry rhizomes, causing a decline in their popula-
tion and productivity (Smith 1968). Frequent, low
severity fires not only increased berry production
but favored other fire-adapted plants, such as
mountain laurel, scrub oak, and pitch pine.

It is clear that at least by the 1890s all of the
marketable timber in the Shawangunks had been
exhausted. Much of the smaller, younger forest
growth was intensively consumed for cordwood,
hoops, and charcoal. The resulting “forest” was a
shrubland of resprouts with ample sunlight on the
forest floor, enough to support oak regeneration
(Fig. 10.11). Though a tremendous amount of for-
age was available for white-tailed deer to browse,
few to no deer were present to eat these sprouts.

Overharvesting, land clearing, and heavy win-
ters had removed deer from this area by 1875. Deer
virtually disappeared from the Catskill area at about
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FIG. 10.10. During the berry season, pickers loaded dozens of wagons each carrying 40–50 of these half-bushel boxes filled with blueberries. Arthur
Van Lueven and others at camp on Smiley Road c. 1915. DSRC archives.



this time due to deep snow covered by a thick crust
and the subsequent killing of large numbers of deer
(Forest Commission of the State of New York
1887).

MOUNTAIN RESORT ERA

Nestled in the northern Shawangunks are high ele-
vation “sky” lakes. Mohonk Lake, Minnewaska
Lake, Awosting Lake, and Maratanza Lake each
came to support either resorts or camps (Russell
2001). Spectacular natural settings of these lakes
have, for more than a century, provided an attrac-
tion to the population of the New York City met-
ropolitan area and beyond (see Flad, ch. 20 this
volume). Though the surrounding mountain lands
had succumbed to a combination of ax, saw, and
fire, there still existed beautiful niches surrounded
by cliffs and panoramic views. Mohonk Mountain
House was founded by twins Albert and Alfred Smi-

ley in 1869, when Albert purchased the Stokes Tav-
ern on Mohonk Lake (Fig. 10.12). Alfred Smiley
first saw at Mohonk Lake “the dark pines and the
glittering water—and beyond it the wonderful cliffs
rising from the western side of the lake. It had for
him all the sensation of a discovery” (Partington
1911). Alfred later discovered the beauty of Min-
newaska lake and left Mohonk to start Cliff House
at Minnewaska Lake in 1879, and in 1887 opened
Wildmere.

The construction and maintenance of these
mountain houses along with the development of an
extensive network of carriage roads and other infra-
structure provided regular employment for many
local families as either a supplement to their current
income, or as an alternative to seasonal work.

With the soil of the small substance farms erod-
ing and deteriorating, many woodlots had been
cleared, and the profit from hoop poles, charcoal,
and cordwood declining with the rise of iron and
coal, it became more and more difficult for the in-
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FIG. 10.11. Smoke from “chark” burning filled the valley, as oaks and other trees resprout, eventually to grow to the chestnut oak forest we have on
the Mohonk Preserve today. Photo taken by geologist N. H. Darton, October 4, 1892. DSRC archives.



habitants of these mountains to eke out a living.
Surrounded by willing sellers, the mountain resorts
bought up land to supply the resources they needed
to sustain their operations and also to protect their
viewsheds (Partington 1911). Local forests supplied
the mountain houses with fuelwood. Mohonk alone
was cutting some 7,200 m3/year in the early twen-
tieth century (Fig. 10.13) (DSRC archives).

The resulting landscape of the late nineteenth
century was recognized as being overharvested and
awakened a conservation ethic for forest lands and
wildlife. Predators such as wolves and mountain
lions were extirpated along with deer and other
wildlife. To protect deer, the deer hunting season
was restricted in duration in 1886; the number har-
vested was limited to two in 1892; hounding and
using jack-lights were outlawed in 1897 (Kelsey
1978). At Mohonk in 1896, due to the lack of local

deer, the Mohonk Mountain House acquired nine
white-tailed deer to put in a fenced paddock near
the gardens so that guests could see deer for their
entertainment (Anonymous 1896). In 1908–09
only a few areas were open to hunting in New York
State and in 1919 the deer harvest was limited to
one buck (Kelsey 1978).

One of the last major assaults on the forest was
not by axe, saw, or fire, but by an imported
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FIG . 10 .12 . “Lake House at Lake Mohunk,” Stokes Tavern c. 1865.
DSRC archives.

F IG. 10.13. “Harvesting at 10 Below” photo taken by Daniel Smiley of
cordwood removal on Oakwood Drive. DSRC archives.

F IG. 10.14A. American chestnut, photo by Daniel Smiley, 1954. DSRC
archives.

F IG . 10.14B. Chestnuts provided an important food source for wildlife
and humans. Photo by Daniel Smiley, 1954. DSRC archives.



disease—chestnut blight (Cryphonectria parasitica).
The disease was first noted at Mohonk in 1912, and
by 1915 had killed off all of the American chestnut
trees and pole wood. American chestnut, the fourth
most common precolonial forest tree in the
Shawangunks, a majestic tree, providing one of the
most important rot resistant hardwoods and a rich
source of food for people and wildlife alike, survived
merely as scattered clumps of stump sprouts and
small, lanky trees (Fig. 10.14a, 10.14b).

A NEW FOREST

By the late 1920s and early 1930s, cheaper, alter-
native products and energy sources saw the broad-
scale, intense harvesting of wood products come to
an end in the Shawangunks. The resilience of har-
vested forest lands and large areas of abandoned
farm fields was remarkable. Abandoned lands soon
began overgrowing intensely and relatively quickly,
for the most part, with the same species that had

made up the presettlement forest, but with different
species concentrations reflecting land use.

Wide-scale improvement in habitat due to for-
est regrowth and agricultural abandonment was a
significant factor that led to an increasing deer pop-
ulation. Unchecked by overhunting or natural pred-
ators and slowed only by heavy winters, the deer
population grew quickly. By 1951, Dan Smiley
counted 150 deer at one time at Brook Farm on the
Mohonk Mountain House land.

On February 26, 1963, Dan Smiley joined with
other Smiley family members and friends to create
the Mohonk Trust. The first land purchase of the
Trust was the 200 ha (500 ac.) Trapps parcel in
1966. The Trust became the Mohonk Preserve in
1978 and today owns 2,700 ha (6,700 ac.) of land
contiguous to Minnewaska State Park Preserve and
Sam’s Point Preserve. The “Gunks” are a world-
renowned rock climbing area and a recreational des-
tination.

The forest that recovered from the repeated
cutting and fires of the late nineteenth and early
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FIG. 10.15. Tree species composition in 2001 field study compared to Eighteenth century witness tree data.



FIG. 10.16A. The Rondout Valley c. 1895, “View from Prospect Hill.” Most land is in agriculture with woodlots on small ridges and trees along ripar-
ian corridors. DSRC archives.

F IG. 10.16B. The Rondout Valley in 2005, is largely forested, with few, scattered fields. Photo taken by John Thompson.



twentieth century had a different composition than
the presettlement forest (Fig. 10.15). White oak,
black oak, and American chestnut did not recover in
abundance, while red maple, sugar maple, red oak,
and chestnut oak increased (Russell 2001).

From 1948 to 1994, ridgetop pine barrens de-
clined by 30 percent, from 4,050 ha (10,000 ac.) in
1948 to 2,800 ha in 1994 (Russell 2001). Many of
the smaller barrens patches were invaded by hard-
wood forests and slowly shaded out. The most re-
sistant patches are those on thinner soils near cliff
lines or ledges. Fields that were not maintained suc-
ceeded to beech-maple mesic and Appalachian oak
hickory forest (Fig. 10.16a, 10.16b).

Composition of the chestnut oak forest is
changing over time. Lack of regeneration of the
dominant canopy oaks is of concern for land man-
agers in the Shawangunks. Red maple has become
dominant in the tree and shrub layers of some areas
of chestnut oak forests (Batcher 2000; Russell
2001). Gypsy moth (Lymantria dispar) defoliation
combined with drought has killed tree oaks in some
of this forest. Thousands of chestnut oak trees were
observed to die after nearly 100 percent gypsy moth
defoliation in the summers of 1986 and 1987, and
in the spring of 1988 coincident with below nor-
mal rainfall in the 1987 and 1988 growing seasons
(Huth 1989). As the Shawangunk deer population
increased during the twentieth century, coincident
with an era of aggressive fire suppression, forest
canopy gaps were filled by red maple and associated
species, such as sassafras (Sassafras albidum) and
black gum (Nyssa sylvatica). As aging chestnut oak
and other oaks succumb to mortality, other species
will begin to dominate in these forests.

Vegetation plots placed on Mohonk Trust land
in 1977 were prescribed burned in 1978 and 1979
(Thompson and Sarro 2008). Chestnut oak de-
clined in importance from 1980 to 2003, while red
maple, pitch pine, hemlock, black birch, and red
oak increased. Despite its decline, chestnut oak con-
tinued to have the highest importance value in
2003. Chestnut oak saplings declined from 42 per-
cent of the saplings in plots surveyed in 1980 to zero
when resurveyed in 2003.

Tree canopy cover and competition with shrubs
on the forest floor are limiting tree seedling growth
by decreasing available light on the forest floor. Pe-
riodic droughts limit the number of seedlings that

survive, and oak seedlings that do establish are
browsed by deer and rarely grow to sapling size.

While the Shawangunk Mountains of today
support large, unbroken habitat, two ecological
drivers are determining the trajectory of ecological
succession: preferential browsing of palatable woody
and herbaceous plants by white-tailed deer and fire
suppression. Deer herbivory has greatly altered and
simplified the composition and structure of the
ground and shrub vegetation layers and eliminated
regeneration in much of the typical chestnut oak
forest type. Overabundant deer degrade the vertical
structural diversity of forest habitats by decreasing
species diversity or by completely eliminating the
shrub and sapling layer and decreasing the diversity
of the ground layer. Deer-attributed changes to for-
est structure and composition translate directly to
acute, negative effects on the diversity and abun-
dance of forest fauna (Casey and Hein 1983; de-
Calesta 1994; McShea and Rappole 2000). Decline
in diversity results from both the loss of ecological
niches due to habitat simplification and increased
exposure as habitat complexity decreases (McShea
and Rappole 1997). Due to a combination of deer
and lack of light on the forest floor, oak regenera-
tion is severely limited in the Shawangunks.

To ensure a viable chestnut oak forest, it is im-
portant that chestnut oak be a major part of the
canopy, the subcanopy, and the sapling layers. The
decline of oaks due to gypsy moth and drought and
the subsequent invasion by mesophytic hardwood
species threaten the key ecological attributes that
maintain the chestnut oak forest (Nowacki and
Abrams 2008). An increase in red maple within the
chestnut oak forest changes forest dynamics and
ecological processes to a degree that will become in-
creasingly difficult to reverse. Gypsy moth defolia-
tion and drought are shifting dominance toward red
and sugar maple. Maples produce leaf litter that de-
cays more readily than oak litter and increases the
minerals available in the soil, which may make it
easier for other hardwoods to invade. The shrub
layer has become dominated by mountain laurel,
heaths, and shrubs that are not preferred forage for
deer.

Oak forests have been the principal forest over
much of eastern North America for more than six
thousand years, and are documented as being im-
portant in the Shawangunks for the past six thou-
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sand years (Margraf 2003). Currently, oak forests
appear to be experiencing a range-wide decline. The
decline of oak dominance within oak forests may
have catastrophic impacts on wildlife. McShea and
others (2007) state that ninety-six bird and mam-
mal species consume oak mast, with many of those
animals dependent on acorns to sustain them
through the winter. Since no other tree fills the
functional niche of oaks, a large decline in oaks will
have disastrous impacts on wildlife of eastern
forests.

Hemlock–northern hardwood forests are de-
clining since 1991 due to hemlock woolly adelgid
(Adelges tsugae). The adelgid feeds on hemlock twigs
at the base of the needle, causing needle drop, bud
mortality, branch dieback, and eventual tree death
(Orwig and Foster 1998; McClure 2001; McClure
et al. 2001). The adelgid, originally from Asia, is
present in most hemlock stands and many trees are
declining or already dead. As the hemlock canopy
opens up, more light will reach the forest floor; im-
pacting species diversity, vegetation structure, envi-
ronmental conditions, and ecosystem processes.

On April 18, 2008, a discarded cigarette started
the Overlooks Fire at Minnewaska State Park Pre-
serve. The fire burned approximately 3,100 acres
(1,250 ha) and was declared contained on April 22,
2008 (Fig. 10.17). This was the largest fire in the
Shawangunks since 1947 and only the second
largest fire documented since 1842 (Smiley and
Huth 1982). With this wildland fire, researchers
have the opportunity to investigate the effects of a
large-scale disturbance on an oak forest in the
northern Shawangunks, which will augment ongo-
ing prescribed burn research.

Ecological communities are dynamic, continu-
ally changing abiotic and biotic conditions. The
pre-European Shawangunk landscape pattern of
pine-dominated communities at the higher eleva-
tions grading into oak-dominated forests is largely
the arrangement that we see today. The general re-
covery of these forests from the nineteenth to the
twentieth century is a testament to the resilience of
these natural communities, but the forests, wood-
lands and wetlands of today have not recovered
equally. The twenty-first-century Shawangunk pitch
pine barrens communities appear to be less changed
than the oak forest communities (Russell 2001).
Oak forests are much different in species assemblage

and structure than the forest at European settle-
ment. To sustain oak forests and our biodiversity
into the future, land managers in the Shawangunk
Mountains, the lower Hudson Valley, and through-
out the region need to implement management ac-
tions aimed at improving forest condition through
thinning the canopy, prescribed burning, and re-
ducing deer browsing. There is a great conservation
challenge here with great opportunity.
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ABSTRACT

Since 1609 agriculture has played a central role in
Hudson Basin land use. The technology and eco-
nomics of farming have changed as other aspects of
society evolved. Here we examine some of the changes
that have fed a growing population.

SETTING THE STAGE

Agriculture, like every other aspect of human cul-
ture, is continually evolving, affected by technology,
social and political forces, and economics. The story
of agriculture in the Hudson Basin begins with an
accelerating use of cultivated foods by the Native
Americans as they sequentially adopted the agro-
nomically and nutritionally successful “three sisters”
of squash (Cucurbita pepe), corn (Zea mays), and
beans (Phaseolus vulgaris). The system of polycrop-
ping extends back millennia in Central and South
America but the complete package had been in
place in New York for only three hundred years at
the initiation of European contact.

Indian gardens in the Mohawk and Hudson val-
leys were often situated on flood plains where the
soils were refreshed by springtime floods while vil-
lages were defensively located on higher ground.
Woods around the villages supplied material for
construction, fuel, and tools. Underbrush was
burned off to reduce insects and hiding places for
enemies. Villages were abandoned after five, ten, or
twenty years when the people relocated, usually not

a great distance away. The habit of moving villages
resulted in a checkerboard landscape of cleared land
and lands reverting back to forest. The Indians also
modified the landscape with fires that may have en-
couraged nut-bearing trees—chestnut, hickory,
hazelnut, butternut, walnut, and oak—which
formed a significant part of their diet (Engelbrecht
2003; Hart 2008). While the Indians foraged and
gardened in the Hudson Basin for thousands of
years, agriculture as we know it came with Euro-
pean settlement. The earliest Dutch and associated
people came to trade manufactured goods for pelts,
but required at least subsistence agriculture to sup-
ply the foods they were accustomed to eating. Eu-
ropeans quickly adopted corn, beans, and tobacco
from the Native Americans. Intentionally and in-
advertently imported European grasses such as blue-
grass and red clover spread rapidly and turned out
to be nutritious for native American animals such as
elk and deer. European red clover was seen at Clav-
erack in the Hudson Estuary by 1615 (Bidwell and
Falconer 1941). Daniel Boone found great fields of
bluegrass when he entered Kentucky in 1765
(Brown 2008). Honeybees were introduced to Vir-
ginia in 1622, to New England in 1638, and were
seen in New York by 1670 (Crane 1999).

MALTHUS

Watershed population statistics show how the Hud-
son Basin has developed (Table 11.1). The Lower
Hudson is the region drained by waters entering the
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Hudson north of New York City and south of the
Mohawk River. The Mohawk drainage includes the
Schoharie system, and the Upper Hudson is drained
by waters entering the Hudson north of the Troy
Dam. Since 1790 the population of the Hudson
Basin has grown at 3 percent per year from 270,000
to 5.6 million. At the end of the Revolution, New
York City was depopulated and shattered, but it
grew quickly after the 1825 opening of the Erie
Canal. Other factors promoting growth included
the importation of coal through the Delaware and
Hudson Canal (1828) which provided energy for
developing industries, water supplied by the Cro-
ton Aqueduct (1842), and influxes of Northern Eu-
ropean immigrants in the 1840s, and Southern and
Eastern Europeans around the turn of the twentieth
century. After World War II New York City’s pop-
ulation declined as people fled to the suburbs but
rebounded after the crises of the 1970s (2008a;
2008b; 2008c; 2009b; 2009d). The Lower Hudson
had the greatest population at the close of the Rev-
olution but lost relatively to New York City until
after World War II when suburbanization shifted
people out of cities. These statistics demonstrate
how little the Mohawk River region benefited from
the Erie Canal.

Thomas Malthus, concerned that an arithmeti-
cally increasing food supply could not keep pace
with a geometrically growing population, published
his dismal observations on food and population in
1798. The French Revolution showed that wide-
spread hunger could destabilize an ancient regime.
Outside of a few instances of scarcity induced high
prices, for example the 1837 bread riot in New York

City, food supply has been sufficient for the resi-
dents of the Hudson Basin. The Malthusian disas-
ter has been dodged, but how?

CLEARING THE LAND

Land clearing was a prerequisite to agriculture.
When the pioneers came into the wilderness of New
York they found a patchwork of clearings created by
Native Americans for gardens, particularly in river
bottoms and around current and former dwelling
places. They also found forests so dense that the
ground was in perpetual twilight. The pioneer’s task
of deforestation remains stunning. U. P. Hedrick
writes that a “corneous-handed American son of
toil,” with the assistance of a “keen-edged, shining,
trenchant American axe housed on its helve of
American hickory, and efficiently swung,” could
chop, log, burn, plow, and sow ten acres of forest
land in a year (Hedrick 1933). Without transporta-
tion that could bring the timber to a market, the
only way to remove the wood was by burning. From
a very early date, however, there was a market for
potash.

Manufacture of woolen goods required that the
fleeces be washed in soap to remove the animal oils.
Alkali for soap had been supplied by burning kelp,
from mining sesquicarbonate in the Egyptian
desert, from the Mediterranean salt marsh plant
barilla, or saltwort, but it could also be made from
wood ashes. By 1760 England needed several thou-
sand tons a year of potash for its wool and glass
industries. Russia was its chief supplier but mer-
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TABLE 11.1. Population in Millions

1790 1800 1810 1820 1830 1840 1850 1860 1870 1880 1890

Lower Hudson 0.18 0.19 0.21 0.24 0.28 0.33 0.39 0.47 0.54 0.57 0.61
Mohawk 0.05 0.06 0.11 0.13 0.16 0.18 0.19 0.20 0.21 0.23 0.25
Upper Hudson 0.01 0.05 0.07 0.08 0.10 0.11 0.13 0.15 0.16 0.17 0.18
NYC (Manhattan) 0.03 0.06 0.10 0.12 0.20 0.31 0.52 0.81 0.94 1.21 1.52

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Lower Hudson 0.65 0.75 0.78 0.97 1.04 1.14 1.42 1.65 1.73 1.82 1.92
Mohawk 0.27 0.33 0.36 0.39 0.39 0.42 0.46 0.48 0.47 0.47 0.47
Upper Hudson 0.19 0.19 0.18 0.19 0.20 0.21 0.24 0.28 0.31 0.34 0.36
NYC (Manhattan) 2.05 2.76 3.02 3.13 3.28 3.41 3.12 3.01 2.60 2.69 2.87

Census data from counties were multiplied by the proportion of the counties’ areas in each drainage region. ArcGIS software was used to determine
the proportion of counties in each of the watersheds. The proportions and county populations were multiplied and summed to obtain watershed popu-
lations. For the purposes of this chapter, county statistics were assumed to be evenly distributed geographically. Bronx County devolved in stages from
Westchester County between 1874 and 1914. This detail was ignored in making the table.



cantilist authorities saw the American colonies as a
potentially cheaper source and sent experts here to
provide technical advice on potash production.

Homesteaders poured fresh ashes from elm, ash,
sugar maple, hickory, beech, and basswood into a
V-shaped trough slightly open at the bottom and
lined with grass and straw to filter the ash. Water
leached out the readily soluble potassium and
sodium carbonates. These “black salts” were then
boiled to dryness in big iron pots. Local asheries pu-
rified the black salts made by the farmers into a
higher grade product suitable for export called
pearl-ash (Roberts 1972). Sale of the black salt be-
came an essential component of homesteading
economy. Black salt from a single tree could pay for
two acres of land. The light ash was easily trans-
ported. In 1810 pioneer developer Judge William
Cooper observed, “A man who is careful of his ashes
and profits by the advantage which new cleared
lands afford, that of raising his forest crop without
the experience of either plowing or weeding, is
rather a gainer by the wood which he has cut down.
. . . [A] man’s profits are never greater than at the
time of clearing his lands” (Hedrick 1933). Potash
was an important cargo on the new Erie Canal. By
1791 other technologies began to replace the need
for wood ash and after the 1870s mined potassium
salts eliminated the market. The principal use of
potash now is for agricultural fertilizer. Removal of
potassium and other nutrients in harvested veg-
etable products has a deleterious effect on soil fer-
tility, which is made up through replenishment by
mined fertilizers.

Logging, mining, primitive agriculture, charcoal
burning, tar and potash making, and harvesting
bark for tanning increased rates of erosion in the
Hudson Basin (Fox 1901); (McMartin 1994). For-
est fires, particularly caused by farmers clearing
land, hunters, and sparks from woodburning steam
locomotives, destroyed huge swaths of timberland.
Soils unprotected by forest or agriculturally tilled
are far more prone to erosion. By the turn of the
twentieth century sediment loads in Hudson River
reached their zenith and were estimated to be
twenty times background (Ayres et al. 1985; Ayres
and Rod 1986) This loss of forest and soil precipi-
tated the forest conservation movement. Replace-
ment of charcoal with coal, of untreated wood with
chemically treated wood, of lumber with concrete

and steel, and firewood with fossil fuels greatly re-
duced the demands on forests (MacCleary 1994).

HUDSON BASIN CROPS AND THEIR
EVOLUTION

In the mid-nineteenth century good agricultural
statistics for the nation and New York began to be
assembled. The 1865 New York Census provides a
detailed look at New York society and economy at
the close of the Civil War. Table 11.2 shows the pro-
portion of land area, plowed land, and agricultural
production in the three major regions of the Hud-
son Basin.

TABLE 11.2. Proportion of NYS Agricultural Production from the Three
Major Hudson Basin Watersheds in 1864

Lower Hudson Mohawk Upper Hudson

area of state 10.28% 7.13% 8.29%
land plowed, of all
NYS plowed lands 10.16% 6.25% 4.42%
land plowed, of
subbasin area 11.18% 9.90% 6.03%
cheese, pounds 2.51% 20.45% 1.69%
cider, barrels 18.50% 5.91% 5.19%
flax, pounds of lint 4.10% 6.27% 8.99%
liquid milk, gallons 63.60% 1.00% 1.20%
oats, bushels 9.99% 7.04% 3.95%
potatoes, bushels 9.81% 5.71% 9.07%
rye, bushels 38.54% 5.97% 7.62%
wheat, spring and
winter, bushels 2.70% 1.23% 0.42%
wool, pounds shorn 5.72% 3.06% 5.01%

County-level data were partitioned among the watersheds using ArcGIS
statistics as described in Table 11.1.
Source: New York Secretary of State 1867.

Significant changes in the production and con-
sumption of important crops in the Hudson Basin
have occurred. Four key Hudson Basin crops, pota-
toes, grain, dairy, and apples are examined in more
detail. Per capita potato consumption in the United
States has been relatively flat during the last century.
Potatoes are now almost exclusively consumed as
human food, but in the nineteenth century potato
starch was used for coating yarns to increase dura-
bility in mechanical weaving. Some potatoes were
fed to pigs. The Russet Burbank, a disease-resistant
strain of the Burbank potato, thrives in volcanic soil
in mountainous areas with high day and low night
temperatures. It also needs specific soil moisture
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levels that can be achieved by irrigation. This potato
is particularly good for freezing and frying (due to its
high sugar content), and is extensively cultivated in
Idaho, Washington, and Oregon (Davis 1992). The
prime potato region in Idaho, the Snake River Val-
ley, is a high desert plain that receives about eleven
inches of rain per year. Large-scale irrigation proj-
ects enable intense agricultural production on desert
lands where insect and fungal losses are much less
than those in more humid New York.

In 1959–60 only 4 percent of the U.S. potato
crop was processed into frozen products. By 1989–
90, 32 percent of the crop went to making French
fries. In 2006 70 percent of potatoes were con-
sumed as “processed.” Modern farming methods
have increased potato yields in New York fivefold
from 4,800 kg/ha in the 1880s to 25,000 kg/ha in
the 2000s but in Washington State, almost eight-
fold (from 6,900 to 54,000 kg/ha) in the same pe-
riod (2009a).

New York state led the nation in potato pro-
duction until the 1940s. Refrigerated railcars and
large-scale irrigation allowed raising foodstuffs
thousands of miles from consumers, so western
states could compete in eastern markets. Increases in
potato yields on New York farms since World War
II are dwarfed by gains elsewhere. New York state
acreage in potatoes has been decreasing since the be-
ginning of the twentieth century (Lucier et al.
1991). After peaking at the beginning of the twen-
tieth century, potatoes have become a minor New
York crop.

In Colonial and Revolutionary days, the Lower
Hudson and the Mohawk Valley were very impor-
tant wheat-growing districts. The Revolution was
particularly devastating to wheat production in the
Mohawk Valley where about one-third of the pre-
war white population was killed and half the build-
ings were burned. In addition, the “Hessian fly” an
invasive species of gall midge (Mayetiola destructor)
was introduced, probably in animal bedding
brought from Europe by British or mercenary
forces. It was first seen in New York City but rapidly
infested the northeast, especially the already devas-
tated Mohawk Valley (Pauly 2002). The Hessian fly
is still a highly destructive pest to wheat farmers in
the midwest. Mohawk valley farmers substituted
rye, which was not a target of the Hessian fly, for
wheat. By the mid-nineteenth century, wheat was a

minor crop in the Hudson Basin. Now New York-
ers primarily get their bread from wheat grown in
places better suited to cultivation with modern
machinery.

New York corn acreage (currently around 3 per-
cent of the state’s area) is less than the national av-
erage of about 5 percent. Nationally, nonfood uses
for corn, chiefly for animal feed, predominate.
These also include industrial starch and ethanol.
Since 1927 only 2 to 11 percent of the US domes-
tic corn supply has gone to human food. In 2007
Americans consumed 13.4 kg per capita of corn as
cereal and 50 kg of corn converted to sweeteners,
mostly high fructose corn syrup.

Corn yields remained virtually flat from the be-
ginning of organized USDA statistics in 1866 until
1900. Between 1900 and 1950 low but positive
increases (5.2 to 10 kg/ha/year) in corn yield
occurred. After World War II continuous improve-
ment in fertilizers, crop strains, and pest manage-
ment have produced a steady rise in yield (kg/ha/
year) of 126 (California) and 68 (New York) over
the fifty-seven years between 1951 and 2008.

Corn is principally raised in the lower Hudson
and Mohawk regions of the Hudson Basin. Of this,
84 percent is for grain and 16 percent is for silage.
Modern corn production rates in the Hudson Basin
are about 127,000 tonnes/year. A spike in 1998 (21
million kg) was in anticipation of ethanol produc-
tion (2005a).

Rye was formerly used to make bread, beer, and
tough rye straw used for animal bedding. Nonfood
uses have often dominated rye consumption. Until
the late nineteenth century rye straw was still grown
in Manhattan for use in the city’s stables. The de-
crease in rye production mirrors the replacement of
horses with motor vehicles and, perhaps, Prohibition.

At the beginning of the nineteenth century
paper makers experimented with an array of mate-
rials ranging from mummies to manure as replace-
ments for rags. Success came in 1854 when straw,
principally from rye, could be economically used as
fiber for paper manufacture. Columbia, Rensselaer,
and Ulster counties were early centers for rye straw
paper making. This industry provided an important
market for local farmers, particularly those with
marginal land less suitable for other crops (Munsell
1870; Weeks 1916; Smith 1997). After 1859 im-
provements in the process, straw paper became
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common. The silicious character of the straw gave
straw paper a hard, brittle surface, which wore out
type about twice as fast as the older softer surfaced
paper, and it was less durable than rag paper, yet
nearly all newspapers were printed on it until after
the Civil War when wood pulp began to be used
(Munsell 1870). A peculiar application of straw
paper was the manufacture, in Hudson, New York,
of paper-cored Pullman railroad car wheels. The
paper core damped vibration and noise (Wright
1992). From the 1860s until the end of the nine-
teenth century, E. Waters & Sons in Troy, New
York, manufactured canoes and architectural ele-
ments made from paper. In the last decades of the
nineteenth century, New York produced around
76,000 tonnes of rye per year but in the 1920s pro-
duction fell to 14,000 tonnes; it is now around
7,600 tonnes.

Dairy is the largest agricultural activity in the
Hudson Basin. New York is the nation’s third-largest
dairy producer, falling behind California and Wis-
consin. However, dairy production in New York has
been relatively flat in comparison with California,
Idaho, and New Mexico. A USDA report shows
that northeastern dairy farms are smaller, less effi-
cient, and operated by people with less education
than western farms. Northeastern operators are less
likely to engage in forward purchases of feed to lock
in favorable prices and more interested in leaving
the industry (Blayney 2002). As with other com-
modities, milk production has shown phenomenal
and continuous gain since World War II (Table
11.3). This has been achieved through a variety of
changes in genetics, nutrition, antibiotics, and other
means. Monsanto’s recombinant bovine soma-
totropin, also called bovine growth hormone, first
became available in 1994 but milk yields had begun
increasing before then and continue to do so.

TABLE 11.3. Milk Production per Cow in California, New Mexico, New
York, and Wisconsin

kg/year/cow
increase California New Mexico New York Wisconsin

1924–1949 21 16 15 18
1950–1975 95 120 78 62
1976–2008 102 118 101 93

kg/year/cow
1924 2,190 1,067 1,902 1,969
2008 8,334 8,679 7,407 7,291

In the early 1920s New York had 1.4 million
cows producing 3.2 million tonnes of milk; by the
late 2000s New York’s 0.64 million cows produced
5.5 million tonnes of milk. Dairying is undergoing
concentration: in 1940 the average dairy heard was
five animals but by 2000 the number of dairies had
shrunk and the number of cows was up to eighty-
eight per farm (Blayney 2002).

Increased operating efficiency of distant farms
would not necessarily be significant if milk required
rapid transport from farm to consumer, but the
long-term trends are away from fresh milk and to-
ward cheeses. In 1909 the annual U.S. per capita
consumption of fresh milk was 129 liters but it has
fallen to less than 87 liters in 2001. Cheese con-
sumption, 1.4 kg per capita per year in 1909, has
risen to 11 kg per capita per year in 2001. Milk is
being replaced in people’s diets by soda and bottled
water. More than half of cheese now comes in mass-
produced foods such as fast food sandwiches and
packaged snack foods (Putnam and Allshouse
2003).

Per capita butter consumption has decreased
due in large part to substitutes (margarine) available
to the home cook as well as to substitutes used in in-
dustrial and commercial food preparation. Cheese
consumption increased rapidly after World War II.
Cheese production was encouraged by the Agricul-
ture Act of 1949, which permitted the government
to buy milk (as cheese, nonfat dry milk, or butter)
to support prices.

Apples were nearly ubiquitous on New York
farms by 1774. Apples, used primarily in hard
cider, were a principal Erie Canal cargo (Cohen
1992). By the end of the nineteenth century New
York apples were outcompeting English apples in
the London market (Large 1962). New York state
has 17,000 ha of apple orchards. Second in the na-
tion (behind Washington—producing 57% of the
U.S. crop), New York produces 10 percent of the
country’s apples. Apple yields in New York lag be-
hind those from Washington, Oregon, and Idaho
(2005c). Since 1959 the slope of yield growth has
been 1.7 times greater in Washington state than in
New York.

Consumption of fresh apples has been relatively
constant (about 6.7 kg per year per capita) but apple
juice and highly processed apple products have in-
creased at the rate of 0.21 kg per year since 1970.
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Per capita consumption of juice rose from 2.2 kg
per year in 1970 to 10 in 2007 (2009c). This trend
again encourages competition from distant sites
where production is cheaper. Chinese apples com-
prise almost half the world’s crop and are exported
as juice concentrate halfway around the word
(2004). U.S. apple exports are rapidly decreasing in
response to Chinese and European competition.
New York apple farms are decreasing; since 1959 al-
most one-quarter of the apple-bearing acreage was
released to other uses.

NUTRIENTS

Under subsistence conditions, when production
and consumption of agricultural foodstuffs was con-
centrated in space, nutrients remained relatively
close to the site of growing. However, as labor-sav-
ing machinery became more prevalent and efficient,
fewer people and, after the adoption of tractors,
fewer animals were required on the farm. Labor was
released to work at sites remote from farms. Table
11.5 illustrates this.

TABLE 11.5. Proportion of Regional Population Engaged in Agriculture

Census year Lower Hudson Mohawk Upper Hudson

1820 10.99% 18.45% 18.53%
1840 11.10% 21.18% 21.59%
2007 1.57% 0.49% 0.53%

(2009b; USDA NASS New York Field Office 2009)

Nutrients are lost as agricultural products are
moved off farms and as soil is washed away by ero-
sion. Soil exhaustion and the benefits of manure
have long been known. In the first half of the nine-
teenth century, a scientific basis for this began to
emerge through the work of Nicolas-Théodore de
Saussure in Switzerland (1804), Phillipp Carl Spren-
gel (1831 and 1832), and Justus von Liebig (1840
and 1855) (van der Ploeg, Bohm, and M. J.
Kirkham 1999). Plant growth could be enhanced

and “worn out” soils replenished through the addi-
tion of mineral salts. Liebig popularized the “law of
the minimum,” which stated that plant growth is al-
ways limited by one nutrient. If that nutrient were
supplied in greater amounts, some other nutrient
would then become limiting. Progressive farmers
used animal manure, street sweepings containing
horse manure, ground-up bison bones, fish and sea-
weed, “poudrette” (night soil mixed with charcoal
or gypsum), leached ashes, or swamp muck. By the
1840s South American guano was being sold world-
wide. In the 1860s mineral potash was discovered
in Germany and in 1911 the Harber-Bosch process
made anhydrous ammonia from natural gas and air
with catalysts under high temperatures and pres-
sures. The process uses 938 cubic meters of natural
gas to make a tonne of anhydrous ammonia. Today
20 percent of the energy used in agriculture goes to
the manufacture of fertilizer—mostly nitrogen (U.S.
Environmental Protection Agency 2008). Intensifi-
cation of fertilizer application afterWorldWar II co-
incided with dramatic increases in crop yields. It also
led to increased eutrophication of water bodies from
farm and suburban yard runoff. Nutrients originat-
ing on the farm are a source of pollution when
flushed into urban waters. The natural cycle of con-
sumption and reuse has been broken and urban
sewage must be managed at public expense.

TRACTORS

The nineteenth century was a great era of agricul-
tural gadgets. Hopeful inventors filed patents for
improved plow blades, corn shuckers, apple corers,
manure spreaders, scythes, reapers, and the like.
Most of these devices suffered from limitations in
the amount and form of available power. Animals of
various sizes were placed on treadmills or walked in
a circle, either attached to a lever or threshing grain
with their feet. Power for almost any function in the
field, beyond simply moving forward, required
some kind of gearing off a wheel in contact with the
ground. Horses or oxen pulled almost all large farm-
ing equipment. This is a distinct disadvantage in
harvesting standing crops such as wheat or corn.
Modern farm tractors have power take-offs (PTOs)
that can deliver hundreds of rotary horsepower to
operate mobile machinery.
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TABLE 11.4. Apple Yields in Metric Tons/ha, New York and Washington

1880s 1890s 1900s 1910s 1920s 1930s 1940s

New York 4.8 5.1 5.1 5.6 6.3 7.0 10.6
Washington 6.9 7.3 7.1 6.8 9.0 9.7 15.3

1950s 1960s 1970s 1980s 1990s 2000s
New York 18.0 22.3 23.5 23.2 25.0 25.0
Washington 23.5 31.3 40.1 47.6 51.7 53.9



The introduction of tractors in the twentieth
century changed the necessary skills of farmers and
increased the area of land that a single farmer could
manage. In 1915, 38 million hectares of U.S. crop-
land, roughly 22 percent of the total, went to feed-
ing horses and mules; 85 percent of that area went
to feed work animals on farms. The first practical
tractor, the Bull, appeared in 1913; the 1917 Ford
Fordson was the first mass-produced tractor; and
the 1924McCormick-Deering Farmall was the first
tractor capable of operating between growing crops
and among the first to have a PTO. The amount of
power these tractors brought into the field enabled
an explosion of associated farm machinery (Olm-
stead and Rhode 2001). Tractors reduced the labor
necessary to farm an acre of ground. Since one man
could now do the labor of several, the size of the
farm that a family could manage increased.

TABLE 11.6 . Power Available to Mid-Atlantic Farmers (million
joules/sec), 1910–1960

1910 1920 1930 1940 1950 1960

animal 859 823 518 498 238 96
tractor 74 656 1,265 2,810 4,019
total 859 897 1,174 1,762 3,048 4,114

SOIL

The agriculture typical of colonial and modern
farming in the Hudson Basin is machine-based
monoculture. The basic machine is the plow,
pulled by animals or tractors. The plow assists in
pulverizing the soil to a size suitable for the seed,
eases new root growth by loosening the soil, buries
weeds and crop residue to prepare the seed bed and
retard weed growth, and creates furrows or ridges
desired for specific crops such as potatoes. By strip-
ping off protective vegetation, plowing hastens
wind and water erosion. Exposing more soil to the
atmosphere, oxidizes organic matter in the soil and
releases significant amounts of carbon dioxide. It
has been estimated that U.S. soils have, since Con-
tact, lost 30–50 percent of soil organic carbon (Lal
2004).

Soil management improvements have numer-
ous benefits including enhanced biodiversity, re-
duced pesticide use and topsoil runoff, and more
sustainable agriculture. “Conservation tillage” en-

compasses a variety of techniques that reduce soil
disruption by plowing, disking, and cultivation.
No-till is a conservation tillage practice that dis-
penses with the plow. Instead of mechanically turn-
ing over the soil and cutting or burying weeds,
no-till uses specialized seed drills that penetrate
stubble and a variety of pesticides such as 2,4-D,
Atrazine, and Paraquat to control weeds. The stub-
ble left on the ground helps retain moisture and re-
duces the impact of rain on the soil. The structure
of the soil is less disrupted encouraging earthworms
(another invasive species) and decreasing soil oxi-
dation. The nutrients and carbon in the stubble re-
turn to the earth on site. Elimination of plowing,
disking, and cultivation significantly reduces labor,
fuel, and machinery costs. Despite these advantages,
no-till has the drawbacks of retarding soil warming,
relying on high use of pesticides, and enhancing
fungal pests due to higher moisture content.

FARMS

Loss of agricultural land in the Hudson Basin was
rapid from 1940 until 1970 when it slowed. The
ways farmers use their lands have also changed. Area
devoted to crops increased at the expense of wood-
land and permanent pasture, reducing habitat and
diversity on farms. Between 1940 and 2003 the
Hudson Basin has lost 850,000 hectares of farm-
land, releasing land from farming that could revert
to natural succession or be a site for development
and sprawl. In 1940, the average Hudson Basin
farm was 43.7 hectares; by 2003 it had grown to
72.5 hectares.

Between 1910 and 2008, the number of New
York farms decreased almost sixfold; nationally the
number of farms decreased almost threefold. Farm
size has grown since 1950 but the rate of growth has
declined. New York farms are smaller than the na-
tional average.

The total amount of land farmed in New York
has almost halved since the early 1950s (26.9 mil-
lion hectares to 14.7 million hectares). This may re-
flect competing uses for land where agricultural
economics are weak more than technological driv-
ers such as tractorization, which was largely accom-
plished by the early 1950s . The average age of New
York’s farmers has risen from 50.1 in 1978 to 56.2
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in 2007. Since more than half of the New York state
dairy farmers have indicated that they would like to
leave the business in the next ten years, the loss of
farmland may soon accelerate.

TABLE 11.7. Changes in Hudson Basin Farm Area (2005b)

Lower Hudson Mohawk Upper Hudson

1940, farm hectares 621,980 460,180 311,289
2003, farm hectares 212,410 207,573 102,533

hectares lost each year
cropland 3,435 1,878 1,336
pasture 1,111 1,260 527
woodland 1,617 748 1,016
TOTAL 6,286 3,981 2,942

Statistics from the 2007 Agricultural Census
show that in five of the twenty-three Hudson Basin
counties (Dutchess, Essex, Schenectady, Westch-
ester, and Orange) farmers spend more to produce
crops than they make from selling them. Land held
in uneconomic farms is less likely to be sold as
farms, and farming it is less attractive to the next
generation. Table 11.8 shows return on investment
(ROI—value of farm products sold minus the cost
of producing them divided by the capital invested in
land, building, and machinery). The Lower Hud-
son has 78 percent of the state’s agricultural capital
and 78 percent of its agricultural profits (USDA
NASS New York Field Office 2009).

TABLE 11.8 . New York Agricultural Economic Statistics (Dollars in
Millions)

Lower Upper Outside
NYS Hudson Mohawk Hudson Basin

profit $83.7 $62.0 $3.1 $2.2 $18.6
capital $1,928.1 $1,496.9 $92.0 $138.9 $339.2
ROI 4.34% 4.14% 3.34% 1.55% 5.49%

PESTICIDES

Pesticides are used to decrease losses from attack by
insects, fungi, and nematodes, and from competi-
tion with other plants. They change the way farm-
ing is practiced by allowing denser plantings or
easier cultivation and harvesting. They enhance cos-
metic qualities and improve storage. Heavy metal–
based fungicides and insecticides appeared in the
mid-nineteenth century in response to the Phy-
tophthora infestans epidemic that destroyed the Irish
potato crop and a million Irish human lives. Lead

arsenate (LA) was first extensively used in 1892 to
control gypsy moths. LA was superior to the pig-
ment/pesticide Paris green (copper acetoarsenate)
introduced in 1867. Paris green was a potent insec-
ticide but it is also toxic to plants. Lead arsenate
lacked Paris green’s plant toxicity and adhered very
well to vegetation, making it a long-lasting agent.
Lead arsenate was used extensively on fruits, partic-
ularly apples, but also on garden crops, turf grasses,
and elsewhere. It accumulated in soils to such an
extent that significant lead and arsenic contamina-
tion occurs in some apple orchards. LA was also in-
completely removed from fruits by washing. DDT
made LA obsolete in the late 1940s. New York
banned DDT in 1970 (the EPA followed, banning
DDT in 1972) and EPA banned LA in 1988
(Peryea 1998).

DDT, famously effective in halting the spread
of typhus in Naples in late 1943, was extensively
used in the Hudson Basin. Newspaper reports in
the mid 1940s, soon after DDT became available
to civilians, describe extensive spraying for nuisance
insect control in the New York City area and in the
Hackensack Meadowlands. High DDT concentra-
tions persist in sediments in the Wallkill River and
in the Arthur Kill near Staten Island. The largest use
of DDT in New York state occurred in 1957 during
an massive but unsuccessful USDA aerial spraying
campaign to eradicate Eurasian gypsy moths (Pur-
due Extension 2005). Target insect populations
quickly became resistant to DDT, which is also a
potent hormone disruptor to many nontarget
species.

The largest amounts of pesticides applied to po-
tatoes are “other pesticides.” This class includes
chlorpropham and thiabendazole (sprout in-
hibitors), dichloropropene (to control nematodes),
and metam-sodium (a fungicide). Sulfuric acid is
heavily used to kill off potato shoots for ease of har-
vesting (Murphy 1997). Historically, corn was
planted in hills of three or more plants or in check
rows, which allowed farmers to cultivate the corn
in two directions for weed control. Effective herbi-
cides let farmers switch from hill planting to drilled,
narrow-row planting. The plant density increased
from 25,000–30,000 plants per ha to 62,000–
74,000 plants per ha. High-yield hybrids tolerate
high population densities. Herbicides also allow
corn to be planted earlier in the growing season re-
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sulting in a higher yield potential for the crop. Be-
fore herbicides, corn had to be planted later so that
the first flushes of weeds could be killed with tillage.
The development of soil-applied insecticides also al-
lows farmers to grow corn for multiple years and
increases productivity on an area-wide basis (Com-
mittee on the Future Role of Pesticides in U.S. Agri-
culture 2000).

Pesticide use for apples, which is very intensive,
has been decreasing through an increased use of in-
tegrated pest management or IPM (Cornell Coop-
erative Extension 2009). IPM practices include a
wide range of agronomic techniques such as site,
rootstock, and planting systems, soil management
and irrigation, tree training, pest monitoring and
forecasting, weed management, disease manage-
ment, vertebrate management, and proper harvest
and storage methods. Consistent application of
sound agronomic principles reduces the need for ex-
pensive and dangerous chemicals.

Pesticides play an important role in modern
agriculture, but their use was excoriated by Rachael
Carson in her landmark 1962 book Silent Spring.
She reserved her harshest criticism for massive and
arrogant campaigns that were often ineffective
against relatively inoffensive species. She describes
in excruciating detail the destruction of wildlife in
unsuccessful attempts to control Japanese beetles
and the role that pesticide manufacturers played in
elevating fire ants to being seen as a significant
threat to human and animal well-being. Damaging
campaigns to stop the spread of Dutch elm disease
were unsuccessful. Carson wrote at a time of in-
creasing public anger over atomic testing (Kopp
1979; Lutts 1985). The first substance mentioned
in Silent Spring was the atomic bomb fallout prod-
uct strontium-90. She was part of a wave of grow-
ing skepticism of authority that became a hallmark
of the later 1960s. In the Hudson Basin this was
epitomized by reaction to Consolidated Edison’s
1962 plan to convert the Storm King scenic land-
mark into a pumped storage facility.

FEEDBACK

A combination of factors reduces the competitive-
ness of New York farms. Success in agricultural
commodities requires continual improvements in

yields and reductions in operating expenses relative
to competitors. For many foodstuffs it is almost ir-
relevant where in the world production occurs.
Consumption patterns are changing with more
food manufactured instead of being prepared at
home, thus Americans are eating more frozen
French fries and fewer fresh potatoes, more cheese
and less milk, more high fructose corn syrup and
less corn as grain, and more reconstituted apple
juice concentrate. Manufacturers of snacks and op-
erators of chain restaurants seek out minimum costs
for high calorie foods with long shelf lives.

The long range history of U.S. agriculture
shows that food demand was met from Colonial
times until the beginning of the twentieth century
primarily through the farming of more land. Incre-
mental improvements in techniques and in ma-
chinery led to farming requiring fewer people. As
transportation improved, food could be moved
longer distances. The introduction of gasoline-pow-
ered tractors had the effect of greatly reducing labor
and also freeing up very large amounts of land pre-
viously needed to support draft animals. Following
World War II, science started a remarkable rise in
yields per unit area. These yields continue to rise for
many crops. The effect of this rise in efficiency has
meant that more food can be raised on less land.
The methods behind this continuous growth in
yield include heavy applications of fertilizer, partic-
ularly energy-rich nitrogen, use of a wide variety of
insecticides, herbicides, and fungicides, and land-
use practices that reduce diversity and beauty. Soils
have been eroded, stripped of nutrients, and oxi-
dized. Consumer preferences are moving away from
consumption of fresh locally grown food toward
mass-produced prepackaged foods made from in-
expensively produced components where the true
costs are often hidden. Ultimately, these trends have
given us generations that have not seen hunger.
They have profoundly altered the economics of
farming such that agriculture is declining in the
Hudson Basin.
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ABSTRACT

This chapter summarizes the history of agriculture’s
influence on the inland habitats of native plants and
animals in an east bank Hudson Valley county. We
follow agriculture in Columbia County, New York,
since the early nineteenth century, highlighting the
land covers created by farming and describing how
these evolved as agriculture changed. Certain native
species gained or lost habitat as land cover changed,
and we use geospatial analysis of historical census
data together with historical natural history accounts
and our own recent fieldwork to depict the county’s
changing natural history. Understanding this inter-
action of agriculture with habitats for native species
will be important if future efforts to meld agriculture
and nature conservation are to be successful.

INTRODUCTION

This chapter traces the last two hundred years of
agricultural history in Columbia County, New
York, from the perspective of its implications for the
ecology of native species. Farmland (both “im-
proved” and “unimproved”; improved referred to
land that was opened and actively used for farming)
once covered nearly 90 percent of Columbia
County’s surface area; today, it accounts for less than
30 percent. The influence of that land cover change
on native species, and on Hudson River sedimenta-
tion (Peteet et al., ch. 9 in this volume; Pederson et

al. 2005), has been dramatic. Using geographically
specific historical research and present-day observa-
tion, we describe the county’s agricultural changes
and their ecological consequences.

We use the concept of “ecological analogy” as a
tool in our description. For our purposes, an eco-
logical analogy occurs when human activities create
habitat for a given species not by completely restor-
ing that species’ original habitat but by creating a
new habitat that is sufficiently similar (i.e., offers
enough analogies) so as to function. An example
would be a mature, northeastern hayfield that,
while sharing almost no plants with a Midwestern
prairie, offers enough structural similarities so as to
provide nesting habitat for certain birds whose de-
mographic heartland was (and in some cases still is)
the prairies. In this case, we would say such hay-
fields are “analogous” to prairies from the perspective
of these birds. It is important to note that such analo-
gies are almost never complete and that, while these
new habitats may serve some native species, they
likely exclude others.

After a brief introduction to the county, we ex-
plore three overlapping stages in the county’s agri-
cultural history and the associated consequences for
its nature. We conclude with a brief consideration
of the net effects and of the current forces influenc-
ing the ecology of native species. This chapter is not
exhaustive. It focuses on changes in terrestrial cover
types; additional factors such as exotic species
(Teale, ch. 13 in this volume) and agrochemicals
have also had pronounced ecological influences but
are not considered here.
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BACKGROUND AND CONTEXT

Columbia County borders the Hudson River to the
west and Massachusetts and Connecticut to the
east. Its elevation varies from less than 10 m along
the Hudson to nearly 700 m in the Taconic Hills
along its eastern edge (Fig. 12.1). The length of the
growing season varies by about three weeks from the
southwest corner of the county to the northeast cor-
ner. The county’s 166,700 hectares can be roughly
halved into a western Hudson Valley region and an
eastern hill region. Limestones and dolomite for-
mations that underlie parts of Ancram, Copake,
Hillsdale, New Lebanon, Canaan, and Greenport
substantially influence wild and cultivated plants.
Biogeographically, Columbia County is in a “ten-
sion zone” (sensu Curtis 1959; Cogbill et al. 2002).
This means that it harbors a mix of more boreal and
more southerly species.

During the time frame covered here (ca. 1820–
2009), Columbia County agricultural production
evolved (Fig. 12.2), and its population grew from

around thirty thousand to around sixty thousand,
albeit with a dip in numbers between about 1870
and 1920. As has occurred throughout much of the
Northeast, the extent of the county’s farming has
declined precipitously since the late 1800s. Cur-
rently, there is about one-quarter the farmland and
one-sixth the number of farms of peak nineteenth-
century levels. Ellis (1878) and Stotts (2007) are the
classic references on the county’s history, although
these sources provide little information on overall
landscape patterns or ecology. Litten (ch. 11 in this
volume) provides an overview of agricultural his-
tory in the Hudson watershed.

Unless otherwise noted, population and agri-
cultural statistics come from New York State and
Federal censuses, the vast majority of these are avail-
able on line (New York State Library; U.S. Census
Bureau; USDA-NASS). The Federal government
began to collect agricultural data in 1820; New York
State conducted its decennial censuses of agricul-
tural production from 1845 to 1875. While these
various censuses are imperfect and their methods
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FIG. 12.1. The outline of Columbia County and the included towns (left) and the same outline superimposed on satellite image–derived topogra-
phy. This study focuses on land-cover change associated with agriculture in Columbia County. Topography has had a major influence on the County’s
agriculture.



changed over time, they are probably suitable for
outlining the general patterns discussed here. We
use town-level statistics to describe the mode and
spatial distribution of agriculture; we use regional
historical literature together with our own fieldwork
to hypothesize ecological effects.

Indigenous activity prior to European settlement
(Lindner, ch. 7 in this volume) and European-
spurred activity prior to 1820 (e.g., Henshaw, ch. 1
in this volume) no doubt affected the ecology of Co-
lumbia County.We selected our time period because
of its immediate relevance to the current state of the
land and the relative abundance of local information.

THE STARTING POINT:
CREATING ANALOGIES

The typical farm of the 1820s was probably fairly
diversified, providing many of the familial needs,
but also creating some surplus for market (Bruegel
2002). By 1820, about 60 percent of the county was
already in “improved acreage”; during subsequent
years, that percentage did not exceed 75 percent
(Fig. 12.3a). Thus, understanding our starting point
helps explain much of what followed.
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FIG. 12.2. The evolution of some important Columbia County agricul-
tural commodities over the past 200 years. Values are represented as
percent of observed maximum production (or density in the case of
sheep). Data are from state and federal censuses, except for earliest
wheat production estimate which is extrapolated from censused popula-
tion size and estimated per capita needs (Bruegel 2002). During the past
two centuries, the county has transitioned through periods of wheat, wool,
rye, hay, fruit, and milk production, along with some additional products
not illustrated here (e.g., potatoes, beef).

F IG . 12.3. The distribution of early Columbia County agriculture as de-
rived from census data. Land uses were calculated as percent of a given
town’s total surface area. In 1820, improved land (a.) was defined as all
land opened for agriculture. Estimated pasture (b.) is derived from cen-
sus information on livestock multiplied by per animal land requirements
from Lemon (1972); it is unlikely that these requirements derived from
Lemon’s Pennsylvania research are exactly true for us, but relative val-
ues might be more accurate. Grains (d.) included corn, wheat, oats, and
rye. The earliest available agricultural census information is from 1820,
however, hay and grain production were first censused in the later years
indicated here. The number and extent of the towns within the county
evolved between 1820 and 1845. Pasture, hay meadow, and grain land
had distinct distributions, probably due in part to distinct soil types and cli-
mates within the county. These spatial differences helped lead to distinct
ecological consequences for these land uses.



In this section, we will ask two questions: First,
where did a given type of agriculture occur and
hence which natural habitats were probably re-
placed or greatly modified? And, second, which or-
ganisms benefited from ecological analogies created
by the new agricultural cover types?

During the first half of the nineteenth century,
Columbia County could be described as having
three forms of farmland: (1) early cropland, largely
for grain growing and centered in the mid-county
flats of present-day Claverack, Ghent, and Kinder-
hook (Fig. 12.3d); (2) early pastures in the northeast
and southwest portions of the county (Fig. 12.3b);
and (3) early hay meadows with hay production oc-
curring mainly in the southwest corner (Fig. 12.3c).
Below, we consider these three agricultural cover
types in terms of their use, the natural habitats they
may have impacted, and the new ecological analo-
gies they may have created.

EARLY CROPLAND

Definition and Location

Early cropland was largely used for grain produc-
tion. This was primarily intended for the con-
sumption of the farm families and their livestock
(Bruegel 2002 and census-based estimates of early
yields). However, in good years, grain was also an
important cash crop. By 1680, wheat was being
shipped south on the Hudson from Columbia
County landings (Danckaerts 1680 [1913]). The
Hudson River was the county’s major agricultural
thoroughfare into the late nineteenth century; in-
deed, the City of Hudson was founded largely as a
safe hub for such commerce (Schram 2004). While
grain was grown in all towns of the county by the
time it was first censused in 1845, it was most com-
mon on the county’s “prime agricultural soils”
(USDA 1989), a north/south band of relatively flat
and well-drained soils lying some 3–13 km inland
from the Hudson.

Habitats Lost

Although Native American clearings formed the
core of some early settlements in the County (Ellis

1878), European settlers felled substantial forest.
On much of the best flatland soils, there are few if
any pockets of old forest remaining, and much of
the land is still being farmed. Knowing the original
forest composition is thus difficult. Our recon-
struction of early forests in the county based on wit-
ness trees (Vispo, unpublished data) suggests that
oak (mostly white oak) and hickory dominated on
many of these flatland soils (Fig. 12.4). White oak
is now much less common in the county than pre-
viously (USDA Forest Service; personal observa-
tion). At least part of this decline can be ascribed to
widespread removal of the white oak–dominated
forests on rich farmlands (other factors likely in-
clude browsing by white-tailed deer [Thompson
and Huth, ch. 10 in this volume] and the preferen-
tial use of white oak for construction).

We have no account of the native herbaceous
plants that grew in these forests before clearing.
However, Braun (1950) suggests that Hudson Val-
ley white oak forests were similar to forests on the
Harrisburg Peneplain in Pennsylvania. Her list of
herbaceous plants in a white oak forest remnant on
the Peneplain is our best approximation of the na-
tive plants that might have occurred in our white
oak forests: wild geranium, perfoliated bellwort,
false Solomon’s seal, hogpeanut, blue-stem golden-
rod, asters, and tick-trefoil. These species do not
thrive on the dry, acidic soils typical of modern sec-
ond-growth, oak-hickory forests. They are still
found on some richer forest soils, but their num-
bers are probably significantly lower than during
precolonial times.
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FIG. 12.4. The composition of early forests on Columbia County’s cen-
tral and western flatlands. White oak dominated these forests but is much
rarer today, perhaps due in part to its occurrence on what proved to be
agriculturally rich soils. These data (Vispo unpublished) were derived from
witness tree information in late-eighteenth and earliest-nineteenth-
century land deeds available in the county clerk’s office in Hudson.



Analogies Created

Most cropland offers relatively few ecological analo-
gies for animals because it is so heavily managed.
Killdeer, a shorebird that strays inland, may have
found some open cropland to be analogous to the
beaches it had favored. More important than its role
in providing structural habitat, however, was the
fact that cropland provided food for wild animals.
Woodchucks quickly arrived (Godman 1831), and
a few butterflies, such as the black swallowtail
(whose caterpillars feed on parsley and carrots) and
our native whites (who feed on the brassicas) rel-
ished some crops (Fitch 1869; Harris 1862). A
handful of native plants became cropland weeds.
These included common ragweed in wheat, bur-cu-
cumber and devil’s beggar-ticks in gardens and corn
fields, milk purslane and witch-grass in corn fields,
and Pennsylvania smartweed in barnyards (Torrey
1843; Darlington 1859).

EARLY PASTURES

Definition and Location

Livestock played an early role in shaping the Co-
lumbia County landscape. Based on Lemon’s
(1972) estimates of the pasture requirements of
colonial livestock (and roughly corroborated by cor-
relational analysis of livestock and land use from
later, more detailed Columbia County censuses),
about one-third of all improved acreage in 1820
could be accounted for by the pasture needs of local
sheep, horses, and cattle. Livestock (and hence esti-
mated pastureland) were located primarily in the
northeastern and, to a lesser degree, southwestern
portions of the county (Fig. 12.3b). Early farmers
used not only open pasture but also woodland pas-
ture; however, we will not consider the latter.

In 1855 (when pasture was first tallied specifi-
cally), more than one-third the area of some east-
ern towns, but less than one-tenth that of some
western towns, was in pasture. The nature of a pas-
ture depends in part on who grazes it. The majority
of pasture was probably accounted for by the needs
of bovine cattle. At the peak of sheep populations
around 1845, about one-fifth to one-quarter of the
county’s pastures were probably used by sheep;

although this value averaged closer to one-third in
some towns of the eastern hills (calculations based
on livestock census information and estimates of per
head land requirements from Lemon 1972).

Habitats Lost

Witness tree information (Vispo unpublished data)
indicates that the county’s forests on the steeper
land where hill pasturing may have occurred were
composed of chestnut and pine (mostly white pine)
with lesser amounts of hemlock, beech, and maple,
and interspersed oaks and hickories. Because these
eastern forests were the main habitat for the county’s
more boreal organisms, such species probably de-
creased as forests were cleared for pasture (and for
the production of tannins and charcoal, see Thomp-
son and Huth, ch. 10 in this volume). Birds such as
blackburnian, pine, black-throated-blue, and
Canada warblers breed in the higher hills today
(personal observation; McGowan and Corwin
2008) and were likely more common before forest
clearing. More boreal plant species that may have
declined include hobble bush, mountain maple,
beaked hazel, yellow birch, paper birch, wood lily,
painted trillium, bead-lily, trailing arbutus, poke
milkweed, bunchberry, fly-honeysuckle, red-berried
elderberry, and whorled aster, as well as some ferns,
clubmosses, shade-tolerant grasses, and sedges (Mc-
Vaugh 1958; personal observation).

Analogies Created

Scruffier pastures may have provided some analo-
gies to prairie grasslands and savannahs. However,
closely cropped pastures are too clean to provide
many analogies to natural grasslands. Eaton (1910)
provides a damning description of sheep pasture as
bird habitat:

[T]he principal harm of pasturing, to bird
life, is found in the destruction of ground
cover which inevitably results in woods and
thickets. This is especially noticeable in
sheep pastures where all the vegetation is de-
stroyed to a height of three or four feet
above the ground. In such pasture land the
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thickets and undergrowth, which usually
support an abundant bird life, are elimi-
nated and the birds must seek other coverts.

The lack of bushes and potential close-cropping
of the pastures left room for few birds, although cer-
tain species (such as savannah and field sparrows,
and kingbirds) may have used these lands, especially
when there was scattered brush. Where vegetation
crept in along fence rows, species such as bobwhite
quail, yellow warbler, song sparrow, and catbird
probably entered.

Intensively grazed pastures did not harbor many
native plants. Few eastern North American plants
tolerate intensive grazing. In eastern soils and cli-
mate, even prairie plants that had coexisted with
grazing Buffalo did not compete well with the pas-
ture grasses and forbs introduced from Europe.
During the initial period of relatively good soil fer-
tility (and sufficient topsoil), native plants likely
composed very little of the pasture vegetation. As
we’ll describe below, this changed as some pasture
soils became depleted.

EARLY HAY MEADOWS

Definition and Location

In the Northeast, early hay meadows were prima-
rily wet meadows. They produced reliable hay crops
due to the regular input of nutrients from flooding
(indeed, in some places early efforts were made to
reroute floodwaters through fields in order to “fer-
tilize them by flooding” (Donahue 2004).While we
have found little direct evidence for such lowland
hay meadows in Columbia County, mapping of ad-
jacent Berkshire County, Massachusetts, done in the
1830s indicated that all hay meadows were in low-
lands (Hall et al. 2002). Inspection of a 1762 prop-
erty map from the Kinderhook area (in the
collections of the Columbia County Historical So-
ciety) shows a long lot plot configuration with lots
extending out from creeks; a configuration perhaps
associated with assuring farmer access to a diversity
of soils, including streamside meadows (Chelsea
Teale, unpublished manuscript). There are reports
of lowland haying by New Lebanon Shakers at least
for the decade or so after 1790 (Anderson 1950).

Much of the early haying apparently occurred
in the southwest corner of the County (Figure
12.3c). Some of this hay may have been cut from
the Hudson River tidal floodplain, but some prob-
ably also came from inland swales. The topography
of Germantown and Clermont is dominated by a
series of north/south ridges with small wetland val-
leys in between. As Spafford (1824) put it, “The
surface is but gently undulated, and the soil is good
for grass.” Haying also was common in New
Lebanon in the northeastern corner of the county.
Spafford (1824) describes that town as “good farm-
ing lands, dry and warm or wet and grassy” (em-
phasis added).

Habitats Lost

Some wet grasslands may have initially been flood-
plain or swamp forests. The clearing of floodplain
forest would have removed habitat of plants such as
silver maple, sycamore, cottonwood, bitternut,
green ash, leatherwood, marsh pea, false mermaid
weed, ostrich fern, green dragon, wild rye species,
Canada brome, and certain sedges (e.g., Carex
davisii and C. spengelii) and of animals such as wood
turtles and select ground beetles, dragonflies, and
damselflies (Knab-Vispo and Vispo 2009; Knab-
Vispo and Vispo 2010; Thompson 1842). Through
an examination of the early aerial photos (1940s),
we estimate that, at the most, around 16 percent of
the floodplain area maintained its forest cover over
the last two hundred years. Swamp forestsmay have
harbored red maple, winterberry, swamp white oak,
buttonbush, black ash, and poison sumac (personal
observation); we have no assessment of swamp for-
est extent in the county.

Analogies Created

Some of the new wet meadows were partial analogies
for a habitat that humans had removed from the
landscape some two hundred years prior: beaver
meadows. Beavers were already “exceedingly scarce”
in the Hudson Valley by the end of the seventeenth
century (DeKay 1842; see tooMüller-Schwarze and
Sun 2003 and Henshaw, ch. 1 in this volume), and
the ecosystems that they had created were largely
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missing prior to the beaver’s partial return in the late
twentieth century. Today, beaver densities are prob-
ably 20–50 percent of precolonial levels (based on
current beaver density estimates for Massachusetts
[Massachusetts Division of Fisheries and Wildlife]
and Connecticut [Wilson 2001] together with esti-
mated maximum beaver densities in areas/eras with
little or no harvesting of beaver [Wright et al. 2002;
Seton 1929, see also Hill 1982 and references
therein]). Numerous native species are found in wet
meadows that were created or are maintained by
agriculture. These include rare species such as bog
and spotted turtles, ribbon snakes, leopard frogs, and
harriers (personal observation; Kiviat and Stevens
2001).We have found wetland butterflies including
bronze copper, eyed and Appalachian browns, black
dash, mulberry wing, and Baltimore checkerspot
around wet meadows on farms (Vispo 2011). Plants
of historical (Torrey 1843) and modern wet mead-
ows (personal observation) include iris, blue-eyed
grass, common monkeyflower, common vervain,
sweetflag, golden ragwort, green-headed coneflower,
yellow avens, and meadowsweet, as well as native
sedges and grasses. However, some plants previously
associated with wet meadows now rarely occur there.
These include Canada lily, ragged-fringed orchid,
purple-fringed orchid, nodding lady’s tresses, blood
milkwort, swamp saxifrage, and the adder’s tongue
fern (Torrey 1843; personal observation). Their con-
sumption by increased white-tailed deer populations
may partially account for the modern rarity of these
species (McVaugh personal communication; per-
sonal observation).

In sum, as continues to be the case with farm-
ing, the ecological ramifications of early-nineteenth-
century agriculture were likely mixed. By removing
forests, farming caused certain organisms to lose
habitat; by creating new cover types, it provided cer-
tain organisms with new space. In the section that
follows, we move on from this starting point and
explore the evolving analogies associated with two
agricultural cover types: pasture and hay meadow.

EVOLVING ECOLOGICAL ANALOGIES
ON ACTIVE FARMLAND

The ecology of farmlands after 1820 evolved in at
least two ways: first, modes of production changed

as markets rose and fell. These changes produced
major variation in the proportions of different agri-
cultural cover types. Second, technological devel-
opments meant that the ecology of a cover type and
the analogies that it offered changed as techniques
and practices evolved.

We will focus on pastures and hayfields in this
section. At their peaks, these lands together covered
more than eighty thousand hectares or around half
of the county. Our central question is: “How did
the agricultural techniques associated with each
mode of production vary over time, and how did
these developments influence the value of these
lands as ecological analogies?”

Pastures

“Pastures were New England’s stepchild,” states
Whitney (1994), implying that they got only the
attention and manure that was left for them after
croplands and hayfields. The result, in New Eng-
land at least, was a decline in pasture quality.
Cooper et al. (1929) depict the plant succession on
pastures undergoing progressive soil depletion.
Most of the introduced agronomic grasses outcom-
pete native ones when nutrients are high, but are
then unable to maintain themselves as nutrients de-
cline. Thus, as soil quality declines, native plants be-
come more common.

Many of the native plants that came into these
exhausted pastures found analogies to their origi-
nal, thin-soiled habitats on ridge tops, steep hill-
sides, sand barrens, etc. Examples of native plants
that were common on “dry hillsides” or “sterile
fields” and which still occur on such lands today are:
pussytoe, gray goldenrod, mountain-mint, sweet
fern, poverty oatgrass, little bluestem, pasture rose,
dewberry, and arrowhead violet (Torrey 1843; per-
sonal observation). The native grasses such as little
bluestem are, in turn, followed by a set of grassland
skipper butterflies, specifically Leonard’s skipper,
cobweb skipper and Indian skipper (Cech and
Tudor 2007; Vispo 2011). Again, there is a group of
native plants described as “not rare,” “frequent,” or
“common” in these habitats by Torrey (1843), but
which are now quite rare. These include whorled
milkweed, upland boneset, Venus looking-glass,
American pennyroyal, clammy cuphea, yellow wild
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indigo, wild sensitive plant, rattlebox, downy trail-
ing lespedeza, Virginia yellow flax, and little sun-
drops. It is not clear why these species are now rare;
some of these may have always been relatively less
common in our area (e.g., clammy cuphea) and so
may have now become actually rare as the availabil-
ity of their habitat declined.

Sheep pasture and cattle pasture are distinct
ecological habitats. We have already quoted Eaton’s
damning description of sheep pastures as bird
habitat. Sheep and bovines differ in their grazing
behavior. Specifically, most cattle browse less in-
tensively than most sheep. The result is that cattle
pastures are more apt to fill-in with unpalatable
shrubs. The net effect of both degradation of soil
quality and of increases in cattle was the “shrubby
pasture” that is still familiar to us today. We will
discuss “shrublands” and their ecological analogies
in greater detail in our section on abandonment;
the point here is that pastures probably provided
ecological analogies for the most native species
when those pastures were agriculturally marginal—
it was these conditions that allowed both native
plant species and native shrubland birds to find
homes.

Pastures imply fencing and hedgerows, and so
we consider these technologies briefly here. The first
fences in our county were likely of wood and were
probably relatively rare. They fenced free-roaming
livestock out of crops (Cronin 1983). Eventually,
the containment of livestock became the main role
of fencing. Around that time, rock walls sprang up
as freeze-thaw cycles pushed more rocks to the sur-
face and as timber scarcity led to moderation in
wood use (Thorson 2002; Allport 1990). By the late
1800s, wire fencing was appearing. Strands of
barbed wire and woven sheep fence still border
many fields, even if their job has now been taken
by high-tensile wire or other substitutes.

Different field margins provided different habi-
tats. A variety of wild animals inhabited rock walls
(e.g., snakes and rodents). Squirrels and chipmunks,
in turn, helped disperse the nuts and acorns that
have now grown up into towering oaks and hicko-
ries. Wire fences have proved excellent bird perches,
and so tend to become neighbored by bird-dis-
persed plants such as cherries, viburnum, and shad-
bush (Whitney 1994; personal observation). Some
suggest that the “cleaning up” of the fence line that

followed the widespread acceptance of wire fencing
was partially responsible for the sharp decline of
bobwhite quail (Forbush 1912).

Unlike hedgerows in some other, more defor-
ested regions, hedgerows in the forested Northeast
do not currently appear to be important sanctuaries
for woodland plants or animals, although they pro-
vide habitat for some and conduits for others (per-
sonal observation; Freemark et al. 2002). Their
ecological role in our county may have been greater
during the height of agriculture.

Hayfields

Hayfields reached their commercial zenith in the
late 1800s when their area topped 42,000 hectares
in the County. Much of this hay was sent via river
to fuel New York City horse power.

Upland hay increased during the nineteenth
century.We have no statistics for Columbia County,
but Whitney (1994) describes the situation in
Worcester, Massachusetts, where upland hayfields
accounted for 49 percent of all hay meadows in
1780 and for around 75 percent by 1850. Between
1850 and 1875, all Columbia County towns re-
ported increased hayfield area. The increase aver-
aged over 800 hectares per town. At the same time,
pasture and cropland decreased by an average of
about 87 and 250 hectares respectively (presumably
in part due to conversion to hayfield), and total im-
proved acreage increased by roughly 230 hectares
per town. Thus, although the pattern varied across
towns, increased upland hayfields apparently came
from a combination of pasture and cropland con-
version and the opening up of new land. Additional
hayfield apparently came from the shifting use of
extant improved acreage (not all open agricultural
land, i.e., “improved acreage,” was apparently used
in a given year).

To the degree that upland hayfields replaced
former sheep pasture or cropland, the increase in
hayfields may have signaled an overall increase in
the ecological analogies provided by the agricultural
landscape, at least for the grassland birds who found
prairie-like structure in such fields. Early naturalists
were quick to link farming, with its extensive hay-
fields, to the increased abundance of these avian
species (Wilson 1829).
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Upland hayfields provide ecological analogies
for certain prairie species, especially someTall Grass
Prairie organisms. Many of the birds and some of
the plants currently and/or historically found in
hayfields originally had their demographic heart-
lands in the prairies of the Midwest. Bobolinks,
meadowlarks, dicksissels, upland plovers, vesper
sparrows, and grasshopper sparrows, for example,
are all birds that occupy, or at least occupied, east-
ern hayfields but which probably had their largest
precolonial populations on the prairies (Wells and
Rosenberg 1999; note however that these species do
not all necessarily co-occur in the same types of hay-
field or prairie).

All else being equal, nesting habitat structure
and extent seem to be the key parameters deter-
mining the occurrence of grassland birds (e.g.,
Swanson 1996). Such an emphasis on structure
means that the structural analogies between hayfield
and prairie are sufficient for these birds, even if the
plants in the hayfields are nearly 100 percent Euro-
pean. Vegetation height, density, and herbaceous
versus woody nature are among the parameters used
to describe the habitats of grassland birds. This is in
contrast to butterflies who, given their caterpillars’
close links to food plants, are probably more
strongly affected by the botanical composition of a
field than by its structure. Hayfields—unless on
thin soils—harbor few unique native butterflies
(personal observation; Vispo and Knab-Vispo
2006).

The wet meadow hayfields probably favored the
red-winged blackbird who seeks just such wet,
grassy, reedy, or sedgy areas. Early accounts of
bobolink also refer to them as being birds of wetter
meadows (Macauley 1829; Thompson 1842).
However, as ground nesters, they were probably
most common not in true wet meadows but on
moister upland fields where good watering made for
a thick thatch. As drier upland hayfields expanded,
so too did these species. In the mid 1800s,
bobolinks were very common. Kent (1933, cited in
DeOrsey and Butler 2006), for example, describes
their “great flocks in migration” along the Hudson.
However, as noted below, this boom was soon
dampened by the changing calendar of mowing.

Upland hayfields may have changed little in
plant composition throughout most of the nine-
teenth and twentieth centuries. They have been pre-

dominantly composed of nonnative grasses, espe-
cially timothy. Timothy or timothy and clover ac-
counted for some 50–60 percent of haylands in the
county at the beginning of the twentieth century.
Earlier accounts suggest that the use of “English
Grasses” was well established by the end of the eigh-
teenth century. By the second half of the twentieth
century, alfalfa hay was becoming more common.
According to the Census of Agriculture, in 2007, it
accounted for nearly one-quarter of all hayland, al-
though “other tame hay,” including timothy, still
made up 55 percent. Torrey (1843) lists a number
of plant species that occurred in “meadows” and
which we still find in “wild” hayfields today. These
include fleabanes, black-eyed Susan, spiked lobelia,
evening primrose, and small-flowered crowfoot.
However, he also lists slender lady’s tresses (an or-
chid) as “common,” common lousewort as “very
common,” and blue toadflax as “not rare” in mead-
ows. None of these later species are now easily
found in Columbia County (personal observation).

In the first half of the nineteenth century, hay
cutting was with a scythe. It was slow and labori-
ous. In Columbia County, it generally began in
early or mid-July (Emmons 1846; Anderson 1950)
and may have extended for several weeks. A practi-
cal, horse-drawn hay cutter was introduced before
the Civil War. Prior to the end of the 1800s, mech-
anization and new ideas of progressive agriculture
favored a cut in June, possibly followed by a second,
later cut. Mechanization, for a variety of farm ac-
tivities, continued apace in the twentieth century.
Around 1944, the number of horses and mules on
U.S. farms was surpassed by the number of tractors
(White 2008). By 1950, for example, of 1,517 Co-
lumbia County farms censused, 19 percent used
only horses, 32 percent used both tractors and
horses, and 49 percent used only tractors. Early (i.e.,
May) haying became even more intense late in the
twentieth century as the concept and technology for
haylage stored in those blue “Harveststore” silos or,
more recently, for plastic-wrapped baleage spread in
the county. (“Haylage” and “baleage” are hays that
are allowed to ferment, a process that, as with silage,
results in greater nutrient availability in the feed.)

The results of these changes in harvesting tech-
niques were momentous for birds. A key consider-
ation for grassland birds is the timing of the hay cut
relative to when the young leave the nest. If the hay

Ecology in the Field of Time 173



cut occurs before fledging, then the hayfields be-
come “ecological traps” that entice birds to nest but
then foil reproduction. In Columbia County,
bobolinks fledge around the first week of July (per-
sonal observation).When haying began at this time,
most bobolink nestlings may have survived. When
haying moved back into June and became more
rapid, fewer clutches could survive to fledging. By
the end of the nineteenth century, birders in the
Northeast were noting steep declines of bobolink
and meadowlark, and attributing this to changing
farming methods (Eaton 1910). Bagg and Elliott
(1937) put the beginning of this decline in the Con-
necticut Valley at as early as 1875.

The effect on the few native plants that were
able to grow in hayfields may also have been sub-
stantial. In the 1930s, ragged-fringed orchid still
was a common native plant in hay meadows, and
McVaugh (personal communication) attributed its
subsequent drastic decline at least in part to the
change in haying schedule.

Butterflies also are affected by the timing of the
hay cut. For those grassland species whose eggs and
caterpillars are deposited in the fields, a cut that is
made prior to when the adults take wing can de-
stroy many individuals (Massachusetts Butterfly
Club). While there is concern about the effects of
early hay mowing (Massachusetts Butterfly Club),
data from North America are sparse. Our observa-
tions suggest that intensively managed hayfields
have host plants for the caterpillars of relatively few
butterfly species (Vispo and Knab-Vispo 2006).

The trend toward early hay cuts in the county
has been slowed somewhat by the modern spread
of “estate” hayfields—hayfields cut once per year,
often late, by contracted farmers who invest little in
improvement and are thus sometimes satisfied by a
late cut of relatively poor quality hay (personal ob-
servation). Landowners receive a property tax break
for this “agricultural use” of their land. In 1910,
around 1 percent of hay was “wild”; by 2007, nearly
20 percent was “wild” (“wild,” in this context, refers
to hay from a field that has not recently been seeded
and thus tends to contain a higher diversity of
plants). Yield has also begun to drop from 2.6 tons
per acre in 1987 to less than 2 tons per acre in 2007.

Mechanization was also associated with
drainage, because it both facilitated (through dig-
ging and tile-laying equipment) and required (wet

ground could not support the heavier machinery)
that practice. Large-scale drainage with clay tiling
began in New York after 1850 (for example, New
York State Agricultural Society 1858). Farmers
could create cropland from areas that had been too
wet to support more than occasional hay cuts. Once
drained, many soils were rich in organic matter and
offered high yields, at least initially. With the spread
of subsurface drainage, the wet hay meadows were
divided into those drained and used for crops and
those left in hay and which, with the decline in the
hay markets, eventually began to revert to flood-
plain or swamp forest.

This history of drainage has interacted closely
with natural habitats in the county. Standing water
or regular floods impose particular demands on na-
tive organisms and unique habitats result: red maple
swamp forests, buttonbush swamps, sycamore
floodplain forests, and sedge meadows are the
names for unique communities that can occur on
these lands. We estimate that some 40–60 percent
of the plants, birds, and butterflies found in Co-
lumbia County wetlands are rare and/or experienc-
ing declines (Vispo and Knab-Vispo 2006). For
example, the New England cottontail, a species
whose listing as an endangered species is pending,
may have favored the shrubby cover associated with
damper sites (Arbuthnot 2008). Statewide, wetlands
are estimated to have decreased by 60 percent since
1790 (Dahl 1990). The 1923 soil survey of the
county (Lewis and Kinsman 1929) lists 19,328
acres as being in muck and wetland while 1993 re-
mote sensing by the IRIS program of Cornell put
wetland area at 5,620 acres. A study of land change
in the Hudson Valley (Amielle DeWan, unpub-
lished data) estimated a 27 percent decline in Co-
lumbia County wetlands between 1986 and 2002.
The techniques used in these studies differed but
substantial wetland decrease is suggested.

Farms can be described as both the bane and
the blessing of wetlands in Columbia County.
Farmland drainage and clearing has resulted in sig-
nificant loss or modification of wetlands, yet at the
same time, because of the agricultural desirability
of valley soils, the majority of wetlands do occur on
farms. When managed in a compatible way, farms
can help maintain important wetland habitats, such
as the wet meadows that provide some ecological
analogies to beaver meadows (Vispo and Knab-
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Vispo 2007). Commercial and residential develop-
ment is often less kind—few rules govern the use of
small wetlands and their manipulation is frequent
(personal observation).

The ecological changes we described above
were all caused by farmers’ efforts to improve their
agriculture. In contrast, during the twentieth cen-
tury, farmland abandonment and subsequent
“rewilding” was one of the main causes of ecologi-
cal change in Columbia County. In the section that
follows, we describe the timing and distribution of
abandonment, and sketch some of its ecological
consequences.

FARMLAND ABANDONMENT:
MAKING TRANSIENT,WILDCRAFTED
ANALOGIES

“Improved” farm acreage in the county began a
steep decline around 1900 (Fig. 12.5). This drop
probably reflected various, interacting factors in-
cluding the spread of alternative, nonagricultural
employment; the unprofitability of certain farms in
the face of expanding Midwestern agriculture; and
the shifts in regional styles of farming and, hence,
changes in land requirements (see for example,
Whitney 1901; Jones 1912; Vaughan 1929). This
abandonment had two general ecological conse-
quences: first, certain lands began to revert to con-

ditions somewhat similar to pre-clearing and, sec-
ond, in the process, large stretches of somewhat
novel, highly transient shrubland and old field cover
types were created. These habitats had not been
completely absent from the county, however they
now encompassed wider extents, and provided new
opportunities for native organisms.

Figure 12.5 shows the general pattern of rapid
reforestation and the shrubland “peak” that oc-
curred in the county during the first half of the
twentieth century. A botanical glimpse of this pe-
riod comes from pollen core data from nearby
Stockbridge Bowl in Berkshire County, Massachu-
setts (Patterson 2000). From the late 1700s through
the early 1900s, those data show that forest trees de-
clined and grasses, native field weeds, and native
wetland plants increased. Sharp changes occurred
between 1900 and 1950, when most field plants
dropped precipitously, and pioneer forest trees and
then mature forest trees began to increase, along
with a slight increase in shrubland vegetation.
Somewhat similar patterns are reported in cores
taken from Hudson marshes (Peteet et al., ch. 9 in
this volume).

To understand the resulting ecological conse-
quences, one needs to understand the patterns of
abandonment. Table 12.1 shows how, at least in one
eastern town, the steeper, higher terrain was the first
abandoned. Abandoned tracts also had poorer soils
and were more likely to have a northerly exposure.
Flinn et al. (2005) found similar patterns in central
New York. The 1923 soil survey of the County
(Lewis and Kinsman 1929) noted abandoned farms
on the eastern hills; this is confirmed by census data
(Fig. 12.6). The hilltops and ridgelines, rarely used
for agriculture or abandoned much earlier, were
soon covered by extensive forests where forest-inte-
rior animals experienced a relatively sheltered exis-
tence until fashion, affluence, and engineering
combined to now make the hills and ridgetops fa-
vored housing locations (personal observation).

The ecological succession that followed aban-
donment meant that many of the open pastures and
hay meadows of the early and middle nineteenth
century initially grew into old fields filled with weeds
and native herbaceous plants. These were largely new
cover types: in 1843 Torrey reported goldenrod as a
weed of roadsides and edges; he did not mention our
now-common, goldenrod-dominated “old fields.”
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FIG. 12.5. Census data and extrapolations indicating the course of land
use in Columbia County. Improved acreage is from census data; wooded
acreage is partially extrapolation from land not in other uses and partially
from forest cover estimates done by the state and federal agencies;
shrubland extent is estimated based on change in forest extent and its
recognition as a transitional state. The definition of “improved acreage”
varied somewhat over time (in later years, emphasis was placed on
ploughed lands); however, its general trend was probably more or less as
indicated and can be corroborated by trends in total farmland.



Later in succession, shrubs (for example, dogwood)
arrived and, finally, came forest (with “pioneer trees”
such as birch, white pine, or ash often leading the
way). However, succession is not a deterministic
process, but rather a tendency colored by history,
local particularities, and chance (see Wessels 1999).
For example, gradually abandoned pastures often

pass through a thorny shrub stage with hawthorn,
raspberries, buckthorn, multiflora rose (after its mid-
twentieth-century introduction), and red cedar. In
contrast, suddenly abandoned plowlands might
transition rapidly to a forest of whatever wind-dis-
persed tree species happens to be nearby and having
a good masting year. White pine is a common colo-
nizer. Alternatively, hayfield succession might be re-
tarded somewhat as tall herbaceous growth delays
the advance of woody plants.

From the perspective of animal ecology, shrub-
land, not old field, is perhaps the most interesting
early stage of succession. The grassland birds of
maintained but mature hayfields (e.g., bobolinks
and meadowlarks) are not particularly common in
old fields with rougher native “weeds” like golden-
rod and ragweed and the beginnings of shrubby
vegetation (personal observation). The ecological
analogies to these birds’ native prairies seem to break
down as grasses become less common and broad-
leaved plants become dominant. Even the butterfly
community of old fields seems unspecialized and
dominated by species typical of field/forest edges
and hayfields (personal observation). Perhaps natu-
ral upland fields were rare in the original landscape,
and few species are “pre-adapted” to them.

The arrival of shrublands, on the other hand,
ushered in new plants and animals (see Litvaitis
2003 and accompanying articles). Some of these
were species that had previously been found around
beaver ponds and other wetlands. In the Northeast,
rufous-sided towhees, chestnut-sided warblers, and
catbirds, for example, may have originally occurred
in such habitats (Birds of North America). Mock-
ingbirds, field sparrows, brown thrashers, prairie
warblers (a misnomer), and yellow warblers also set-
tled into the shrublands.

The shrublands that develop from our old fields
do not contain unique plants that are important for
butterflies and moths; the ecologically important
shrubs for butterflies and moths are those that are or
simulate blueberry and scrub-oak dominated bar-
rens (Wagner et al. 2003). Nonetheless, as noted in
relationship to pastures, when old fields are on dry,
poor soil then they support native plants and, in
turn, native butterflies.

Wet old fields and shrubland host a variety of
plant species, which may find these areas analogous
to the beaver meadows and stream edges where they
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FIG. 12.6 . Change in improved acreage between nineteenth-century
maximum and 1930, expressed as percentage of total surface area of
each town, as derived from census data. Eastern hill towns experienced
noticeably higher rates of abandonment. While all towns experienced sub-
stantial abandonment during the remainder of the twentieth century (not
shown), the hill towns still have the highest total farmland loss since nine-
teenth-century maxima.

TABLE 12.1 . A comparison of certain landscape characteristics on
abandoned and active farmland in the town of Hillsdale.

Soil Quality
Rank Elevation Incline Exposure

(from 0 to (ratio of (ratio of
Timing of 6 with 6 drop southern
Agriculture being best) (meters) to run) to northern)

None Evident 1.6 ± .7 338 ± 28 0.24 ± .06 1.36
Pre-1940s, not 2006 1.0 ± .4 314 ± 20 0.13 ± .04 1.09
1940s, but not 2006 2.7 ± .8 269 ± 23 0.13 ± .04 4
1940 & 2006 3.9 ± .8 262 ± 25 0.13 ± .04 2

Soil quality rank is based on USDA agricultural production data (USDA
1989). Data are based on a GIS analysis of randomly placed points. Each
category was represented by 25 points, and the values represent the av-
erages (± 2SE) for each set of 25 points. Modern and historical (1942)
aerial photographs were used in these calculations; pre-1940s agricul-
ture was deduced from evidence (e.g., obvious traces of field margins) in
the early photographs. Pre-1940s abandonment tended to occur on lands
that were of poorer soil quality, higher elevation, and more southerly ex-
posure. Lands with no evidence of agriculture tended to be steeper.



existed prior to the expansion of agriculture. In ad-
dition to the wet meadow herbs listed earlier, native
shrubs such as dogwood species, arrow-wood, nan-
nyberry, willow species, swamp rose, meadow-
sweet, and steeplebush colonize wet old fields.

Abandonment of farmland not only meant di-
rect changes in surface cover but also abandonment
of the maintenance of drainage. Many fields that
were wet meadows in the 1820s were likely drained
by the end of that century. They stayed relatively
dry until lack of drainage maintenance or inten-
tional release from management saw them return
to wetland in the last quarter of the twentieth cen-
tury. Many of the organisms already mentioned in
relationship to wet meadows benefited from such
reversion.

Old field and shrubland were succeeded by for-
est. The reforestation of the Northeast has had a
huge effect on its wildlife (Foster et al. 2002). Many
native animal species that had disappeared prior to
1800 have returned; moose, fisher, bobcat, black
bear, and wild turkey have become substantially
more common in Columbia County during the
past thirty years (personal observation). White-
tailed deer were among the first to return, in part
because the old fields and shrublands that followed
agriculture provided ideal habitat (Mattfield 1984).
Historically, northeastern deer probably had sur-
vived in large part by utilizing openings created by
fire, wind-throw, flooding, ice-scouring, or other
disturbance (McCabe and McCabe 1984). The
shrublands that followed farming, while probably
somewhat different from the original shrublands,
provided functional analogies, at least in terms of
the food plants deer favored. The result of this in-
creased habitat and of decreased predation/hunting
has been a swelling of deer numbers to the point
where forest succession is likely being affected today
(e.g., Thompson and Huth, ch. 10 in this volume;
Rooney and Waller 2003; personal observation).

These secondary forests are not botanical
restorations of pre-European settlement forests (e.g.,
Singleton et al. 2001). Disease, logging, deer, and
natural succession have all contributed to this
change. Furthermore, McVaugh (1958) described
the soils of the secondary forests as usually thinner,
drier, and poorer than those of pre-settlement
forests. We have few data on the ground flora of our
pre-settlement forests, but poor soil species such as

Pennsylvania sedge, wild sarsaparilla, Canada
mayflower, and starflower may have now increased
at the expense of rich soil species such as blue co-
hosh, bloodroot, wild ginger, Jack-in-the-pulpit, red
trillium, and wild leek.

CONCLUSIONS

As a way of summary, we can take the changing
landscape described above for which we have more
or less firm statistics and hypothesize, based on
some of the relationships we have mentioned, the
resulting demographic chronology for select groups
of wild plants and animals (Figure 12.7). Modern
trends, which may only be beginning to show them-
selves, are especially hard to identify and so are par-
ticularly speculative.

Today, the county (and probably much of the
Hudson Valley) is at a stage when relatively little
habitat for native species is being created and exist-
ing habitat is being eroded. Most lands that will re-
vert to forest have reverted and forest area, at least
regionally, has begun declining; land in agriculture
is shrinking and the farming on existing farmland is
intensifying; and, compared to earlier levels, rela-
tively little open land is succeeding to brush.

Specifically, for probably the first time since the
mid-nineteenth century, forest area has begun to
decline in the Northeast including the Hudson Val-
ley (Tyrrell et al. 2004; DeWan and Zucker un-
published data; Foster et al. 2010). This “second
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FIG. 12.7. An approximation of the county-wide relative abundance of
select ecological groupings of organisms. Inspired by and compare with
Foster et al.’s (2002) work in Massachusetts. The patterns seen here are
hypothetical chronologies derived from the ecological relationships and
changing agricultural landscape described in the text.



clearing” is due to development pressure, rather
than agricultural expansion. The ecological effects
reflect both absolute loss of forest area and the ef-
fective fragmentation of the remaining forest (e.g.,
Glennon and Kretser 2005). Much of this impact is
due to regional changes in human population dis-
tribution and lifestyle, rather than absolute increases
in population (Pendall 2003).

At the same time, land in farms continues to de-
cline in the county. Part of this reflects a decline in
the former “staples” of Columbia County agricul-
ture: dairy farming and fruit production. It also re-
flects the growth of “niche farms.” While some of
these specialize in grass-fed livestock and dairy, most
are intensive vegetable operations that use relatively
small amounts of land compared to former modes
of production. Average farm size has declined from
nearly one hundred hectares in 2002 to fewer than
eighty in 2007. From a nature conservation per-
spective, these patterns are especially troubling for
those organisms that depend upon grasslands,
shrublands, or open wetlands. We have estimated
(Vispo and Knab-Vispo 2006) that 60 percent of
the county’s grasslands and perhaps 70 percent of
its wetlands and shrublands (these categories are
combined in agricultural statistics) occurred on
farms in 1993.

Major landscape change in Columbia County is
incipient. Rates of urbanization in Columbia
County itself have been relatively modest, and forest
loss, if any has occurred in the county, has been low.
However, increase in developed lands and forest loss
have been more marked in adjacent areas such as the
Capital District, more southerly Hudson Valley
counties, and the lands of Massachusetts and Con-
necticut (Tyrrell et al. 2004; DeWan and Zucker un-
published data; Foster et al. 2010; Loveland and
Acevedo 2010). The current status can perhaps be
best described as a slow or impending increase in the
human domination of habitats. If trends evident in
adjacent areas spread into the county, then this con-
version would be expected to increase. Some of the
habitats that largely avoided agricultural influences
(such as ridgelines) are now being impacted (per-
sonal observation), and, due to fragmentation and
other influences, the spread of human ecological im-
pacts is advancing faster than the absolute rate of
clearing (e.g., Glennon and Kretzer 2005).

While this chapter has not expressly linked up-
land land changes to impacts on the Hudson River
itself, it is well documented that such land use
changes within a watershed can result in direct im-
pacts on the main waterways (e.g., Limburg et al.
2005; Cunningham et al. 2009). Many of the chap-
ters in this volume have focused on the Hudson
River itself, but this chapter has followed some of its
tributaries upward and explored historical land use
patterns which, while likely having water quality
impacts, also had immediate, on-the-ground con-
sequences for terrestrial ecology.

The changes in land cover and consequent eco-
logical effects described in this chapter have been
incidental insofar as they were driven by a variety
of forces other than conscious conservation consid-
erations. Despite increased public discussion of na-
ture conservation, most nature conservation or
habitat destruction continues to be “accidental.” As
human impacts in the Hudson Valley increase and
as global stresses mount, a more conscious approach
to landscape-level conservation will be needed if the
trends highlighted by future historians are to reflect
enhanced ecological analogies or actual habitat
restoration.
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ABSTRACT

The Hudson River Valley became the vanguard of
American landscape interpretation and design in the
nineteenth century, inspired by European Romanti-
cism and facilitated in part by New York City for-
tunes. As the home of the Hudson River School of
painting and the first generation of nationally
renowned architects and gardeners, the region has
since become recognized by the National Park Serv-
ice as a “landscape that defined America.” This chap-
ter is concerned with ornamental plants that were
imported to the region to create fashionable, artistic
landscapes but have subsequently become naturalized.
These plants are often termed “exotic” because they
are not native to the northeastern United States and
were initially imported to be unique. Despite actual
and potential damage to Hudson River Valley ecosys-
tems by the species described here, risks are often un-
known or not communicated and many remain
gardening favorites. Popular appreciation for their
aesthetic and historic qualities, for example, has re-
sulted in ongoing sales and efforts to maintain her-
itage gardens. Although many exotic ornamental
plants continue to be accepted additions to the Hudson
River Valley flora, landscape gardeners today are slowly
beginning to favor native species as resident alterna-
tives are promoted and legislation restricts the use of
exotic ornamentals.

DESIGNING LANDSCAPES

Plants and animals have overcome natural geo-
graphic barriers for millennia with human assis-
tance, typically for food, fiber, and labor. Although
many introductions were haphazard or accidental,
improvements in shipping beginning in the six-
teenth century allowed for more successful and pur-
poseful movement of organisms for an increasing
variety of purposes. Historically, however, most in-
tentional plant introductions have been driven by
horticulture—first as crops and medicinals and later
as ornamentals (Mack and Erneberg 2002; Todd
2001). By the eighteenth century aesthetics had be-
come an especially important driver as British land-
scapers popularized a new landscaping style that
favored imported ornamental plants, a trend one
botanist referred to as “painting with living pencils”
(Chambers 1991, 66). Within a century, British
landscape gardeners were actively importing and
planting trees from southern Europe, Asia, and
North America (Jarvis 1973). This landscaping
trend spread to continental Europe and the United
States, making the interest in exotic ornamental
plants an Atlantic phenomenon.

This chapter explores the nineteenth-century
introduction and establishment of exotic ornamen-
tal plants to New York’s Hudson River Valley, the
birthplace of American landscape gardening.

183

CHAPTER 13

THE INTRODUCTION AND NATURALIZATION
OF EXOTIC ORNAMENTAL PLANTS IN NEW YORK’S

HUDSON RIVER VALLEY

Chelsea Teale



Although today the region’s biota is not unlike else-
where in the Northeast, it received a large number
of exotic ornamental plants at an early date and
landscaping practices in New York frequently be-
came national trends. Within the Hudson River
Valley the emergence of a popular aesthetic moti-
vated the introduction of exotic plants to improve
domestic landscapes and many species have become
established and accepted as permanent additions to
the region’s flora. As unintended negative conse-
quences are recognized, action is increasingly taken
by conservationists and policymakers—including
initiatives to promote use of native plants and con-
trol the sale of known pest plants.

LANDSCAPE GARDENING IN THE
HUDSON RIVER VALLEY

When landscape gardening took root in North
America during the first decades of the nineteenth
century, infrastructure was already in place to meet
the growing demand for exotic ornamental plants:
the first commercial nursery in the United States was
opened in Flushing, New York, in 1737 and seed
importers and catalog-based businesses were also es-
tablished (Mack and Erneberg 2002; Reichard and
White 2001). By the 1830s widespread introduction
and naturalization of exotic plants was underway in
the northeastern United States as American land-
scapers increasingly sought “rare and foreign species”
(Doell 1986; Downing 1865, 76; Mack 2003). This
trend was encouraged and facilitated by horticultural
and botanical societies and gardens that formed in
Boston, Philadelphia, and New York City (Leighton
1987; Mickulas 2002). Philadelphia and Brooklyn
were also made early landscaping centers by the
“how-to” advice published by nurserymen Bernard
McMahon and André Parmentier, but neither
widely applied his skills.

Alexander Jackson Downing of Newburgh,
New York, was perhaps the nation’s first true prac-
ticing, publishing, and popular landscape gardener.
Together with the founder of the New York Horti-
cultural Society, Dr. David Hosack of Hyde Park,
Downing advocated the introduction of exotic or-
namental trees, shrubs, and vines to American gar-
dens in order to give an area “a highly elegant or
polished air” (Downing 1865, 76; Mickalus 2002).

Both men were influenced by the British Romantic
landscaping traditions of the Beautiful and Pictur-
esque, themes also reinforced in paintings by the
Hudson River School. An example of the relation-
ship of landscape gardening to landscape painting is
the planting of trees to structure views of the Hud-
son River and Catskill Mountains, reminiscent of
the “Claude glass” (Bunce 1994) or “verdant frame”
(Doell 1986) employed by earlier European Ro-
mantic artists.

The species and designs promoted by Hosack
and Downing are epitomized in the dozens of es-
tates clustered in the Hudson River Historic Dis-
trict of Columbia and Dutchess counties. Indeed,
Downing believed that “[t]here is no part of the
Union where the taste in Landscape Gardening is
so far advanced, as on the middle portion of the
Hudson” (1865, 28). These country seats of
wealthy businessmen, industrialists, politicians,
writers, and artists exemplify the Romantic ideals
of a high society with the financial ability to pro-
duce them in landscape. Landscape gardening with
exotic plants was not limited to estates in the His-
toric District, however; Jarvis (1973), for example,
described the carefully constructed Picturesque
landscapes of many smaller lots in middle and
upper-class neighborhoods in the Hudson River
Valley where a pastoral ideal is created through
strategic placement of features such as ponds, trees,
paths, and stone walls.

Downing’s influence in suburban areas is not
surprising, as he sought to improve the architecture
and landscaping of all types of residences. He pro-
moted landscape gardening as an everyman’s pur-
suit and in 1842 published a book focused on
suburban properties entitled Cottage Residences: A
Series of Designs for Rural Cottages and Cottage Vil-
las, and their Gardens and Grounds; Adapted to North
America. Seven years later he published the first of
many editions of the best-selling A Treatise on the
Theory and Practice of Landscape Gardening, Adapted
to North America; With a View to the Improvement
of Country Residences. These publications were avail-
able throughout the country, along with the Horti-
culturistmagazine of which he was editor, and each
recommended exotic ornamental plants to home-
owners based on personal observations as well as ex-
perience at his Newburgh nursery and elsewhere in
the Hudson River Valley. Downing effectively trans-
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formed entire regions by introducing landscape gar-
dening to both large and small landowners.

NATURALIZED AND INVASIVE SPECIES

Throughout the Northeast, exotic ornamental
plants have spread widely through catalogs, nurs-
eries, and by friends and family sharing seeds and
clippings; many species ultimately escaped cultiva-
tion to become established in natural habitats
(Mack and Erneberg 2002; Mack 2003). When a
species is able to sustain populations over time with-
out human assistance it is said to be naturalized,
which is often attributed to organism-specific
characteristics including high reproduction rates,
widespread dispersal, tolerance of a range of envi-
ronmental conditions, and lack of predators in the
new area (Mitchell and Power 2003; Starfinger et
al. 2003; Thuiller et al. 2006). Environmental traits
such as similarity of climate and habitat between
native and introduced ranges also contribute to suc-
cessful introductions, so it is no surprise that many
of the naturalized exotic plants in the Hudson River
Valley are native to temperate Eurasia (Stohlgren et
al. 2006). Cheap plants are also more likely to be-
come naturalized because large quantities are pur-
chased by many people (Dehnen-Schmutz et al.
2007).

Within the United States, nonnative species are
most commonly found in coastal regions, where
human population is greatest, and where local
economies are strongest (McKinney 2004;
Stohlgren et al. 2006; Taylor and Irwin 2004). Na-
tionwide there is also a positive correlation between
nonnative plant distribution and real estate gross
state product, an indicator of economic strength
that includes the value of the landscaping industry
(Taylor and Irwin 2004). The introduction and dis-
persal of exotic plants in the Northeast has particu-
larly been encouraged by a long settlement history,
high concentration of ports, dense transportation
networks, and extensive commercial and landscap-
ing activities—the Hudson River Valley is therefore
well positioned to receive and support naturalized
species (Mack 2003; Pauchard and Shea 2006).
Whitney (1994) observed that urban centers are es-
pecially characterized by exotic flora and sur-
rounded by a ring of suburban landscapes hosting

exotic species brought by residents moving out from
the city. Proximity to New York City is indeed a
likely factor in the establishment of exotic orna-
mentals in the lower Hudson River Valley’s higher-
income suburban areas (Duncan 1973).

A comparison of data from the New York State
Flora Atlas (Weldy andWerier 2009) with the 2000
United States Census reveals that a higher number
of nonnative species indeed tends to correspond to
higher population density, housing density, and
number of native plants in the Hudson River Valley.
This finding follows those of other studies observ-
ing that nonnative species often cluster around
human habitation and that prime habitats with
high native biodiversity are likely to have more nat-
uralized species (Lonsdale 1999; Stohlgren et al.
1999; Stohlgren et al. 2005; Stohlgren et al. 2006).
Today there are approximately 1,400 nonnative
plant species in New York State, representing nearly
40 percent of the total flora; within the Hudson
River Valley the proportion is similar (Weldy and
Werier 2009).

In recent decades there has been an increasing
interest in naturalized species because many be-
come invasive, meaning they establish large popu-
lations with harmful impacts in their new
environments. In 1999 the National Invasive
Species Council defined “invasive species” as any
nonnative species likely to cause economic and/or
environmental harm in its introduced range. Inva-
sive plants are known to change landscapes by caus-
ing extinction of endemic species, altering
ecosystem processes, disrupting relationships be-
tween native species, and impacting fire frequency
and pest outbreaks (Bergman et al. 2000; Clavero
and Garcia-Berthou 2005; Ehrenfeld 2003; Man-
chester and Bullock 2000; Mooney and Cleland
2001). From data given by the Invasive Plant
Council of New York State in 2007, it is estimated
that 18 percent of naturalized plants within the
Hudson River Valley are invasive (172 species). Of
129 species assessed by the Brooklyn Botanic Gar-
den in 2009, the vast majority of invasive species
were introduced through intentional cultivation—
especially as ornamentals (Cornell University
2008). Because their environmental impacts are of
greatest concern, this chapter uses invasive species
to illustrate how exotic ornamental plants con-
tribute to the Hudson River Valley landscape.
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LANDSCAPING TRENDS

What follows is a description of landscaping trends
in America that first became popular in the North-
east, primarily in the nineteenth century. Lists of
invasive plants in the Hudson River Valley were
then evaluated to determine which species were in-
troduced for use as ornamentals, with emphasis on
species recommended by Downing in his 1865
Treatise. It is believed that these species were widely
available in the Hudson River Valley and elsewhere
in the Northeast, an assumption verified by garden
historian Denise Adams in her 2004 book Restoring
American Gardens: An Encyclopedia of Heirloom Or-
namental Plants 1640–1940, which lists plants
available to the public by nurseries and catalog.
Similarly, Ann Leighton’s 1987 American Gardens
of the Nineteenth Century “For Comfort and Afflu-
ence” lists plants available before 1900. These and
other exotic ornamentals have since been found to
alter landscapes in the Hudson River Valley, but
after nearly two centuries of establishment and on-
going marketing they have generally become ac-
cepted additions to native flora and many of their
impacts remain unknown.

Trees

Downing believed that “[a]mong all the materials
at our disposal for the embellishment of country
residences, none are at once so highly ornamental,
so indispensable, and so easily managed, as trees, or
wood” (1865, 69). Trees frame views, hide land-
scape blemishes, and separate fields; evergreens and
broadleaf trees can be combined to ensure year-
round greenery, and a variety of tree shapes lends
itself to smooth transitions between woodlots,
houselots, roadways, and other landscape features.
Advertised for their blossoms or foliage, the inva-
sive trees European sycamore maple (Acer pseudo-
platanus), Japanese princess tree (Pawlonia
tomentosa), and Chinese White mulberry (Morus
alba), were likely established by 1859 and definitely
by 1870 (Cornell University 2008; Leighton 1987).
Among the species recommended by Downing that
are currently invasive in the Hudson River Valley
are the Eurasian Norway maple (Acer platanoides)
and Chinese tree of heaven (Ailanthus altissima).

Downing specified the Norway maple as an ex-
otic alternative to native maples for its wider crown
and faster growth; different varieties have since been
developed to have colored or variegated leaves. It
creates dense stands that shade out native species,
and because it is unpalatable to deer, shade-toler-
ant, has a high reproductive rate, and seeds tend to
fall near the parent tree, it is able to maintain these
monocultures (Cornell University 2008; Martin
1999; Swearingen et al. 2002). Furthermore, Nor-
way maples experience earlier leaf-out and later leaf-
drop than native species, giving it an advantage in
colonizing open or disturbed areas. Norway maples
are the preferred host of the Asian long-horned bee-
tle (Anoplophora glabripennis), another invasive
species.

Downing recommended the tree of heaven be-
cause “its fine long foliage catches the light well, and
contrasts strikingly with that of the round-leaved
trees” (1865, 203). The tree of heaven was intro-
duced to the United States by 1784 and sold in
New York State by 1826 from a Flushing nursery; it
was also sold in the New York metropolitan area by
at least two other nurseries in the 1840s (Adams
2004). By the mid-nineteenth century Downing
noted that it was already “one of the commonest or-
namental trees sold in the nurseries” (1865, 204),
desirable as a tolerant shade and street tree that read-
ily naturalized and was able to survive in the most
forbidding of places (Leighton 1987; Mack 2003).
The species also has allelopathic properties, which
prevent other species from germinating or surviv-
ing near it (Heisey 1990). Its offensive odor was
considered a serious disincentive for planting
(Leighton 1987) but it continues to be successful in
a range of soils, habitats, and moisture and distur-
bance regimes; it is a favorite city tree for its toler-
ance to pollution (Cornell University 2008; Hu
1979). Today the tree of heaven is highly visible in
cities and along roads and railroads in the Hudson
River Valley.

Hedges and Shrubs

Hedges have been used for centuries to mark prop-
erty boundaries and divide pastures and lawns, and
beginning in the 1850s an increased variety of ex-
otic plant species were introduced to North Amer-
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ica for these purposes (Adams 2004). Downing ad-
vocated their use as an aesthetically pleasing alter-
native to fences or walls, and shrubs were also used
in lawns, beside walkways, and, beginning in the
1920s, along house foundations. Unfortunately,
many of these domestic plantings have escaped and
become established in forests and fields where they
may form impenetrable thickets. Many invasive
shrubs including the Asian autumn olive (Eleagnus
umbellata) and burning bush (Euonymus alatus) cre-
ate new canopy layers in forests in the northeast and
inhibit growth of native species below them.

Many invasive shrubs are successful because
they are unpalatable to deer, including the thorned
Japanese barberry (Berberis thunbergii) which was
valued for its white flowers and red berries (Fig.
13.1). Recommended for use by 1839 (Leighton
1987), it is known to have been brought to Boston’s
and New York’s botanical gardens as an ornamental

shrub around 1859 (Adams 2004; Silander and
Klepeis 1999; Taylor 1965). Japanese barberry was
commercially available by 1910 and commonly
found in New England and mid-Atlantic nursery
catalogues within fifteen years (Adams 2004). By
the 1920s it was established in areas where residents
from eastern cities vacationed, and at mid-century
it was naturalized in forests throughout the Hud-
son River Valley (Ehrenfeld 1997; Silander and
Klepeis 1999). It creates a dense, spiny understory
in northeastern and midwestern forests, including
much of the Hudson River Valley, and changes soil
chemistry and microbiology (Fig. 13.2). Japanese
barberry can serve as an alternate host for a type of
cereal rust and is outlawed in some states (Taylor
1965).

The honeysuckles (Lonicera spp.) are other
Asian imports intentionally introduced to North
America in the 1860s and now present throughout
the northeast and Hudson River Valley (Adams
2004; Belote and Weltzin 2006; Schierenbeck
2004). The bush honeysuckles (Tartarian [L. tatar-
ica], Morrow’s [L. morrowii], and Amur [L. mackii])
have high reproductive rates and can form thickets
that create deep shade, preventing native species
from germinating. They are also unpalatable to deer
and therefore unaffected by browsing. Tartarian
honeysuckle was praised as the best among orna-
mental shrubs in 1870 and others were advertised
for their blossoms and as hedges after 1839
(Leighton 1987). Additional hedge species that have
recently become invasive in the Hudson River Val-
ley are privets (Ligustrum spp.), which are common
in urban environments and likely to become estab-
lished in forests throughout the Northeast. Privets
are native to Eurasia, North Africa, and Australasia
and in the nineteenth century at least one species
was advertised for its flowers (1859) and clipping
tolerance (1870) (Leighton 1987). Privet is also un-
palatable to deer.

Among the species not yet identified as invasive
but with the potential to become harmful is the
paper mulberry (Broussonettia papyrifera), native to
Japan and some southeast Asian islands. In the
Hudson River Valley it is found mainly in Rockland
and Westchester Counties, but elsewhere is com-
mon in gardens for the “exotic look” of its foliage,
red berries, and rapid growth (Downing 1865,
187). The species tolerates pollution and is a
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FIG . 13 .1 . Japanese barberry in downtown Albany, Albany County
(photo by author, 2009).

F IG. 13.2. Young Japanese barberry beginning to form the understory
of a forest on the Wilderstein estate in Rhinebeck, Columbia County
(photo by author, 2009).



vigorous sprouter, and although known to be a nui-
sance it was still pushed for cautious planting in
1965: “So easy as to be dangerous, as its ability to
become a pest is notorious” (Taylor 1965, 115).

VINES AND CLIMBING SHRUBS

Vines were promoted for landscaping and house
adornment in America as early as the mid-eighteenth
century (Adams 2004). They were used to obscure
landscape and house defects, to make homes appear
picturesque, and created a harmonious landscape by
providing a living link between the house and
grounds (Doell 1986; Downing 1865). The uses of
vines were so varied that Adams declared, “If we
could designate any specific plant type as symbolic of
historic American garden style, it would have to be
the vine or climbing shrub” (2004, 133). Some vines
like the Asian chocolate vine (Akebia quinata—“al-
ready quite a favorite” by 1870) appear to be re-
stricted to house sites but have the potential to
spread into nearby forests (Leighton 1987, 374).

Among the vines found to be invasive in forests
is the Japanese honeysuckle (Lonicera japonica), re-
lated to the bush honeysuckles and found as a dom-
inant understory plant in temperate deciduous
forests in much of the United States (Belote and
Weltzin 2006). It was valued for its fast climbing
ability, drought- and shade-tolerance, and semi-
evergreen nature; it was used as an ornamental
screen but can break branches with its weight, gir-
dle trees by tightly winding around them, and ef-
fectively smother small plants (Adams 2004;
Cornell University 2008). At least one white-flow-
ered variety, “Halliana,” was listed as early as 1823
in a seed catalog (Mack and Erneberg 2002) and
was widely available by 1870 (Adams 2004).

First mentioned in the commercial literature
around 1860, oriental bittersweet (Celastrus orbicu-
latus) is also extremely invasive (Adams 2004) (Fig.
13.3). Its high growth rate and flashy berries made
it an attractive ornamental, and with the aid of
berry-eating birds this vine has spread throughout
Hudson River Valley forests and fields (Silveri et al.
2001) (Fig. 13.4). It has been shown to inhibit for-
est regeneration, leaving some areas dominated by
the vine and herbaceous species rather than shrubs
and trees (Fike and Niering 1999). It also competes

and hybridizes with the rare native bittersweet (C.
scandens) and there is tentative evidence for changes
in soil chemistry and microbiology (Swearingen et
al. 2002).

The Mediterranean black swallow-wort (Cy-
nanchum louiseae) and Eurasian swallow-wort (C.
rossicum) are vines with small black or pale star-
shaped flowers. The earliest records date from 1854
near Boston and 1871 in Brooklyn; within a decade
they were reported naturalized in New Rochelle,
New York, and found to have escaped from gardens
from New England to Pennsylvania and west to
Ohio (Sheeley and Raynal 1996). As a member of
the milkweed family, swallow-wort is problematic
because monarch butterfly (Danaus plexippus) eggs
laid on its leaves typically do not survive (Mattila
and Otis 2003). Swallow-wort infestations are
linked to the presence of insect and fungal pests, de-
creased grassland bird nesting, and reduced inver-
tebrate and vertebrate diversity (DiTommaso et al.
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FIG. 13.4. Oriental bittersweet strangles a young tree near Staatsburg,
Columbia County (photo by author, 2009).

F IG. 13.3. Oriental bittersweet planted along a fence in Castleton, Ren-
sselaer County (photo by author, 2009).



2005). Today these vines have population centers in
the Hudson River Valley and along the southern
shore of Lake Ontario. This two-part distribution
may be due to both regions’ horticultural history;
the Mt. Hope Botanical and Pomological Gardens
in Rochester was the largest in the world in the
1880s after being founded by a previous employee
of the Flushing nursery (Parks 1983).

Porcelain berry (Ampelopsis brevipedunculata) is
another potentially invasive Asian ornamental vine,
mainly naturalized in disturbed areas and observed
in portions of the southern Hudson River Valley
and the City of Albany. The vine is valued for its
blue berries and changeable foliage (young leaves of
the commercial cultivar “Elegans” are white and
pink, later turning to green). It can tolerate a range
of environmental conditions and is a rapid grower
that reproduces both by seed and vegetatively, al-
lowing it to shade out or smother native vegetation;
porcelain berry is also a preferred food of the inva-
sive Japanese beetle (Popillia japonica) (Swearingen
et al. 2002).

WATER GARDENS

Terrestrial landscaping has long been comple-
mented by natural and constructed aquatic features.
Plumptre (1993) stated that water bodies were typ-
ically architectural and without plantings in West-
ern landscaping, but in eighteenth-century Britain
water gardening began to embrace a more “natural”
look that moved away from geometry and toward
integration with local topography and vegetation
(Currie 1989). The installation of plants in Ameri-
can ornamental ponds was inspired by British as
well as Asian traditions and became popular in the
1850s (Adams 2004). The purpose of aquatic veg-
etation is multifold: to provide additional ornament
to grounds, oxygenate water, and provide food and
shelter for fish (Plumptre 1993; Sawyer and Perkins
1928). Fish themselves were often introduced as ex-
otic ornamentals, and Asian goldfish (Carassius au-
ratus) are now naturalized in the Hudson River.
Similarly, the invasive Eurasian mute swan (Cygnus
olor) was present by 1900 as an ornamental on
coastal New York and New Jersey estates and park
grounds. Like landscape gardening, water garden-
ing was popular among all types of property own-

ers—at least one guide to creating an ornamental
pond was not only for estate owners, but directed
toward the “everyday man or woman” (Sawyer and
Perkins 1928, 8).

One American technique used to create the im-
pression of a wild scene in and around ornamental
ponds was random planting and scattering of seeds
(Doell 1986). Among the plants included in these
efforts was the Eurasian and North African yellow
flag (Iris pseudacorus), a yellow-flowered, rapidly
growing wetland plant that forms single-species
stands. The rhizomes in these stands may become so
dense as to interfere with the establishment of other
aquatic plants, including native Iris species, and al-
ters hydrology by increasing sedimentation and el-
evating topography (Cornell University 2008; Stone
2009). Yellow flag is found in American horticul-
tural literature by 1859 (Leighton 1987) and his-
toric gardens may continue using this plant to
recreate period water gardens (Fig. 13.5). It is widely
found in the tidal wetlands of Columbia, Dutchess,
and Putnam Counties (Fig. 13.6).

Another species that may have become natural-
ized through the process of scattering seeds in wet-
lands is the Eurasian purple loosestrife (Lythrum
salicaria). Like yellow flag, purple loosestrife can rap-
idly colonize an area and outcompete native aquatic
vegetation such as cattail (Typha spp.) due to its high
seed production and fast growth as well as unpalata-
bility to grazers (Thompson et al. 1987). It grows in
a variety of soils and can adapt to most site condi-
tions. Listed in commercial literature by 1835, pur-
ple loosestrife was commonly found in New
England nursery catalogues by the following decade
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FIG. 13.5. Yellow flag at Clermont State Historic Site, Germantown, Co-
lumbia County (photo by author, 2009).



and widely used in garden plans at the turn of the
century as a “Handsome border flower” (Adams
2004; Leighton 1987, 338). Purple loosestrife was
deemed problematic in the mid-twentieth century
but is still available in nurseries (Shadel and Molof-
sky 2002). Today it is found in nearly every state and
in every Hudson River Valley county, including the
four intertidal wetlands of the Hudson River Na-
tional Estuarine Research Reserve (Laba et al. 2008).

LANDSCAPE CHANGE IN THE
HUDSON RIVER VALLEY

The most significant similarity among the plants
listed here is the initial care given to them during
introduction, which protected them from environ-
mental instability. They also share a few additional
characteristics that have helped them become natu-
ralized, including unpalatability to deer and ten-
dency to outcompete native biota. Because deer
avoid many naturalized exotic plants, browsing is
directed toward edible native species. The distur-
bance and open space created by heavy deer brows-
ing also creates ideal habitats for the further
establishment of some exotic species. Exotic plants
may therefore increase in number because they are
not consumed and because additional habitats are
opened.

The rate at which many exotic species can col-
onize an open area also has consequences for native
plants that require well-lit habitats. Some species of
birch (Betula), aspen (Populus), American ash (Frax-
inus americana), and other sun-loving trees may not

germinate underneath the dense canopy that can
form by some of the exotics described here. Even
shade-tolerant native species may have difficulty es-
tablishing under the canopy of some exotics; sugar
maple (Acer saccharum), for example, has difficulty
competing with the exotic Norway maple.

Within wetland habitats, the vigorous growth
of yellow flag and purple loosestrife is known to in-
hibit the establishment of native species like cattail.
The extensive stands of purple loosestrife in Hud-
son River Valley marshes reduce available habitat
for bog turtles (Clemmys muhlenbergi), forage for
waterfowl and muskrats (Ondatra zibethicus), and
nesting sites for birds such as long-billed marsh
wrens (Cistothorus palustris) that prefer cattail stands
(Thompson et al. 1987). Diverse native northeast-
ern riparian areas may be replaced by simplified
stands of yellow or purple flowers that do not sup-
port as many native species.

Not all native species will decrease in number
or size, however; among the native species that
could become more prevalent in forests invaded by
exotic ornamentals is the black birch (Betula lenta)
because it rapidly reseeds in disturbed areas and deer
avoid it (Ward et al. 2006). Beech (Fagus grandifo-
lia) can persist for more than a century in a forest
understory and may likewise become more com-
mon. In wetlands, red-winged blackbirds (Agelaius
phoeniceus) have been shown to prefer nesting in
purple loosestrife stands and may become more vis-
ible (Thompson et al. 1987).

While the exact impact of exotic ornamental
species on Hudson River Valley forests and riparian
areas is unknown and unlikely to be fully recognized
until more areas are invaded and research progresses,
regional landscape change is unavoidable. Fortu-
nately, awareness of the problem has increased and
possible remedies suggested—including regulations
guiding what plants may be sold and publications
suggesting native alternatives. A new era favoring
native flora may indeed be on the horizon.

REGULATIONS AND
RECOMMENDATIONS

Despite the tremendous cost incurred by the United
States in managing nonnative species, estimated by
Pimental et al. (2005) as approaching $120 billion
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FIG . 13 .6 . Yellow flag naturalized in Stockport Flats on the Hudson
River, Columbia County (photo by author, 2009).



per year, landscape gardening remains a major in-
dustry demanding attention by conservationists
(Niemeira and von Holle 2009). In 1997 alone, the
United States Department of Agriculture estimated
that the floriculture/horticulture sector earned
$11.2 billion (Reichard and White 2001), placing
economic concerns at the center of regulatory ini-
tiatives. Accordingly, the New York State Depart-
ment of Environmental Conservation is developing
an assessment tool that would account for the fi-
nancial impacts of control. A phaseout period may
be instated, for example, before a particular plant is
regulated so that nurseries may sell their remaining
stock without penalty. Nursery professionals are also
working with scientists, municipal land managers,
and Cornell Cooperative Extension agents to ap-
prove invasive species assessments done by Brooklyn
Botanic Garden. In 2003 the New York State Nurs-
ery and Landscape Association also joined the New
York State Invasive Species Task Force. Reichard and
White (2001) have shown that people would avoid
purchasing or planting exotic species known to have
negative environmental impacts, making such in-
volvement by professional landscapers and nursery
owners essential.

Because gardening has proven to be a trend-dri-
ven practice influenced by popular taste, strong av-
ocation for the use of native plants in landscaping
will also be effective at controlling invasive species.
Efforts to inform the public on native species that
may be used instead of exotic ornamentals have
ranged from brief suggestions on the New York
State Department of Transportation Web site
(www.nysdot.gov) to entire volumes of instruction
on how to grow native North American plants (e.g.
Cullina 2002). Some municipalities, including
Westchester County, have passed legislation man-
dating use of only native plants in county-owned
properties; Westchester Community College also
runs The Native Plant Center, whose mission is
“Educating people about the environmental neces-
sity, economic value and natural beauty of native
plants in the Northeast” (www.nativeplant
center.org).

Although the cooperation of various stakehold-
ers has resulted in legislation banning some exotic
ornamental species within the next decade, the cul-
tivation of existing plants and introduction of new
species suggests that exotic ornamentals will con-

tinue to become naturalized and increasingly im-
pact the Hudson River Valley landscape. There are
very few national regulations controlling exotic or-
namental species; the importation, purchase, and
introduction of exotic species into the United States
is legal so long as insects, pathogens, noxious weeds,
or endangered species are not among them (Re-
ichard and White 2001). What constitutes a “nox-
ious weed,” however, is not standardized and it is
left to states to identify which species are harmful.

Much of the information presented here is avail-
able to the public through the U.S. Department of
Agriculture Plants Database (http://plants.
usda.gov), Invasive Plants Field and Reference Guide
(Huebner et al. 2007), National Park Service and
U.S. Fish and Wildlife Service’s Plant Invaders of
Mid-Atlantic Natural Areas (Swearingen et al.
2002), the New York Flora Atlas (Weldy andWerier
2009),NewYork State Museum CircularNumber 57
(Mills et al. 1997), the New York State Invasive
Species Clearinghouse (Cornell University 2008),
and the Invasive Plant Council of New York State
(2005). Although this last organization has dis-
banded, data remain available from its constituent
Partnerships for Regional Invasive Species Manage-
ment (PRISMs), which work with state agencies,
the public, conservation organizations, and trade
stakeholders to address invasive species and their
impacts. The Hudson River Valley region is covered
by three PRISMs: Capital-Mohawk, Catskill Re-
gional Invasive Species Partnership, and Lower
Hudson.

CONCLUSION

Some scientists believe opinion and ideology should
be excluded from studies of exotic species, but in-
troduction, regulation, and management are largely
informed by social values. Ecological studies on in-
vasive species are ever-increasing, yet few studies
assess public attitudes toward eradication or other
control measures for invasive species. After centuries
of introductions some exotic ornamental plants re-
main established as a result of positive public per-
ception and are so common that they are not widely
known to be nonnative. In many cases, these species
become accepted as part of the local flora and the
cycle of introduction and naturalization continues.
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Research on regional histories of exotic species
is also necessary because the historic value of some
species might be place-based. For example, period-
sensitive conservation of historic properties and
landscapes often calls for maintenance of gardens as
they appeared during the target era. The potential
harm caused by exotic ornamental plants should be
factored into such plans because naturalization is re-
lated to length of establishment and frequency of
plantings. It is also difficult to coordinate manage-
ment efforts in a mosaic of private and public lands,
but the growing combination of legislative control
and education on alternatives suggests that land-
scape gardening may be generally moving away
from exotic ornamentals and toward native species.
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ENTREPRENEURIAL ZEAL

Commercial exploitation is the driving force of the
Hudson River today, and has been from the first ar-
rival of European explorers. Fifteenth and sixteenth-
century Dutch businessmen sponsored voyages of
exploration around the world seeking products and
materials from faraway places to sell in European
markets. According to European custom then, all
resources “found” in new corners of the world were
available for the discoverer’s exploitation (Lewis
2005). Henry Hudson’s 1609 voyage, sponsored by
the Dutch East India Company, sought a route to
the Orient for commercial spice trade. Dutch mer-
chants, upon receiving the 1611 reports of Dutch
explorers Adriaen Block and Hendrick Christi-
aensen of a land rich in lush forests and furbearing
animals, promptly created the New Netherlands
Company to exploit these new resources that were
apparently available for the taking. Poorly managed,
the company lasted only a few years. It was followed
by the DutchWest India Company, which replaced
the Dutch East India Company, and was armed
with a monopoly from the Crown for all fur trade
from the Hudson River.

From the beginning the Dutch businessmen
sought simply to exploit the natural riches, not to
establish a new political entity. Their later sponsor-

ship of colonization was simply an expedient to
merchandise the products of the Hudson River. The
settlements were tolerated by England because it
was clear that the Dutch were there for commercial
purposes only and not to create a new Netherlands
which might compete politically or religiously with
the Virginia and New England colonies. Dutch
merchants sought settlers for their new holdings
based simply on their willingness to enter into a
contract to create and return wealth to the sponsors.
They required none of the religious or political
qualifications imposed in the English colonies.

The village of New Amsterdam, founded by
Adriaen Block on the tip of Mannahatta Island, was
cosmopolitan from the first because it was estab-
lished and governed largely as a strategic trading
post (Wikipedia 2010). Within a few years it was
reported to have eighteen nationalities among its
residents, and to be inhabited by “every sort of im-
migrant denizen or foreigner” (de Vries 1643).
Petrus Stuyvesant, the newly appointed Director
General, was disappointed to find the people
“slovenly, drunken, dishonest, and with poor busi-
ness management” (Wikipedia 2009). By 1661 a
visiting Englishman could still characterize the small
city as “YeTowne of Mannadens . . . seated between
England and Virginia, commodiously for trade . . .
inhabited with several sorts of tradesmen and

PART III

RIVER OF COMMERCE

Robert E. Henshaw

On this river there is great traffick in the skins of beavers . . . and the like.
The land is excellent and agreeable, full of nobel forest trees and grape vines,
and nothing is wanting but the labor and industry of man . . .

—de Laet, 1625

The New York of today is the product of big business. It is a state of mind.
Nothing done there is motivated by historic traditions.

—Gauss, 1938
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marchants [sic] and mariners” (de Vries 1643). Later
writers such as Washington Irving poked fun at the
boisterous citizenry of the Hudson Valley, and the
nickname “Knickerbockers” stuck. The new Dutch
colony was, in short, a polyglot, and it has remained
so since.

Earliest harvesting of forests and furs gave way
to production of live stock and crops, particularly
wheat, and later to extractive industries that ex-
ploited forests for charcoal and tanning bark, and
mining of the abundant mineral resources.With the
coming of the industrial age, manufacturing and in-
dustry settled along the shores. Some industries re-
lied on the river as a source for raw materials, others
for transport of supplies or products. Increasingly,
industries with no reliance on, and no emotional at-
tachment to the Hudson were established. For
many, their only reason for their location on the
river was to facilitate disposal of wastes. Often they
were tolerated simply as providers of jobs. Albany
and especially Troy, blessed with abundant water
power and access to Adirondack forests for charcoal
and iron deposits, became prosperous smelting iron
and producing iron stoves, horseshoes, and other
products—the first “Pittsburgh” in America. The
growing metropolis at the mouth of the river
needed a ready supply of bricks, stone, and wood,
and the Hudson region became that reliable source.
By the early twentieth century there were more than
two dozen brickworks lining the river from Ossin-
ing to just south of Troy (Hutton 2003; Brickcol-
lecting 2010). The last yard closed in the
mid-1970s. Limestone was, and still is, quarried in
the mid-Hudson region where the Allegheny
Mountains cross the Hudson River rift (see “An Ab-
breviated Geography” in this volume), and brown
stone was blasted from the Palisades cliffs opposite
Yonkers and the city of New York. The people in
the city required ice to preserve food and for cool-
ing. In chapter 14 Harris and Pickman describe the
robust ice harvest industry that grew along the
Hudson. Clothing manufacture attracted large
numbers of European immigrants. Troy is still
known as the “Collar City” because of the inven-
tion and marketing there of a collar that could be re-
moved for cleaning and starching.

Because of its ideal location and ice-free harbor,
New York City—New Amsterdam renamed during

English possession—became a key center for trade
and transshipment of goods. Initially, sugar and
slaves from the Caribbean, grain and forest products
from the north and west, and later cotton from the
southern colonies, all moved through New York City
en route to Europe. Eventually, because of its deep
water port, available slave labor, and especially be-
cause it had unique financial resources, the city
transshipped virtually all of the cotton shipped from
the eastern Confederate states (Barrows andWallace
1999, 335–36). Cotton became the city’s number
one commodity, and the most lucrative. New York
City received an estimated 40 percent of all cotton
revenues because the city supplied insurance, ship-
ping, and financing services and New York mer-
chants sold goods to Southern planters (Mississippi
History Now 2010). Thus, by 1860 New York City
had become the de facto capital of the American
South (Mississippi History Now 2010). In fact, New
York City rose to its preeminent position as the com-
mercial and financial center of America in large part
because of its dominant role in the transshipment of
cotton bound for Europe (Barrows and Wallace
1999, 335–36). During the twentieth century large
heavy industries, such as automobile assembly and
wire manufacturing became common. One modern
industry completely dependent on a riverbank loca-
tion was power generation because of the enormous
amount of water needed to cool the huge steam gen-
erators. By the mid-nineteenth century, two-thirds
of all American imports and one-third of all exports
moved through New York City (Becker 1993, 17).
Driven by its key location and ruled virtually only by
business motivations, the importance of New York
City for business has carried through to its modern
designation as the “World Trade Center.”

TRANSPORTATION ENABLED GROWTH

Much of the Hudson’s history of the last four hun-
dred years is tied to transportation. Early colonists
adapted boat designs familiar to them in the
Netherlands, and in so doing created a unique boat
design, the Hudson River Sloop, with massive sail to
capture the limited winds. Hudson River sloops
were the principal freight haulers for more than a
century. Because they were subject to the vagaries
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of winds, tides, and river flow, their journey from
one end of the estuary to the other could take up to
two weeks. As commerce grew in the Hudson River
Valley (see Litten, ch. 11; and Panetta, ch. 17), pres-
sure built to find a more reliable and faster way to
get products to market in New York City.

Experimentation on steam navigation had
begun on the River Seine in Paris at the end of the
eighteenth century. Predicting its success here be-
fore even the creation of a steam-driven boat, Hud-
son resident and Patroon Robert R. Livingston
secured from the New York Legislature a monopoly
for all steam-propelled shipping on the Hudson
River for himself and business partner, inventor
Robert Fulton—a true Hudson River entrepre-
neurial coup! Fulton began building steamboats as
rapidly as possible attempting to take advantage of
their monopoly, but he was unable to meet demand.
The life of the Hudson River freight-hauling sloop
thus was extended another forty years. Travel be-
tween Albany and New York was reduced to
overnight and became reliable, ushering in a glori-
ous romantic era of Hudson River steamboat travel.

The first steam railroad in this country was con-
structed between Albany and Schenectady in 1831,
just six years after the opening of the Erie Canal.
With that success Erastus Corning, an Albany en-
trepreneur, taking advantage of the sea-level estu-
ary, laid railroad tracks southward along first the
west shore and then the east shore of the river in the
early 1850s with a crossing just north of Albany at
Troy (Wikipedia 2010). History tends to ignore the
original “robber baron” and awards the dubious title
to Cornelius Vanderbilt, who did not gain control
of the rail lines until 1867 after service between Al-
bany and New York City had begun. Vanderbilt
added another railroad river crossing at Pough-
keepsie in 1887. From the overnight journey of
steamboats, rail reduced the trip between Albany
and New York to a few hours and freight from the
interior did not need to be off-loaded to ferries for
the last leg into the city. Freight hauling, as Panetta
shows in chapter 17, shifted to rail, hastening an
end to the age of steamboats on the Hudson. Even
today the original railroad tracks along both shore-
lines carry much of the freight bound for New York
City from all parts of the United States. But the
days of rail supremacy, like the steamboats before

them, were numbered. During the twentieth cen-
tury modern highways enabled trucks to carry an
increasing percentage of the city’s freight. Panetta
provides in chapter 17 a full elaboration of the his-
tory of transportation in the Hudson River Valley.
He demonstrates that in many ways it mirrors vir-
tually all of the other human uses impacting the
ecology and how the changing technologies of
transportation modes forced huge changes in the
subsequent ways that humans could use the Hud-
son River Valley.

Early siting of industries directly on the shore-
line permitted ready access to the river for trans-
portation. Later, shoreline siting increasingly
included non-river-dependent industries, particu-
larly for ready access to railroad transportation.

EFFECTS OF COMMERCE

As extractive, manufacturing, and construction in-
dustries in the Hudson region grew and prospered,
the effects of those uses began to accumulate. Some
earlier industries, for example, harvesting of river
ice, leave virtually no vestiges today. The effects of
other industries remain pervasive. Lumbering, tan-
ning bark harvest, and charcoal production virtu-
ally eliminated original forests in the Hudson
Region. Mining of iron and limestone leaves gap-
ing quarries.

Railroad tracks, at first welcomed even in the
center of cities as a sign of progress, caused impor-
tant unintended consequences along the river shore-
lines. They linearized parts of the river’s shoreline
with rip rapped gravel rail beds, removing natural ri-
parian habitat for aquatic species. Where the rail
lines had to cross small embayments where the river
once meandered, they were placed either on trestles
or on elevated gravel beds with culverts beneath.
The former embayments suffered reduced flushing
effect of the river, causing many to become shallow
marshes. Interestingly, modern regulatory oversight
would never countenance partial blockage of em-
bayments if the rails were sited today, but the
marshes created by nineteenth-century construction
are now valued and protected as tidally flushed fresh
water wetlands for their uncommon character.
These marshes provide refuge for early life stages of
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many riverine species. Their high productivity when
flushed into the open river contributes to the food
webs there.

As industries prospered, many owners became
extremely wealthy. They created vast estates along
the shores of the Hudson and, wishing to make
them distinctive to impress their neighbors, they
imported many species of exotic plants. Those
plants subsequently escaped, with varying effects
on native vegetation as discussed by Teale in chap-
ter 13.

Not only did the river provide direct routes to
markets, it also provided a ready means of disposal
of the wastes and byproducts of commerce. Tonjes
et al., in chapter 15, discuss struggles of New York
City with sanitary wastes as the city grew. In chap-
ter 16 Levinton details the disposal and aftermath of
cadmium wastes from a factory near Cold Spring.
In the Upper Hudson, waste polychlorinated biphe-
nols (“PCBs”) were discharged from an electrical ca-
pacitor factory; they contaminated both the Upper
Hudson and the Lower Hudson. The assimilative
capacity was presumed until, by the early part of the
twentieth century, the waters, the shores, and the
air above were filled with waste materials; the land-
scape cluttered. A cynical “joke” among the citizens
of Tarrytown said they knew what color the auto-
mobile assembly plant was using that day by the
color of the river. Although many of the former in-
dustries were disbanded and the factories razed,
chemical residuals in the river bottom sediments re-
main, most (in)famously the PCBs.

Beginning in the 1950s, at a time when public
interest in the Hudson was minimal due to its de-
teriorated state, large power plants were placed in
the southern portion of the Lower Hudson for easy
supply to New York City—a problematic location
in the “biological center” center of the river (see “An
Abbreviated Geography” in this volume). Genera-
tion of electricity produces vast quantities of heat,
which the utilities relied on the river to receive. As
the plants drew in enormous quantities of cooling
water they unavoidably captured and killed massive
numbers of fish. To avoid such “fishkills” less cool-
ing water would have to be withdrawn and any
corrective technologies would have to be commen-
surately large and/or expensive. At the time, this
meant reduced generation during fish spawning sea-
son or use of gigantic natural draft cooling towers to

dissipate the heat. Interestingly, this created a con-
flict between environmental qualities—protect fish
and deteriorate the striking scenic quality, or per-
mit killing of fish to preserve the scenic quality.
Seeking solutions, in the 1960s utilities began a re-
search program on whether the losses of fish in
power plants endanger the fish populations. These
studies, which continue today, represent the largest
aquatic research effort on any river in the world. In
the current decade, dry cooling in place of evapora-
tive cooling has been proposed by regulators, but
this is extremely expensive and reduces the net effi-
ciency of the power plant. For these reasons utili-
ties resist dry cooling. Despite the amount of
research, answers are elusive, and results are highly
contentious. In chapter 18 Young and Dey, who
conducted some of those studies, attempt the diffi-
cult task of review and explanation of why inter-
pretation is so contentious.

By the first half of the twentieth century New
York had created a perfect combination of condi-
tions for environmental decline: tacit public sup-
port of self-justifying commercialism; communities
isolated from the river by railroads having lost their
emotional attachment and managerial interest in
the river; no legal framework to regulate despolia-
tion of the environment; and perhaps most perva-
sive, an overwhelming sense of powerlessness as
commerce swept through the Hudson River Valley.
Decades of region-wide citizen apathy and grudging
tolerance of the river-in-decline ensued.

But this was not the traditional way for the
Hudson River Valley’s entrepreneurial residents.
New York had also created a mix countervailing
forces. In the 1800s many of the wealthy industri-
alists had settled (or at least built summer places) in
the Hudson River Valley. They chose the location
because of the scenic and recreational qualities it of-
fered; they sought to be (or to own) a part of the
Hudson’s valued “grandeur”; and they were accus-
tomed to having their way. Their zeal surely rubbed
off on the working-class residents who, themselves,
had such a long history of entrepreneurism. Com-
bining forces in the last quarter of the twentieth
century, they found their legs to resist continued en-
vironmental despoliation. The unique commercial
history of the Hudson River region all but dictated
that it would be the birthplace of the environmen-
tal movement.
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ABSTRACT

The origins of Hudson River ice harvesting can be
traced to late-eighteenth-century New York City,
where population growth, pollution, and technologi-
cal advance resulted in the destruction of nearby
water sources. By the second half of the nineteenth
century, an enormous ice industry had developed
along the rural shorelines of the Hudson River, north
of Poughkeepsie. This unique industry involved the
transformation of an important environmental re-
source—the waters of the Hudson River itself—into
a commodity, represented by standard-sized blocks of
ice that were stored in enormous ice houses until the
summer months and then shipped by barge down the
river to be consumed by urban dwellers. The inter-
play between the changing demands of distant urban
markets and the technological capabilities of the ice
industry had dramatic consequences—not only for the
cultures and economies of local Hudson River com-
munities but for shoreline appearance and morphol-
ogy as well. Ironically, the demise of the Hudson River
ice industry can be attributed to the same forces that
drove its creation.

INTRODUCTION

The human desire for ice and the ability to harvest
and store it date back at least four thousand years,
to ancient Babylon and China (David 1995, xi). In

the United States, the earliest documented ice har-
vesting occurred at Jamestown in the seventeenth
century (Cotter and Hudson 1957, 10). By the
eighteenth century it was widely practiced through-
out the colonies (Belden 1983, 145–68; Funderberg
1995, 3–32). In New York City, at that time, the
demand for ice was satisfied by the exploitation of
water sources located on the city’s immediate out-
skirts. In time, as a result of the city’s expansion,
these sources were destroyed and New Yorkers were
forced to look elsewhere for their ice. By the third
quarter of the nineteenth century, the city would
come to rely upon the frozen waters of the mid- and
upper Hudson River. During this period, ice was
transformed into the greatest of the country’s natu-
ral resources, and the Hudson River became Amer-
ica’s greatest ice producer.

The story of the Hudson River ice industry is a
story about the river’s frozen waters, its shorelines,
landscapes, and communities, but it is also the story
about the enormous market for ice located at the
river’s mouth—New York City. “Ice,” said Henry
David Thoreau (1904, 231), “is an interesting sub-
ject for contemplation.” To understand the signifi-
cance of the Hudson River ice harvesting industry’s
history, we suggest that the reader follow Thoreau’s
suggestion and contemplate what ice must have
meant to the generations of New Yorkers who lived
their lives before fans, air conditioning, and elec-
tric-powered refrigerators. In the middle of the
nineteenth century, a reporter—most likely an
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urban dweller—writing about what he termed the
“consequences of ice,” described:

cold water on the table, cooling pillows for
the sick, antiseptic layers for meats and
fruits, cobblers, juleps, and smashes, neat
plates of well-moulded butter, wines not flat
but bright and sparkling. (New York Times
1865)

Ice helped New Yorkers endure the summer heat,
allowed them to create such hot weather treats as
water ices and ice cream, cooled their food and bev-
erages, and brought them some relief during the pe-
riodic epidemics that swept through crowded
neighborhoods killing thousands.

In the following discussion, we examine the re-
lationships between changing patterns of con-
sumption among the urban consumers who
constituted the New York City market for ice and
the Hudson River communities and landscapes that
were the settings for ice production. We trace these
relationships within the framework of a feedback
model that considers how human uses and shifts in
human uses affect the character of the environment,
and how, in turn, an altered environment may drive
subsequent human uses. Specifically, in the case of
the ice industry, we focus upon the processes of
population growth, industrial expansion, and tech-
nological advance. We will look at the roles these
processes played in two distinct environmental, so-
cial and temporal settings—late-eighteenth/early-
nineteenth-century Manhattan Island and the
Hudson River in the late nineteenth/early twenti-
eth century—and also how these processes shaped
the rise as well as the demise of the once thriving
ice industry.

EIGHTEENTHCENTURY USE OF ICE

In the eighteenth century, when first encountered
in New York City’s historical record, commercially
distributed ice and foods requiring ice for their
preparation were luxuries enjoyed by the wealthy.
The earliest documentary evidence suggesting that
ice was being harvested, sold, and used commer-

cially in New York City comes in the form of ad-
vertisements placed in newspapers by confection-
ers, many of French and Italian descent, who had
emigrated to North America in order to ply their
trade. Arriving here, they brought with them a great
culinary novelty—ice cream—the consumption of
which had lately become a craze among fashionable
circles in Britain and on the Continent (David
1995, 316). Anglo-American elites soon developed
a taste for ice cream and fruit-infused water ices,
thus creating—for the first time in the city’s his-
tory—a market for ice.

Among the earliest New York confectioners to
sell ice cream was Philip Lenzi, who came to the city
by way of London. On November 25, 1773, an ad-
vertisement in Rivington’s New York Gazetteer, an-
nounced “Monsieur Lenzi’s” arrival with an
explanation of his many offerings and services.
Based temporarily in a private home “near the Ex-
change,” he planned to sell a wide range of Euro-
pean-style “sweetmeats.” Ice cream appears in this
announcement, buried in a long list between
“brown sugar candy” and “sugar ornaments.” By
1777, Lenzi had his own confectioner’s shop at 517
Hanover Square and had placed ice cream in a more
noticeable spot in his advertisement. “May be had
everyday,” his notice reads, “ice cream” (New-York
Gazette and the Weekly Mercury 1777).

In the early 1780s, another French confectioner
began advertising in the city’s newspapers. Joseph
Corre arrived in America during the Revolutionary
War as the personal cook to a British officer (Gar-
rett 1978, 201). Before the war’s end, he had struck
out on his own and opened a confectionary store,
near Lenzi’s shop, on Hanover Square. In a 1781
advertisement, Corre announces that he “continues
to serve the Ladies and Gentleman of this garrison,
upon the most reasonable terms, with ICE
CREAM” (New-York Gazette and the Weekly Mer-
cury 1781).

As seen in other late-eighteenth-century adver-
tisements, a number of the city’s confectioners
began to focus exclusively on the sale of ice cream,
suggesting the rise of what we would now recognize
as ice cream shops. Of equal interest are the efforts
made by at least one confectioner, Isherwood and
Grieg, to ensure the patronage of the city’s more
genteel citizens. Their ad announced that a special
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room, next to their store, had been “fitted up” for
ladies (Commercial Advertiser 1798).

Along with ice cream, the city’s gentry adopted
other aspects of English cuisine. Among these were
elaborate desserts requiring ice for their creation and
preservation. Such items included syllabubs,
molded jellies, bombes, blancmanges, and flum-
meries. Serving and consuming these concoctions
was to become a form of entertainment, as well as
symbolic of one’s membership among the elite
(Belden 1983, 157, 165–68). From their earliest ar-
rival on Manhattan’s shores, the confectioners—
sensing an opportunity—also offered their services
as caterers. In his 1773 advertisement, Lenzi indi-
cated his availability “to furnish any public enter-
tainment, as he has had the management of several
given at Balls, Masquerades &c. in most of the prin-
cipal cities of Europe” (Rivington’s New York
Gazetteer 1773). Corre also advertised that he was
able to “provide dinners or suppers at any private
house in town for the convenience of ladies and
gentlemen” (New-York Morning Post and Daily Ad-
vertiser 1785). Throughout this period, wealthy
households relied upon confectioners to provision
the receptions, assemblies, routs, dinner parties, and
banquets that constituted society’s seasonal social
round.

At least four New York City confectioners—
Joseph Corre, Jacques Madeline Delacroix, Peter
Thorin, and John H. Contoit—are known to have
turned their entrepreneurial talents to the creation
and management of pleasure gardens—a bigger and
grander venue for the sale of ice cream. As one Eu-
ropean visitor remarked after visiting two such es-
tablishments, “They are both kept by French people
who through the sale of ice cream alone have gained
a large fortune” (Garrett 1978, 210). Much like the
ice trade itself, pleasure gardens were a ubiquitous
but now largely forgotten part of urban life. Pre-
dating public parks by more then a century, pleas-
ure gardens were in fact gardens with manicured
lawns, groves of shade trees, fountains, statues,
gravel walkways, gazebos, pavilions, and muslin-
draped outdoor “supper boxes.” At the same time,
however, they were also social centers where city
dwellers could gather to see one another and be
seen, and be treated to theatrical performances, con-
certs, fireworks, and other forms of entertainment.

In 1800, the city’s eight pleasure gardens repre-
sented its “most popular diversion” (Garrett 1978,
621).

One of the city’s best-known pleasure gardens
was Brannon’s, located on the road to Greenwich
Village. Recalling it in 1794, an English visitor re-
marked that “iced creams and iced liquors are much
drank [sic] here during the hot weather” (Garrett
1978, 147). In fact, due to the involvement of so
many confectioners, the consumption of ice cream
and iced beverages became one of the more notable
activities at the city’s pleasure gardens—playing a
major part in the promotion of these establishments
and in the memories of those who frequented them.
Delacroix’s Columbia Garden was located adjacent
to the Battery where it received pleasant waterfront
breezes during the heat of summer. Elizabeth
Bleeker remembered it as “a most romantic place,”
and wrote in her diary that she “had a charming
glass of ice cream, which has chilled me ever since”
(Garrett 1978, 204–205). As expressed by a young
woman in 1803, in a letter to a friend:

In the cool of the evening we walk down to
the Battery and go into the garden. Sit half
an hour, eat ice cream, drink lemonade,
hear fine music, see a variety of people, and
return home happy and refreshed. (Belden
1983, 168)

SALE AND STORAGE OF ICE

As the literature suggests, confectioners and pleasure
gardens had to have an abundance of ice on hand in
order to provide products to their customers. Writ-
ing of a famous early-nineteenth-century British
confectioner/caterer, food historian Elizabeth David
(1995, 325) observes that “the consumption of ice
for cooling and freezing in [this establishment] was
clearly quite considerable.” In addition to using ice
to prepare ice cream and desserts, confectioners also
treated ice as a commodity to be bought and sold.
Fairly early on in their New York careers, both Lenzi
and Corre were selling ice from their shops. In June
1777, Lenzi ran an advertisement: “May be had
everyday, ice cream; likewise ice for refreshing wine,
&c.” By 1788, Corre and an unnamed confectioner
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were also selling ice on a daily basis out of theirWall
Street shops (The New-York Morning Post and Daily
Advertiser 1788a; 1788b). Since the peak period for
ice consumption was during the warmer months,
the confectioners would have required spaces that
were specially constructed to slow down the in-
evitable melting of ice. Their options would have
included interior “cellars” built within the base-
ments of their shops, exterior ice houses in their
backyards that had storage space below ground ac-
cessible through some sort of superstructure, or else
to purchase ice everyday from some nearby source.

At New York City’s pleasure gardens, ice was ap-
parently stored on the premises. Columbia Gardens,
for example, most likely had an ice house some-
where on its grounds. In 1806, we find Corre, its
owner, offering ice for sale here by subscription,
from May through September (Stokes 1929 Vol. 5,
144). Additionally, on a number of occasions in
which the pleasure gardens themselves came up for
sale, ice houses are mentioned in the advertise-
ments. For example, Peter Thorin, announcing the
sale of New Vauxhall Garden, stated that the prop-
erty contained “a large icehouse almost full of ex-
cellent ice” (Garrett 1978, 193). In 1804, when
Mount Vernon Garden was offered for sale, the ad-
vertisement stated that the property contained an
ice house along with several other buildings (Amer-
ican Citizen 1804). It should also be noted that at
least two different late-eighteenth-century pleasure
gardens took the name “Ice House Garden” (Daily
Advertiser 1798; Garrett 1978, 170–91).

During this period, ice could also be purchased
from commercial ice houses not associated with
confectioners. According to a newspaper notice ap-
pearing in 1784, ice was available for delivery every
morning and evening from an ice house that stood
at the end of Wall Street near the Hudson River
(The New York Packet and the American Advertiser
1784). Another outlet was a “cellar” located beneath
the Government House (formerly standing near the
tip of Manhattan, overlooking the harbor) where
ice was sold every morning (Stokes 1929 Vol. 5,
1369).We know as well that wealthy families main-
tained private ice houses at their city townhouses
and at their estates on the city’s outskirts. For ex-
ample, a 1795 advertisement for a thirteen-room
house on Division Street, a “Spacious Ice House” is
described as “under the Cellar” (The American Min-

erva and the New-York Advertiser 1795). In 1804, a
“large elegant new HOUSE” being sold on Water
Street had “a liquor vault and ice House” in its yard
(The Daily Advertiser 1804).

Unfortunately there are no surviving images of
New York City’s eighteenth-century commercial or
domestic ice houses, nor have any remains of these
been identified by archaeologists. We can recon-
struct their probable appearance and size, however,
from documentary sources, from archaeological ex-
cavations that have been conducted elsewhere, and
from ice houses preserved at historic properties such
as Mount Vernon, Monticello, and the Van Cort-
landt Manor (Dillon 1975, 5; Sack Heritage Group;
Thomas Jefferson Foundation).

For a sense of how an interior ice “cellar” might
be constructed, we can extrapolate from an early-
nineteenth-century English description (McIntosh
1828, 262):

The London confectioners, as well as most
people on the continent, content them-
selves with keeping [ice] in cellars, sur-
rounded with very thick walls, and without
windows, being entered sometimes by
straight and sometimes by crooked passages,
secured by double and often treble doors,
and the ice thickly covered by straw or mats.

Freestanding backyard ice houses, other sources
tell us, included both aboveground and subter-
ranean masonry components. The buried or shaft
portion where the ice was stored was shaped like
an “inverted cone” with a grate or gravel at the bot-
tom for drainage. Access to the building was
through the upper part of the structure, which was
located at ground level. The latter was often round
or octagon-shaped with a shingled, thatched, or
bricked domed roof (David 1995, xiv–xvi; Thomas
Jefferson Foundation; Webster 1845 (VIII, 2). In
Philadelphia, the archaeological excavation of por-
tions of a circa 1780s ice house indicated that its
shaft portion was originally eighteen feet (5.49 me-
ters) deep with a diameter of approximately thir-
teen feet (3.96 meters) (Yamin 2008, 40–43) (Fig.
14.1). An eighteenth-century exterior ice “well”
excavated in Alexandria, Virginia, was estimated
to have a capacity of sixty-eight tons (City of
Alexandria).
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FIG. 14.1. Drawing of a ca. 1780s Ice House, probably belonging to Robert Morris—based on documentary sources and results of archaeological ex-
cavations conducted by John Milner Associates, Inc., at the site of the Liberty Bell Center in Philadelphia. Rendering by Todd Benedict and Rob Schultz,
John Milner Associates, Inc. Source: Yamin (2008, 45, Fig. 3.6) (courtesy of Rebecca Yamin and John Milner Associates).



EARLY NYC ICE SOURCES

By 1800, New York City had a rapidly growing
population of 60,500. Ten years earlier, it had sur-
passed Philadelphia as the largest city in the United
States. Also, as stated above, during this period cer-
tain sectors of its citizenry apparently enjoyed a de-
pendable and sizeable supply of ice. Where did it
come from? At that time, the most readily available
ice source would have been the Collect (from the
Dutch “kolck” or “small body of water”) also known
as the FreshWater Pond. Located on what was then
the city’s northern outskirts, near present-day Foley
Square, it was most likely a glacial kettle pond, fed
by springs and local streams (Fig. 14.2). The Collect
was praised by Early Euro-American residents of
New York as an excellent spot for fishing and snipe
hunting. In the winter the Collect was a popular
spot for ice skating. Gallows were erected along its
shorelines during the summer, and crowds gathered
here to watch public hangings. By the time ice sup-
pliers and confectioners began harvesting ice com-
mercially from the Collect, however, a group of so

called “noxious” industries were located on its
southern shore. At the close of the American Revo-
lution, the pond, now considered a prime industrial
water source, was surrounded by tanneries, brew-
eries, distilleries, rope-walks, potteries, and furnaces.
Contemporary accounts described it as a dumping
ground for animal carcasses and human corpses.
Ironically, the first documentary evidence we have
that the Collect served as an ice source appears in
1806 on the eve of its abandonment for that pur-
pose. A newspaper advertisement placed by Joseph
Corre, the confectioner, ice supplier, and owner of
a pleasure garden, informed the public that because
the Collect had become so “putrid” he had (at great
cost) “procured ice from a fresh spring about three
miles from the city.” By then, the city had begun
the process of filling in portions of the Collect and
leveling the hills that surrounded it (Hill and War-
ing 1897, 207–208; Koeppel 2000, 42, 52, 116;
Stokes 1929, Vol. 5, 144).

Corre’s new ice source may well have been Sun-
fish Pond, then located at a greater distance from
the city near present-day Park Avenue South and
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tesy of the Map Division, New York Public Library).



32nd Street. Streams originating near present-day
Times Square fed the one-acre pond, which then
drained into the East River’s Kip Bay. Described as
a favorite spot for fishing and muskratting, by the
1830s Sunfish Pond’s purity too had been compro-
mised as a result of a glue factory that had located
along its northern shore. It was filled in by the
1840s (Depew 1895, 467; Koeppel 2000, 240).

CAUSES UNDERLYING THE RISE OF THE
HUDSON RIVER ICE INDUSTRY

The discussion now moves nearly a century ahead
and more than a hundred miles (over 160 kilome-
ters) north of the island of Manhattan, to the
reaches of the Hudson located between Pough-
keepsie and Albany, where, by the 1880s, the shore-
lines of Ulster, Greene, Rensselaer, and Albany
Counties had become the center of New York City’s
ice production. Here, far from the city’s contami-
nated waters and safely above the estuary’s saltwater
front, 135 ice houses had been constructed. The
Hudson River was now producing between
2,000,000 and 2,750,000 tons of ice during a good
winter season, making it the largest producer in the
United States (Hall 1884, 24–26).

The Hudson River ice industry’s true begin-
nings, however, date to the 1830s and to only thirty
miles (some 48 kilometers) upstream from New
York City at Rockland Lake, where ice was cut and
hauled down the side of Hook Mountain to the
river. Here it was stored in a 1,500-ton ice house
until it could be shipped to the city by steamboat
(Stott 1979, 7–8). Demand for ice kept growing,
and by the 1860s, the company that controlled pro-
duction at Rockland Lake, the Knickerbocker Ice
Company, had developed ice fields on the river al-
most as far north as Albany (Stott 1979, 9). A num-
ber of causes underlay this expansion, including the
tremendous improvement in ice harvesting and
storage technology that had occurred since ice was
first taken from the Collect, New York City’s un-
precedented growth, and changes in the food dis-
tribution system.

Many of the innovations that would transform
the ice trade were introduced by Nathaniel Jarvis
Wyeth, a young associate of Frederick Tudor, the
Boston man generally credited with the creation of

North America’s international ice trade. Tudor’s
business had begun in 1806, centering upon the
shipment of Massachusetts ice to warm weather
ports, including Charleston, Martinique, Cuba, and
later to India. Wyeth, as an ice supplier and later
Tudor’s foreman, had grown frustrated with the
slow and haphazard methods used in the hand-har-
vesting of ice from New England’s frozen ponds.
Among other innovations, in the 1820s he devised
a horse-drawn ice plow with parallel blades that al-
lowed workers to grid out and cut an ice field into
easily removable standard-sized blocks of ice cut at
right angles (Hall 1884, 2–4; Maclay 1895; Smith
1961; Stott 1979, 7).

Not only did Wyeth’s invention allow greater
quantities of ice to be cut at a faster rate, but the ice
that was produced could be efficiently stacked
within Wyeth’s newly configured ice houses. Un-
like their eighteenth-century predecessors, these
were above ground, multiroomed, multistoried,
and constructed of wood (Fig. 14.3). Construction
of these ice houses was made feasible by other early-
nineteenth-century technological innovations. One
of these was the discovery of the insulating prop-
erty of various materials (Weightman 2003). Most
ice houses had double walls packed with such ma-
terials, including wood shavings, sawdust, and hay,
which would also be packed around the ice blocks.
Additionally, the development of steam-powered
ice elevators enabled the ice houses to be easily
filled. A large ice house could hold sixty thousand
tons of ice.

In the spring, the ice was removed and shipped
to market in specially constructed ice barges (Fig.

The Rise and Demise of the Hudson River Ice Harvesting Industry 207

FIG. 14.3. Undated photograph of the Empire Number 2 Ice House at
Catskill, N.Y. Note the powerhouse in the center of the photograph and
the ice elevators in front each of the large vertical loading doors (courtesy
of the Vedder Memorial Library, Greene County Historical Society).



14.4). These barges are identifiable by the large
windmills that extended above the deck that were
used to pump out any meltwater that accumulated
during the trip downriver, an invention that has
been credited toThomas Edison (de Noyelles 1982,
138; Dibner n.d., 17–20; Hall 1884, 17; Walsh
1983).

Because more ice could be harvested and stored,
and less lost to meltage due to the advances in tech-
nology, greater amounts of ice were reaching New
York City (Hall 1884, 9–10; Jones 1984, 800;
Weightman 2003, 105–15). The city was now the
largest ice market in the country, requiring nearly
1.5 million tons of ice yearly by the 1880s (Hall
1884, 24). It had seen tremendous growth in just a
short period of time. From 1830 to 1880 more than
960,000 people were added to its population (New
York State 2000, 2). Not only did the city require
ever-increasing amounts of food to feed its citizens,
but more ice was needed to keep food from spoiling

as it moved through an expanding and increasingly
complex food distribution system.

For more than two hundred years, beginning
with the Dutch, New Yorkers had obtained fresh lo-
cally produced food at centrally located municipally
regulated markets. Provisions arrived from through-
out the neighboring region by various means: from
the gardens of New Jersey and Long Island on mar-
ket boats and farm wagons; by sloops from Hudson
River Valley farmsteads; in fishing and oyster boats
from Long Island Sound and Raritan Bay; and on
the hoof as droves of cattle were herded overland.
Some of the produce originated from gardens and
farms on the portion of Manhattan Island immedi-
ately north of the city. As late as 1837, only one-
sixth of the island was covered with buildings and
streets. Although much of the remaining land was
either wooded or enclosed by private estates, an ex-
tensive portion was still under cultivation (Lindner
and Zacharias 1999, 340; Spann 1981: 124–28).

Thomas F. Devoe, butcher and market histo-
rian, chronicled practices at the city’s twelve mu-
nicipal markets during the 1820s. Because
perishable items, such as fish, meat, milk, and but-
ter, were usually purchased on a daily basis, market-
men used very limited amounts of ice. Devoe
records only one case during this period in which
any significant quantity of ice was stored at a city
market. This was the Grand Street Market, where a
customer, James Allaire, paid the costs for con-
structing and filling a subterranean ice house. His
reason for doing this, according to Allaire, was so
he might “now and then, have a good piece of
corned beef through the warm weather” (Devoe
1865, 456). Beginning in 1839, with the introduc-
tion of iceboxes into the public markets, butchers
and fishmongers began to keep ice on hand so that
they might “keep pieces over.” Some consumers had
also acquired iceboxes, and they too needed a con-
stant supply of ice to keep food cool (Burrows and
Wallace 1999, 46, 451; Devoe 1865, 346–47, 456,
485).

Gradually, the entire system underwent a major
transformation due to the loss of local food pro-
ducers whose farmland had been swallowed by sub-
urbanization, the proliferation of middlemen
grocers, the rise of privately owned neighborhood
grocery stores, and the development of refrigerated
railroad cars that carried perishable food into the
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city from distant sources. As the Federal Trade
Commission was to observe early in the twentieth
century, “supplying the needs of a great city is no
longer the casual affair of farmers with their farm-
ers’ wagons” (Lindner and Zacharias 1999, 281–82;
Spann 1981, 124–28; Tangires 2003).

In general, underlying the city’s growing market
for ice was a change in consumption patterns favor-
ing large industry. In the mid-nineteenth century the
major consumers of ice had been families, hotels, sa-
loons, and ice cream stores. As the century drew to
a close, the major consumers became breweries, meat
packers, and the railroads (Hall 1884, 5). Ice, once
considered a luxury, was now a necessity.

Having discussed the factors driving the rise of
the Hudson River ice industry, we will now exam-
ine the consequences—for the river’s landscapes and
its communities.

EFFECTS UPON THE LANDSCAPE

During the latter third of the nineteenth century
and the opening decades of the twentieth, ice fields
and ice houses became the dominant elements
along portions of the river’s shoreline north of
Poughkeepsie. During the 1990s, as archaeologists
working for the New York District Corps of Engi-
neers, we undertook a series of investigations here as
part of a habitat restoration study. We focused es-
pecially upon three ice house sites located on lower
Schodack-Houghtaling Island, a seven-mile-long is-
land just south of Albany. Our research suggests that
not only did the ice industry greatly affect the eco-
nomic and social history of the Hudson River but it
also transformed the physical landscape (Harris and
Pickman 1999; 2000; Huey 1998). Elsewhere we
have examined how throughout the nineteenth cen-
tury, the river’s shorelines were greatly modified as
a result of a series of engineering efforts that in-
cluded navigation improvement projects, railroad
construction, and the making of land to support in-
dustrial production (Harris et al. 1996). Landscape
changes associated with ice harvesting fall within
the latter category.

Modifications to the shoreline morphology
began during the opening phases of an ice house’s
construction. Sediment was removed from the river
bottom by steam dredges and then redeposited be-

hind bulkheads in shallow water near the shore to
form a projecting wharf directly in front of the ice
house, providing a loading area for ice barges. This
process would be followed at almost every ice house
built along the river. In a contemporary aerial pho-
tograph (Fig. 14.5), the areas of shoreline terrain
seen protruding into the river from its western bank
are actually former ice house sites. This altered
shoreline survives today as a highly visible feature
of the riverine landscape.

Historic maps and newspapers indicate that an
ice house building boom occurred on Schodack-
Houghtaling Island and adjoining areas of the river
in the 1880s. The construction of so many of these
huge buildings drastically altered the appearance of
less-populated reaches of the river as well as the wa-
terfronts of small villages such as Catskill, Athens,
New Baltimore, Coeymans, and Coxsackie. The
map shown in Figure 14.6, indicating the locations
of seventy-one ice houses that once stood on the
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FIG . 14 .5 . A 1989 aerial photograph of the Hudson River’s western
shoreline clearly indicates the locations of former ice house wharves.
Scale of original: 1 in = 480 ft [1 cm = 57.6 m] (courtesy of Col-East, Inc.).



riverbanks between Catskill and Castleton, should
provide readers with a sense of the density of these
industrial structures. What the map cannot convey
is the visual impact of individual ice houses. Painted
a brilliant white in order to repel the sun’s rays and
forestall the melting of their contents, most ice-
houses were more than three stories high, thus
dwarfing all other aspects of the river’s built envi-

ronment. The remains of one of the ice houses we
investigated extended some four hundred feet (ap-
proximately 122 meters) along the shoreline.

For those viewing the shorelines from a dis-
tance, such as passengers on the railroad or on
steamboats traveling between New York City and
Albany, the newly constructed clusters of ice house
complexes may have been experienced as glaring in-
trusions upon the landscape’s scenic beauty. Indeed,
one Hudson River guidebook referred to the ice
houses as “immense storehouses that line the banks
of the river . . . all the way to the head of navigation,
and which form a feature of the scenery more con-
spicuous than ornamental” (Ingersoll 1893, 129).
Another guidebook praised the river’s pastoral views
but made an exception of what the writer termed
“the great unattractive whitewashed ice houses
perched on the river banks, suggesting the out-
reaching grasps of the monopolistic ice barons”
(Buckman 1909, 122) (Fig. 14.7).

EFFECTS ON HUDSON RIVER
COMMUNITIES ANDWORKERS

Although the available evidence indicates that out-
siders responded to the transformed landscape with
ambivalence, for those living and working in Hud-
son River communities the economic benefits of the
developing ice harvesting industry far outweighed
changes to the familiar landscape, and they eagerly
embraced it. Local newspapers reported enthusias-
tically upon the construction and expansion of in-
dividual ice houses, providing readers with progress
reports on dredging and filling of mudflats, pile
driving, bricklaying, framing, roofing, and the in-

210 WENDY E. HARRIS AND ARNOLD PICKMAN

FIG. 14.7. View of ice houses from the river illustrates impact of these large structures on the landscape (Source: Bruce 1903).

F IG . 14.6. Locations of Hudson River ice houses between Catskill and
Castleton, N.Y., ca. 1890s. Circles indicate ice house locations, plotted
using maps of that period (Beers 1891; USACE 1897), aerial photographs
(Col-East Inc. 1989), and twentieth-century topographic maps (USGS
1953a, 1953b, 1953c, 1953d) (drawn by Dag Madara).



stallation of engine rooms, smoke stacks, and ele-
vators. In a village such as Coeymans in 1892, the
construction of a huge new ice house was “aston-
ishing” and a source of wonder rather than dismay.
Local residents were encouraged to visit the con-
struction site and reassured that “if a favorable win-
ter ensues, an increased force of help will find
employment in the ice harvest at this point” (Coey-
mans Herald 1892).

Watching the ice workers from his home on the
banks of the Hudson, the naturalist John Burroughs
(1886, 202), wrote:

On a stern winter night, it is a pleasant
thought that a harvest is growing down
there on those desolate plains which will
bring work to many needy hands by and by,
and health and comfort to the great cities
some months later.

As Burroughs’s observations suggest, the ice har-
vesting industry involved the transformation of the
river’s frozen surface into a site of human labor. De-
spite the use of horse power to mark out and cut ice
blocks, and steam power to load the block into ice
houses, Hudson River ice harvesting was essentially
a labor intensive industry (Fig. 14.8).

Estimates place the size of the Hudson River ice
industry seasonal work force at up to twenty thou-
sand workers (Hall 1884, 26). Like the industry
they labored in, the history and culture of Hudson
River ice house workers have been largely forgotten.
As part of our research on the Schodack-Houghtal-
ing Island ice houses, we tried to learn more about
these people, their origins, and their experiences.

During the third and fourth quarters of the
nineteenth century, the Hudson River ice houses
became a major factor in local economies, and for
workers in river communities their construction was
a welcome development. Most prospective ice
workers engaged in seasonal pursuits such as agri-
culture, logging, fishing, ship building, brickyard
work, and river transportation—all of which ceased
during the winter months (Hall 1884, 26; Post
n.d.). A local newspaper column noted that ”sev-
eral hundred men hereabouts annually make calcu-
lation on the income derived from two or three
weeks’ employment in the ice harvest to tide them
over to the settled Spring work” (Anonymous n.d.).

Work in the ice industry could also extend beyond
winter. Commenting on Greene County’s forty ice
houses, Beers (1884, 58) noted: “The business gives
employment to a large number of men, both in har-
vesting the ice in the winter and breaking it out and
loading barges in the summer.” Thus, not only did
the ice houses provide a new source of income to
the region’s farmers, artisans, tradesmen, and labor-
ers, but one that could potentially provide a year-
round basis of support for themselves and their
families.

To further explore the composition of the ice
house workforce, and to confirm the data con-
tained in secondary sources and in newspapers of
the period, we examined the records of the Van
Orden, Vanderpool, and Sherman Ice House, con-
structed in 1881 on the western shoreline of
Houghtaling Island opposite the village of New
Baltimore. Weekly payrolls from the 1889 harvest-
ing season list sixty-six persons, a figure that ap-
parently included both year-round and seasonal
workers (Sherman 1889b; 1889c). The names of
twenty of these workers also appear in the 1892
New York State census records and directories for
two adjacent villages on the west bank of the Hud-
son (Lant 1892; New York State 1892). Six of these
workers were described as farmers, while three oth-
ers were river pilots or boatmen. The other work-
ers included two carpenters (one a ship carpenter),
a painter, a stonemason, and a butcher. Another,
described as an engineer, apparently operated the
ice house steam engine, and may have been a year-
round employee. Only five of these ice house work-
ers were described as laborers. Two of the ice house
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FIG. 14.8. 1883 photograph of Hudson River ice crew scraping the ice
prior to cutting, near Athens, N.Y. (courtesy of the Vedder Memorial Li-
brary, Greene County Historical Society).



employees were substantial landowners—one of
the farmers having 139 acres, and one of the car-
penters, 92 acres. The butcher also owned an acre
of land. This small sample supports the inference
that many ice house employees were unaccustomed
to working as industrial laborers.

The development of the ice industry brought
communities into a new relationship with the
frozen waters of the Hudson. In addition to the
funds that flowed directly to the workers, the eco-
nomic power of the ice industry derived from its in-
direct impact upon local villages as ice house
employees spent their money in hotels, boarding-
houses, restaurants, saloons, clothing stores, and
other retail establishments (Beecher 1991,79). Be-
tween wages spent and wages pocketed, many river
communities became economically dependent
upon the ice industry. Newspapers such as the
Catskill Examiner ran special columns during the
winter months devoted wholly to the progress of the
harvest. One column proclaimed that “ice is the
only the only thing talked about in New Baltimore
now” (Catskill Examiner 1883a). During warm win-
ters, when the ice harvest was poor, the columns
chronicled the dismal mood of the villages:

The ice grows less and less encouraging.We
have had and are having uniform spring
weather . . . up the river the ice men have
done nothing and below us it is of course
the same . . . the laboring class feel the loss
of their work on the ice very severely and
when they suffer, the interests of the busi-
ness community are seriously affected.
(Catskill Examiner 1880)

During good harvest seasons, when the winters
were cold, the workers had employment, but this
involved exposure to the harsh, and often danger-
ous, working conditions on the ice fields. The diary
of ice house owner Augustus Sherman attests to nu-
merous days of sub-zero temperatures, and days
when the wind and the temperature created condi-
tions so severe that work became impossible (see,
e.g., Sherman 1882; 1889a; 1895). Both secondary
accounts and journals of the ice men indicate that
working on the ice had other hazards that some-
times led to severe injury or even death. Accidents
recounted in the local newspapers and elsewhere in-

clude falling through the ice or open channels into
the freezing water, being struck by falling ice cakes
which weighed up to several hundred pounds, and
being ensnared in the ice house elevating machinery
(Beecher 1979, 3; Rothra 1988, 18).

While the wages earned in the ice fields pro-
vided a needed supplement to local incomes, ice
workers also encountered, possibly for the first time,
relations of production typical of industrial capital-
ism. The process of being incorporated into the
wage labor system was not always a smooth one, as
suggested by the many accounts of strikes on the
Hudson River ice fields. Some affected single ice
houses and were quickly resolved. Others were more
widespread and involved violence and threats of vi-
olence (Catskill Examiner 1875; 1876; 1879; 1883a;
1883b; Coeymans Herald 1879; 1881; 1882). Thus,
for the farmers, artisans, and tradesmen listed in the
Vanderpool, Van Orden, and Sherman payroll, life
in the ice fields may have provided an initial per-
sonal encounter with labor strife. Participation in
the ice industry workforce also brought many work-
ers into contact with men and women of other eth-
nic and cultural backgrounds. Contemporary
newspaper accounts note that the ice industry’s
labor force included African Americans and women,
as well as Irish and Italian immigrants (Catskill Ex-
aminer 1875; 1878).

The following quote is from an atypically pro-
labor local newspaper account of an 1875 strike on
the ice fields:

By 10 o’clock the crowd numbered about
500 tough and determined men, many of
whom had come from points 8 to 10 miles
[13 to 16 km] distant to get work, and they
formed a line and marched up and down
Main Street. . . . The procession comprised
all nationalities, including a liberal infusion
of the Hibernian element—fairly spoiling
for a fight—and was peppered with Anglo-
Africans. . . . Pale faces and darkies met in
peace on the platform of “fourteen shillings
a day.” (Catskill Examiner 1875)

While this account reflects racial and ethnic at-
titudes typical of the period, it also indicates the
workers’ solidarity in the face of what they perceived
as economic exploitation by the ice house owners.
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Thus, within the larger Hudson River landscape,
ice fields and ice houses became sites of both human
conflict and accommodation as a generation of
workers were absorbed into the culture of the new
industrial society.

THE DEMISE OF THE HUDSON
RIVER ICE INDUSTRY

Beginning in the first decade of the twentieth cen-
tury, New York consumers began to question the
purity of Hudson River ice. It was alleged that raw
sewage was pouring into the river from towns di-
rectly adjacent to the ice fields (The NewYork Times
1903a; 1903b). After testing the water, the city is-
sued a statement saying that typhoid fever may have

been caused by “the present condition” of Hudson
River ice (The New York Times 1907). The ice in-
dustry fought back, claiming convincingly that ty-
phoid bacteria were killed by long-term freezing and
citing as proof the city’s low death rate from intes-
tinal diseases (The NewYork Times 1903c; 1913; Al-
bany Telegram 1910). By then, though, other factors
were beginning to take a toll on New Yorkers’ desire
for natural ice. Chief among these was the high cost
of ice, caused primarily by the development of ice
monopolies and the inability of the Hudson River
ice industry to meet urban demand (TheTroyWeekly
Times 1889;The NewYork Tribune 1900). In 1920,
the New York Times carried a story noting that de-
creasing amounts of Hudson River ice were being
harvested and that as a consequence ice houses were
being abandoned.
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FIG. 14.9. Visible Remains of Hudson River Ice Houses. Clockwise from upper left: Brick Structure that probably housed the steam engine and fire-
box—P. McCabe & Co. Ice House, Schodack-Houghtaling Island; Powerhouse—Scott Brothers Ice House, Nutten Hook; Eroding Foundation Wall—
Van Orden, Vanderpoel & Sherman Ice House, Schodack-Houghtaling Island; Barge Remains—P. McCabe & Co. Ice House, Schodack-Houghtaling
Island; Brick Chimney—Miller & Whitbeck Ice House, Schodack-Houghtaling Island (photographs by Wendy Elizabeth Harris, 1998).



Coinciding with these trends and contributing
to the industry’s decline was the increasing avail-
ability of technology for cooling air and manufac-
turing ice (Gosnell 2005, 378). Unfortunately, this
involved the use of large machinery and dangerous
gases such as ammonia. By the 1930s, however,
these obstacles had been overcome and millions of
electric refrigerators were in use in American homes
(Rogers n.d; Weightman 2003). The era of the nat-
ural ice industry had come to an end. As one
Catskill resident observed at the time: “The ice
house has followed the livery stable to oblivion”
(Anonymous 1931).

The falloff and ultimate disappearance of the
ice trade severely disrupted the economies of such
industry centers as New Baltimore, Coeymans, and
Catskill. Some of these communities would never
recover the vitality they had known during the ice
industry’s brief existence (Bush 2009, pers. comm.).

Within the reaches of the river that we exam-
ined as archaeologists, the landscape and economy
that was created by the ice industry lasted no more
than fifty years. By the time we encountered the in-
dustry’s infrastructure—at the end of the twentieth
century—it existed as ruins (Fig. 14.9). The frozen
waters of the Hudson had long ago ceased to have
any value for urban consumers.

CONCLUSIONS

What observations can we make when confronted
with the history of this industry? Looking back
from the vantage point of the twenty-first century,
we see a regionally focused and sustainable extrac-
tive industry that both flourished and collapsed as
a result of the same forces. Population growth, pol-
lution, economic change, and technological advance
pushed the ice trade off the island of Manhattan,
up to the reaches of the mid-and upper Hudson,
where it became an enormous industry. In the end,
these forces followed the industry, and became its
undoing.
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ABSTRACT

Henry Hudson first sailed to New York harbor four
hundred years ago. Since then, New York City has
both affected and been affected by water quality in
greater New York Harbor. In this chapter, we focus on
sewers, sewerage, and sewage treatment in Manhat-
tan and their effects on the Hudson River. It is clear
that feedbacks among drinking water quality and
quantity, population, public perceptions, regulations,
and estuarine water quality exist, although their
strength and character have varied over time.

Early land uses damaged local water supplies
found on Manhattan Island. New York then began to
exploit the large fresh water resources available to its
north, which helped the city to expand more rapidly.
Water availability also allowed for water carriage
sanitary practices, increasing discharges of wastes
through a growing sewer network into local waters.
The discharge of wastes degraded water quality, af-
fecting natural resources in the harbor. Untreated
wastes led to disease from contaminated seafood, and
also more generalized effects on public health. Over-
all, New York lifestyles became largely detached from
its shoreline, partly due to the industrial character of
the waterfront, and partly because of odors and vi-
sual blight from pollution. Growing public distaste
over poor harbor water quality, especially in the early
twentieth century, led to some sewage treatment.
More and more comprehensive treatment followed
regulatory and legal actions, beginning in mid-

twentieth century. Concurrently, maritime commerce
declined, and the waterfront became underutilized.
However, in the twenty-first century, natural re-
sources are recovering, and New York City citizens
once again flock to the shores of the Hudson River, to
new and revitalized parks, new areas of development
and older areas undergoing transformation, and into
the harbor, now largely cleaned of its fouling from
sanitary waste disposal. Today New York City public
life has a much greater orientation toward the wa-
terfront, which certainly was fostered by improved
harbor water quality and the opportunities for
growth that were available with the disappearance of
the City’s maritime industries.

Thus, there has been a complicated relationship
between the city and its rivers and harbor. One aspect
has been continuing use of local water bodies as re-
ceptacles for wastes, which has benefited those living
in the city. Gaining these benefits has had continuing
costs, however. Marine resources were damaged and
some were lost, and quality of life on land was af-
fected. Trying to undo the impacts, which has re-
quired great effort and much capital, has been
hampered by technology decisions that appear subop-
timal with the advantage of more than one hundred
years of hindsight. Still, modern sewage treatment,
initiated by local efforts and concerns, but spurred on
to completion by the forces unleashed by the great en-
vironmental awakening of the 1960s and 1970s, has
made it possible for the citizens of New York to again
fish, boat, and even swim in city waters.

CHAPTER 15

HUMAN SANITARY WASTES AND WASTE TREATMENT
IN NEW YORK CITY

David J. Tonjes, Christine A. O’Connell, Omkar Aphale, and R. L. Swanson
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NEW YORK, DRINKINGWATER, AND
POPULATION GROWTH

In 1609, Manhattan had several large ponds and
some streams, predominantly fed by groundwater.
Drinking water of good quality was thus available
(Sanderson 2009). As the population of the city
grew, the common practices of the day led to im-
pacts to the shallow groundwater system and asso-
ciated surface water bodies. Human sanitary wastes,
for instance, were managed through permeable and
solid wall privies. The first regulations regarding ac-
ceptable design for these devices were promulgated
by the Dutch in 1657 (Loop 1964). The preferred
and approved design was for impermeable pits, al-
though it is understandable that not all privy pits
proved to be watertight. In addition, there was no
organized management of solid wastes. These were
disposed onto streets, or into marshes, ponds, and
other low-lying areas where fill might create more
usable land, and sometimes directly into the sur-
rounding waters of the Hudson and East rivers
(Melosi 1981). These practices affected local drink-
ing water quality (Koeppel 2000).

Continuing increases in population (and popu-
lation density) created greater impacts on local
water supplies. Human wastes from privies, solid
wastes, and wastes from various businesses and in-
dustries were directly disposed in bodies of water
that also supplied drinking water. Wastes released
into the subsurface directly contaminated ground-
water-fed wells, and indirectly affected surface water
bodies through groundwater discharges. The effects
became greater in degree and geographical scope as
the population growth rate increased in the mid-
1700s (by 1800 the population of Manhattan ex-
ceeded fifty thousand) (Fig. 15.1) (data from
Goldman 1997; Loop 1964; Burrows undated;
New York City Department of Planning undated).
Continued growth of the city was thought to be
threatened by potable water shortages and the ab-
sence of a water system capable of supporting fire
suppression. Entrepreneurial efforts to provide
water from outside of the developed area of the city,
and to construct distribution networks, were there-
fore encouraged by the city, beginning about the
time of the Revolutionary War. The Manhattan
Company, for instance, built a small reservoir
around 1800 (this company is better known for

being used by Aaron Burr for political purposes).
Other small systems were also constructed, but the
need for a city-wide system was recognized by both
city and state governments. The state legislature
chartered the Croton Aqueduct Board in 1833, and
the Croton Aqueduct was completed in 1842, along
with a nascent distribution network that radiated
from the central reservoir at 42nd St. and 5th Ave.
The Croton system could deliver up to seventy-five
million gallons of water each day to the city, al-
though subscribers for home delivery were slow to
be added at first (most still took water from central
distribution points such as fountains and hydrants)
(Koeppel 2000).

This development unleashed an unforeseen ef-
fect, an outgrowth of the perception of an unlimited
water supply, and the development of new tech-
nologies to manage human septic wastes. These
changes meant population growth no longer im-
pacted city drinking water quality, but, rather, in-
creasingly affected water quality in its surrounding
water bodies. This was the result of the installation
of sewers, and changes in their use.

SANITARYWASTE MANAGEMENT IN THE
1600s, 1700s, AND EARLY 1800s

Dutch colonists began to recreate familiar urban in-
frastructure from Holland within twenty-five years
of settling New Amsterdam, including street gut-
ters to convey stormwater to nearby rivers, and
canals. The first true underground sewer was cre-
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FIG. 15.1. Population of Manhattan, 1600–1800 (not including aborig-
inal peoples).



ated under the English in the 1680s when the Broad
Street Canal was covered over. In 1703, it was clas-
sified as a “common sewer”—a portal for many
sources of wastewater, which was to be managed by
local government. Common sewers were intended
to be used only for stormwater, not human wastes
(Loop 1964).

Sewer construction continued through the
1700s as impervious surfaces increased (Loop
1964). At first, sewering was an entirely private en-
terprise, where open trenches were dug to the clos-
est shoreline, but by the middle of the century the
trenches were replaced by underground pipes. These
pipes were made both of wood and fired clay. Clay
pipes needed to be preformed, and were less expen-
sive when many were fabricated at one time.
Wooden pipes were easier to create for custom jobs,
but required greater skill to fit lengths together
(Goldman 1997).

By the 1800s formal procedures were estab-
lished for new sewer construction. The applicant,
generally a group of landowners in a particular area,
would petition for a project to the City Common
Council. The Common Council would hold a
hearing to determine if there were objections from
other residents to the proposed sewer. If objections
were limited, the council would approve the proj-
ect. The construction process included the city so-
liciting bids and then contracting for approved
materials and labor from private sector sources. The
city used municipal staff to oversee construction.
The participating property owners were billed fol-
lowing project completion for all contract costs
(Goldman 1997).

Thus, underground piping was installed unsys-
tematically, usually only in wealthier neighborhoods.
Sometimes, multiple pipelines were set down in the
same street. Until the 1840s, these sewers were in-
tended to drain stormwater from property, or some-
times to dewater groundwater; human sanitary
wastes were explicitly banned (Goldman 1997).

Impermeable cesspits continued to be the pre-
ferred means of managing human wastes. House-
hold wastes were collected in chamber pots, or
from enclosed water closets, and brought to these
cellar or backyard structures (Loop 1964). Wastes
were cleaned from the cesspits as needed, although
these intervals were widely spaced, because water-
carrier technologies for wastes were not used. The

contents of the pits were only human wastes; other
organic materials, such as kitchen wastes and
household slops, were managed separately. Thus,
the cesspits were much slower to fill than would be
the case today. Wastes collected from cesspits were
sometimes dumped into the closest river. At times,
the city contracted with collection companies so
that cesspit wastes could be sold as fertilizer. These
contracts specified that the city would make sure
wastes were set out curbside for collection (Gold-
man 1997).

By the late 1700s, it was fairly clear that the
privy system had not protected drinking water sup-
plies from contamination (Koeppel 2000). How-
ever, it was not until 1820 that city government
formally took notice of soil pollution from privies,
and the associated pollution of groundwater drink-
ing supplies (Loop 1964).

WASTE CRISIS CAUSED BY
ABUNDANTWATER

The Croton Aqueduct began delivering water to
Manhattan in 1842 (Koeppel 2000). Unlimited,
widely distributed water radically changed sanitary
practices and led to a waste management crisis.
Water closets and sinks had been rare because city
regulations forbade the use of sewers for sanitary
wastes. A mechanism to enforce this ban was that all
household lines were required to have screens where
they connected to street sewers, thus creating barri-
ers to the transport of solid materials. Also, it had
been difficult for most households to provide
enough water to make “water carriage” systems
practicable. However, with seemingly unlimited
water supplies, installation of these household tech-
nologies was rapid. Although flush toilets were not
invented for another twenty-five years, large quan-
tities of household water now made it possible to
carry human wastes away from living quarters rap-
idly and efficiently. This, in turn, quickly over-
whelmed the holding capacity of privy systems
(Melosi 2000). Therefore, in defiance of city regu-
lations, many homeowners connected their new
waste lines to household stormwater sewers. Only
three years after the opening of the Croton water
system (1845), new regulations allowed sanitary
wastes to be sent through sewer systems. This led to
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a 50 percent expansion of sewers over the next
decade, installed through the permit process dis-
cussed above. Thus, some streets had multiple lines,
and others had no service (Goldman 1997).

Relatively few of the effluent pipes were ex-
tended as far as the end of the piers that surrounded
lower Manhattan, and so wastes were discharged
close to shore. This enhanced sedimentation in the
berthing areas, and led to accumulations of wastes
along the shoreline and in and around ships. Regu-
lations in 1849 ordered outlet extensions to open
waters to try to minimize these shoreline impacts.
The regulatory revisions, however, did not address
other technological issues such as the grates on
household lines, right-angled turns that clogged
with solids, and over-capacity pipes lacking suffi-
cient gradients to flush, especially when battling
tidal ebb and flow. These unaddressed problems led
to many odor and overflow problems in the early
sanitary sewers (Goldman 1997).

Although the city had regulated sewers and
managed their use since the late 1600s in various
ways, it was not until 1870 that the city assumed
ownership and complete responsibility. This change
was part of a general reform of city institutions, but
also it was in response to public health concerns.
The perceived need to convey wastes away from
people grew as the miasma theory of disease gained
wider acceptance (“miasmas,” or vapors and gases,
were the cause of illness, and septic wastes clearly
emanated vapors). In addition, in poorer areas of
town, tenements still dumped sanitary wastewater
directly onto streets, because there had been no pri-
vate enterprise to install sewers (Goldman 1997).

As a result, sewers were extended into many
parts of Manhattan, and the existing pipe jumble
was simplified. Many outfalls were extended and
otherwise modified to try to address shoreline issues
(Goldman 1997). Manhattan privy counts fell from
fifteen thousand in 1875 to less than one thousand
in 1891. Still, much work remained in older sec-
tions of the city, so that when the subway building
boom in the early twentieth century occurred, an-
other priority was to rebuild the sewers downtown
(Loop 1964).

Few complaints regarding harbor water quality
near Manhattan were recorded until well after fresh-
water supplies began to become unpotable from
pollution in the 1700s (Koeppel 2000). However,

there is indirect evidence that sewers, and the sep-
tage emanating from them, caused disagreeable
water quality, even before human wastes were al-
lowed to be disposed through them. Throughout
the early 1800s, some new sewers were opposed at
public hearings; testimony was presented on odors
and explosions. In the 1830s, the design of outfalls
was codified to encourage flushing by tides. In
1841, certain industries were forced to disconnect
from the sewers, because the sewers they used im-
pacted local air quality and discharged especially ob-
jectionable wastes.

The use of sewers for human wastes increased
shoreline impacts. When the Common Council
considered this change, among the comments was a
concern for impacts to shoreline fish populations if
there was insufficient tidal flushing. By 1849, com-
plaints from residents led to new rules requiring
outfalls to be extended past the pier line. In 1864,
“pools of decomposing animal and vegetable offal”
were described at the shoreline and by 1870 sewage
created “white stringy slimes” and gray films near
the shore (Goldman 1997). In 1875, the New York
Herald opined it was “fallacious to assume that the
discharge of sewage to rivers was borne away to the
ocean” (Loop 1964).

Another source of contamination to the city’s
surface waters was garbage and other solid waste.
Before the 1860s there was no organized, municipal
solid waste collection system. Then, the city began
to experiment with various schemes to harness en-
trepreneurial skills. These early efforts never entirely
succeeded, mostly because they depended on im-
plementing grand, complicated technologies. Al-
though they all eventually failed, most of the
companies removed some of the solid wastes accu-
mulating at residences, businesses, and on streets. It
was not until late in the century that city manage-
ment of solid waste removed this loading from the
stormwaters that ran into the sewers, and then into
the harbor (Miller 2000).

The city’s animal populations, including pigs
which ran free eating trash, cattle, oxen, and espe-
cially horses, also contributed to the pollutant load-
ing on city streets. Some of these wastes were
collected from streets for household gardens, but
the remainder washed into the storm sewers. The
number of horses per person increased with the in-
troduction of streetcars in the early 1800s, and
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again with expansions of freight transport in the
middle portion of the century, due to growth of rail-
roads (McShane and Tarr 1997). This led to there
being more than 125,000 horses in the city around
1900—one for every twenty-five people (Tarr and
McShane 2005). Each horse produced fifteen to
thirty pounds of manure and a quart of urine each
day, and only lived two to three years. It was easier
to remove a horse when it could be disarticulated
after rotting a little (Morris 2002); thus, even when
dead, horses continued to affect the quality of urban
runoff.

THE IMPACTS INCREASE AND
REACH A NADIR

In the late 1800s, the population growth rate (Fig.
15.2), housing densities, and industrialization of
Manhattan increased, causing growing effects on
harbor water quality from additional wastewaters.
In 1891 beaches and open waters were called “un-
sightly” and the “stench was unbearable.” Proposed
re-routing of sewage outfalls from the Passaic River
in New Jersey to New York Harbor caused the New
York Legislature to create the New York Pollution
Commission. In 1906, it found that the harbor was
“heavily polluted,” with navigation obstacles and
“local nuisance conditions,” because dispersion and
diffusion of sewage was incomplete. There were
only three small chemical precipitation plants for
the wastes of ten million people in the harbor basin.

The commission found that dissolved oxygen levels
throughout the harbor were insufficient to support
oxidative degradation of wastes (Loop 1964).

The New York State Legislature created the
Metropolitan Sewerage Commission in 1906 for
follow-up work, replacing the Pollution Commis-
sion. The Sewerage Commission thoroughly de-
scribed water conditions, qualitatively and
quantitatively. The harbor above the Narrows was
called “dangerous to health,” local nuisance condi-
tions were “innumerable,” and several waterways
were “open sewers.” Impacts included declines in
fisheries and shellfisheries so that the commission
advocated abandonment of the local oyster industry.
There was also contamination of municipal baths
(which were located along the shore and which used
the ambient river and harbor waters). Visible
garbage, offal, and solid matter were present
throughout the harbor. The waters of the harbor
generally were found to be discolored, turbid, ef-
fervescent, oily, and odorous (Loop 1964).

The commission found that a dissolved oxygen
concentration of three milligrams per liter (mg/l)
was a critical concern (Loop 1964). There is some
evidence that low dissolved oxygen concentrations
were affecting fish populations (Limburg et al.
2006), because low dissolved oxygen levels make it
impossible for fishes and shellfish to respire (U.S.
Environmental Protection Agency 2000). In addi-
tion, it was understood that if the harbor was to
provide waste treatment, higher oxygen levels were
important because aerobic decomposition of matter
is much more efficient than anaerobic decay
processes, and so as oxygen levels decreased there
was less biological decomposition of wastes (Loop
1964). There was such robust debate, however, on
whether to enshrine the 3 mg/l level as a standard
that no official action was taken.

Entangled in the debate over the point to es-
tablish a standard, and associated with the survival
of fishes and other macro-organisms, was the issue
of defining water quality impacts based on satura-
tion concentrations or absolute concentrations of
dissolved oxygen. Some declines in absolute oxygen
levels result only from seasonal or tidal changes in
temperature and salinity that limit the amount
of oxygen the water can contain. In the early days of
the twentieth century, one proposed indicator
of major water quality impacts was depletion of
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dissolved oxygen to 50 percent of saturation. Im-
pacts to this level were measured in some parts of
the harbor (the Harlem River, parts of the East
River, and certain embayments) in summer sam-
pling conducted at and around 1910, but generally
most areas were not impacted to that degree (Loop
1964). Conditions worsened, however, and the low-
est dissolved oxygen levels were measured in the late
1920s through the mid-1930s (Suszkowski 1973).

The Metropolitan Sewerage Commission advo-
cated for waste treatment, because it was clear that
sections of the harbor, such as the lower East River,
could not reach adequate waste treatment in situ.
The level of treatment would have to be sufficient
to support desired end uses of the water bodies. An
interstate commission to administer the plans was
recommended, as problems crossed state lines, and
activities in New York affected New Jersey, and vice
versa. No comprehensive action followed, so that
although mitigations were prescribed before World
War I, conditions continued to deteriorate into the
1920s as the city grew and discharges increased. In
1925, co-incident with the imposition of national
standards, New York State closed all shellfish beds
(Loop 1964) (New Jersey kept some areas open but
under strict supervision). By 1928, the five-year,
running average of summer, bottom-water dissolved
oxygen was only 35 percent of saturation for Hud-
son River monitoring stations. Hudson River and
inner harbor areas reached the lowest dissolved oxy-
gen values then, although water quality in the East
and Harlem rivers continued to decline into the
mid-1930s (Suszkowski 1973).

Some actions to provide treatment were made
in the 1920s. Screening plants in Manhattan re-
moved gross contamination from nearly 20 percent
of 150 million gallons of Manhattan sewage each
day, and nine other screening plants operated else-
where in the harbor. These screening plants re-
moved the more visible indicators of waste
discharges. In doing so, they improved aesthetics
slightly and also removed some of the organic mat-
ter formerly loaded into the waters (Loop 1964).

As of 1930, nearly 1.5 billion gallons of sewage
were discharged from the city and other areas
fronting on New York Harbor, receiving no treat-
ment, except for the fraction treated by screening
plants. Thus, there were solids and visible turbidity
traceable to sewage throughout the harbor, and

slack waters were gassy and black. The City De-
partment of Health banned swimming from the
mouth of the harbor northward throughout its ju-
risdiction (Loop 1964). The population of Man-
hattan leveled off and began to decrease about this
time (Fig. 15.2), because of changes in immigration
law, the early stirrings of suburbanization, and the
Great Depression. Smaller numbers of people in
Manhattan, coupled with greater waste treatment
levels, signaled the end of the long declining trend
in water quality, because septic waste generation is
generally proportional to population.

MODERN SEWAGE TREATMENT

Modern treatment methods for sanitary wastes
brought about the recovery of water quality meas-
ured in the latter part of the twentieth century, al-
though it took more than fifty years to build
enough facilities to cover all of New York City.
Ward’s Island was the first. Its construction begun
in 1931, but it did not achieve full operational sta-
tus until 1937, because of city financial difficulties
caused by the Depression (Gould 1951). Ward’s Is-
land was designed to use “activated sludge” tech-
nology (Loop 1964), which is the predominant
process in use at large sewage treatment plants in
the twenty-first century. Activated sludge treatment
generally results in 80 percent less consumption of
oxygen in receiving waters affected by effluent (bi-
ological oxygen demand, BOD), and approximately
80 percent of dissolved and settlable solids are also
removed (total suspended solids, TSS). This level of
treatment level is known as “secondary treatment,”
because it employs a biological process as well as the
physical process screening and settling solids from
sewage (Nathanson 2007).

In 1936, the Interstate Sanitation Commission
(ISC) began to regulate sewage impacts on the har-
bor. With Ward’s Island beginning to operate then,
the city was treating 13 percent of its sewage flow,
removing about 1 percent of the total amount of
dissolved solids in influents citywide (treatment lev-
els were so low because most wastewater being
treated was only being screened). By the beginning
of WorldWar II, with a total of three plants online,
treatment resulted in 32 percent of dissolved solids
being removed (Loop 1964).
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In 1948, Congress updated the 1899 Federal
Rivers and Harbors Act (which prohibited the
dumping of garbage into navigable waterways). This
allowed the U.S. Public Health Service to monitor
and assist in situations where there was interstate
pollution, and authorized financial assistance to mu-
nicipalities that voluntarily participated in such pro-
grams (Melosi 2000). It gave an impetus for the city
to sign an “order on consent” with the ISC to “vir-
tual[ly] eliminate pollution” in Class A recreational
waters by 1953 (Loop 1964). New York State had
codified uses of waterways, and created differential
water quality standards to allow those uses, meeting
another of the goals of the Metropolitan Sewerage
Commission. In New York State, “Class A” waters
were the “highest and best” use waterways, suitable
for fishing, swimming, and shellfishing.

The reform of sewage treatment financing ac-
complished in 1950 was a breakthrough, essential as
a means for the city to fund its plans. A dedicated
funding source was created by explicitly linking
sewage fees for system users to water usage. Al-
though the measurements of water use were only
approximate, based on building size and tenancy
(until water meters were required in the 1990s),
sewage plant operational monies, and, more im-
portantly, capital expenses for plant construction,
had been made independent of other city taxes and
fees. Five new major projects, expansions at other
plants, and upgraded sewer infrastructure were
quickly accomplished, because construction bonds
were no longer limited by city debt limits (Gould
1951; Loop 1964).

Later in the 1950s, the city had difficulty meet-
ing all requirements set by the ISC. Industrial
wastewater inputs resulted in plant process failures,
because secondary treatment requires healthy mi-
croorganisms, and many of the chemicals dumped
into the municipal sewer system by factories were
toxic. Newtown Creek, the largest plant constructed
in New York, used “modified aeration treatment,” a
less effective process than full activated sludge treat-
ment used in an attempt to reduce plant size and
overall construction costs. Newtown Creek, as a re-
sult, does not achieve the standard 80 percent re-
ductions in BOD and TSS (Loop 1964) and has
been targeted for an upgrade ever since it began op-
erations in 1967 (construction began in the middle
2000s) (ISC, 2009).

In 1972, Congress passed the landmark Clean
Water Act amendments. An important element of
the act was a requirement that all discharged sewage
needed to meet secondary treatment levels for BOD
and TSS (with very few exceptions). Over 50 per-
cent of wastewaters discharged to open waters in
New York City already met the standard, and 75
percent of city wastewaters regularly treated because
of the previous forty years of effort (Gross 1974).

New York City’s fiscal crisis of the 1970s pre-
vented completion of its sewage treatment system
immediately following the 1972 legislation. This
meant that for many years a large proportion of dis-
charged city wastewaters did not meet standards. In
the 1980s, the last two large city treatment plants,
North River and Red Hook, were built. General up-
grades and expansions of the systems meant all of
the city (except for parts of Staten Island) have san-
itary sewers. The wastes from sewered areas, with
the exception of those treated by the Newtown
Creek plant, all receive secondary treatment (Bros-
nan and O’Shea 1996).

In 2009, there were a total of fourteen sewage
treatment plants in New York City (Fig. 15.3,
adapted from Swanson et al. 2000), nine of which
discharge to the inner harbor and the Hudson
River, or tributaries to the inner harbor such as the
East River and Kill van Kull (Adamski and Deur
1996) (Table 15.1) (Tonjes 2005).
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FIG. 15.3. Wastewater Treatment Plants (WTPs) in New York City: BB
= Bowery Bay, CI = Coney Island, HP = Hunts Point, JA = Jamaica, NC
= Newtown Creek, NR = North River, OB = Oakwood Beach, OH = Owls
Head, PR = Port Richmond, RH = Red Hook, RK = Rockaway, TI = Tall-
man Island, WI = Wards Island, 26W = 26th Ward.



Table 15.1. New York City Wastewater Treatment Plants (directly or in-
directly discharging to the Hudson River)

Primary Secondary Last Current
WPCP Treatment Treatment Upgrade Capacity (MGD)

Ward’s Island 1937 1937 1998 275
Bowery Bay 1939 1942 1973 150
Tallman Island 1939 1939 1976 80
Hunts Point 1952 1952 1979 200
Owls Head 1952 1952 1995 120
Port Richmond 1953 1978 1979 60
Newtown Creek 1967 2009* Ongoing 310
North River 1986 1991 1991 170
Red Hook 1987 1989 1990 60

*Upgrades to full secondary treatment were to be completed by Febru-
ary 2009 (ISC, 2009) but no official notice of the project completion
could be found

Water quality was still not good in 1980s in the
Hudson, as illustrated by average summer dissolved
oxygen concentrations less than 4 mg/l some years,
and generally high fecal coliform bacteria counts.
Fecal coliform, used an indicator of human
pathogen contamination, decreased geometrically
at the 42nd St. monitoring point in the river as the
North River sewage treatment plant became opera-
tional in 1985–86, for instance (Fig. 15.4). (Swan-
son et al. 2000). Fecal coliform concentrations are
reduced partly due to the biological activity of a
sewage treatment plant, but primarily because of
disinfection practices at the plant outfall
(Nathanson 2007). Dissolved oxygen concentra-
tions for bottom waters just south of the North

River treatment plant improved as the plant in-
creased its treatment level through the late 1980s
(Fig. 15.5) (Swanson et al. 2000). Generally, simi-
lar trends are found across almost all New York City
waters, because all dry weather flows go through
sewage treatment plants under normal operating
conditions, engineering improvements and regula-
tory reforms on discharges are in place, and the city
has made a clear commitment to other practices
that result in improved harbor water conditions
(Brosnan and O’Shea 1996; NYCDEP 2009).

CHRONIC PROBLEMS

Much municipal infrastructure is maintained and
kept in good operating order. However, this ensures
it never requires replacement or is supplanted by
newer models, even though it was built to out-
moded designs. Much important infrastructure is
never determined to be “obsolete,” and required to
be replaced. Therefore, early, long-lived decisions
result in technology lock-ins where changes to meet
new conditions or address uncovered problems are
difficult to implement.

For instance, there was debate in the nineteenth
century over whether to install separate stormwater
and wastewater sewer systems, or keep the com-
bined approach. Combined sewers had a perceived
economic benefit, because separate systems required
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FIG. 15.4 . Fecal coliform counts (summer geometric means), 1985–
1999, Station N4 (W. 42nd St., Hudson River).

F IG . 15 .5 . Dissolved oxygen concentrations (summer bottom water
means), 1985–1999, Station N3 (W. 155th St., Hudson River).



installing two sets of pipes. A specific analysis for
Memphis, Tennessee, after the Civil War actually
forecast slightly lower costs for the separate sewer
systems. Most public health advocates also favored
separate systems. Separate sewers resulted in smaller
pipes, and especially for sanitary systems, less air-
space in the pipes (large pipes were needed for com-
bined systems to manage unusual storm events on
top of the daily production of septic wastes). The
miasma theory of disease, which had more adher-
ents than the competing germ theory, was based on
vapors and gases transmitting illness. Vapors and
gases could be minimized in the septic sewers if the
pipes were smaller and better fitted to typical vol-
umes, and it was anticipated storm sewers would
mostly be empty (except when it rained). Despite
these analyses that seemingly favored separate sys-
tems, New York, like all other large eastern North
American cities (including Memphis), chose to stay
with combined sewers, even as it greatly expanded
its system (Melosi 2000).

Combined sewers presented technical and eco-
nomic problems as treatment plants came on line,
as it was impractical to size plants to meet maximal
flows. Generally, plant designs called for a capacity
of two times dry weather flow (Loop 1964). Thus,
small amounts of rainfall lead to diversions of flow.
As little as 0.1 inch of heavy rain can cause diver-
sions of sewage in modern-day New York City
(New York City 2007). One report prepared for the
New York City in the 1960s estimated that as much
as 30 percent of annual loadings associated with
sewage may bypass treatment because of wet
weather overflows; although the report claimed it
only rains 3 percent of the time in the northeast
United States, wet weather causes outsized effects
because stormwater carries its own pollutants and
washes out accumulated sedimentation (Loop
1964). Thus, water quality tends to be better in
many areas of the harbor in drier summers (Swan-
son and Tonjes 2001a), which can be a factor espe-
cially in interpreting long-term trends for fecal
coliform (such as Fig. 15.4). For the past seventy-
five years, the city has faced the challenge, as com-
bined sewers were connected to treatment plants,
to create enough capacity during wet weather to
store the combination of human wastewater and
stormwater to allow treatment after rains end (IEC
2009). One incremental step was to adopt water

conservation programs in the 1990s, which reduced
influents by nearly 20 percent and allowed for
stormwater treatment rates citywide to exceed 50
percent (Swanson andTonjes 2001b). By 2000, the
city estimated that 60 to 80 percent of all wet
weather flows in Manhattan were treated (Swanson
and Tonjes 2001a).

Eutrophication of coastal waters is most often
associated with effluents discharge (Cleorn 2001).
Eutrophication problems in Long Island Sound
have been closely tied to New York City wastewater
nutrient releases (Long Island Sound Study 2008).
Nutrient removal from wastewater is well under-
stood, and the technology is well tested (Nathanson
2007). However, space limitations at existing city
sewage treatment plants, and cost projections that
range from $500 million to several billion dollars,
have made the city slow to implement these addi-
tional treatment steps (Andersen 2002).

Solids in sewage are removed from the influent,
but this creates a solid waste (sewage sludge), which
then requires disposal. The city relied on ocean
dumping to mitigate sewage sludge disposal effects
on local waters. The wastes were first dumped twelve
miles southeast of the harbor entrance until the
1980s. In 1986, a site 106 miles southeast of the har-
bor entrance was adopted, and it was used until
1992, following the passage of the Ocean Dumping
Ban Act. The ban on ocean dumping of sewage
sludge has resulted in additional treatment of sludge
in the treatment plants to make the sludge more
amenable to transport by truck. This sludge dewa-
tering resulted in approximately 30 percent more ni-
trogen loadings in plant discharges, which makes the
task of overall nitrogen removal that much more dif-
ficult (Swanson et al. 2004). This increase in nitro-
gen releases in the 1990s probably contributed to
some areas continuing to experience low dissolved
oxygen concentrations, particularly in western Long
Island Sound (Wilson et al. 2008). There is no men-
tion of nitrogen removal in the environmentally ori-
ented, twenty-year “PlaNYC” (New York City
2007), although in 2010 the city reached an agree-
ment with the Natural Resources Defense Council
to implement nutrient removal at its four Jamaica
Bay treatment plants (NRDC 2010).

Sewage also has contributed to poor harbor sed-
iment quality and toxicity. This affects the literal
base of the marine food chain (Long et al. 1995).
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Concentrations of contaminants in the water col-
umn, especially metals, have declined (Sanudo-Wil-
hemy and Gill 1999). The Clean Water Act
specified that generators of industrial effluents
needed to pre-treat wastes prior to release into sewer
systems. Pre-treatment programs have been very ef-
fective. In addition, New York City has a “track-
down” program—painstaking efforts to find the
source of metals in plant influents by testing in the
sewer lines. When sources are determined, modifi-
cations of practices follow to eliminate the inputs
(Swanson et al. 2000). Removing contamination in-
puts is one element in the overall program to reme-
diate harbor sediments.

Recently, advances in analytical chemistry have
allowed the detection of “organic wastewater con-
taminants” (OWCs) in aqueous samples, including
pharmaceuticals and personal care and other house-
hold products that are not entirely degraded in
wastewater systems. The concentrations of most
OWCs are well below therapeutic levels, so that di-
rect human health concerns appear to be unlikely
(Benotti et al. 2009). However, OWCs have caused
endocrine effects in marine organisms, because
many are hormonally active substances, or are func-
tionally similar to them. Measured impacts include
gravely skewed sex ratios or developmental problems
in fishes where concentrations of these compounds
are highest (Sumpter 1995). Treatment does not af-
fect certain OWCs, and may in fact make some
compounds more potent endocrine disruptors (Au-
riol et al. 2005). Endocrine system responses and
changes in those responses have been measured in
fishes exposed to New York City effluents (Todorov
et al. 2002). In areas like the harbor that receive so
much sewage effluent, it is probable more effects will
be detected as analyses continue. Thus, it is likely
that OWCs will come under more regulation, lead-
ing either to societal changes to reduce influent
quantities or major treatment process modifications.

One intent of the Clean Water Act is to restore
“biologic integrity” to impacted waterways (Karr
1991), and it seems unlikely that harbor ecosystems
will ever be restored to that degree. In practice,
compliance with regulations is determined by meas-
uring water quality indicators, a process assumed to
ensure ecological quality. Most water bodies that are
not used as drinking water supplies have routine in-
dicator testing for the two obvious measures of

water quality: dissolved oxygen and fecal coliform.
Most of New York Harbor, under average condi-
tions, now meets standards. However, complete
compliance with water quality regulations requires
that all regulated contaminants conform to regu-
lated levels. Routine comprehensive testing is rarely
required due to the costs; if such testing were made
regularly, it is unlikely that the harbor would ever
achieve full compliance, because of contaminated
sediments, continuing combined sewer overflows
under wet weather conditions, and the inability of
standard sewage treatment to remove nutrients and
many OWCs.

POLLUTED RIVER IMPACTS ON
NEW YORK CITY

The focus thus far has been on the impact of peo-
ple on the river, and not the effect of the impacted
river on city residents. The colonial-era settlers of
New York ate local shellfish and fishes. Diamond
Jim Brady was famous for his oversized oyster feasts
and the city was also well known for other seafood
(Boyle 1969). But by the mid-1800s, pollution of
the harbor had brought disease, typhus and cholera.
As early as the 1860s New York death rates were
documented to be higher than other cities with bet-
ter sewers, an indirect indictment of the effect of
rising pollution of an important food source
(Melosi 2000). By 1900, people were able to make
connections among water pollution, shellfish, and
intestinal illnesses, and so harbor fisheries declined
(Andersen 2002). Still, at least some city residents
continued to exploit available resources, and Robert
Boyle made a vivid, unsettling description of striped
bass fishing at the 42nd Street untreated sewage
outfall in the 1960s, with fish being caught and
eaten despite “an oily flavor” (Boyle 1969).

Maritime businesses were certainly aware that
sewer effluents caused shoaling, and nuisance odors
and other aesthetic concerns. Wood waste gathered
from the harbor around 1900 often had an inch or
more of accreted sewage on it, an illustration of po-
tential effects (Loop 1964). Certainly the luxury
passenger lines with dockage at West Side piers in
the mid-twentieth century must not have relished
collecting upscale passengers while nestled in
among the raw sewage outfalls there (these outfalls
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were used into the 1980s, and still serve as outlets
for untreated wastes when the system receives too
much rain today).

Sewers affected everyday life in the city, from
earliest times. Odor complaints were raised in the
1830s, and shoreline odors disturbed residents
enough in the 1840s that the matter was brought
to the Common Council (Goldman 1997). In the
early 1900s, the Metropolitan Sewerage Commis-
sion decried “objectionable conditions” in the har-
bor, making it clear that citizens were disturbed by
how bad water quality was. Activities such as sani-
tary bathing and recreational swimming in city
rivers were banned (Loop 1964).

Although the overall lack of residential or recre-
ational use of the waterfront was mostly due to
commercial appropriations, there was, for example,
growing residential development along the East
River at Tudor City and north in the 1930s (Loop
1964), including luxury apartments such as the
River House at East 52nd St., which was said to be
the “best apartment house” in the city when it was
built (Bower 2009). This kind of development was
said to be an added impetus for sewage treatment
(Loop 1964).

By 1936, as reported by Loop (1964), the need
for treatment was justified because of “common
standards of decency,” such that citizens along the
waterfront should not be exposed to recognizable
human wastes. In the 1940s, the ISC had a clear
goal to recover city waters for boating, fishing, and
even shellfishing and swimming (Loop 1964).With
the development of a comprehensive sewage treat-
ment system, most waters in the city met dissolved
oxygen and pathogen standards by the 1990s
(Swanson et al. 2000). Fish populations and other
marine life had made notable recoveries (Waldman
1999), and there have even been pilot programs to
try to restore oysters in some areas of the harbor
(Swanson and Tonjes 2001a).

Advancing levels of sewage treatment have
clearly coincided with decisions to expand water-
front uses and access for both city residents and vis-
itors. Growing citizen distaste with the condition of
New York City water led to municipal action; the
potential for further improvement has continued to
change perceptions. Urban waterways are no longer
considered suitable for untreated waste or as treat-
ment facilities. As water quality improves, potential

use of the shoreline and waters increase. And, as
more people use and appreciate the shoreline, there
is more support for programs that increase the scope
of use of the harbor. In the 1960s and 1970s, news-
paper stories about swimmers or kayakers or fishers
in New York City waters were novelty feature items.
Now these activities, while not commonplace for
most New Yorkers, are widely advertised, and no
longer qualify as news.

As commercial use of waterfront areas has de-
clined, projects such as Battery Park City and the
South Street Seaport have received much attention
and achieved commercial success, and areas such as
Battery Park, Riverside Park, and the Brooklyn
Promenade have regained lost luster (Freudenberg
and Pirani 2007). Although New York still is not a
city like Paris or London where its riverside is an es-
sential part of its image and appeal, there is growing
awareness of the magnificent New York shoreline.
This appreciation will grow as the Hudson River
Park develops, and water-oriented construction, es-
pecially along the West Side, continues. New York
City has already rezoned (or is planning to rezone)
most of the west side waterfront and the shoreline
along the Harlem River to increase densities and
mixed residential-commercial uses, for instance
(New York City 2007). It is difficult to imagine these
projects being pursued if there were not effective
treatment of the city’s wastes. Nonetheless, although
PlaNYC discusses the need (and State requirements)
to upgrade capture rates and decrease the generation
of stormwater to reduce the amount of untreated
sewage released under wet weather conditions, it
does not address the potential for additional treat-
ment of nutrients or OWCs (New York City 2007).

CONCLUSIONS

In its earliest days, the relatively small population
of New York City could manage wastes and mini-
mize impacts to the environment, especially key
natural resources that people depended on for daily
life. As the population grew, however, waste man-
agement practices especially impacted important
water resources. Declining drinking water quality
and increasing demand for water supplies forced the
city to create a distribution system based on supplies
from outside its own borders. The availability of the
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harbor as receiving waters for wastes, with tides and
currents that made many of the wastes “disappear”
as they were discharged, made it a natural catch-
ment for the great increase in wastewater disposal
needs that occurred with the public water distribu-
tion system in the 1840s. The use of stormwater
sewers for sanitary wastes alleviated impacts on peo-
ple from growing pollution levels around their
dwellings. However, the increasing city population
increased its use of sanitary sewers, and the associ-
ated waste burden on harbor waters. Although it
was slow to be recognized, eventually this waste
loading also affected human health, albeit not
enough to slow city growth rates.

The long rehabilitation of the harbor only began
when public distaste for its degradation forced the
initiation of waste treatment. Although New York
began work on its sewage treatment system before
many other American cities, its slow progress (fifty
years of construction following thirty years of plan-
ning) appears to be an indictment of the degree its
citizens were disengaged from its shoreline. City en-
gineers deserve credit, however, for once the plants
began to be built, the selected technologies reached
treatment levels that were not mandated until the
Clean Water Act was passed in 1972.

Although Manhattan is an island, for much of
the twentieth century it had few public spaces and
little public activity along the banks of its rivers; wa-
terfront uses were largely restricted to shipping and
related commerce. But these vast industries de-
clined, and by 2000 they had essentially vanished.
As water quality has improved, perceptions of the
harbor have changed from a waste receptacle to a
natural resource (once again). Certainly, many more
elements of New York life, such as parks and recre-
ation, include the harbor and there is much recent
commercial and housing redevelopment, replacing
empty and underused spaces that appeared as the
maritime industries withered away. The malodor-
ous, fouled waters of the harbor circa 1920 would
not support the civic life that now is found using
the recovering shoreline.
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ABSTRACT

The history of the Hudson River has paradoxically
combined its natural beauty with its industrial and
commercial utility. Foundry Cove is an iconic exam-
ple of this intersection, being located in the exquisite
Hudson Highlands but also being a locus of indus-
trial activity since a large forge was located there in
1817. A major nickel-cadmium battery factory op-
erated from the early 1950s to the 1970s, and releases
of nickel-cadmium wastes filled the cove and were re-
leased into the open Lower Hudson River estuary and
taken up by the blue crab, which created a health
hazard for fishers. Within the cove, the cadmium-
laden deposits caused a dominant benthic inverte-
brate species to evolve resistance to cadmium through
Darwinian natural selection, which allowed trophic
transfer to higher levels of the food web. Foundry
Cove was declared a Superfund site in 1980 and its
cleanup was largely successful, which is unusual for
major dredging projects. Following the cleanup, the
cadmium-tolerant species lost its resistance in only
about nine generations. The cleanup also resulted in
a greatly reduced release of cadmium into the Hud-
son, and a strong reduction in cadmium in the blue
crab. Restoration of Foundry Cove itself was variably
successful with an only partially restored marsh and
strong effects on the soft-bottom benthic community.
The success of the cleanup and restoration owes a great
deal to a wide range of participation by government
agencies, conservation groups, and research scientists.

INTRODUCTION

The Lower Hudson River estuary is an estuary with
a long history of industrial impact. Ironically, the
birth of the Industrial Revolution was the seed of
the estuary’s development into a national icon of
natural beauty and also its degradation into one of
the most impacted large rivers in America. The
steamboat allowed many thousands of tourists to
see the astounding beauty of the waters and vistas of
the Hudson, but it also turned the Hudson into
part of a major conduit for trade to the western in-
terior of eastern North America. This conduit pre-
sented many opportunities to those entrepreneurs
who developed manufacturing and processing op-
erations along the lower Hudson shores.

The intersection of the Hudson River with its
highlands, nearWest Point, is a location where nat-
ural beauty, ecological function, and human impact
have intersected many times. In the Revolutionary
War, the area was strategically crucial, and a small
forge built at West Point helped the completion of
a large chain, which was stretched across the Hud-
son to impede the northerly advancement of British
forces (Diamant 1989). Between 1817 and 1911, a
major foundry was established and operated in East
Foundry Cove, where the first railroad steam engine
in New York was constructed. Later this foundry
became the crucial site of construction of guns and
ammunition for the Union in the Civil War. This
activity must have released a variety of wastes, but

233

CHAPTER 16

FOUNDRY COVE

Icon of the Interaction of Industry with Aquatic Life

Jeffrey S. Levinton



the impact on aquatic life is unknown. In 1837, an
ill-fated attempt to produce wild rice resulted in the
impoundment of a major area of marsh, now
known as Constitution Marsh. After a relatively
long quiet period, this area was challenged yet again.
A major factory for the production of batteries was
installed in the early 1950s in the village of Cold
Spring, New York, which will be the major focus of
this chapter. Finally, a major pump-storage plant
was suggested and nearly built in the walls and
upper parts of Storm King Mountain on the west

side of the Hudson. A major protest regarding aes-
thetics and the impact on Hudson River fisheries
stalled and finally killed this proposal. This episode
resulted in the first accorded right of environmen-
tal groups to sue against proposed projects that
might harm the ecological function or aesthetic fea-
tures of the environment (Boyle 1979; Suszkowski
and D’Elia 2006).

We will focus on the last ignominious phase of
the Hudson Highland’s industrial pollution his-
tory—one of the greatest sources of metal pollution
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in world history—an NiCd battery factory located
at Cold Spring, New York, adjacent to Foundry
Cove. Foundry Cove (Fig. 16.1) is a tidal bay that
consists of fresh water for nearly the whole year, ex-
cept in summer when Hudson River discharge is
very low and local salinities reach 3–6 psu. It is on
the east side of the Hudson River about ninety kilo-
meters north of the Battery, which is km 0 at the
southern tip of Manhattan Island. A railroad cause-
way divides the cove into western and eastern sec-
tions connected by a channel about twenty-five
meters wide. The railroad tracks move north-south
through a rocky Constitution Island. Constitution
Marsh, a cattail marsh rich with waterbird species,
borders East Foundry Cove on the south.

THE BATTERY FACTORY AND
METAL RELEASE

The establishment of the battery plant in Cold
Spring emerged as a response to a need generated
by the cold war. The Nike missile system was de-
signed and deployed to protect the United States
from attack by airplanes possibly carrying nuclear
weapons. These line-of-sight antiaircraft missiles,
aided by radar detection, were installed throughout
the United States in the period 1953–1962, and the
missiles had battery-powered guidance systems,
whose nickel-cadmium batteries were built in the
factory at Cold Spring. The factory was constructed
by the United States Army in 1952, and used for
the manufacture of batteries through 1979
(Knutson et al. 1987).

The factory wastewater contained cadmium
and nickel in the form of metallic hydroxides and
was released mainly as suspended solids (cobalt was
briefly used as a stabilizer and also was released). Ini-
tially, waste materials were released through the
Cold Spring village sewer system directly into the
main stream of the Hudson, but a small amount
was diverted through a pipe that entered East
Foundry Cove (Fig. 16.1). The manufacturer was
ordered to disconnect from the sewer system lead-
ing directly to the Hudson in 1965, and all wastes
were subsequently discharged into East Foundry
Cove. After a treatment system was installed in
1971, waste was again discharged via the Cold
Spring sewer system into the Hudson River, at the

Cold Spring town pier. Battery manufacture ceased
in 1979.

METAL LOADS IN THE SEDIMENT AND
METAL EXPORT TO THE HUDSON RIVER

What was the environmental chemical consequence
of this long-term industrial activity? About 179MT
of total waste was discharged; 51 MT of solids and
1.6 MT of soluble cadmium had entered East
Foundry Cove. Cadmium and nickel were concen-
trated in surface sediments, but at a depth of 20 cm,
these metals occurred at preindustrial levels. Out-
side East Foundry Cove, Cd and Ni dropped by
three orders of magnitude in West Foundry Cove
sediments (Bower et al. 1978). East Foundry Cove
became the most metal-polluted estuarine site in the
world, and hot spots of cadmium and nickel also
occurred in open Hudson River sediments (Bower
et al. 1978).

By the early 1970s, the United States Clean
Water Act had been enacted and New York State
pollution standards were in force. A New York State
court order in 1972 dealt with the failure of the
Marathon Battery Company to meet state discharge
standards and stipulated that the most heavily con-
taminated area (> 900 ppm Cd/wet weight of sedi-
ment) be dredged to a depth of 30 cm. The eastern
end of East Foundry Cove was dredged in 1972 and
1973, which only removed about 10 percent of the
cadmium (Engineering 1983). A sediment survey
in 1974 and 1975 showed that concentrations were
still very high and no appreciable improvement was
made in the areas with highest sediment Cd con-
centrations (Kneip and Hazen 1979). In 1983 an-
other survey still showed very high concentrations
in East Foundry Cove but demonstrated a reduc-
tion in surface sediment concentrations, relative to
previous surveys. Sediment at the surface averaged
ca. 4,000 ppm Cd with a range of 12–39,500. But
subsurface peaks in cadmium and nickel were also
found, suggesting that some of the waste was now
being buried by sediments of lower concentration
(Knutson et al. 1987). Nevertheless, hotspots of
10,000 ppm Cd still persisted and a small area near
the outfall pipe had sediments of about 25 percent
Cd. Overall, there was no evidence that total cad-
mium load had declined from previous surveys.
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Cadmium concentration within East Foundry cove
declined with distance from the outfall and was pos-
itively correlated with the silt-clay fraction of the
sediment (Knutson et al. 1987).

Aside from the extreme pollution of sediments
within East Foundry Cove, there was strong tidal
exchange between the cove and the open Hudson
River through the railroad trestle opening at the
western end, with currents approaching 2 m s-1 dur-
ing full tidal strength (J. Levinton, unpublished
data). Metal-rich particulates were leaving East
Foundry Cove at tidal ebb. A simple means of esti-
mating export to the Hudson involves regular col-
lection of water samples over a tidal cycle, filtering
particulates, measuring cadmium concentrations of
both filtered water and particulates using atomic ab-
sorption spectroscopy, and comparing cadmium en-
tering and leaving Foundry Cove through the
railroad trestle pass.We made such measurements in
1994 and found that nearly all of the cadmium was
in particulate form. Extrapolating the exchange of
these two cycles suggested that East Foundry Cove
was exporting ca. 0.5–1.0 MT y-1 to the Hudson
River (R. Young, unpublished). This estimate is
consistent with two other estimates of 0.7 and 0.3
MT y-1 in 1974 and 1976, respectively (Hazen and
Kneip 1980). While this export was not materially
reducing the overall load within the system, it was
affecting the region, as we discuss below.

BIOLOGICAL EFFECTS OF CADMIUM
WITHIN FOUNDRY COVE

Cadmium Toxicity

Cadmium is a common aquatic pollutant and is
taken up by a large number of marine plant, algal,
and animal species (Klerks 1987; Rainbow 2002). It
has a wide range of effects, resulting from industrial
exposure, on humans, including impairment of renal
function, cancer, and arteriosclerosis, among others
(Flick et al. 1971). Cadmium is found commonly
in estuaries, but is often complexed with chloride as
salinity increases down-estuary (Windom 1989).
Cadmium is usually more toxic in fresh water as it is
available in dissolved form and is taken up readily
by a variety of aquatic invertebrates. The complexing

with chloride makes it less toxic as salinity increases
(Sunda et al. 1978). Cadmium has a wide variety of
toxic effects on aquatic invertebrates, such as
oligochaetes, which may inhibit growth and repro-
duction, and increase mortality (Bouchet et al. 2000;
Klerks and Levinton 1989a). Cadmium binds to
metal-binding proteins and may be readily taken up
by aquatic invertebrates and passed up the food web
(Wallace and Lopez 1997).

Effects on the Benthos

The pollution at Foundry Cove stimulated a great
deal of interest in possible biological effects. While
there was evidence of export of cadmium mainly in
the particulate phase into the Hudson River, and a
possible mechanism of de-adsorption from particles
and complexing with chloride ions, the evidence in
Foundry Cove suggested a very low rate of release
from particulates to the water (Hazen and Kneip
1980). Still, elevated cadmium concentrations were
found in a wide variety of organisms living in
Foundry Cove sediments and in the adjacent
marshes (Klerks and Levinton 1989a; Kneip and
Hazen 1979). Unfortunately, no extensive experi-
mentation was done on the components of the
community, but reduced abundance was found in
the 1970s, in association with high cadmium con-
centrations in the sediment.

The benthos of East Foundry Cove was sam-
pled before the cleanup and was dominated by
oligochaetes and a number of species of chironomid
fly larvae. While Kneip and Hazen (1979) found
some reduced abundance at high cadmium levels,
in 1983 no differences in overall population den-
sity of dominant groups could be found over a wide
range of cadmium concentrations (Klerks and
Levinton 1989a). Differences in diversity were also
not found over this same range, although a later
study found a drop in species richness very close to
the outfall where concentrations are very high,
reaching 25 percent (Levinton et al. 1999). The
broad overlap, in community composition (Fig.
16.2) over a wide range of cadmium concentration
within East Foundry Cove and with benthos from
a nearby much cleaner South Cove was striking
(Kelaher et al. 2003a).
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Cadmium Pollution and Natural Selection

The apparent lack of effect on soft-sediment com-
munity composition of such a high concentration
of cadmium in the sediment was unexpected, given
the expectation that cadmium would be highly
toxic. Perhaps despite the high cadmium sediment
surface concentrations, the exposure to benthos was
minimal. Unfortunately, no measurements of dis-
solved cadmium in pore waters were made. We
chose the most common species in soft sediments,
the oligochaete Limnodrilus hoffmeisteri for further
study. L. hoffmeisteri is a deposit-feeding infaunal
worm, a simultaneous hermaphrodite, and repro-
duces without selfing. It is small, rarely exceeding
1–2 cm in length. Young are deposited into a co-
coon, which is supplied with nutrients for the em-
bryo, and juveniles crawl away from the cocoon into
the sediment.

We found that Foundry Cove worms survived
well when placed in Foundry Cove high-cadmium
sediments as expected, but worms from the nearby
clean South Cove died immediately when exposed
similarly (Klerks and Levinton 1989b). Offspring
of Foundry Cove worms raised for two generations
in clean sediment were still far more resistant to cad-

mium than worms collected from South Cove (Fig.
16.3). Estimates of family resemblance demon-
strated that nearly all of the variation in resistance
among individuals was genetically based, and it was
likely that resistance was explained by a single seg-
regating genetic element (Martinez and Levinton
1996). The resistance was apparently facilitated by
the ability of Foundry Cove worms to synthesize a
metal-binding protein of ca. 16,000 daltons molec-
ular mass, which could not be synthesized to nearly
the same degree by South Cove worms when ex-
posed to the same level of cadmium (Klerks and
Bartholomew 1991). The abundance of L. hoffmeis-
teri despite high cadmium levels could therefore be
explained by intense Darwinian natural selection
for resistance. Cadmium was therefore actively toxic
in Foundry Cove and having interesting biological
effects.

The evolution of resistance may appear to be a
somewhat abstruse result of little interest to envi-
ronmental considerations, but that is far from the
case. The mechanism of resistance involves binding
and detoxification of cadmium by binding with a
metal-binding protein or immobilization in cad-
mium-rich granules, concentrated in the chloragog
tissue surrounding the gut (Klerks and Barthol-
omew 1991). These mechanisms increase the body
burden of cadmium in worm tissues, which makes
abundant benthic prey species available for trophic
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FIG. 16.2. Two-dimensional multidimensional-scaling (MDS) ordination
plots comparing faunal assemblages using the Bray-Curtis dissimilarity
coefficient in locations in Foundry Cove with low (unfilled symbols) and
high (unfilled dashed symbols) levels of cadmium and a reference loca-
tion in South Cove with low cadmium (grey-filled symbols). MDS plots
take the multidimensional data for many species from different sites and
render it into a two-dimensional plot. Similarity of location denotes simi-
larity among faunal assemblages. The overlap of Foundry Cove and
South Cove samples before the cleanup (left diagram) shows that the
two sites cannot be distinguished, in contrast to the complete separation
of samples from the two sites after the cleanup (right diagram). Differ-
ently shaped symbols indicate different times of sampling: Squares =
May/June; inverted triangle = August; triangle = October; circle = De-
cember (from Kelaher et al. 2003).

F IG . 16.3. Numbers of L. hoffmeisteri surviving a 28-day exposure to
sediments with different cadmium concentrations including field collected
worms from Foundry Cove, South Cove, and second-generation offspring
of Foundry Cove worms reared in the laboratory in clean sediment (From
Klerks and Levinton 1989b).



transfer of cadmium to higher trophic levels. Trans-
fer to a predatory shrimp was especially efficient
when the cadmium was bound to the metal-binding
protein in the cytosol, but was inefficient when
found in the metal-rich granules, which are rela-
tively insoluble (Wallace et al. 1998). Thus, rapid
evolution of resistance reorganized the community
into a source of cadmium for local and mobile pred-
ators that might enter and leave the cove, such as
fish and crabs.

The regional impact of cadmium release at
Foundry Cove was limited to the finding of high
cadmium concentrations in the blue crab, Call-
inectes sapidus, which migrates up-estuary into the
lower Hudson, sometimes nearly to Albany. A lon-
gitudinal survey of blue crabs in the Lower Hudson
demonstrated high cadmium concentrations, espe-
cially in the hepatopancreas. Though the distribu-
tion was broad, a regional high occurred in the
vicinity of Foundry Cove, with declines of body
burden both up and downriver (Sloan and Karcher
1984). A health advisory was issued by the New
York State Department of Health suggesting a re-
striction of dietary intake of blue crabs.

THE CLEANUP

Citizen groups, state agencies, and federal agencies
recognized the pollution at Foundry Cove. The site
was placed on the National Priorities List of the
United States Environmental Protection Agency
(USEPA). A series of records of decision was pub-
lished in the late 1980s, consistent with the 1980
U.S. federal “Superfund” Act, to clean up the fac-
tory site and to remove most of the cadmium-laden
sediments from East Foundry Cove. Six areas, in-
cluding three within East Foundry Cove, were in-
cluded in the total plan (USEPA 1989). Preparation
commenced in 1993, including construction of a
haul road, dike, and treatment facilities(USEPA
2003). The cleanup was performed in 1994–95 at
an estimated cost of 91 million dollars (USEPA
1994). Dredging of the marsh and open bottom
sediments of East Foundry Cove was completed by
February 1994. An objective of reduction to 10 mg
kg-1 was set, which involved dredging the sediments
of East Foundry Cove to a depth of 30 cm. East

Foundry Cove marsh was dug out with the objec-
tive of achieving concentrations of 100 mg kg-1. A
bentonite and geotextile cap was installed, which
turn was covered by sedimentary material that was
planted with native plants that had been started in
a greenhouse. During the cleanup, a wall prevented
tidal exchange with West Foundry Cove and the
Hudson. A large tubular bladder was installed
around the site of the marsh to prevent cadmium
release from the marsh area to the open area of East
Foundry Cove. Dredged sediments were treated on
site and transported away on railroad cars, which
traveled on a railroad spur, rebuilt on a former rail-
road track that connected with the Metro-North
Railroad tracks at Cold Spring, New York. Material
was transported off-site. Overall, a total of 189,000
MT of contaminated sediments and soils were re-
moved from the Foundry Cove site, stockpiled,
cured, and tested for leaching before transport to
City Management Landfill in Michigan (USEPA
2003).

THE EFFECT OF THE CLEANUP
ON SEDIMENT CADMIUM
CONCENTRATIONS AND EXPORT
TO THE HUDSON

The aftermath of the cleanup was studied by Ad-
vanced Geoservices Corporation (AGC) and by
other subcontracting and independent groups. An
investigation following the cleanup demonstrated
general compliance with the 10 mg kg-1 limit in
open East Foundry Cove sediments (AGC 2001).
However, hot spots higher than this concentration
were found in several sites most proximate to the
former outfall within East Foundry Cove (Mackie et
al. 2007).

Overall, relative to the very high levels of cad-
mium before the cleanup, we can consider the
dredging project a very salutary event. Indeed, a
major National Research Council summary recog-
nized the Foundry Cove cleanup as a major success
relative to the majority of other Superfund dredging
cleanups (Council 2007). This success however,
must be regarded in context. After the dredging,
there still was a significant Cd sediment concentra-
tion gradient from the outfall with concentrations
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declining with increasing distance to outside of East
Foundry Cove. Cd contamination remaining near
the former outfall within East Foundry Cove (60
mg kg-1 Cd) and proximal marsh (102 mg kg-1) is
still high in a wider geographic context. Concen-
trations in 2002 (Mackie et al. 2007) still exceeded
the consensus-based threshold, at which negative ef-
fects on standard test organisms are expected when
exposed to freshwater sediments, namely, 5.0 mg
kg-1 Cd (Crane et al. 2002).

As mentioned above, before the cleanup
Foundry Cove exported a significant amount of
cadmium by means of tidal flow to the open Hud-
son. A Stony Brook University class project was
done in September 1995 to assess the effectiveness
of the cleanup on this export (Sokol et al. 1996).
Previous estimates demonstrated export of 350–
1,600 g in an ebbing tidal cycle (Mackie et al.
2007), whereas the 1995 estimate was only 22.9 g,
a drop of ca. 98 percent (Fig. 16.4). A later study in
2002 demonstrated that in waters exiting on the
outgoing tide near the railroad trestle, both dis-
solved and particulate metals (Cd, Co, Cu, Pd, Ni,
Ag) were lower in concentration than in the waters
of New York Harbor. Tidal export of Cd in one
cycle was estimated to be only 1.6 g, or a decline of
more than 300 times in concentration than before
the cleanup, suggesting that the dredging has suc-
cessfully reduced output of Cd to the larger Hudson
River system (Mackie et al. 2007).

BIOLOGICAL IMPACT OF
THE CLEANUP

Cadmium Body Burdens and Uptake

Within East Foundry Cove, the most notable out-
come of the cleanup was a major drop in cadmium
concentrations of benthic species. One study used a
mix of small-bodied benthic species and demon-
strated a substantial reduction in body burdens
(AGC 2001). A study focused on the dominant
species, the above-mentioned common oligochaete
L. hoffmeisteri, demonstrated a drop of body con-
centration (Fig. 16.5) from an average of nearly
600 μg g-1 Cd in 1984 before the cleanup to
< 10 μg g-1 Cd in 2002 after the cleanup (Levinton
et al. 2003). Cadmium uptake by laboratory model

organisms used in toxicology assessment (killifish,
Fundulus sp. and crayfish,Orconectes sp.) was highly
reduced when placed in waters of East Foundry
Cove in the five years following the cleanup (AGC
2001). The reduction of sediment concentrations
clearly resulted in a corresponding reduction of ex-
posure and uptake of organisms living within East
Foundry Cove sediments. This reduction extended
to other organisms including plants and vertebrates
collected in a five-year study following the cleanup
(AGC 2001).
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FIG . 16.4 . Flux of cadmium through the railroad channel at Foundry
Cove, comparing measurements made before (1986) and after (1995)
the Superfund cleanup. Measurements in each case are based on a sin-
gle tidal cycle (after Sokol et al. 1996).

F IG. 16.5. Concentrations of cadmium in L. hoffmeisteri in Foundry and
South Coves, before (1984) and after (2002) the Superfund cleanup (from
Levinton et al. 2003).



Regional Impact on the Blue Crab

As mentioned above, cadmium concentrations of
muscle and hepatopancreas were elevated in the
blue crab throughout the Lower Hudson, but ap-
peared to decline in crabs collected north of
Foundry Cove (Sloan and Karcher 1984). This sug-
gested that Foundry Cove was the source of the el-
evated concentrations. The gills of both field and
laboratory-investigated blue crabs from Foundry
Cove and Haverstraw Bay had metal-binding pro-
teins that bound cadmium, when presented in dis-
solved form (Engel and Brouwer 1984).

Unfortunately, this species was not included in
the approved USEPA five-year follow-up study.
However, in 2004 Michael Kane of the New York
State Department of Environmental Conservation
(pers. comm.) conducted a collection survey and
cadmium analysis of the blue crab throughout the
Lower Hudson.While the localities were not exactly
the same as the earlier survey (Sloan and Karcher
1984), their range allowed a comparative assessment
of changes in cadmium concentration in blue crabs
before and after the Foundry Cove Superfund
cleanup (Levinton et al. 2006). Cadmium concen-
trations in crabs collected near Foundry Cove had
declined substantially. Even more striking was a four
to fivefold reduction of cadmium concentrations in
both claw muscle and hepatopancreas, and also a
strong reduction of variation in Cd concentrations
in crabs collected throughout the estuary. The re-
sults before and after reveal a major problem: toxic
substances can be exported from a point source and
can be transported widely by tidal transport, river
flow, and wind mixing. Blue crabs can move great
distances merely in a tidal rise or ebb (Geyer and
Chant 2006), and females are known to exploit lo-
calized tidal jets to enhance migration distances
(Tankersley et al. 1998). Thus, the combination of
organism locomotion and water motion can spread
toxic substances great distances (Levinton and
Pochron 2008).

Ecological Community Responses
Following the Cleanup

The marsh dredging, restoration, and planting was
studied mainly from a qualitative point of view. Sur-

vival of plantings of cattails, Typha spp., and other
species was generally good at first, although some
of the areas restored were filled with sediment to a
relatively high elevation, resulting in the growth of
trees and shrubs instead of plants typical of a cattail
marsh. Invasive species such as purple loosestrife
(Lythrum salicaria) were notably abundant, but it is
not clear that the dredging and replanting was re-
sponsible for a higher vulnerability to invasiveness.
After the initial planting, Canada geese, Branta
canadensis, grazed many new plantings, and it has
been difficult to prevent their continued damage to
this day. A large proportion of the marsh area is
bare, but substantial areas are completely grown in
with cattails. Much of the artificial dredged channel
has been colonized by water chestnut, Trapa natans,
which was true of much of the open area of East
Foundry Cove, before and after the dredging (E.
Lind, unpublished reports).

The benthic invertebrate community of East
Foundry Cove in 1984, before the cleanup, was
overall surprisingly similar in population densities
and biodiversity to South Cove, a comparable
nearby tidal freshwater cove to the south (Klerks
and Levinton 1989a). The cleanup involved, how-
ever, dredging to a depth of 30 cm, which must
have severely disturbed the communities. A cursory
examination of five grab samples showed at least
that in East Foundry Cove, in 1995 just after the
dredging, the major species were still present (Sokol
et al. 1996). In 2001, we re-sampled East Foundry
Cove in May, August, October, and December,
along with South Cove and another cove, North
Cove, to the north of Cold Spring, with additional
sampling stations within each cove, relative to the
previous 1984 sampling study (Kelaher et al.
2003b). While the same taxa were found in East
Foundry Cove as had been observed in the earlier
sampling, there was substantial change in the rela-
tive abundances (Fig. 16.2), either in comparison
with 2001 reference sites or the 1984 sites. The for-
merly very abundant L. hoffmeisteri was much lower
in abundance within East Foundry Cove and ne-
matodes were greatly increased in abundance in
South Cove. Chironomids and gastropods showed
no consistent pattern of difference either spatially
or temporally. The most notable changed parameter
within Foundry Cove was greatly increased com-
paction of the sediment. The upper layers of sedi-
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ment at East Foundry Cove were more compact
than the soft mud at the surface in cores taken at
the two reference coves (Kelaher et al. 2003b). This
may have been caused by removal of relatively soft
overlying sediment in the dredging, or the low
abundance of L. hoffmeisterimight have resulted in
reduced burrowing, which tends to increase water
content in soft sediments (Levinton 1995).

Devolution of Resistance to Cadmium

Foundry Cove had extraordinary concentrations of
cadmium, which were now reduced to those below
which we would be able to detect resistance before
the cleanup. So the obvious question arose: Would
the population of L. hoffmeisteri lose resistance? Re-
sistance might be lost for two distinct reasons. First,
there might have been a cost to maintaining resist-
ance. Genotypes with resistance might have lower
fitness than those that did not have to maintain the
ability to detoxify Cd and the former might there-
fore lose out in reproductive competition with the
latter. It was also possible that after the barrier to
the open Hudson was lifted, nonresistant genotypes
might have entered East Foundry Cove and become
the dominant worms, since nearly all the local
adapted worms had presumably been dredged and
removed.

We used a simple metric of resistance: survival,
or the time for 50 percent of the population to suc-
cumb to exposure to high dissolved Cd. We fol-
lowed survival after the cleanup and found that at
first, Foundry Cove worms maintained their higher
resistance to Cd, relative to South Cove worms. But
a steady decline of resistance (Fig. 16.6) within East
Foundry Cove proceeded to eventually cause the
Foundry Cove worms to converge with South Cove
worms by 2002, a period of nine years or nine gen-
erations (Levinton et al. 2003). The Foundry Cove
worms had apparently lost their resistance. We have
recently investigated the mechanism of loss of re-
sistance and failed to find evidence for an evolu-
tionary cost of resistance. Instead, the regional
distribution of DNA haplotypes (based on 16S
rDNA) suggest that the loss of resistance was due
to a the dispersal of worms from the nearby Hudson
River (Mackie et al. 2010). Still, an experiment se-
lecting for resistance demonstrated that the

Foundry Cove worm population evolved more re-
sistance than a reference population from South
Cove and evolved a greater degree of resistance
when challenged with dissolved cadmium over sev-
eral generations. Apparently, even though the whole
East Foundry Cove population was now on average
no different in resistance than the South Cove pop-
ulation, there still was a minority of resistant geno-
types that had survived the cleanup and the
recolonization.

LESSONS LEARNED

Effects on Several Scales

In one important sense, the cadmium pollution was
biologically momentous. Never before had any bot-
tom environment been so challenged with such
high cadmium concentrations. Given the long time
before remedial action was taken, it might have
been best if the cadmium was very toxic and local-
ized. It was originally thought that the rate of re-
lease of cadmium from the solid phase to possible
biological uptake was very limited although there
was certainly evidence for elevated concentrations
of cadmium in many organisms (Kneip and Hazen
1979). But clearly cadmium was being released and
taken up by plants and animals at relatively high
rates, resulting in high body burdens of cadmium.
This was likely occurring at small spatial scales,
from cadmium hydroxides, to the sediment pore
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FIG. 16.6. Comparison of survival of L. hoffmeisteri from Foundry and
South Cove before (1993) and after (2002) the cleanup. Note the simi-
larity of worms collected in 2002 from Foundry Cove with survival of South
Cove worms in both years (from Levinton et al. 2003).



water, to the organisms exposed to pore water. On
the other hand, large amounts of cadmium were
being exported by tidal exchange to the open Hud-
son River. Given the effect on blue crabs, this ex-
port was highly detrimental to the Hudson River
ecosystem.

Even more surprising was the apparent lack of
effect of the high cadmium concentrations on the
biota. Indeed, the relative abundances and diversity
of soft bottom benthos in East Foundry Cove could
not be distinguished statistically from a nearby clean
reference site. In the most common species, the
oligochaete L. hoffmeisteri, it was apparent that
strong natural selection had caused the evolution of
resistance to cadmium toxicity by up-regulation of
the ability to produce large amounts of a metal-
binding protein. As a result, the worms’ mechanism
of resistance resulted in binding of Cd to the cy-
tosol and increased uptake of Cd, relative to
nonevolved populations of worms. Thus, the op-
portunity existed for trophic transfer of Cd to
higher levels of the food web.

Another equally important mechanism of Cd
release occurred at a higher spatial level of organi-
zation. With every ebbing tide, East Foundry Cove
exported substantial amounts of Cd, the majority
in the solid phase. As the material moved down-
stream into saltier water some of the Cd was com-
plexed with chloride, but some must have been
released into solution. We do not know how much
uptake can be explained by this or by direct feeding
on cadmium-laden prey, but the blue crab Call-
inectes sapidus was clearly affected for tens of kilo-
meters around Foundry Cove. Both water motion
carrying Cd directly, and movement of crabs and
perhaps other species spread Cd over a wide reach of
the Lower Hudson.

It is therefore clear that the human use of
Foundry Cove has had major impacts on different
spatial scales. On the localized scale, strong natural
selection took advantage of microscale release of
cadmium into pore waters, and produced a popu-
lation of at least one species with enhanced indi-
vidual capacity to bind Cd and take it up,
producing very high body burdens. On this scale,
Cd could move through benthic food webs, even-
tually increasing exposure to human consumers. On
the larger spatial scale, Cd was spread throughout
the Lower Hudson, providing no major apparent

toxic effect on the blue crab carriers, but presenting
a health threat to human consumers.

Changing Ecology that Forced Changes
in Human Uses

The installation of the battery factory in Cold
Spring was an important component of a larger net-
work devoted to our national defense. The release of
a toxic metal used in an industrial process is a rather
typical way that strong pollution enters an aquatic
system. While mercury enters confined inland wa-
ters often from atmospheric deposition, a number
of industrial inputs and burning of mercury-laden
waste are major localized sources that have poisoned
our waterways. In the case of Foundry Cove, a lo-
calized input resulted in high body burdens in a va-
riety of organisms and additional risks from
cadmium-laden materials that existed at the factory
and entered into soils.

In effect, the installation of a battery factory and
the release of waste was a human experiment in tox-
icity, uptake of toxic substances, transfer of metals
through food webs, and transport through a larger
system. Unfortunately, this experiment was not
monitored very well, and it took a number of years
before the dangers were appreciated. This is a model
for many such inputs of toxic materials into water
bodies, such as the release and spread of PCBs
through the Hudson River. In this case, a factory
released a class of deadly substances over a number
of decades, and the removal of a dam allowed the
spread of the material throughout the Lower Hud-
son. Phytoplankton, fish, and benthos all biocon-
centrated PCBs (Baker et al. 2006; Limburg 1986),
which led to closures of major fisheries. The pattern
was similar to the cadmium example we discussed
above but on a larger scale. Indeed, this input re-
sulted in the largest Superfund site in the United
States. The difficulty of dredging this site is much
greater, and indeed many dredging operations in the
United States have demonstrated strong difficulties
(National Research Council 2007).

The Foundry Cove story had a relatively happy
ending, because it was possible to isolate the system
by walling it from the main course of the Lower
Hudson. The cleanup plan, from the point of view
of removal of toxics, was a success (AGC 2001;
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Levinton et al. 2003). But even here, as discussed
above, the necessary dredging led to a less than to-
tally successful marsh restoration. The dredging of
the open part of the cove must have severely dis-
rupted the benthic communities, and we have evi-
dence for this in the study of the aftermath (Kelaher
et al. 2003). The deposition of cadmium and the
widespread uptake of cadmium by many organisms
testify to the pervasive effects of this point source
of pollution. The prescribed remedy for such a pol-
lution event, namely, massive dredging, can only
have profound effects on marsh and cove systems.
Indeed, hot spots within Constitution Marsh were
left undredged because the impacts on water bird
populations were deemed too costly relative to the
benefits of toxic removal. Success, even in this in-
stance must be muted with the enormous disrup-
tion that was imposed on this ecosystem.

Vigilance and Swift Response

The pollution caused by a battery factory at
Foundry Cove, combined with release of toxic ma-
terials and wastewaters into the Hudson and East
Foundry Cove demonstrates that we must maintain
vigilance on the effects of releases into our coastal
waters, combined with sound science on the toxic
effects of substances, their biogeochemical proper-
ties, and their uptake. Along with this vigilance
must be the appreciation that Darwinian natural se-
lection is at work even if the challenges involve com-
pounds not encountered before by aquatic species.
A range of biological responses, including evolution,
can drastically affect the movement of toxic sub-
stances through ecosystems. It is very likely that
such adaptation, already found widely in the intro-
duction of metals into the environment (Klerks and
Weis 1987) can be found widely for other toxic sub-
stances, including PCBs, PAHs, and other organic
toxins.

Swift and efficient cleanups are rarely the rule at
industrial sites. Delays in cleanup greatly exacerbate
the degree of uptake and the spread of toxic sub-
stances through ecosystems. At Foundry Cove, it
took a number of years before an ineffectual dredg-
ing occurred, and even more years before a com-
prehensive plan was enacted to clean up and restore
this region of the Hudson. Even though it was

known early that large amounts of cadmium were
being exported into the Hudson and that there was
a cadmium-related health advisory for a fishery, no
action was taken to reduce such export. Such delays
are commonplace, and are elongated by lack of ap-
preciation of the degree of toxicity, inexperience in
the ecological and physical forces that spread toxic
substances through aquatic ecosystems, and even
legal battles by industrial corporations that ulti-
mately would do damage by increasing the time
from perception of a problem to cleanup. The Su-
perfund law has not been a major accelerant of so-
lutions, partially because the solutions are not
always so effective by the time the various scientific,
management, and legal hurdles are crossed. We will
solve this general problem only when good moni-
toring, sound scientific research on effects and
spread of toxicants, and swift cleanup when prob-
lems are perceived, are all achieved.
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ABSTRACT

Transportation has been the key force the shaping the
Hudson River region’s settlement patterns and eco-
nomic growth, historically linking city and country,
nature and technology, and serving as a powerful
shaper of the riverscape.

This chapter will provide a historical overview of
river-based transportation including both primary
and secondary connections to the Hudson. The evo-
lution of the forms of transportation, their impact on
the river and the valley, the response of the public and
artists, and the shape of the metropolitan network
they created are all part of this exploration.

THE NINETEENTH-CENTURY transportation
revolution engineered a city-country nexus linking
the river valley to New York City via the Hudson
corridor with the support of a system of turnpikes,
steamboats, railroads, tunnels, bridges and high-
ways. An examination of the development of this
vital connection implies a reevaluation of the stan-
dard geographic focus in the study of the Hudson
River.

For the past quarter-century, the study of the
Hudson River has concentrated on aesthetic and
scientific dimensions, with a geographic concentra-
tion in the Mid-Hudson region. The history of
transportation and commerce, the twin engines of
economic development, and key forces in shaping
the river and the valley, have been marginalized by

scholars; neither has been the subject of a contem-
porary integrating narrative history. Indeed, the
subjects of transportation and commerce lack the
glitz of the Hudson River painters and the passion
of the environmental battles of recent days. This in-
tellectual oversight has not only diminished our ap-
preciation of the critical role of transportation in
the Hudson Valley but also skewed our view of the
region in profound and fundamental ways. Trans-
portation has been the key force shaping the region’s
settlement patterns and economic growth, histori-
cally linking city and country, nature and technol-
ogy, and serving as a powerful shaper of the
riverscape. Indeed, we have only just begun to doc-
ument the impact of the successive waves of trans-
portation on the ecology of the river and the valley.

Scholars and writers have tended to compart-
mentalize the Hudson’s history into simple di-
chotomies—urban and rural, city and country, and
culture and nature. This division has been a byprod-
uct of the undervaluing of the role of the Hudson as
a transportation corridor and its centrality to the
creation of an integrated and interdependent met-
ropolitan network. While most writers and histori-
ans acknowledge this role, it usually receives only
cursory treatment as the preamble to the “true” his-
tory of the Hudson, which is to be found upriver
in the aesthetic and political domains.

In this chapter I examine the ways humans
connect to and manipulate nature with an empha-
sis on the historical dimension of this dynamic
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relationship. An examination of the history of river
transportation will document the ways this ignored
pathway connected us to the river, to nature, and
to regional identity. While transportation is funda-
mentally shaped by technology, its interaction with
nature is equally important. As machines of move-
ment are successively introduced, each innovation,
while at first celebrated, is quickly scrutinized and
soon thereafter judged an ominous and powerful in-
truder in the landscape. How and why have these
transportation innovations changed our perception
of and relationship to nature?

When Europeans arrived in the Hudson Valley
they detected the outlines of an inchoate highway
system linked to the Hudson River corridor. For
generations the Lenai Lenapi and the Mahicans had
marked numerous trails, twelve to eighteen inches
in width, which served as the cornerstone of land
travel for the new European arrivals (Dunbar 1915,
I: 19). Many of these local roads were linked to
streams and tributaries, which, with the aid of
dugout canoes, mapped a north-south Hudson axis,
their main highway for trade and communication.
European migration patterns followed these roads
and natural waterways, which continued to be the
distinguishing characteristic of regional travel.
Many of these roads joined the Hudson River where
travelers in turn could navigate south or north and
cross the river at key points. Throngs passed
through; many crossing the Hudson at Catskill and
continuing westward (Dunbar 1915, I: 224).

EARLY ROADS

Europeans recognized early on that the native peo-
ples were economic strategists who were living in
localities selected because of their geographic ad-
vantages proximate to the Hudson and its tributar-
ies. Thus, the Europeans followed the precedent of
native peoples and settled on waterways, construct-
ing bateaux and other small sailing vessels suitable
for navigating the streams, bays, and rivers that both
separated and connected them (Dunbar 1915, I:
29). Settlers who moved into the interior of New
York from the lower part of the state and from New
Jersey made their way up the Hudson in sailing
boats; some pushed farther inland along the Mo-

hawk River in bateaux, all in search of new possi-
bilities (Dunbar 1915, I: 312).

Sailing vessels were the dominant mode of
transportation on all these riverways in the seven-
teenth and eighteenth centuries.

SLOOPS

In 1639 Dutch colonists left New Amsterdam and
occupied distant points along the Hudson River.
They sailed the Dutch sloep with a fore-and-aft and
single sail rig set quite forward. Its shallow draft ac-
commodated many of the Hudson’s tributaries
while its ample beam offered considerable cargo
space. For much of the eighteenth century it was
the most reliable, comfortable, and efficient form
of transportation (Fontenoy 1994, 27). Peter Kalm,
a Swedish traveler, noted that the southbound
sloops “bring Albany boards or plancks and also all
sorts of timber, flour, peas, and furs” On their
northern return, “they come almost empty, and
bring a few kinds of mechandise the chief of which
is rum” (quoted in Fontenoy 1994, 32). Even in
these early accounts we can see the outlines of a re-
ciprocal commercial exchange between Albany and
New York: essential NewWorld products to the city
and specialty merchandise upriver.

For many farmers, sloop landings, usually at the
conjunction of a tributary and the Hudson, served
as embryonic market centers where the exchange of
goods and news linked the rural with the urban.
Englishman James Birket observed:

This City [New York] also reaps great Ad-
vantages by the navigation of the Hudson
or North River. . . . This city is well Scitu-
ated [sic] for business having the Advantage
of all trade . . . (to)the Inland Country at
least two hundred miles by the North river
large Sloops go as far as Albany which is 166
miles. (quoted in Fontenoy 1994, 34)

Thomas Pownell, a British colonial official, also rec-
ognized the importance of the Hudson, which he
described as “the most perfect navigation,” and, “of
great value in opening Communication with the in-
land parts of the Continent”(quoted in Fontenoy
1994, 34).
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Paul Fontenoy correlated the economic pros-
perity of the eighteenth-century Hudson Valley
merchants with the size of the sloop fleet. He noted
the prerevolutionary increase in grain production
was correlated with increases in the number of
sloops—the two factors, he argued, that were the
keys to New York State’s prosperity (Fontenoy 1994,
37–38). But the cornerstone of that prosperity was
at the intersection of the Hudson and the Atlantic,
of the valley and Europe, where New York City
emerged as a major commercial hub for the region.1

CITY AND COUNTRY

The connection between hinterland and city is the
focus of William Cronon’s Nature’s Metropolis:
Chicago and The Great West. In this 1991 work
Cronon challenges the long-held American notion
that city and country are separate places—parti-
tioned entities. He believes they are in fact part of a
unified narrative—one story—sharing a common
history (Cronon 1991, xvi). Among the key links
in this connection are the commodity flows that
yoked marginal frontier zones with the metropoli-
tan economy. Cronin recognized the problematic
use of the term frontier to describe Chicago’s hin-
terland and the interpretive morass surrounding the
use of word nature. He intended to challenge the
hard line drawn between human and nonhuman ac-
tions. Cronin believed this boundary was perme-
able and should be reimagined to include first
nature—the prehuman nature—and second na-
ture—the artificial world people erect atop the first.
He argues that the nature we inhabit is an amalgam
of the two (Cronon 1991, xvi–xix).One of the basic
arguments in Cronon’s work is that “environmental
history of a single city made little sense if written in
isolation from the countryside around it” (Cronon
1991, xix). He suggested that city and country de-
pended on each other for meaning and shared a ma-
terial bond. Cronon cautioned against locating the
city outside of nature. He noted that the historical
journeys between city and country through time
and space will help us not only understand the city’s
place in nature and but appreciate that at journey’s
end one arrived at the historic possibilities of Amer-
ica’s future (Cronon 1991, 9). He rejects the polar-

ized concepts of man and nature, rural beauty and
urban ugliness, pastoral simplicity and cosmopoli-
tan sophistication. These dichotomous frames were
the underpinning for the abstractions of city and
country which Cronon directly challenged by con-
necting Chicago with the great west and arguing for
a single region with interdependent relationships
and a common past (Cronon 1991, 19).

Cronon’s environmental history, like all good
new interpretations, challenges scholars to rethink
their own conceptual frames. Analogies between
Cronon’s Chicago and the Great West and New
York and the Hudson Valley are not exact, yet a
comparison is suggestive and offers transferable in-
sights for the historical study of the Hudson’s trans-
portation network and the connection between city
and country.

By the nineteenth century, Hudson River land-
ings had become transportation nodes where farmers
not only sold their produce, bartered with local mer-
chants and discussed prices with sloop captains, but
also gathered information from New York City—
“The downstreammetropolis had evolved into a pole
that staked out the compass of, and helped structure
daily activities in the countryside” (Bruegel 2002, 2-
3).These river nodes connected the city with the hin-
terland (Bruegel 2002, 57). The city’s growth fueled
the growth of the upriver economy, which, in turn,
had a reciprocal impact on the city.

TURNPIKES

The expansion of New York City’s population in the
first quarter of the nineteenth century compelled
merchants to reach into the agricultural hinterland
to satisfy the needs of the booming central city.
Turnpike construction was one response to this new
set of economic facts. The American Turnpike era,
dating from 1785 to the 1830s, represented an ef-
fort to improve the older primitive natural paths
with man-made artificial roads, open new links to
New York State’s frontier, and compete with Balti-
more andMontreal. These new roads were often de-
signed by local engineers to serve migrating
populations and expanding agricultural markets.
Privately financed turnpike companies sought
straighter and shorter journeys to the inland trade.
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While Albany benefited from this new construc-
tion, there was fierce competition from Hudson
River port towns such as Hudson, Kingston, and
Newburgh, all with connections to New England
turnpikes (Thompson 1977, 156–57). Of course,
other towns along the river, Athens, Catskill, and
Poughkeepsie, became important transshipping
points to New York City. Beginning with the
Cherry Valley Turnpike in 1799 running west to
Albany, the Ulster and Delaware Turnpike in
Delaware County invited western migration from
Connecticut while the Susquehanna Turnpike and
the Newburg & Cochecton reached out to Penn-
sylvania (Adams 2006, 35).

These new turnpike roads extending out from
river landings resembled, according to Benjamin
DeWitt, the human body’s circulation of the blood.
In 1807 he wrote,

the City of New York as the center of com-
merce, or the heart of the state, Hudson’s
river as the main artery, the turnpike roads
leading from it as so many great branches
extending the extremities, from which di-
verge innumerable small ramifications or
common roads into the whole body and
substance; these again send off capillary
branches, or private roads, to all the indi-
vidual farms, which may be considered as
the secretary organs, generating the produce
and wealth of the state. (quoted in Bruegel
2002, 72)

This biological metaphor suggests how vividly De
Witt and others saw not only the deepening con-
nection of the river valley and the city but the way
they conceptualized this relationship using language
that suggested a symbiosis. A system of economic
circulation emanating from the city, conveyed by
sloop to river landings and then by turnpikes to
New York’s western hinterland and completing the
cycle returning back to the Hudson, the central con-
necting element.

STEAMBOATS

In navigating the Hudson and calculating river dis-
tances, the markers of nature played a key role.

Sloop captains used river reaches, the stretch of
water visible between bends in the Hudson, to de-
termine distance and location. But a great deal of
river travel remained imprecise and uncertain, de-
pendant on winds and tides, reminding its users
that the Hudson was still the creature of nature.
Long before Fulton’s North River steamed up the
Hudson on August 17, 1807, there was a growing
preoccupation with the possibility of steam naviga-
tion. The early work of John Fitch and John Stevens
had laid the foundation and began to answer the
eighteenth-century call emanating from the Atlantic
world for “periodicity and regularity as the primary
features of every sort of traffic that moves from one
place to another throughout the continent.” This
attitude reflected a view deeply held by many of the
Revolutionary generation, that transportation
methods and their improvement and expansion,
rather than politics or wars, were the prerequisite
for a durable national unity (Dunbar 1915, 173–
74). It reminds us early on of the founders’ faith in
the capacity of technology to advance the promise
of republicanism (Kasson 1999).

Robert Fulton shared with GeorgeWashington
a confidence in the potential of rivers as ligatures of
national union and, with the aid of technology,
paths to prosperity. They envisioned a republic
yoked by a transportation network shaped by engi-
neers. They imagined America as a product of com-
merce and art. It is not surprising that Fulton’s
innovative mind embraced both steamboats and
canals, recognizing that the challenge was systemic
and required new thinking that went beyond a sin-
gle innovation to the larger national agenda of uni-
fying and developing a new country through
transportation. The American application of steam
engine technology was rapid and widespread, and
when it reached the rivers of the GreatWest worked
to extend the reach of the Hudson and finances of
New York City into new territories.

Fulton, whose entrepreneurial impulses were a
perfect fit for the Hudson, quickly moved from the
launching of the first steamboat, the North River,
built in New York and fitted with British steam en-
gines, on August 17, 1807, to scheduled service in
early September. In partnership with Chancellor
Robert R. Livingston and with the advantage of
their New York steamboat monopoly, which secured
an exclusive right to navigation on the Hudson

250 ROGER PANETTA



River, Fulton anticipated great profits. Other busi-
ness interests quickly recognized new opportunities
and challenged the Fulton-Livingston charter. The
increase in river traffic, the anticipated opening of
the Erie Canal in 1825, and the dual-state charac-
ter of the Hudson between New York and New Jer-
sey opened the river to navigation by all. The
monopoly was legally dissolved in 1824 in Gibbons
v. Ogden when the Supreme Court overturned the
Livingston charter, which had effectively limited the
number of steamboats on the Hudson to eleven.
Within a decade of the Court’s decision more than
one hundred steamboats plied the river.

As competition intensified, steamboats in-
creased in size, and improved speed and reduced
fares enticed large numbers of the middle class to
river excursions. The public was traveling on a far
more regular basis not only for business but in-
creasingly for recreation and leisure as well.

Steam ferryboats quickly replaced the old horse
boat ferries and spurred the growth of river suburbs
such as Brooklyn and Hoboken. These cross-river
journeys, moving east to west, intersected the dom-
inant north-south matrix. As the longitudinal con-
nections matured they served as catalyst for the
latitudinal bonds, which, by century’s end, became
part of a complex highly differentiated network of
river crossings.

Nothing better documents the steamboat’s con-
quest of time than the printed schedule, which
measured a journey’s distance not in miles but hours
and minutes. The schedule challenged the uncer-
tainties of the tides and the winds, instead offering
predictability and speed, at least for eight to nine
months of the year. The schedule also documented
the relationship of the city and the river towns, and,
with New York City serving as the point of origin,
travel was measured in increments of time as one
moved north from the city. The interdependence of
city and valley was crystallized in these printed re-
minders, which provided travelers and traders with
a new cartography.

Steamboat owners celebrated and flaunted the
speed of their vessels. Impromptu river races en-
dangered travelers trapped in the grasp of an irre-
sponsible captain who responded to a challenge to
race, often ending the lives of unsuspecting passen-
gers . Racing served as a catalyst for real gains in
speed: the run of theNorth River to Albany in 1807

took thirty-two hours; by 1852, the year legislation
outlawed steamboat racing, the Francis Skiddy
needed only seven and one-half hours to travel the
same distance (Buckman 1907, 66). In this obses-
sion, steamboat captains joined the country’s moral
“quest for speed,” which promised to reduce the
wasteful use of time and embraced the imperative of
technological progress (Bennett 1998). But this
notion also embodied the commercial and proto-
capitalist demands for predictability and timeli-
ness—the discipline of economic order now
anchored in New York City. The clock had come to
the valley and to its towns, villages, and farms.

But not all was commerce and trade with the
steamboat. It offered the newly minted middle class
of the city and the valley access to the river and its
scenic places, historic monuments, healthful resorts,
and summer vacations. Travel upriver became the
antidote for the corruptions of downriver urban life.
This bifurcation had the effect of seemingly creating
two distinct worlds—one natural, one commer-
cial—a division that, I argue, is polarizing when in
fact they were both elements of one metropolitan
universe.

The development of the Hudson’s recreational
landscape was aided by the publication of steam-
boat guidebooks, which initiated the novice trav-
eler, codified the rules for appearance and behavior,
and framed the river experience as a south-north
journey from New York to Albany. Steamboats,
often referred to as “beautiful machines,” combined
aesthetic and technological principles in their grace-
ful architecture and the renowned speed (Seelye
1991, 361). These machines of transportation
caught the eye of the artists and writers working to
make sense out of the confrontation of the elemen-
tal forces of nature and technology. Were they op-
positional or reconcilable, dissonant or harmonious
forces? The river and the riverscape serve as the
backdrop for this encounter and in the visual rep-
resentations of steamboats we get a clue to the
thinking of nineteenth-century American painters.
Marine artists James and John Bard, twin brothers
born in New York City in 1815, painted dozens of
Hudson River sail and steamboats, in mostly up-
river settings, as they speedily headed south toward
New York City. The Bard brothers depicted efficient
machines gliding over the Hudson with little resist-
ance from a river yielding to Americans’ “quest for
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speed.” The river and the vessel are set in a linear
frame emphasizing the longitudinal and celebrating
technological efficiency. Steamboat and river are
presented in harmony one with the other; nature
and technology reconciled in a new kind of synergy.
Even the clouds of engine smoke are quickly dissi-
pated by the wind and are minimized by the taut
flags and banners which one can almost hear snap-
ping in the wind (Peluso 1991, 362).

The Bard paintings constitute a vivid example
of the extension of the notion of the sublime be-
yond nature to the processes and engines of indus-
trialization (Kasson 1999, 160). This variant of the
term sublime or the technological sublime, as it
came to be called, challenges the dichotomy be-
tween nature and culture, and by extension between
upriver and downriver and country and city.

CANALS

In 1810 in one of the earliest recollection of a Hud-
son River steamboat journey Dewitt Clinton, then
a member of the commission charged with the task
of surveying a potential western canal, commented
about the “warm weather” and the “crowded boat”
(quoted in Seelye 1991, 223). While some may see
this quote as an indication of the ready acceptance
of steamboat travel we may miss the larger signifi-
cance of his decision to begin the survey with a trip
up the Hudson. Clinton’s 1810 journey reminds us
how essential the river was to any canal scheme. In-
deed, the Hudson River with its Albany connection,
contained a geographic imperative, providing the
only place to the west where the Appalachians could
be taken “in flank” (Albion 1939, 84). The river had
predisposed New Yorkers to think westward and as
businessmen and migrants sought more efficient
travel the urgency for an overland waterway in-
creased. There is no doubt that the ease of the
southern leg on the Hudson River of this canal
scheme is what made the Erie Canal proposal so
attractive.

For many Americans rivers were seen as “na-
tional conduits of an advancing and cohering em-
pire” which demanded the creation of man-made
equivalents—roads and canals—that would “ com-
plete the great god-given diagram” (Seelye 1991,
382–83). As early as 1784 George Washington ad-

vised the new nation that it “must look to progres-
sive improvement of interior communications and
waterways.” Linking the maritime strength of the
Atlantic seaboard to the west was essential for na-
tional unity (Seelye 1991, 252). Washington, like
others who pushed canal improvements, began with
rivers and, not surprisingly, he envisioned the Po-
tomac as the cornerstone of such a national project.
He recognized early on that the Hudson was his
principal competitor.

One of the chief catalysts for canal building was
the turnpike movement. Turnpikes, roads financed
by tolls, came late to New York State; the first one
was only chartered in 1797. In New York they grew
rapidly, more the three thousand miles in the next
quarter-century, concentrated between the Hudson
and the Genesee Rivers. Turnpike networks were
“highly organized systems that sought to find the
most efficient way of connecting eastern cities with
western markets.” The turnpike developers recog-
nized the critical importance of the natural open-
ing through the Appalachians and planned a system
of turnpikes connecting Albany to Syracuse and be-
yond (Baer et al. 1993, 191–209). The New York
and Albany Post Road was turnpiked and the towns
on the east side of the river were now linked to New
England by new roads running west to east. Fierce
competition for the western trade pushed several
Hudson River ports to press for new turnpike con-
nections. The rapid growth of the Ohio Valley also
caught the attention of New Yorkers. Turnpike de-
velopment in the region increasingly focused on
business connections in the west; yet many New
Yorkers remained uncertain about how far to extend
the reach of turnpikes and anticipated the Erie
Canal with uncertainty, fearing its challenge to their
livelihoods (Baer 2005, 1588–89).

By the beginning of the nineteenth century the
drive to connect to the west was irresistible. Albert
Gallatin. Jefferson’s Secretary of the Treasury, in
1810 announced that good roads and canals were
in the national interest (Seelye 1991, 254). John C.
Calhoun, writing during his nationalist phase,
called on the government to build a “connection be-
tween the Hudson and the Great Lakes” (Seelye
1991, 262). And build it they did, not with federal
funds but with state financing.

With the end theWar of 1812 and the return of
peace, the talk of the canal was revived; public meet-
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ings in support of the enterprise were held in New
York City and elsewhere. The legislature was peti-
tioned, a board of commissioners appointed, and in
1817 legislation passed that provided for a system of
canals and other internal improvements at the state’s
expense. Construction work was begun on the
Fourth of July in 1817 and the Erie Canal was com-
pleted in 1825. In the “wedding of the waters” in
New York harbor Dr. Samuel Mitchell arranged for
a more compelling mixing in which he added con-
tributions from the world’s great rivers to Clinton’s
Erie donation and proclaimed the “circumfluent
ocean republicanized.” Colonel Stone then baptized
the canal as “a new and additional river” (Seelye
1991, 347). The canal has often been described an
artificial river embodying technology and nature—
a remarkable republican achievement. At first glance
we may see these as oppositional; nature subdued
and sacrificed in the name of progress (Sheriff 1996,
59). But if we translate technology, the practical ap-
plication of scientific knowledge, back to its nine-
teenth-century understanding we come to the word
arts, which in its historical usage implied not ten-
sion but complementarity. Indeed the canal takes
its inspiration from rivers, in this case the Hudson,
and attempts to mimic nature and add to the gifts
of God.

In The Organic Machine, a study of the Co-
lumbia River, RichardWhite argues that we should
see the flow of rivers as a kind of energy. Like us,
rivers work and rearrange the world. Indeed, the
“river channels are historical products of their own
past history” (White 1996, 12). Rivers represent the
most efficient means of energy utilization working
to eliminate obstructions to navigation.

For White, nature is made to serve and accept
human manipulation for “the mechanical was not
the antithesis of nature but its realization.” Here he
recognizes Emerson’s notion that putting land or
water to work was “opening a . . . new access to na-
ture” (White 1996, 35). In the Emersonian vision
of the machine as a force of nature,White finds a re-
iteration of the Western dream of liberation from
labor (White 1996, 48). In applying these concepts
to the history of the Columbia River, he notes that
the dam builders argued that the project “depended
on deciphering the ‘but little understood schemes
of nature’ . . . by which nature made the great canal
for the project.” He believes that “what nature has

so artfully arranged it would be criminal for humans
to neglect to improve and finish. The dam was the
final piece necessary to reveal nature‘s harmony.”
Thus, followingWhite’s lead, I suggested above that
the idea of the Erie Canal was embedded in the
Hudson River. The canal represented a deciphering
of nature and a fulfillment of the river’s historical
function as a source of energy and movement, thus
justifying the term Hudson–Erie Canal System. In
the context of this argument, steamboats, railroads,
and canals mediate between humans and the river
with ties to both nature and human labor.

With the opening of the Champlain Canal in
1819 the Hudson collected the bulk of the traffic
from the north and the west. By the 1830s the river
was crowded with floating towns, long flotillas of
canal barges lashed together four and five abreast
and extending for almost a half-mile, making their
way to the city (Buckman 1907, 84–85). This was
a lucrative business with fierce competition among
a few companies. Steamers that pulled these tows
were recycled passenger boats capable of hauling
sixty to eighty canal boats. River towns provided
service to these floating villages and the locals
helped maintain and repair these recycled steamers.

The canal also reshaped the agricultural and
mercantile landscape of the river valley. Wheat had
taken hold after the Revolution, and the area was
known as the granary of the nation. Cattle, sheep,
and poultry were added to butter and cheese and
shipped south to feed the growing population of the
city. The Erie Canal shifted wheat production west-
ward, where better soils produced higher yields.
Faced with this new reality valley farmers looked
more closely at the needs of the New York market
and began to specialize in dairying and orcharding.
By the middle of the nineteenth century New York
was the leading producer of oats, barley, and buck-
wheat, butter and cheese, and orchard and garden
products (Thompson 1977, 161). A by-product of
the relocation of wheat production westward was
that New York City became the principal flour mar-
ket of the country and began to monopolize most of
that trade (Albion 1939, 92–93).

As farmers moved out of the eighteenth century
world of self-sufficiency to the nineteenth-century
world of commercial farming, in which more than
half produced a surplus, their appetite for consumer
goods, machines, and mobility increased (Parker-
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son 1995, 79–104). This change opened the door
for New York City’s merchants who, with the aid of
the river and the canal, used the moment to extend
their reach and accelerate exports to the valley and
the hinterland (Albion 1939, 91).

The Erie spawned a “canal fever,” which thick-
ened the web of connections and increased the
number of small feeder canals to the Hudson-Erie
network. It also stimulated industrial production—
large sawmills and flour mills began to appear in the
valley and ironworks were established at Troy. An
expanded and revamped lumbering industry
emerged in the Upper Hudson in the Albany–Glens
Falls region. Mills in New York City were able to
draw on this supply via the Hudson (Thompson
1977, 161). The Erie Canal solidified the Mohawk-
Hudson axis, suppressed competition from other
canal systems, reduced the cost of transporting bulk
cargo, and, with the aid of steam, turned the Hud-
son into a commercial superhighway.

In securing New York City’s trading dominance
over Baltimore, Boston, and Philadelphia the Erie
Canal created a commercial vortex that sucked the
economic world, if not the daily lives, of the Hud-
son River Valley farmers and the western hinterland
into the Empire City. Albany, now secure as the
gateway city, was, along with its downriver metrop-
olis, key to making New York the Empire State. Ac-
cording the John Seeyle, “the Erie Canal was so
latent with the promise of the future, that [it] gave
the lordly river its American dimension, a linear di-
agonal pointing into the west” (1991, 315).

RAILROADS

The transportation revolution now began to ac-
celerate, extending from the steamboat and the
canal to the railroad. New York’s first railroad, the
Mohawk and Hudson, linking Albany and Sch-
enectady, opened in 1831. Smaller trunk lines had
been consolidated with larger carriers and railroads
were thought of as adjuncts to the canals (Thomp-
son 1977, 162). By mid-century that had changed
when many feeder railroads to the west were
linked to the Hudson River. However, no direct
rail connection from Albany to New York existed.
Competition from Boston for Albany’s gateway
traffic increased. At first there was confidence in

the ability of steamboats to handle the increasing
passenger and bulk cargo. But the new expecta-
tions for speed and regularity underscored the sig-
nificance of the winter shutdown. Indeed,
engineer R. P. Morgan in his report to the Hud-
son River Railroad Committee pointed out that
the three-month obstruction of steamboats by ice
would give the railroad a decided advantage. But
he cautioned that railroads would not succeed only
on the merits of year-round travel. His compara-
tive study of speed and cost favored the railroad,
which, he suggested, would attract those three to
four thousand daily steamboat travelers “who value
time, those who like to travel fast . . . those who
prefer traveling cheaply and at least nine-tenths of
the way-passengers on the east side the river”
(Morgan 1842, 12). He also envisioned a large vol-
ume of traffic that would be of “immense impor-
tance to the city of New York and the community.”
Certain products, such as vegetables, meats, milk,
butter, and eggs, would receive added value from
speedy railroad transportation. And in turn ex-
ports from the city supplying 150,000 individuals
with dry goods, groceries, cotton “may be safely
described as the business of the railroad” (Morgan
1842, 14).

The Hudson River Railroad, completed 1851,
extended 143 miles from Chamber Street in New
York to Albany, and was constructed along the east-
ern bank of the river, five feet above high tide. The
road maintained a “degree of directness” that was
efficient and cost effective, and avoided “the sinu-
osities of the stream” by cutting through land and
extending the line into shallow water (Anonymous
1851, 3). The selection of the river level grade pro-
vided a road that was astonishingly regular. One
hundred and fourteen miles are dead level; the total
rise and fall is only 213 feet. While some rock cut-
ting and tunnel blasting was necessary this was a
small trade-off for the ease of ride and the absence
of hills, which were so taxing on the engines of the
era. These and other technical challenges in build-
ing the Hudson River Railroad fell to civil engineer
John B. Jervis, who was invited to survey the right
of way following the rejection of the Morgan pro-
posal by the steamboat interests in the legislature.
He followedMorgan’s example by conducting a cost
analysis to demonstrate that the Hudson railroad
line could be profitable. He wooed the legislature,
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won their approval, joined the board of directors
and helped raise the necessary capital.

Jervis drew on his broad experience with the
Erie Canal, the Delaware and Hudson Canal, the
Mohawk and Hudson Railroad, and the Croton
Aqueduct. Thus this self-taught engineer was re-
sponsible for a good deal of New York’s early trans-
portation infrastructure. Much of his work
strengthened the north-south longitudinal axis link-
ing valley and city. He almost singlehandedly rein-
forced the paradigm of travel established by sloops
and retraced by steamboats. Jervis fully understood
the importance of this north-south axis. However,
Jervis’s defense of the riverside location of the tracks
went beyond efficiency and appealed to aesthetics.
He agreed with Morgan’s 1842 view that the
“beauty of the scenery on the river is not diminished
in any respect, while the country above the High-
lands, has a more striking appearance from the rail-
road” ( Morgan 1842, 13). Jervis had explored this
idea earlier while working on the Croton Aqueduct,
where his chief engineer Fayette B. Tower suggested
that the aqueduct trail provided new viewing areas
for all to enjoy the Hudson River. This is more that
an engineer’s footnote: it leads us to the central in-
tellectual question of the “machine in the garden.”
Nothing more fully represented the nineteenth-cen-
tury machine than the railroad and most especially
the locomotive—the most sensuous of technologi-
cal innovations: you could see it, feel it, hear it, and
smell it. It fully marked the landscape it traversed.
In his classic study The Machine in the Garden, Leo
Marx recreated the literary discourse about the clash
of these fundamental forces—nature and technol-
ogy, the organic and the inorganic (Marx 1964). He
outlined the apprehensions of the elite about the
“intruder” while countering this negative view with
the enthusiasm, and open excitement of the public.
The danger of this debate is in its potential to bi-
furcate the nineteenth-century world and the his-
tory of the Hudson River, where many of these
forces were in play, into a fundamental struggle. The
byproduct of this intellectual divide is to see the
Hudson being pulled in two opposite directions—
the organic and inorganic, the natural and the arti-
ficial. This fundamental debate has served as a kind
of boilerplate for the upriver-downriver, valley-city
dichotomy that has framed if not skewed, much of
our understanding of the Hudson.

The railroad, like other forms of transportation,
dynamically linked two interdependent worlds. The
speed and power of trains created a new order in
which one easily moved from one domain to the
other on a continuum of experiences. While it is
true that the Hudson River Railroad hardened the
river’s edge, created an industrial zone, and blocked
public access, it also published celebratory guide-
books, encouraged summer river travel, and spurred
the building of river estates and suburban commu-
nities. It played a key role in deepening the north-
south axis and unifying the worlds of nature and
technology.

FERRIES

As the Hudson’s transportation network matured,
the patterns became more differentiated and an
east-west link began to mature. Steamboat journeys
up and down the river often drew passengers to river
towns from cross-river villages utilizing smaller local
lines frequently linked to railroad connections Local
crossing points became hubs of economic and so-
cial activity and provided the local population with
regular and intimate contact with the river. These
journeys became the “warp and woof of the lives of
millions of valley residents” (Adams 2006, 117).
The scale of community ferries and their integra-
tion into the experiences of community life created
a romantic aura and an enduring nostalgia which
inspired numerous river stories.

Steam ferries appeared at Troy, originally called
Ferry Hook, in the first half of the nineteenth cen-
tury. While three steam ferries served Albany, mod-
est local operations appeared in smaller towns south
of the capital. The Hudson-Catskill ferry and the
Kingston-Rhinecliff ferry were later displaced by
bridges. Indeed, ferry crossings provided the blue-
print for Hudson River bridges, which linked com-
munities nurtured and matured by these older
east-west bonds and served the automobile boom
of the 1920s. The numerous Hudson River ferry-
rail connections underscore just how networked and
interdependent the transportation system had be-
come by the late nineteenth century.

The Newburgh-Beacon ferry, with roots in the
American Revolution, operated for two hundred
years until the Newburgh-Beacon Bridge opened in
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1963. Travelers often noted the scenic beauty of the
crossing and were charmed by the Beacon ferry
house and especially the Newburgh Terminal with
its gables, towers, turrets, and vergerbord decora-
tion. Shops, trolleys and buses, and the railroad
/Dayliner connection made the Newburgh Termi-
nal a busy place (Adams 2006, 126–27). Kings
Ferry between Verplanck and Stony Point, with its
Revolutionary War connections, reminds us again
of the historic association of so many river cross-
ings. Farther south, Nyack, a major shipbuilding
port, initiated service to New York in 1827 and
linked to Tarrytown in 1834, becoming a key junc-
ture in the lower Hudson. The revolutionary asso-
ciation is reiterated by the Dobbs Ferry or Sneden’s
Landing Ferry connecting Westchester with Rock-
land County. In 1841 the Erie Railroad began an
unsuccessful short-lived ferry service to Manhattan
from Piermont (Adams 2006, 130–34).

The opening of the Palisades Interstate Park in
1909 drew thousands of New Yorkers up the river
seeking respite from city life. They used the Edge-
water-125th Street ferry, which connected to the
New York subway. Ferries played a crucial role not
only in providing an east-west connection between
river towns but also offered access to parks, historic
sights, religious meetings, and outdoor recreation.

The island of Manhattan had become the hub
of the transportation network drawing the people
and the goods of the valley and the hinterland to
this metropolis. Success, which depended on access
to the island and the North River, was under pres-
sure from increasing commerce. An elaborate sys-
tem of steam ferries crossing from New Jersey was
improvised to meet the persistent growth of the
city’s commerce and population. In addition to the
Edgewater-125th Street ferry, which would be re-
placed by the GeorgeWashington Bridge, theWee-
hawken andWest 42nd Street ferry was introduced.
In 1883 a five-slip, sixteen passenger track terminal
was completed—an architectural witness to the im-
portance of this crossing. By 1927 it served twenty-
seven million passengers and was one of largest ferry
operations on the Hudson (Adams 2006, 145–48).
Control of this terminal, like many others on the
Hudson River, changed often, reflecting the con-
stant merging and reconfiguration of the railroad
companies. The west shore ferries, fed by trolley
lines, competed with railroad-operated smaller

vessels—lighters, tugs, and carfloats adding to the
congestion of the east-west crossings.

Hoboken New Jersey, with its historic link to
the beginnings of steam ferries and the Stevens fam-
ily, began ferry service in 1811 and connected to
many points in lower Manhattan. The impressive
Lackawanna Terminal completed in 1907 and the
Union Ferry Terminal at 23rd Street in Manhattan
along with other terminals, large and small, pock-
marked the eastern and western shoreline of the
Hudson providing visible evidence of New York
City’s dominant commercial position (Adams 2006,
150–53).

TUNNELS

The pressure, especially from the railroads, for more
efficient and less expensive crossings, instigated a se-
ries of innovations in tunnel construction and
bridge building. The extent of the crises was de-
scribed in 1916 by Ellsworth Huntington, a pro-
fessor of geography at Yale University who had an
early interest in ecology, and served as president of
the Ecological Society of America. Huntington’s ar-
ticle entitled “TheWater Barriers of New York City”
asked whether New York in fact had conquered na-
ture (Huntington 1916). He wondered whether “we
diminished the influence of the water barriers?”
How much did the ferries cost in money, time,
health, and character? Indeed, what did New York
City pay for its power and it river location? The
compression of business activity in lower Manhat-
tan, a by-product of the ferry system, raised real es-
tate values and according to Huntington produced
the skyscraper, which, he argued, was a direct result
of the water barriers (Huntington 1916, 179). He
believed these barriers cost the city hundreds of mil-
lions of dollars and that while “we may have con-
quered nature . . . in the struggle she has bound us
as tightly as we have bound her” (Huntington 1916,
183). Thus, we can suggest that New York City paid
dearly to serve as the hub city, the clearinghouse for
the hinterland, and the link between river and
ocean.

It is not surprising that engineers would again
be challenged by this notion of the river as barrier.
From the earliest post–Civil War musings of “Crazy
Luke,” who harangued New York financiers with his
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scheme for a one-mile tunnel under the Hudson,
the city has been intrigued by plans to end its is-
landness (Cudahy 2002, 5). In 1874 DeWitt Clin-
ton Haskin proposed a Hudson River tunnel,
secured financing, and began digging in 1879. This
first attempt was stopped by a blowout and the loss
of twenty lives. In 1901 William Gibbs McAdoo
proposed twin tube interurban railway tunnels. He
obtained financing for the Hudson and Manhattan
Railroad Company and on January 15, 1908, the
completed tunnel to Hoboken transported the first
passengers under the Hudson River. One year later
the downtown tubes linking Exchange Place in Jer-
sey City to Cortlandt Street in Manhattan were
opened. Quickly, regular passenger service began.
The Hudson Tubes were an engineering marvel—
the first transportation tunnel under a major river.

Moving passengers was not the only challenge.
The Pennsylvania Railroad slowly accepted the
commercial ascendancy of New York City and or-
ganized its own ferry service from the flatlands of
New Jersey to Manhattan. The New York Central,
its chief competitor, could make the trip directly
onto the island from the Hudson Valley while the
Pennsylvania needed to cross the Hudson. In 1910
they competed a bold a $110 million project—in-
cluding approaches, six separate tube tunnels, an
elaborate terminal at 32nd Street, and a four-track
subway connection (Cudahy 2002, 23–30). The
New York Times judged the project

the greatest thoroughfare to the westward
out of Manhattan ever devised , making eas-
ily accessible to the undeveloped insular ter-
ritory beyond the river the pulsing heart of
the metropolis, America’s chief center of
life. (quoted in Cudahy 2002, 31)

Again, engineers had played a decisive role in mod-
ernizing the transportation network linking the city
and the country. But increasingly in the twentieth
century the Hudson River was seen as nature’s ob-
stacle to the easy movement of east-west commerce.

BRIDGES

Bridges offered another alternative. The success of
the Brooklyn Bridge stimulated the possibility of

Hudson River crossings. Railroads were eager to re-
place their fleets of ferries, lighters, and carfloats. As
early as 1855, an engineer proposed that a railroad
bridge be built across the Hudson River at Pough-
keepsie. In 1886, the Manhattan Bridge Building
Company was organized to finance the construc-
tion of a multispan cantilever and truss bridge con-
necting Poughkeepsie and Highland. Philadelphia
investors hoped to use the bridge to carry Pennsyl-
vania coal to New England and bypass New York
City. The Poughkeepsie Railroad Bridge opened in
1889 and lasted until it fell victim to the railroad
mergers of the 1960s when the Erie consolidated
many freight routes on its own trackage. A fire
closed the bridge in 1974. Recently a nonprofit vol-
unteer organization calledWalkway over the Hudson
turned it into a pedestrian and cyclist roadway. The
Walkway over the Hudson State Historic Park was
opened the to the public on October 3, 2009, in
time for the Hudson-Fulton-Champlain Quadri-
centennial. This remarkable effort provides not only
a unique river experience but also serves as a mon-
ument to the transportation history of the region
(Burke 2007, 11–24).

In 1910, the Palisades Interstate Park (PIP), or-
ganized to protect the Palisades along the Hudson’s
western shore, received a gift from Mrs. Mary
Williamson Averill Harriman of ten thousand acres
in memory of her husband. This provided the foun-
dation for the fifty thousand-acre Bear Mountain
and Harriman State Parks. In 1915, the Bear
Mountain Inn was opened, including a restaurant,
a cafeteria, overnight accommodations in a rustic
setting, and a dock for steamboat landings. The inn
and the park were also accessible by automobile via
Route 9W. PIP’s role as a safety valve for urban con-
gestion was an informing idea of the park from its
inception. It drew city dwellers in increasing num-
bers in search of recreation and the great outdoors.

Long and inconvenient steamboat and ferry
journeys, winding roadways, and slow-moving traf-
fic overwhelmed local hotels, at times transforming
automobiles into improvised bedrooms (Burke
2007, 25–28). If ready access to the new parks was
the objective, then travel needed to be more effi-
cient and direct. Plans for a suspension bridge three
and one-half miles north of Peekskill, linking An-
thony’s Nose on the east to Fort Montgomery on
the west, were approved in 1922. The structure,
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which would be built of steel, drew the ire of critics
for whom concrete, because of its massive look and
reassuring density, was the only appropriate mate-
rial. The aesthetic argument was grounded in the
notion that the Hudson River crossings required
special consideration and that a bridge was not just
a roadway, a connector between two points, but
needed to harmonize with its river setting. How-
ever, the steel Bear Mountain toll bridge, the longest
suspension bridge at the time, opened in 1924. The
bridge brought more urbanites into the valley and
established the first bridge link betweenWestchester
and Rockland counties (Panetta 2010, 133–35). In
the subsequent debates about the Tappan Zee
Bridge, the Bear Mountain Bridge would serve as a
reference point for both sides, and when the George
Washington Bridge was completed, it was fixed as
the southern frame for the planners.

It is hard to imagine Manhattan as an island
without a hard crossing of the Hudson River. Tun-
nels had a dark foreboding quality and lacked the
capacity to meet the growing needs of the auto-
mobile culture. In 1887 the engineer Gustav Lin-
denthal proposed the North River Bridge to cross
“the most important water highway in the United
States” and “eliminate the Hudson river from the
New York terminus problem” (Petroski 1996, 133–
35).” Lindenthal was responding to growing pub-
lic pressure for a bridge crossing. He submitted
plans for a suspension bridge, which critics argued
was too ambitious a span and not financially feasi-
ble. In the severe winter of 1918 the Hudson froze
cutting New York off from food and coal supplies
(Petroski 1996, 211). This crisis created a sense of
urgency for an all-weather bridge crossing the Hud-
son. Othmar Ammann, Lindenthal’s former assis-
tant, submitted a design in 1923, construction
began in 1927 and the bridge was dedicated on
October 24, 1931. The initial designation as the
“Hudson River Bridge,” was dropped, and in keep-
ing with the river’s historic association it was
renamed The George Washington Bridge, com-
memorated the fortified positions used by General
Washington and his American forces during the
battle for New York. The fourteen-lane structure,
originally intended to be encased in concrete, was
redesigned to expose its steel superstructure, which
the architect Le Corbusier described as the most
beautiful bridge in the world. The George Wash-

ington Bridge allowed truckers and motorists to
bypass Manhattan, stimulated suburban develop-
ment in New Jersey, and populated the southern
Palisades and Fort Lee with a cluster of high-rise
apartments. Each day three hundred thousand au-
tomobiles and trucks cross The George Washing-
ton Bridge, a testament to the automobile age.
Access to the bridge required good roads and an ex-
tensive highway system, which had to be designed,
constructed, maintained, and financed for almost a
century. Bridging the Hudson had a dramatic im-
pact on the riverscape and the character of the sur-
rounding neighborhoods.

The automobile age exploded in the 1920s. Au-
tomobile registration in New York rose dramatically
from one million to two million between 1922 and
1927, accelerating demand for more paved roads
(Fein 2008, 79). Initially, local extensions of streets
into the countryside and the linking of nearby cities
with state roads seemed adequate (Thompson 1977,
185). Of course these new routes were overlays on
the existing pre-automobile roads; many river vil-
lage and towns continued their historic connections
to the waterfront. Indeed the north-south Route 9,
which incorporated parts of the Old Albany Post
road, served as one the earliest highways.

But the local communities lacked the financial
resources and the political will to lead the road rev-
olution. The Federal Highway Act of 1916
strengthened the role of the states in highway con-
struction and New York State progressively in-
creased its power in both the planning and
financing of new roads with the aid of federal dol-
lars (Fein 2008, 73). One of the first construction
projects of the new state highway commission was
the Storm King Highway, which promised to
shorten the existing route between New York and
Newburgh by sixteen miles (Fein 2008, 87). The
proposed highway would wind around the steep
slopes of Storm King Mountain, 420 feet (130 m)
above the water. The slope of the mountain, the lo-
cation of the proposed road, and the narrow ledge
on which the work would take place made this an
engineering challenge. Work was limited to small
machines and manual labor. The Tafts, one of the
principal supporters of the road stressed the “im-
portance of bringing the motorists to the river’s
edge.” Several observation points encouraged driv-
ers to stop to enjoy the panoramic view. Critics
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pointed to the scar that would ring the mountain,
a indelible mark clearly visible from the river (Dun-
well 1991, 177–79). When it was completed in
1922, travelers were uncertain whether engineers
had marred Storm King or enhanced the view of
the river.

The Palisades Interstate Park saved the Palisades
from quarrymen mining the cliffs and provided new
recreational opportunities for stressed urbanites.
The park owned most of the cliff face and the shore-
line but not the land atop the Palisades. Land was
purchased and gifted to the Palisades Interstate Park
Commission and a new road—The Palisades Inter-
state Parkway—was built between 1947 and 1961.
From Fort Lee in New Jersey to the Bear Mountain
Bridge in New York, five hundred feet above the
Hudson River, the parkway offered open vistas of
the Hudson—a self-conscious element of the orig-
inal design. But it was also a highway to the new
suburbs of northern New Jersey, now accessible as a
result of the George Washington Bridge. Stretches
of undeveloped land and old farmsteads historically
insulated by the barrier of the Hudson River were
now ripe for suburbanization—the city was about
to invade the country (Binnewies 2001, 213–38).

No transportation development better captures
the full extent of the breadth of issues associated
with spanning the Hudson River than the Tappan
Zee Bridge. It encapsulates the modern predicament
represented by the Hudson River as a natural barrier
and the response of the engineer to the automobile.
It is laboratory for the study of the making of the
modern Hudson Valley suburban landscape.

Rockland County, located twelve miles (19 km)
north-northwest of New York City, had a commer-
cial connection to the city as early as the seventeenth
century. Initially, sloops, then steamboats and the
railroad in the nineteenth century and automobiles
and trucks in the twentieth, transported farm pro-
duce, bricks, and ice to Manhattan and returned
with imports and consumer goods. The river was a
barrier insulating the county from the pressures of
modernization and urbanization. Artists and writ-
ers, utopian communities, and summer vacationers
were drawn to this rural sanctuary. The bucolic
landscape was especially hospitable to numerous
county and state parks. But beneath this bucolic ex-
terior the forces of change were gathering power.
Some local politicians and planners thought that

Rockland was not a sanctuary but a backwater
county—behind the times. Beginning in the 1920s,
Rocklanders looked enviously at their cross-river
neighbor Tarrytown, jealously eyeing its direct con-
nection to New York City, its burgeoning suburban
development, and its easy exchange with an array
of new north-south parkways. In the 1930s the pos-
sibility of New Deal public works funding stimu-
lated plans for a bridge connection between Nyack
and Tarrytown. County residents, divided between
the modernizers and the preservationists, hotly de-
bated the merits of such a crossing. These plans,
which lacked the necessary highway infrastructure,
failed to win the support of the federal and state
governments.

The bridge idea remained dormant until New
York State’s postwar commitment to highway ex-
pansion. Plans for an autobahn-like super high-
way—The Thruway—from Buffalo to New York
City gained rapid approval. Buried in the engineer-
ing plans was a Tappan Zee crossing. Indeed, state
officials managed the less vocal opposition, con-
demnation procedures, home displacements and re-
locations, and unprepared county and local
governments with relative ease. The Tappan Zee
Bridge, which served both the east-west and north-
south axes, opened in 1955. The rush across the
bridge by New Yorkers in a desperate search for
postwar housing made Rockland a hothouse sub-
urb. Runaway development overwhelmed the out-
dated rural infrastructure—schools, shopping,
highways, and even government had to play catch-
up. Rockland County became a negative example
of suburban development: the result of bridging the
Hudson, which had served for so long as the pro-
tector of the rural haven. Today’s caution may well
be “cross at your own risk.”2

It is one the ironies of history that we now once
again face the issue of the Tappan Zee crossing.
Wear and tear on the bridge structure, explosive
out-migration from the city, the continued growth
of western and northern suburbs, and the levels of
traffic volume remind us of the centrality of the
Hudson River as a transportation corridor. River
travel has been a decisive element in forming the
shape of the region and the character of its econ-
omy and culture. It merits far more attention and
respect and a calls for a revision in the ways we have
imagined the history of America’s river.

River City 259



NOTES

1. The prosperity of New York City was also con-
nected to the cotton trade (Albion 1939).

2. For a fuller treatment of this issue see Panetta
2010.
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ABSTRACT

Between 1949 and 1976, the electric generating in-
dustry increased its ability to withdraw cooling water
from the Hudson estuary from 600 m3/min to 17,400
m3/min, with most of the increase occurring in the
1970s when six large generating units were completed.
While these units were being constructed, §316(b) of
the Clean Water Act was enacted in 1972 to regulate
the impacts of entrainment—passage of small aquatic
organisms into and through the cooling system—and
impingement—entrapment of larger aquatic organ-
isms on the screens in front of the intake structures.
The law triggered an ecological study of unprecedented
magnitude to understand and quantify the effects of
cooling water withdrawals on the estuary’s biota. After
more than thirty-five years, the scientific contributions
of the study are many, but consensus on the impact of
cooling water withdrawals and appropriate means to
reduce impacts has not been achieved. Even so, the use
of the estuary’s water for cooling purposes has declined
substantially from the peak in the 1970s as new gen-
erating technology that uses little or no cooling water
has replaced the output of older stations.

INTRODUCTION

The Hudson River estuary began serving as a source
of cooling water for power generation in 1918 when
the 59th Street Station began operation in Man-
hattan. Between 1949 and 1969, fourteen addi-

tional generating units were constructed along the
shores of the Hudson River estuary, bringing the
total withdrawal capacity to 5,488 m3/min (Hutchi-
son 1988). All of these units used once-through
cooling systems that pumped water from the estu-
ary through steam condensers and discharged it
back into the estuary at temperatures 8 to 15 ºC
warmer. Once-through systems are less expensive to
build, and operate more efficiently, than closed
cycle systems, which require additional land and
have environmental impacts of their own. As a re-
sult, once-through cooling has been the standard
for steam turbine generation in settings where suf-
ficient water was available. Closed cycle systems,
which employ cooling towers or large ponds, have
only been common in locations where water quan-
tity was insufficient for once-through.

In the early 1970s, a projected rapid increase in
electrical demand in New York led to the construc-
tion of six additional large steam units alongside the
estuary, consisting of two units each at Bowline
Point, Indian Point, and Roseton with a combined
generating capacity of approximately 4,400 MW.
The increase in electrical generation in the Hudson
Valley was accompanied by an increase in the quan-
tity of water that could be withdrawn from the es-
tuary (Fig. 18.1). By the mid-1970s, installed
cooling water capacity totaled 17,400 m3/min.

This rapid increase in water withdrawal capac-
ity for electrical generation, coupled with greater
public environmental awareness, raised concerns
about the possible detrimental effects of water
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withdrawals on aquatic ecosystems, not only in the
Hudson Valley but throughout the United States.
The issues of concern for the cooling water with-
drawals in the Hudson Valley primarily involved the
capture of fish, generally less than about 10 cm in
length, on the screens in front of the intakes (im-
pingement), and the passage of fish eggs and larvae
through the screens and into the pumps and cool-
ing systems (entrainment). The thermal discharges,
although not ignored, have been a lesser concern for
the Hudson due to the large volume of the estuary
and the rapid mixing of the bidirectional tidal flows.

Concerns about the potential effects of en-
trainment and impingement on aquatic ecosystems
led Congress to include Section 316(b) in the
Clean Water Act amendments of 1972, which re-
quired that the location, design, construction, and
capacity of cooling water intake structures reflect
the best technology available for minimizing ad-
verse environmental impact (AEI). Neither the
316(b) statute nor the Environmental Protection
Agency, which enforced it, provided an operational
definition of adverse environmental impact, lead-
ing to a wide variety of approaches to measuring
and minimizing it. On the Hudson, concern was
primarily, but not exclusively, about the loss of
anadromous fishes (e.g., striped bass, American
shad, and river herring) passing by the intakes on
their way into the estuary to spawn, and of their
young during residence in the estuary and during
emigration. For example, the Atomic Energy Com-
mission predicted, with the minimal data then

available, that entrainment and impingement losses
from once-through cooling at Indian Point Unit 2
alone would reduce the striped bass population by
30 to 50 percent (USAEC 1972).

In response to the new statute, the owners of
the new Hudson River generating stations initiated
studies to examine both the local effects of cooling
water withdrawals and discharges on the aquatic
ecosystem (e.g., the benthic, phytoplankton, zoo-
plankton, and ichthyoplankton communities), and
riverwide programs to assess the cumulative effect
of the facilities on the fish community of the
estuary. This expanded program carried ecological
sampling, principally on the fish fauna, to an un-
precedented level.

As intended, the findings of the sampling pro-
gram have been used in assessing the impacts of
cooling water withdrawals. Barnthouse et al. (1988)
summarized much of the information collected and
analyzed prior to the Hudson River Settlement
Agreement in 1980. The power generators analyzed
information collected through 1997 in the 1999
Draft Environmental Impact Statement (Central
Hudson et al. 1999), and the New York State De-
partment of Environmental Conservation pub-
lished its Final Environmental Impact Statement in
2003.

The environmental data from these studies, de-
spite being what one New York regulator described
as “the best data set on the planet,” have not yet
brought the cooling water issue to resolution. At
present (March 2011), all six of the new units have
draft permits that are awaiting adjudicatory hear-
ings. Even so, the Hudson River environmental
studies have advanced the science of impact assess-
ment, and provided a wealth of additional basic
information on the estuary and its aquatic commu-
nities. In addition, the existence of this background
of knowledge and long-term continuation of the
monitoring program has stimulated additional re-
search. In this chapter we describe these study pro-
grams and present some of the key results.

ENTRAINMENT AND IMPINGEMENT
MONITORING

Studies to estimate the number of fish entrained
and impinged have been conducted at varying levels
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FIG. 18.1. Power generating industry cooling water withdrawal capac-
ity from the Hudson River Estuary. Single value for 2008 represents actual
withdrawal rate.



of intensity at the different cooling water intakes,
ranging from weekly samples for one or two years at
some intakes, to daily sampling over many years at
others. Entrainment sampling methodology evolved
substantially through research funded by the Em-
pire State Electric Energy Research Corporation and
the individual generating companies. Entrainment
was sampled in the 1970s by suspending plankton
nets in the intake and/or discharge flow, then in the
1980s automated sampling systems were developed
(Occhiogrosso et al. 1981), which led to sampling
over the entire twenty-four-hour period, seven days
per week at some stations. Entrainment at most fa-
cilities was dominated by relatively few species that
have pelagic eggs and larvae, principally bay an-
chovy, striped bass, white perch, and anadromous
herrings (Central Hudson et al. 1999).

Early in the study of power plant impacts the
combination of stresses experienced during passage
was believed to be fatal to the vast majority of en-
trained organisms. However, new sampling gear and
protocols developed on the Hudson (McGroddy
and Wyman 1977; Muessig et al. 1988a) demon-
strated that substantial survival is possible, depend-
ing principally upon species, size, and temperature
of the discharge. For striped bass, one of the hardier
species, up to 80 percent of the larvae that pass
through the cooling system may survive (Young et
al. 2009), but for more fragile species such as bay
anchovy, entrainment survival is negligible (EA En-
gineering, Science, & Technology 1989).

The mean density (number per unit volume of
water withdrawn) of fish eggs, larvae, and small ju-
veniles from the abundance sampling, multiplied
by the volume of cooling water withdrawn, pro-

vided an estimate of the number entrained. The
total estimated annual entrainment for the Repre-
sentative Important Species (RIS) at the six gener-
ating units completed in the 1970s averaged 2
billion and ranged from 0.8 to 4.8 billion (Table
18.1). The most commonly entrained was river her-
ring (alewife and blueback herring combined) at 0.8
billion per year. White perch (0.5 billion), bay an-
chovy (0.4 billion), and striped bass (0.3 billion)
were also major contributors to entrainment. How-
ever, adjustment for species-specific survival during
passage through the cooling system produces aver-
age annual entrainment losses averaging 1.5 billion,
with a range of 0.6 to 3.8 billion (Central Hudson
1999).

Impingement of fish, usually about 25 to 100
mm (1–4 in.) in length, was also monitored at var-
ious levels of intensity at the different stations, rang-
ing from every few years at some stations to
annually at others. A typical program would sample
two to four days per month, but some programs
sampled every day that the units operated. Research
was also conducted on technologies to reduce im-
pingement and to measure and improve impinge-
ment survival (Muessig et al. 1988b), such as bubble
curtains (Alevras 1974), chains, lights, sound, an-
gled screens, dual-flow screens (Fletcher 1994), bar-
rier nets (Hutchison and Matousek 1988), fine
mesh screens, and modifications to the traveling
screens (Fletcher 1992).

Annual impingement of the RIS from 1974
through 1990 averaged 3.1 million, and ranged
from 1.5 to 7.5 million (Table 18.1). The RIS com-
prised about 90 percent of total impingement num-
bers. White perch were the most commonly
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TABLE 18.1. Estimated average annual entrainment and impingement at cooling water intakes on the Hudson River

Entrainment a Impingement b

Species Average Range Average Range

American shad 1.47x107 5.42x105–7.08x107 4.13x104 7.45x103–2.78x105

River herring 8.37x108 1.34x108– 2.70x109 4.29x105 4.19x104–1.94x106

Atlantic tomcod ————- Not Available ——————- 4.13x105 1.72x104–1.79x106

Bay anchovy 4.22x108 1.21x108–1.23x109 2.78x105 8.49x103–1.49x106

Spottail shiner ≈ 0 ≈ 0 2.40x104 1.23x104–4.45x104

Striped bass 3.16x108 1.21x108–6.45x108 8.08x104 1.44x104–1.93x105

White perch 4.64x108 2.68x108–6.74x108 1.53x106 6.66x105–3.55x106

Total 2.05x109 8.14x108–4.83x109 3.08x106 1.48x106–7.52x106

Values are not adjusted for survival. Data from Central Hudson et al. 1999, EA 1991, LMS 1991a, LMS 1991b, NAI 1992.
a. Entrainment at Roseton, Indian Point, and Bowline Point stations from 1981, 1982–87. Total represents only the listed species.
b. Impingement at Roseton, Danskammer Point, Indian Point, Lovett, and Bowline Point stations, 1974–1990. Total represents all species impinged.



FIG. 18.2. Hudson River Estuary with locations of power station cooling water intakes and spatial coverage of sampling programs.



impinged species at 1.5 million per year, followed
by river herring and Atlantic tomcod. Due to the
measures that have been taken to improve survival
of impinged fish, such as continuous screen rota-
tion, Ristroph screen systems, fish return systems,
actual impingement losses are far less than the num-
bers impinged.

RIVERWIDE SAMPLING PROGRAMS

The need to address cumulative impacts of cooling
water withdrawals dictated that sampling be con-
ducted throughout the entire estuary rather than
just near the intake structures. In the mid 1970s the
power plant owners initiated three sampling pro-
grams to describe the distribution and abundance
of fish throughout the estuary between New York
City and Troy, New York (Fig. 18.2).

The sampling focused on the life stages and
species that would be susceptible to entrainment
and impingement. Pelagic eggs and larvae, which
are known collectively as ichthyoplankton, were
sampled in the Long River Ichthyoplankton Survey
(LRIS) during the spring and summer months in
water more than three meters in depth. Once these
early stages had transformed to juvenile fish, they
were sampled both in the offshore habitats in the
Fall Shoal Survey (FSS) and along the shoreline in
beach habitats by the Beach Seine Survey (BSS). Al-
though all fish species collected were counted and
identified, the efforts focused on a set of Represen-
tative Important Species (RIS) that were selected by
the regulatory agencies because they were common
in the estuary, of particular recreational or com-
mercial importance, or likely to be representative of
other estuarine residents with respect to power plant
impacts. The identified RIS for the studies were the
anadromous striped bass, American shad, blueback
herring and alewife, the marine bay anchovy, and
the resident Atlantic tomcod, white perch, and spot-
tail shiner. In addition to the biological data, water
temperature, dissolved oxygen, and conductivity
were measured with each survey. All three sampling
programs, which continue to the present, have been
conducted according to a set of detailed Standard
Operating Procedures which are a key component
of a quality assurance program that ensures high

quality data and comparability of results across the
years (Young et al. 1992).

The distribution and abundance of many of the
RIS and selected other species have been described
from these sampling programs in a series of annual
reports from 1974 through 2008 (e.g., ASA 2009),
in the Hudson River DEIS (Central Hudson et al.
1999), and in efforts focused on individual species
or families (e.g., Boreman and Klauda 1988; En-
glert and Sugarman 1988; Schmidt 1992; Klauda
et al. 1988a; Heimbuch et al. 1992; Pace et al.
1993; Dey 1981; Limburg 1996a,b), and larval
transport patterns (Dunning et al. 2006). These
monitoring programs provide perhaps the only data
available on the long-term abundance patterns of
fish species that are not targeted by focused efforts.
As would be expected, over the course of the stud-
ies annual catches of some species increased through
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FIG. 18.3. Total annual catch of selected species in the Fall Juvenile Sur-
vey from 1985–2008. (Top) Species with increasing catch include Atlantic
croaker, channel catfish, and Atlantic menhaden. (Bottom) Species with
decreasing catch include hogchoker, rainbow smelt, and American eel.



time while catches of other species decreased. For
example, total annual catch of Atlantic croaker,
channel catfish, and Atlantic menhaden increased
(Fig. 18.3 top), while catches of hogchoker, rain-
bow smelt, and American eel decreased in FJS sam-
pling (Fig. 18.3 bottom). Indices of abundance were
derived from the data sets by adjusting for the
amount of sampling each year, and restricting the
data to locations and time periods that match the
life history of the particular species (Central Hud-
son et al. 1999). The intensity of the studies has
made them useful for describing statistical patterns
that could improve sampling survey design (Cyr et
al. 1992; Wilson and Weisberg 1993).

Overall, the three programs have sampled much
of the available fish habitat of the estuary over a
thirty-five-plus-year period, providing information
about the species and fish communities of the estu-
ary (Beebe and Savidge 1988; Gladden et al. 1988;
Strayer et al. 2004; Daniels et al. 2005) and the
presence and abundance of individual species (e.g.,
Klauda et al. 1980; Barnthouse et al. 2003; Schmidt
et al. 2003; Schmidt 2007).

ADULT STOCK STUDIES

In order to understand the effects of cooling water
withdrawals on fish populations, rather than just on
single age classes, it was necessary to know more
about the life history characteristics of the popula-
tions. Information about the age and growth,
maturity, fecundity, adult mortality rates, and mi-
gration patterns were also required. These life
history aspects were studied intensively in the
1970s, and continued for some aspects up to the
present, for striped bass, white perch, and Atlantic
tomcod. Due to the large differences in life history
and spatial and temporal distributions of these
species, the sampling programs needed to be tar-
geted to each species individually.

Striped bass stock assessment (SBSA) studies
were conducted from 1976–1980 using large seines
and gill nets in the middle estuary during their
spring spawning run. In addition, a simulated com-
mercial fishery was conducted to mimic certain as-
pects of the commercial striped bass harvest that
was outlawed in 1976 due to PCB contamination.
The program described the age, growth, sex ratios,

age at maturity, and fecundity (Hoff et al. 1988),
migration patterns (McLaren et al. 1981), food
habits (Gardinier and Hoff 1982), and population
sizes (SBMR). A separate study to determine the
contribution of the Hudson River striped bass
stock to the Atlantic coastal fishery was done in
1974 and 1975. The study used morphological
characters to distinguish the Hudson, Chesapeake,
and Roanoke stocks and determined that the
Chesapeake stock was the dominant contributor to
the coastal fishery between Maine and North Car-
olina (Berggren and Lieberman 1978). Due to the
different migration patterns of the Hudson and
Chesapeake stocks, and variations in the number
of successful young produced each year class, the
relative contribution of the Hudson varied from 0
percent to 79 percent for particular ages of fish
(Van Winkle et al. 1988).

The resident white perch population was stud-
ied from 1971 to 1988, first from trawl samples
taken near the Bowline Point station, and later
from a wider range of directed sampling, and from
the river-wide programs described above. White
perch abundance trends have been described using
data from these (WPSA) surveys (Wells et al.
1992). In addition, reproduction and growth (Hol-
sapple and Foster 1975; Klauda et al. 1988b) and
food habits (Bath and O’Connor 1985) have been
described.

Atlantic tomcod, a northern species at the
southern extreme of its range in the Hudson River,
spawn in the middle part of the estuary in Decem-
ber and January (ATMR). The spawning stock was
sampled with box traps set at fixed locations along
the shoreline, from impingement collections, and
since the late 1980s with bottom trawls near the
mouth of the estuary. The Atlantic tomcod stock,
composed primarily of fish one or two years of age
(McLaren et al. 1988), has fluctuated between ap-
proximately 12 million and less than 0.5 million
fish. Since about 1990, stock size generally has been
lower than it was prior to 1990 (Central Hudson et
al. 1999). In addition, these studies identified a high
incidence of liver cancer in the stock (Smith et al.
1979; Klauda et al. 1981; Dey et al. 1993), which
has led to substantial research into the chemical ex-
posure and physiological response of this species to
the organic pollutants in the estuary (e.g., Wirgin et
al. 1989, 1990).
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IMPACT ASSESSMENT

What is AEI? Neither §316(b) of the CWA, nor
New York state laws or regulations had defined AEI
as it pertains to cooling water intake structures.
However, a draft guidance document issued by
USEPA in 1977 stated:

Adverse aquatic environmental impacts
occur whenever there will be entrainment or
impingement damage as a result of opera-
tion of a specific cooling water intake struc-
ture. The critical question is the magnitude
of any adverse impact. The exact point at
which adverse aquatic impact occurs at any
given plant site or water body segment is
highly speculative and can only be estimated
on a case-by-case basis by considering the
species involved, magnitude of the losses,
years of intake operation remaining, ability
to reduce losses, etc. (USEPA 1977, 11)

The study requirements necessary to evalu-
ate losses of aquatic life at existing cooling
water intakes can be considered in two sep-
arate steps. The first is assessment of the
magnitude of the problem at each site
through direct determination of the diel
and seasonal variation in numbers, sizes and
weights of organisms involved with opera-
tion of the intake. When losses appear to be
serious, as a second step it may be necessary
to conduct studies in the source water body
if there is a need to evaluate such losses on
a water-body-wide or local population basis.
(USEPA 1977, 39)

Although this guidance was subsequently with-
drawn, it established the basis for coupling in-plant
sampling to estimate numbers entrained or im-
pinged with field sampling programs to provide the
context of population effects. Activities on the Hud-
son River led to development of calculation meth-
ods to express both entrainment losses and
impingement losses as a conditional mortality rate,
(defined loosely as the fraction of a year class or fish
spawned within the year that is lost due to entrain-
ment or impingement). The calculation procedures,
the Empirical Transport Model (Boreman et al.
1978) for entrainment, and the Empirical Im-
pingement Model (Barnthouse et al. 1979) were de-
veloped specifically to use the data available for the
Hudson Estuary, but have subsequently been ap-
plied elsewhere. From 1974 through 1997 the av-
erage estimated conditional mortality rate due to all
the Hudson River cooling water withdrawals for the
RIS ranged from 0.158, or approximately 16 per-
cent, (spottail shiner) to 0.239 (American shad) for
entrainment and from <0.0001 (American shad) to
0.022 (white perch) for impingement (Table 18.2).
These estimated reductions apply only to the ages of
these species that are affected by the cooling water
withdrawals. They are not indicators of the effect
on the entire species population, nor do they apply
to the many species whose life history characteristics
do not make them susceptible to the withdrawals.

Because the monitoring data reflected what ac-
tually occurred with the existing Hudson River
cooling water intakes in operation, questions about
what might have occurred without the cooling
water withdrawals could only be answered with im-
pact modeling, and significant advances were also
made in this area (e.g., Goodyear 1988; Lawler
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TABLE 18.2. Estimates of fractional reduction (conditional mortality rate) due to entrainment and impingement at all cooling water intakes for RIS
species in the Hudson estuary.

Entrainment Impingement

Species Average Range Average Range

American shad 0.239 0.031–0.520 <0.001 0.000–0.001
Alewife 0.232 0.077–0.407 0.014 0.011–0.019
Blueback herring 0.232 0.077–0.407 0.004 0.002–0.007
Atlantic tomcod 0.222 0.120–0.440 0.008 0.005–0.031
Bay anchovy 0.206 0.105–0.331 0.001 0.000–0.004
Spottail shiner 0.158 0.100–0.252 0.002 0.000–0.006
Striped bass 0.160 0.105–0.266 0.004 0.001–0.009
White perch 0.175 0.090–0.296 0.022 0.013–0.031

Data from Central Hudson et al. 1999.



1988; Savidge et al. 1988; Ginsberg and Ferson
1992). However, no consensus was achieved on the
modeling results primarily due to disagreements
over the strength of natural population regulatory
processes (compensation) that would lessen the ul-
timate effect of cooling water withdrawals or other
man-induced losses (Christensen and Goodyear
1988; Fletcher and Deriso 1988). For example, the
1999 DEIS (Central Hudson et al. 1999) con-
cluded, based on modeling results, that total en-
trainment mortality at all Hudson River facilities
combined reduced the size of the striped bass
spawning stock of 652 thousand fish by only five
thousand, and that elimination of all entrainment
mortality would increase the harvest by less than 1
percent. Whether or not changes of this magnitude
would be deemed adverse, they would likely be un-
detectable in the data.

When the NYSDEC completed the Hudson
River FEIS in 2003 it abandoned the population
effect paradigm and based its evaluation on the raw
numbers of organisms involved with the intakes. Al-
though NYSDEC expressed concern for aquatic
populations, particularly those whose abundance
was decreasing for whatever reason, it did not at-
tempt to link power plant effects with population
trends. The focus on numbers involved with the in-
takes, rather than populations, was consistent with
the new cooling water intake regulations USEPA
proposed in 2003 and finalized in 2004. USEPA
again declined to define AEI, but instead proposed
a compliance scheme requiring 60 percent to 90
percent reduction of entrainment and 80 percent to
95 percent reduction of impingement mortality at
intakes located on estuaries. The reductions were
calculated from a site-specific hypothetical baseline
level of entrainment and impingement. The USEPA
suspended the new regulations in 2007 after parts of
the rule were remanded in the 2nd Circuit Court
of Appeals. The U.S. Supreme Court overturned
part of the remand in 2009, and as of 2010 USEPA
had not reissued the rule.

Throughout the shifting federal regulatory field,
NYSDEC continued to regulate cooling water in-
take structures under existing state regulations (6
NYCRR 704.5), requiring reductions in entrain-
ment and impingement mortality approaching those
that could be achieved with closed cycle cooling.The
Danskammer Point station was required to mini-

mize its cooling water flows, operate its screens in a
manner to reduce impingement mortality, and in-
stall a sonic fish deterrent system. For the Bowline
Point and Roseton stations, draft permits required
entrainment and impingement reductions that were
expected to be achieved through a combination of
the reduced operation that was already occurring,
careful management of cooling water use when op-
erating, and other technology to exclude fish from
the intakes or improve their survival. For Indian
Point, the draft permit required continued use of the
previously installed state-of-the-art screen systems
with fish returns and multiple-speed pumps (which
can pump less water when lower flows are sufficient).
Closed cycle cooling was required if the units ex-
tended their nuclear operating licenses beyond the
original forty-year terms, which end in 2013 (Unit
2) and 2015 (Unit 3). As of early 2011, the Bowline
Point, Indian Point, and Roseton permits were in
various stages of litigation. All three permits were
challenged by environmental advocacy groups for
being overly lenient, while the Indian Point permit
was also challenged by the plant owners for being
unnecessarily restrictive.

OUTGROWTH OF THE CONTROVERSY

The Hudson River monitoring program has pro-
vided an unsurpassed base of knowledge about the
estuary, particularly the ichthyofauna. This base has
supported a great deal of other ecological research
on the estuary. Much of it has been funded by the
Hudson River Foundation (HRF), which was es-
tablished through the 1980 Hudson River Settle-
ment Agreement (Sandler and Schoenbrod 1981)
(see Butzel, ch. 19 in this volume) to support “sci-
entific , ecological, and related public policy re-
search on issues and matters of concern to the
Hudson River,” including “mitigating fishery im-
pacts caused by power plants, providing informa-
tion needed to manage fishery resources of the
Hudson River, understanding the factors related to
the abundance and structure of fish populations,
and gaining knowledge of the Hudson River
Ecosystem.” Since 1983, HRF has provided grants
totaling approximately $36 million, which have
produced approximately 465 peer-reviewed publi-
cations. Efforts by the Hudson River Fisheries Unit
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of NYSDEC, the Marine Fisheries Unit of NYS-
DEC, Cornell University, SUNY Stony Brook, the
Cary Institute of Ecosystem Studies, New York Uni-
versity, the University of Connecticut, the Univer-
sity of Massachusetts, Lamont-Doherty Earth
Observatory, and others have contributed signifi-
cantly to the ecological knowledge base.

CONCLUSION

The scientific issues associated with cooling water
withdrawals were not unique to the Hudson River,
but the intensity of effort to answer them was, and
continues to be so. Today, almost forty years since
§316(b) became law, we know a great deal more
about the estuary’s ecology than we did in the
1970s. Even though there has been no final deci-
sion on whether the six units constructed in the
1970s will employ cooling towers over some part of
their remaining useful lives, the issue of cooling
water withdrawal from the Hudson River may be
following the wax and wane pattern of many of the
other environmental issues described in this vol-
ume. Of the peak 17,400 m3/min withdrawal ca-
pacity that existed in the 1970s, 13,000 m3/min
remains today (Fig. 18.1). As the older generating
units were retired they have been replaced with
units that did not have once-through cooling sys-
tems. In addition, much of the remaining with-
drawal capacity is currently unused because some of
the units operate much less frequently than in the
past. In 2008, actual withdrawals of the Hudson
River stations still operating averaged only 7,200
m3/min (Nieder 2010). Whether the remaining
units with once-through cooling ever convert to
closed cycle cooling systems or they install alterna-
tive intake technology, the effects of cooling water
withdrawals in the future will be much reduced
from what they were over the last quarter of the
twentieth century.

Permitting of water withdrawals for electric gen-
eration in the Hudson River valley over more than
thirty-five years has resulted in expenditure of many
millions of dollars on research and monitoring. The
knowledge gained through these efforts has been
disseminated through hundreds of reports and peer-
reviewed scientific papers, but it has failed to
achieve a consensus regarding adverse environmen-

tal impacts and appropriate cooling water intake
technologies. Even so, the monitoring program
continues today to provide data for more effective,
science-based management of the Hudson River
and its fish community.
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INSPIRATION FROM UNIQUENESS

The Hudson River has often been referred to as
America’s Rhine for its utility, strategic importance,
and beauty. Through the centuries the Hudson
River region indeed was valued firstly for its utility,

as conveyed in the preceding chapters. During colo-
nial times human needs influenced acceptance, or at
least tolerance, of associated impacts. When the im-
pacts finally became intolerable, most people—feel-
ing powerless to stop them—responded in the only
way they could, by resignedly turning away from

PART IV

RIVER OF INSPIRATION

Robert E. Henshaw

He saw at a distance the lordly Hudson, far, far below him, moving on its
silent but majestic course, with the reflection of a purple cloud, or the sail of
a lagging bark, here and there sleeping on its glassy bosom, and at last losing
itself in the blue highlands.

—Washington Irving (Rip Van Winkle
awakening from a twenty-year sleep)

How I have walked . . . day after day, and all alone, to see if there was not
something among the old things which was new!

—Thomas Cole (in Hood 1969)

“Driver, what stream is it?” I asked, well knowing
it was our lordly Hudson hardly flowing.
“It is our lordly Hudson hardly flowing,”
he said, “under the green-grown cliffs.”
Be still, heart! No one needs
your passionate suffrage to select this glory,
this is our lordly Hudson hardly flowing
under the green-grown cliffs.
“Driver, has this a peer in Europe or the East?”
“No, no!” he said. Home! Home!
Be quiet, heart! This is our lordly Hudson
and has no peer in Europe or the east.
This is our lordly Hudson hardly flowing
under the green-grown cliffs
and has no peer in Europe or the East.
Be quiet, heart! Home! Home!

— Paul Goodman, “The Lordly Hudson”

Cleaning up a river is a cause worth fighting for. . . . We had allowed some
people to make good profit along the Hudson and then go somewhere else
to enjoy clear water.

—Pete Seeger (1984)
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the river. But throughout its history the river also
has inspired at least a few individuals to respond
very differently.

The boisterous, but colorful, new populace, so
lamented by Petrus Stuyvesant, spurred Washing-
ton Irving to take pen in hand and create an en-
during body of New World fictional literature,
becoming America’s first internationally published
writer. His reference to “the lordly Hudson” in
many of his writings, for example, the 1819 short
story “Rip Van Winkle,” influenced generations,
and finally was enlarged upon by Paul Goodman in
1962 (above). In chapter 21 Brackett discusses por-
trayal of the interplay of humans with the Hudson
River in literature.

INSPIRATION FROM GROWTH
AND DEVELOPMENT

In 1825, as development pushed up the river val-
ley, encroaching on the vast scenic areas of the Hud-
son Highlands and the Shawungunk and Catskill
Mountains, a then-unknown young artist, Thomas
Cole, was moved to paint scenes which construc-
tion had not yet sullied, sometimes even excluding
an existing factory or railroad track from the
painted scene. So began the first school of art in
America (Boyle 2009; Howat 1972), later known
as the Hudson River School of landscape painting,
as other artists followed Cole. Key among these
artists was Asher B. Durand, a former engraver,
whose work tightly captured scenic beauty. His
painting, “Progress” (see Fig. Intro. 1) encapsulates
the growing conflict in the mid-1800s of develop-
ing communities as railroads and commerce en-
croach. The longing for the original, pristine, and
undeveloped—“the sublime”—expressed by the
Hudson River School artists continues to inspire
citizens today. Flad, in chapter 20, demonstrates
how those early yearnings for the natural world pro-
vided the arguments used in citizen challenges of
modern day environmental cases.

Commercial exploitation of the Hudson River
Valley continued during the nineteenth and much
of the twentieth centuries. Finally, by the beginning
of the twentieth century toleration gave way to the
first attempts to reverse environmental decline.
Theodore Roosevelt, a Hudson River Valley resi-

dent in his youth and imbued with its history, aes-
thetics, and recognition of accumulating impacts,
carried those influences to the nation’s highest of-
fice. As president, he appointed his friend Gifford
Pinchot to head a new National Forest Service,
which he placed in the Department of Commerce
(U.S. Forest Service 2010) to emphasize his interest
in managing our forests. The American conserva-
tion movement can be traced to this singular action,
and certainly to this Hudson River citizen (Almanac
2010). As New York City grew, a ready supply of
trap rock to build the city’s iconic brownstone
houses lay just across the river. Roosevelt, respond-
ing to other (wealthy, Hudson River) friends, put
an end to the blasting and destruction by buying
the land and creating the Palisades Interstate Park,
the first interstate park in the country.

INSPIRATION FROM ONE INDUSTRY

By the middle of the twentieth century the conser-
vation ethic was ascendant (Library of Congress
2009), but the laws had not kept up and did not
foresee growth of large industries and the utilities.
In 1962 the Consolidated Edison Electric Com-
pany that supplies most of the electrical power to
New York City proposed to construct a very large
pumped storage power plant at Storm King Moun-
tain. This mountain, of iconic importance to the
Hudson River School artists, continued to be
revered by the populace. ConEd’s proposed massive
alteration of the scenic cliff overlooking the Hudson
spurred a small group of concerned Hudson River
citizens into action. Rather than becoming dejected
as so many had before, they organized as the “Scenic
Hudson Preservation Conference” in 1966. Joined
by the Hudson River Fishermen’s Association, they
filed case after case in federal court challenging
ConEd’s plans, as Butzel describes in chapter 19.
They suffered repeated losses, but finally the Sec-
ond Circuit Court of Appeals issued two key deci-
sions: (1) Applications must include environmental
impacts in addition to economic costs of projects
(Scenic Hudson 1965); and (2) Citizens have legal
standing to sue on behalf of the environment
(Scenic Hudson 1971). These two points, codified
into law, form the basis of the National Environ-
mental Policy Act (NEPA) (Alm 1988). Butzel’s
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chapter details how America’s—and therefore the
world’s—environmental movement began in the
Hudson River Valley at Storm King Mountain.

In addition to scenic impacts, the Storm King
pumped storage plant would have withdrawn up to
one-fourth of the river’s flow each day. Because this
site was in the “biological center” of the river (see
“An Abbreviated Geography” in this volume) the
entire river’s fish community was feared to be in
peril. Furthermore, fish were already being im-
pacted by water withdrawals at large steam electric
power plants as discussed by Young and Dey in the
previous section. These very large generators pro-
duced vast amounts of waste heat and required a
ready source of water for cooling. As cooling water
was sucked into the power plants, fish eggs, larvae,
and some adults were killed in great numbers, giv-
ing rise to a new term fishkills as the public became
increasingly concerned. Fishkills, however, could be
ameliorated by dissipating the waste heat into the
air instead of the river by using cooling towers. Gar-
gantuan natural draft cooling towers, however,
could reduce aquatic impacts only at the expense of
scenic quality and air quality. The U.S. Environ-
mental Policy Administration, created by NEPA,
sought to require construction of a 217 m (650 ft.)
tall natural draft cooling tower at each of the six
large power plants (Hudson River Fishermen 1974).

Because some power plants were coal fired,
some oil fired, and some nuclear, they were regu-
lated by different agencies and were involved in as
many separate hearings. Eventually, all of these were
consolidated into one hearing with four protago-
nists, the utilities, the federal agencies, the NYS De-
partment of Environmental Conservation, and the
citizen activist groups. Each party presented a mu-
tually conflicting position and proposed resolution.
When litigation failed to find a cure, parties entered
into direct negotiations. (Three authors of the pres-
ent volume participated in the settlement: Dey rep-
resented the utilities; Henshaw represented the
state; and Butzel represented the citizens.) The re-
sulting historic negotiated settlement required no
gigantic cooling towers but rather protected fish
populations by requiring that the power plants shut
down operation during peak periods of fish spawn-
ing, as detailed by Butzel in chapter 19. Addition-
ally, the settlement created the Hudson River
Foundation (Hudson River Foundation 2009) with

an initial endowment of $12 million (Sandler and
Schoenbrod 1981, 273). Since 1981 HRF has sup-
ported more than $35 million of environmental re-
search and educational projects (Suszkowski 2010).
The published results of these studies benefit not
only the Hudson River but also rivers everywhere.
Thus, power generation introduced the modern era
of sponsored research to support mitigation of im-
pacts in the Hudson River Valley.

The consolidated power plant environmental
impact case, in every respect, was a landmark battle
with a landmark outcome. In the beginning, fed-
eral and state laws favored utilities proceeding to
construct unfettered by regulatory oversight. Their
applications mostly considered economic costs and
paid scant attention to natural resources. Citizens
had no legal standing to sue. All of these precedents
were overturned. In the process, environmental law
and environmental regulation effectively were born.
The decision spurred creation of America’s, and the
world’s, environmental movement. The settlement
pioneered negotiation techniques and approaches
that have since become commonplace. And the set-
tlement firmly established the validity and value of
science-based environmental management.

INSPIRING ACTION

The Hudson River has inspired a number of resi-
dents to create important prototypic environmental
organizations. Frances S. Reese founded and led Sce-
nic Hudson Preservation Conference. To many
Hudson River preservationists she was known as the
“grande dame of the Hudson Valley.” Pete Seeger,
nationally respected folk singer, was distressed by the
debilitated condition of the Hudson River. In 1966
he conceived of recreating an eighteenth-century
Hudson River freight Hauling sloop as a symbol to
rally citizen interest. Launched in 1969, this 32 m
(106 ft.) wooden boat took on the mission of pre-
serving and protecting rivers through experiential
environmental education. Seeger and Clearwater
went to Washington, D.C., to lobby for passage of
the Clean Water Act in 1972. Each day from April
through October the sloop takes school groups and
others for three-hour sails for hands-on experiences
with all components of the aquatic ecosystem. Since
1969, about a half-million people have sailed on the
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Clearwater and learned about sustainable uses of the
Hudson River. This approach and mission have been
emulated in many rivers around the world, building
or adopting vessels and presenting Clearwater looka-
like programs. Hudson River Sloop Clearwater cre-
ated the first toxic discharge “pipe-watch” in the
Hudson River Valley. Robert H. Boyle, a sports-
writer, formed the Hudson River Fishermen’s Asso-
ciation and joined Scenic Hudson in opposition to
Storm King. Later joined by Robert F. Kennedy Jr.,
they renamed the organization Riverkeeper, and
launched a small vessel that plies the river daily seek-
ing out any illegal uses. Riverkeeper has spawned
dozens of other Riverkeeper and Waterkeeper or-
ganizations throughout the world. Doug Reed cre-
ated and for thirty years has led Hudson Basin River
Watch, which sponsors monitoring and reporting of
environmental conditions in the Hudson and its
tributaries by sixty high school groups.

UNIQUE AMONG RIVERS

We can now see that the comparison of the Hudson
to the Rhine River in Europe is not apt. The Rhine,
like the Hudson River, has had a long history of in-
creasing municipal and industrial impacts. But the
responses in Europe were largely tomodify the Rhine
itself through damming, channeling, rip rapping,
and rerouting so that it could better accommodate
the uses of the river (Cioc 2002, 263). In the Hud-
son River, it was the other way around. With its
unique history, superior scenic quality, and unusu-
ally spirited citizenry eventually empowered by law,
as detailed in this volume, responses to impacts to
the Hudson River mostly sought to modify the im-
pacts, and to preserve the river. The roots of such
reasoning surely were inspired by early and contin-
uing appreciation of the unique qualities—“the sub-
lime”—in the Hudson River region.
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ABSTRACT

This chapter focuses on how the Storm King/Scenic
Hudson lawsuit and its successful defense of the Hud-
son River Valley led to the birth of modern environ-
mental law. It examines the background of the case,
the legal strategy pursued by the newly formed citi-
zen organizations Scenic Hudson and the Hudson
River Fisherman’s Association, and the central hold-
ings of the courts that made this a landmark case.
The chapter also references the Hudson River origins
of the early environmental movement that culmi-
nated with Teddy Roosevelt’s historic achievements—
achievements that were perpetuated and expanded
from 1965 onward, in part as a result of the Storm
King decision.

BACKGROUND

In 1609, when Henry Hudson first sailed up the
river that bears his name, the mark of man was
barely to be seen. The Native American settlers lived
largely in harmony with the land they occupied—
a land filled with a diversity of flora and fauna, of
sparkling streams and tracts of virgin woodland, of
high hills rising starkly from the river and large ex-
panses of marshy wetlands. “This is very good land
to fall with and a pleasant land to see,” wrote Robert
Juet, Hudson’s first mate on the Half Moon. The
further narrative of the trip described a river rich in
wildlife and overflowing with fish (Juet 1625).

These conditions did not last. Population fol-
lowed once the Dutch established a foothold and
grew even more quickly under the English and the
Americans. The Hudson became a river of com-
merce supported by the towns along its shores and,
with the opening of Erie Canal in 1830, the most
important and heavily laden route to the West.
With population and commerce also came degra-
dation—small factories at first, then larger ones,
municipal waste discharges, landfills to support the
railroads and industry and widespread quarrying
that despoiled some of the most beautiful stretches
of the river. By 1880, the oyster beds of New York
Harbor, once among the most productive in the
world, were all but played out, and the river’s stur-
geon, which had once supported the export of
caviar to Russia, were in sharp retreat, eventually to
become endangered.

Little more could have been expected given the
huge population center that became New York City
and the extraordinary commerce in goods and
wealth that the city generated. For many years,
moreover, there was little concern for the damage
being inflicted on the land and the river. The Hud-
son River School of Painting was, in many ways, a
protest against encroaching industrialization, but
the best that Cole, Church, and their colleagues
could do was to excise the offending structures from
the scenes they presented, substituting dead trees
and other forms of natural camouflage in place of
the belching smokestacks that actually rose in the
viewsheds.
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For all its grandeur and beauty, the Hudson suf-
fered from being on the eastern seaboard. America
was settled from east to west, and in the nineteenth
century, when Americans began to recognize and
seek to preserve some of its extraordinary natural
treasures, the Hudson was already heavily settled
with cities, towns, and villages. Industry was already
widespread along its shores, which were themselves
usurped by railroads, and the river was rapidly be-
coming a sink. The largely empty expanses that be-
came Yellowstone and Yosemite and the Grand
Canyon could be protected in virtually all their glory
with little displacement of population or industry.
The Hudson and its river valley, by contrast, were
already home to millions of Americans, with the
land and the river itself essential to the commerce
that served those and many other millions. In 1966
hearings before the Federal Power Commission,
Charles Callison, then executive vice president of the
National Audubon Society, testified that if the Hud-
son and particularly its highlands were not already so
marked by civilization, they would long ago have
been dedicated as a National Park (Callison 1966).
Timing did not allow that result.

Yet while the Hudson itself did not become a
National Park, it was in the valley that the notion of
conserving our greatest natural resources was, if not
born, then nurtured and matured. This began to-
ward the end of the nineteenth century when the
phenomenon known as the conservation movement
emerged. There was no such thing as environmen-
talism at the time, but much of the idea of saving
the astonishing land forms of the west emanated
from New York and the valley. It is no accident that
Theodore Roosevelt, the greatest conservationist of
all, was a New Yorker, who, while governor of New
York, first staked his claim to that title by creating
the Palisades Interstate Park in an effort to preserve
the Hudson Highlands that were being despoiled
by quarry operations (American National Biogra-
phy 1999). Nor is it serendipity that J. P. Morgan,
Colonel Rupert, the Rockefellers, the Harrimans,
the Perkinses, and many other wealthy families built
their summer homes in the highlands and sup-
ported the conservation movement with their
money (Dunwell 1991, ch. 8). JohnMuir may have
founded the movement, but it was the wealth of
New York City, and the interest of its patricians,
that fueled it.

Fast forward six decades to 1965—through two
world wars and the Great Depression and the emer-
gence of an increasingly affluent United States with
increasing demands for housing and highways. The
conservation movement had not died, but it was in
eclipse; in the previous thirty years, only two new
parks had been added to the National Park system
and the suburbanization of America was gobbling
up land without any sign of slowing and with little
opposition.

However, there was an emerging malaise—a
sense of concern over what was being lost. Nineteen
sixty-five was three years after Rachel Carson pub-
lished Silent Spring, which in many ways changed
Americans’ way of thinking about the environment.
The concern over DDT had already resulted in one
unsuccessful lawsuit. There were plans to dam the
Colorado River in the Grand Canyon, and David
Brower and the Sierra Club were already on that
case (Brower 1990, 365–68). Increasing concern
was being expressed about the new interstate high-
ways being slashed through cherished landscapes,
and more and more Americans found themselves
impacted by the vast web of new transmission wires
being woven across the country to meet the soaring
demand for electricity. These concerns were also re-
flected in President Lyndon Johnson’s emphasis on
the “quality of life” with his Great Society programs,
which included, as he declared in his 1965 State of
the Union address, the preservation of “the beauty
of America [that] has sustained our spirit and en-
larged our vision.” “We must act now,” he contin-
ued “to protect this heritage,” and make “the next
decade a conservation milestone” (Johnson 1965).

THE STORM KING PROJECT

Now flash back to the Hudson. By 1965, the Pal-
isades Interstate Park, which Teddy Roosevelt had
helped create, had been considerably enlarged, pro-
tecting significant areas of forestlands and some of
the more beautiful vistas in the Hudson Highlands,
particularly on the west bank. But large gaps re-
mained. Two of these were found at the dramatic
northern gateway to the highlands—the lower
slopes of Storm King Mountain on the western
shore and a parallel and equally visible site at the
base of Breakneck Ridge on the east. Both were now
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ticketed for development: the powerhouses of two
large pumped storage hydroelectric projects were
planned for the sites, and the land to support them
was already owned by two major utilities.

The first and largest of the two was the Storm
King Project. Proposed by the Consolidated Edison
Company of New York, the project was to have a
capacity of two million kilowatts and consist of
three elements: a powerhouse located at the base of
Storm King Mountain; a huge storage reservoir lo-
cated one thousand feet above the river behind the
mountain; and a two-mile-long tunnel some twenty
feet in diameter connecting the two. During night-
time hours, when the company had excess capacity
at its most efficient plants, it would use that cheap
energy to pump water up from the Hudson into the
storage reservoir. Then, during the day, when de-
mand soared with air conditioning and worktime
uses, the water would be released to course down
the tunnel through the turbines (which, in reverse
mode, had served as the pumps) and generate the
electricity need to meet the rapidly increasing peak

demand in the city. It would take three kilowatts to
pump the water up to the reservoir, and only two
kilowatts of that would be returned when the water
was released. But the nighttime energy used for
pumping was excess, while the electricity returned
was both high value and essential to meet peak de-
mand. In effect, what was being proposed was the
creation of a huge storage battery at Storm King
Mountain.

The concept was ingenious but the implications
for the highlands were ominous. The plant would
have carved into the mountain a powerhouse some
eight hundred feet long and fifty feet high, with a
bare wall rising another 150 feet above it. There
would also have been eight large transformers on
top of the powerhouse and a huge crane on tracks
that was to be used to raise and lower screens in-
tended to keep the fish out. When the project was
announced by Con Edison early in 1963, the rela-
tively thin conservation community had expressed
shock. Later that year, when Con Edison published
a rendering of what it planned to do (Fig. 19.1), the
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shock turned to outrage. This illustration, later re-
produced in Popular Mechanics, showed the side of
the mountain cut away, leaving a gash the size of
three football fields laid end to end, with a high cliff
behind and electric accoutrement perched on the
powerhouse roof (Con Edison 1963). It was this
rendering, in particular, that roused lovers of the
highlands to action.

It did not help—or at least it did not help Con
Edison—that the utility selected one of the most
beautiful and dramatic vistas on the Hudson (or any
Eastern river) as the site for its pumped storage
plant. The Hudson Highlands were, as Life Maga-
zine described them in 1964, “one of the grandest
passages of River scenery in the world.” The great
German traveler Baedeker had found the grandeur
and beauty of the highlands as “finer and more in-
spiring than the Rhine,” while The NewYork Times,
editorializing against the project, described the area
as “one of the most stunning regions in the Eastern
United States” (New York Times 1963). And the
northern portal to the gorge, with Storm King on
the west and Breakneck Ridge on the east (Fig.
19.2) provided the most magnificent of all views.

SCENIC HUDSON

There was little precedent for citizen opposition in
these circumstances, but a small group of individu-
als organized themselves as Scenic Hudson Preser-
vation Conference and set out to defeat the project
that threatened their beloved River (Talbot 1972,

91–96; Boyle 1979, 154–55; Dunwell 1991, 207–
208). In many respects, they were heirs to the con-
servation movement, which itself had its origins
along the Hudson. Their focus was the same land-
mass—the Hudson Highlands—that Teddy Roo-
sevelt had sought to protect when the Palisades
Interstate Park was established and that the mag-
nates of industry and finance who had funded the
movement had made their home. The Scenic Hud-
son group saw their opposition as a conservation bat-
tle—a struggle to protect a landscape they believed
as worthy as Yosemite, much less some of the lesser
National Parks. But they had no president in their
corner to champion their cause, no men or women
of great wealth to fund their campaign. They would
need to use other tools; and it was those other tools
that enabled the depleted conservation movement
to evolve into a newly energized environmental
movement.

Scenic Hudson’s first approach was to Gover-
nor Nelson Rockefeller, whose response was that if
they did not like the project, they should buy the
mountain (Talbot 1972, 95). Short of the required
funds and with Con Edison uninterested in selling,
the founders of Scenic Hudson might well have
given up; the general sense of public helplessness in
the face of powerful industrial forces was rife and
there was no tradition, and little sympathy, for cit-
izens to stand up to “progress.” But that is what they
did, and in a unique way: they hired a public rela-
tions firm to get the story out. This worked: over a
matter of months, the case had become a subject of
nationwide attention. Then, learning that the proj-
ect required a license from the Federal Power Com-
mission, they hired a lawyer—Dale Doty, a former
FPC commissioner—to represent them. This did
not work as well. There were four days of hearings
in 1964, in which the Scenic Hudson witnesses
were ridiculed. They were described as lovers of
dead trees and as effete birdwatchers who meant to
stand in the way of the welfare of New Yorkers that
only the Storm King project could protect. When
the hearings were closed, the future looked grim
(Talbot 1972, 96–106; Boyle 1979, 156–58; Dun-
well 1991, 209–11).

But Scenic Hudson made the choice to fight on.
The PR campaign was expanded. Among other
things, a flotilla of several hundred boats sailed up
the Hudson to Storm King to plant signs in re-
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sponse to Con Edison’s then motto—“Dig We
Must for a Growing New York.” “Dig They Shall
Not,” the signs read, and the national media picked
the story up. Stephen Currier, a philanthropist, took
note of the story and decided he wanted to help.
He was willing to give money if it could be used
(Talbot 1972, 108–10; Boyle 1979, 156; Dunwell
1991, 212–13).

As to that, there was no doubt—Scenic Hud-
son intended to press on with the case. Alexander
Lurkis, the recently retired chief engineer for the
city’s Department of Water Supply, Gas and Elec-
tricity, had written a letter to the editor of the Times
identifying what he said was a superior alternative—
a series of jet engine gas turbine generators that were
new to the market. The PR firm reached out and
hired him to develop the alternative in detail. Sce-
nic Hudson then persuaded a state senator to call
legislative hearings on the project in November
1964. Lurkis made a detailed presentation of the al-
ternative, including cost comparisons showing his
plan to be much less costly than the pumped stor-
age plant (Talbot 1972, 111–12; Boyle 1979, 162;
Dunwell, 1991, 213).

Also appearing was Bob Boyle, the Outdoors
writer for Sports Illustrated, founder of the Hudson
River Fishermen’s Association and a Hudson River
worshipper writ large. Boyle had discovered a report
from ten years earlier that suggested the center of
the spawning grounds for the recreationally—and
commercially—important Hudson River striped
bass was at Storm King Mountain. Since the proj-
ect would suck in vast amounts of water—some
eight million gallons a minute, equivalent to one-
quarter of the total flow of the river—in which the
eggs and fish larvae would be floating helplessly, the
danger to the striped bass population was obvious.
What made the disclosure all the more dramatic was
that the study had been supervised by Con Edison’s
fisheries expert, who had testified in the FPC hear-
ings that the plant posed no threat to aquatic or ma-
rine life (Boyle 1979, 158–62; Talbot 1972,
112–14).

Scenic Hudson promptly arranged to have the
Lurkis and Boyle testimonies submitted to the FPC,
with a request that the hearings be reopened to con-
sider the new evidence. The FPC rejected the sub-
missions as untimely. Then, in February 1965, the
State Legislative Committee issued its report in

which it found the Lurkis testimony compelling
and the Boyle discovery disturbing. It urged the
FPC to reopen the case, concluding that the scenic
beauty of the area was unexcelled and recommend-
ing that the plant not be built if there were feasible
alternatives, as appeared to be the case (New York
State Legislature 1965; Talbot 1972, 114; Boyle
1979, 164–65).

All of this went unheeded. On March 9, 1965,
the FPC granted the license application, finding,
among other things, that the scenic beauty of Storm
King Mountain would not be diminished by the
plant but would actually be improved by the re-
moval of a number of derelict structures. It also
found that there was no feasible alternative and no
danger to the fisheries (Federal Power Commission
1965).

THE COURT CASE

Two and a half weeks later, Stephen Currier, who
had seen the flotilla article, agreed to finance a legal
appeal on the condition that his attorney, Lloyd
Garrison of the firm of Paul, Weiss, Rifkind,Whar-
ton and Garrison, handle the case. The great-grand-
son of the abolitionist William Lloyd Garrison, a
former dean of Wisconsin Law School, the first
chairman of the National Labor Relations Board,
and the erstwhile defender of such alleged subver-
sives as Langston Hughes, Arthur Miller, and
Robert Oppenheimer, Mr. Garrison was one of the
country’s preeminent attorneys, as well as a com-
mitted conservationist (New York Times 1991) But
he was not an experienced litigator. So before he ac-
cepted the representation, he recruited his partner,
Judge Simon Rifkind, one of the twentieth century’s
great trial and appellate lawyers, to work with him.
Together, they came up with a unique strategy that,
in the end, was to give birth to modern environ-
mental law.

Their first coup was to give a new name to the
proposed power plant. Con Edison had titled it the
“Cornwall Project,” after the village in which it was
to be located, but that did nothing to identify the
stakes involved. So Mr. Garrison and Judge Rifkind
renamed it the Storm King Project. There was a cer-
tain irony in how central this seemingly minor ad-
justment became as the case progressed. Storm King
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was all very well. But this was a belated title. The
early Dutch settlers had called the mountain Boter-
burg, which, translated into English, became—But-
ter Hill. Can anyone doubt that a battle over Butter
Hill would have been considerably less impas-
sioned—and very likely less successful—than a bat-
tle over Storm King? Happily, Nathaniel Willis, a
romantic writer who lived in the highlands, felt But-
ter Hill was an indignity for such a grand geologi-
cal feature. Remembering the clouds and lightning
that raged around the mountain in the summer, he
renamed it Storm King and in doing so significantly
raised the stakes in the drama that was soon to play
out (Talbot 1972, 9–10; Dunwell 1991, 63–64).

The case was a difficult one. Never in its history
had a license granted by the FPC been annulled by
a court on the grounds that the commission had
misjudged the impacts of a project or improperly
weighed the pros and cons. The law that governed
the judicial review of expert agency decisions—the
so-called substantial evidence rule—was that if there
was evidence in the record to support the decision,
no matter how much evidence there might be on
the other side, the agency decision was to be up-
held. The central issue that Scenic Hudson had
brought before the FPC—and which had been the
subject of many pages of testimony to both sides—
was the preservation of natural beauty and historic
areas. Under the substantial evidence rule, to try to
attack the FPC decision because it had misjudged
the impact of the plant on scenic beauty was a for-
mula for defeat.

On the other hand, there were other areas of the
record—particularly the consideration of alterna-
tives and the potential impact on striped bass—
where the FPC had had little meaningful evidence
to rely on; and the commission had made matters
worse for itself by refusing to consider the Lurkis
report on the gas turbine alternative and Bob Boyle’s
testimony on the threat to striped bass. These be-
came the focus of the briefs that Lloyd Garrison
crafted. But he did not leave out scenic beauty. He
used it as the background against which the FPC
failure to look seriously at alternatives stood out. In
these circumstances, where the project was to be lo-
cated in an area of great and dramatic natural
beauty and the raw cut into the side of Storm King
Mountain could not be disguised, the commission
should have bent over backward to find an option.

Instead, it closed its eyes to the Lurkis report and
thereby blinded itself to a promising way to avoid
the damage. The public interest deserved better
(Garrison 1965).

Predictably, the FPC, in its response to Mr. Gar-
rison’s brief, took an opposite view with regard to
alternatives and emphasized the commission’s find-
ing, fully supported by Con Edison’s testimony, that
the huge project would improve the scenery of the
highlands. However, there must have been some un-
certainty among the commissioners in taking this
position. So as a first line of defense, the FPC ar-
gued that Scenic Hudson did not have the right to
challenge the licensing decision. Neither it nor any
of the groups allied with it had an economic inter-
est in Storm King Mountain and thus in the out-
come of the case and, so the commission asserted,
under constitutional principles Scenic Hudson did
not have “standing” to bring the lawsuit (Federal
Power Commission 1965a). This contention, more
than any other, once it was finally decided by the
court, laid the groundwork for modern environ-
mental law and the environmental movement that
accompanied it.

The case was argued before the United States
Court of Appeals for the Second Circuit in late Oc-
tober 1965. Mr. Garrison was eloquent and per-
suasive. Con Edison’s counsel was less so. And the
panel found it incredible when the attorney for the
FPC argued that the project would improve the
scenery of the highlands. The handwriting was on
the wall; and two months later, on December 27,
1965, the Court of Appeals came down with its
landmark Scenic Hudson decision setting aside the
license for the Storm King plant.

THE 1965 SCENIC HUDSON DECISION

The court began by addressing the FPC position
that Scenic Hudson had no right to bring a lawsuit
challenging the commission’s licensing order. The
court reviewed the history and language of the Fed-
eral Power Act, noting that among the factors that
had to be considered under the law was the impact
of a project on recreation and, further, that in ear-
lier decisions the FPC had itself defined recreation
as encompassing the preservation of natural beauty.
The court went on to observe that if only parties
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with an economic interest could bring a lawsuit,
recreational interests would never be protected. As
a result, the court concluded that economic injury
was not necessary to maintain a lawsuit and that
Scenic Hudson, because of its demonstrated inter-
est in protecting the natural beauty of the Hudson
and its highlands, had standing to bring the case.
In effect, the court held that Scenic Hudson could
sue on behalf of Storm King Mountain—that citi-
zens could sue to protect the environment—even
though they had no economic stake in the outcome
(U.S. Court of Appeals for the Second Circuit
1965, 615–16). It was this holding that opened the
courts to citizen suits on behalf of the environment.

But the Second Circuit Court of Appeals did
not stop at that. In the balance of the opinion, it
found that the FPC had improperly failed to con-
sider the Lurkis report and the Boyle evidence that
the striped bass fishery would be seriously threat-
ened by the operation of the project. Indeed, the
court held that in the circumstances of the case,
where the impact on the Storm King and the High-
lands could not be hidden, the commission was
duty-bound to seek out potential alternatives on its
own initiative, rather than simply acting like an um-
pire calling balls and strikes as the parties battled it
out. Finally, the court concluded with the ringing
mandate the ushered in a new era of environmental
protections: “In its renewed proceedings, the Com-
mission must take into account the preservation of
natural beauty and national historic shrines as a
basic concern, keeping in mind that in our affluent
society, the cost of a project is only one of several
factors to be considered” (U.S. Court of Appeals for
the Second Circuit 1965, 624–25).

The impact of the Court of Appeals’ decision
cannot be understated. Among other things, it gave
judicial sanction to the emerging environmental
movement and provided it with the tool that, over
time, allowed concerned citizens and organizations
to defend cherished landscapes and other natural re-
sources across the United States. The earlier con-
servation movement had relied largely on political
lobbying, the leadership of Teddy Roosevelt, and
the wealth of the magnates of industry who them-
selves saw value in the cause. But there had been no
successful lawsuits—and very few at all—at the
time that the National Parks came into being. The
environmental movement, by contrast, was pro-

pelled, particularly at the outset, by court chal-
lenges. In time, politics and lobbying led to the cre-
ation of new laws—the Clean Air Act in 1970, the
Clean Water Act of 1972, and others that fol-
lowed—which became the primary basis for the
movement’s successes in protecting and cleaning up
the environment. But litigation remained (and re-
mains) an essential tool in enforcing environmental
laws and achieving their stated goals. In a very real
sense, all of this grew out of the Scenic Hudson de-
cision (Houck 2002; 2010; Tarlock 2002; Bonine
2007).

Equally important, the decision led directly to
the National Environmental Policy Act, which was
signed into law on January 1, 1970. This was man-
ifest in the dual requirements that federal agencies
evaluate the impacts of actions they were proposing
or asked to approve in environmental impact state-
ments and the correlative obligation to identify rea-
sonable alternatives to those actions. NEPA, in turn,
has led to most states adopting similar laws govern-
ing proposed actions affecting the environment at
the state and local levels, extending the reach of the
decision far beyond the Federal Power Commission.
And where did all this begin? On the Hudson River
at Storm King Mountain.

THE NEXT ROUND:
ENTER THE STRIPED BASS

The Storm King case did not, however, end with
the Second Circuit’s 1965 decision. The court did
not conclude that the Storm King Plant could not
be built. Its decision was limited to finding that the
FPC had violated the law in granting the 1965 li-
cense. But it was free to reconsider the case, cure its
errors and make a new licensing decision. In the
words of the court, the case was “remanded”—or
returned—to the commission for “renewed”
proceedings.

These further proceedings continued before an
FPC hearing officer for more than three years. They
had begun with the Con Edison’s announcement
that it would revise its plans to place the power-
house underground. In fact, the new plans still left
plenty to be seen—a cut at the base of Storm King
Mountain that was still the size of two football
fields—but nonetheless, with the powerhouse itself
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relocated underground and the 150-foot sheer wall
behind it reduced by two-thirds, the visual impacts
were significantly reduced. In addition, the site on
Breakneck Ridge that had been identified for a sec-
ond pumped storage plant was bought up by the
state as a part of the newly created Hudson High-
lands State Park on the east bank of the river.

This did not dissuade Scenic Hudson, now
joined by the Sierra Club and some forty other
groups, from presenting testimony on the scenic
impacts from a who’s who of eminent conservation
leaders, including David Brower, Charles Callison
of the National Audubon Society, Anthony Wayne
Smith of the National Parks Association, and Yale
professor Vincent Scully, whose eloquent testimony
was a lyrical poem centered on the mountain and
the river. Still, the fact that the main structures of
the plant would be out of sight reduced the passion
that had characterized the initial set of hearings.

Over time, the impact of the project on fish, and
particularly the striped bass, became the central
issue. It was possible to relocate the powerhouse un-
derground, but there was no way the project could
function without drawing in and later discharging
immense amounts of water—up to eight million gal-
lons per minute—that was basic to the pumped stor-
age concept. And with that water would come an
immense number of eggs and larvae and very young
fish that could fit through the plant’s protective
screens. Should these organisms be fortunate enough
to survive their journey through the pumps, they
would be subjected to a very rapid one thousand
foot pressure change on the both the ascending and
descending trips, something few, if any could be ex-
pected to survive. If Bob Boyle was correct that
Storm King was at the center of the spawning
grounds for the Hudson River striped bass, the con-
sequences could be severe indeed. The striped bass
were the preeminent commercial and game fish in
the river and they contributed significantly to the
North Atlantic stock that migrated from Maine to
North Carolina before returning to their spawning
grounds. Any threat to the viability of the stock was
a serious concern not only to New York, but also to
New Jersey, Rhode Island, Massachusetts, and other
states along the Atlantic seaboard; and there were al-
ready signs that the Chesapeake Bay stock, which
usually contributed the greatest percentage of
stripers along the coast, was in decline.

Faced with this problem, in 1966 Con Edison
sponsored a three-year study to help determine the
potential impacts on striped bass. This was carried
out during the extended second round of the FPC
proceedings. However, the resulting report, entitled
“Hudson River Fisheries Investigation 1965–68,”
was not issued until after the hearings ended and
thus was not subject to review, much less cross-ex-
amination, by Scenic Hudson and, more impor-
tantly, the Hudson River Fishermen’s Association,
which had become a party to the proceedings in
1966. When the report was finally issued late in
1969, its conclusion was that the project would not
have a significant impact on the striped bass popu-
lation, resulting in only four percent of the river-
wide eggs and larvae being exposed to intake into
the plant (Boyle 1979, 294–95). By this time, the
FPC was mulling its licensing decision, and it re-
lied on the report, and adopted its findings, as the
answer to the fisheries concerns. On this basis, and
finding that (1) the scenic beauty of the highlands
would not be marred by the largely underground
powerhouse and (2) there were no reasonable alter-
natives, in September 1970 the FPC licensed the
project for a second time (Federal Power Commis-
sion, 1970).

Scenic Hudson and seven other organizations,
including New York City, which feared that its
Catskill Aqueduct was threatened by the blasting
for the underground powerhouse, appealed to the
Second Circuit. This time, they lost in a two-to-one
split decision. In its opinion, the Court of Appeals
emphasized, in part, that the Con Edison–financed
fisheries study amply supported the FPC’s conclu-
sion that the project would not have a significant
impact on striped bass (U.S. Court of Appeals for
the Second Circuit 1971).

At this juncture, it seemed that all was lost: Con
Edison had its license and nothing seemed to pre-
vent it from starting construction. That was not the
case. A recent amendment of the Clean Water Act
required the project to secure a state water quality
permit from the Department of Environmental
Conservation; and while this was granted after four
days of hearings, the DEC decision was overturned
by a lower court, only to be reinstated on appeal
(State Cases 1972–73). But by the time the New
York courts issued a definitive decision in 1973, in-
formation had come to light that largely undercut
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the conclusions of the Hudson River Fisheries In-
vestigation Report. This information had been de-
veloped by the Hudson River Fishermen’s
Association in the course of licensing hearings on
Con Edison’s Indian Point 2 Nuclear Plant, and it
was fundamental. The report had failed to take ac-
count of the tidal nature of the Hudson, treating it
instead as a river that only flowed downstream
rather than one reversing directions four times a
day. As a result, the potential impact of the plant on
the striped bass population had been grossly under-
stated. Rather than 4 percent of the first-year striped
bass being sucked into the plant, the corrected
number was 40 percent—a much greater threat to
the fisheries than had been previously assumed
(Boyle 1979, 294–95).

The discovery resulted in yet another appeal to
the Second Circuit Court of Appeals. In a 1974 de-
cision, the court concluded that the FPC was legally
obligated to reassess the impact of the project on
the striped bass population (U.S. Court of Appeals
for the Second Circuit 1974). In the meantime,
Con Edison had begun to excavate the power tun-
nel at Storm King, but with the court’s decision, it
called a halt to the work. As it turned out, work
never resumed. Over the next several years, the
company, Scenic Hudson, and the Fishermen’s As-
sociation, joined by the New York State Attorney
General and the New York State Department of En-
vironmental Conservation, battled over the poten-
tial damage the project would inflict on the
fisheries, until Con Edison asked for more time to
conduct more studies. The Court of Appeals agreed,
but also enjoined any further construction unless
and until it lifted the injunction.

This, however, did not end the battle over the
striped bass. Under the Clean Water Act Amend-
ments, power plants that drew their cooling water
from a navigable river were required to use the best
available technology to limit the impacts of those
withdrawals on the environment. Applying this
standard, the U.S. Environmental Protection
Agency had ordered Con Edison and several other
utilities to install closed cycle cooling at the Indian
Point, Bowline, and Roseton plants, all of which
used the Hudson for their cooling water. Because of
the high costs that would be required to build and
operate cooling towers, the utilities protested, and
this required EPA to hold hearings to sustain its po-

sition. These hearings began in 1976. EPA took the
lead in developing the case in support of cooling
towers, and they were joined by NRDC, represent-
ing the Hudson River Fisherman’s Association, and
the New York State Attorney General, representing
the NYS Department of Environmental Conserva-
tion and other state interests. Con Edison came for-
ward with studies and models that the company
claimed demonstrated the limited impact of the
water withdrawals on the River fisheries (see Young
and Dey 2010, ch. 18 in this volume). EPA assem-
bled a team of experts that came to the opposite
conclusion. The hearings ground on for more than
two years—and twenty thousand pages of tran-
script—and the government had not yet begun to
present its affirmative case. The issues became in-
creasingly arcane, while the prospect of resolution
appeared to be far in the future.

THE SETTLEMENT: FISH PROTECTION
AND THE END OF THE PROJECT

It was in the context of the Court of Appeals’ in-
junction and the ongoing and potentially endless
EPA hearings that in 1979 the parties concluded it
might be worthwhile to sit down and talk; perhaps
there was a way the controversy could be resolved
through negotiation. By this time, the involved par-
ties included, in addition to Scenic Hudson, the
Hudson River Fishermen’s Association, and Con
Edison, EPA, NRDC, which was representing the
fishermen, the State Attorney General, the State
DEC, and six other utilities. Moreover, by reason
of its regulatory role and the potential cumulative
effects of the power plant water withdrawals, EPA
had become a major voice in the discussions, the
state DEC was also a critical actor, and six other
utilities, including the New York Power Authority,
had a major stake in the outcome.

Russell Train, the first chairman of the Council
on Environmental Quality and later EPA Adminis-
trator, had been recruited to act as an independent
mediator and conciliator. Over the year and a half
that the settlement negations continued, he had to
be both. It was a given from the outset that there
would be no resolution unless Con Edison aban-
doned its plans for the Storm King plant, and the
signal that it was willing to do so came early on.
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Several other issues, including the Hudson River
Fishermen’s demand that the utilities fund a scien-
tific foundation to develop independent informa-
tion on the river environment and man’s impact on
it, also seemed capable of resolution. The sticking
point was EPA’s insistence that each of the major
base load plants, including the nuclear plants at In-
dian Point, be equipped with cooling towers. While
none of these plants, individually, was as voracious
as the pumped storage project would have been,
their cumulative impacts in terms of killing striped
bass eggs and larvae was equal, if not greater, than
the Storm King installation. But Con Edison and
the New York Power Authority, the utilities that
owned the units, were equally adamant that there
could no resolution if there was any requirement for
cooling towers (Talbot 1983, 1–24; Sandler and
Schoenbrod 1981).

For some months, this standoff threatened to
sink the entire negotiations. In time, however, the
discussions began to focus on how, if at all, the op-
erations of the base load plants might be limited
during the critical spawning and larval season as
means of mitigating the impact of those plants. The
EPA representatives took the position that opera-
tional limitations could never be enough and, even
if there was some merit in the approach, the offer
the utilities had come up with was short of the crit-
ical number. The tacit goal was to reduce the intake
of water (and thus eggs and larvae) by 50 percent
from late March through May, but the utilities saw
no way that they could achieve the number with-
out significantly compromising system reliability.
Finally, the parties recognized that if there was to be
a solution, it would depend on being able to evalu-
ate more accurately the benefits of operational lim-
itations and that, in turn, depended on complex
issues that required input from the technical ex-
perts. This led to the creation of, and delegation of
the problem to, an eight-member technical com-
mittee, consisting of representatives from the state
and federal agencies, the utilities, and the public
intervenors.

The initial discussions in the technical com-
mittee focused on reconciling the competing math-
ematical models in an effort to reach agreement on
the level of impact the power plants were having on
the striped bass fishery. This was a very complex
task, but in time, the biologists for all parties were

able to agree on parameters that brought the out-
comes of the models close together. However, while
this established a common basis for assessing im-
pacts, it did not provide an answer to mitigating
those impacts.

The breakthrough came when the suggestion
was made to use the common model to anticipate
the impacts of a series of mitigation scenarios that
would involve closing down the various base load
plants at different times during the critical spawn-
ing and early growth seasons. Depending on the
time when a particular plant was shut down, it
would result in greater or lesser degrees of mitiga-
tion, because there would be greater or lesser num-
bers of eggs, larvae, and early juveniles drawn into
it. Suddenly, the technical committee had a basis
upon which they could work with different plant
closing scenarios and determine their effect, namely,
by giving “credit” for fish not killed due to the sus-
pended operation of any plant at a particular time
or for a particular period. At this point, the biolo-
gists representing all parties effectively coalesced
into one team seeking outcomes that would come as
close as possible to the 50 percent mitigation goal.

But there was yet another problem—due to
their obligation to provide uninterrupted electric
service, the utilities could not guarantee that any
particular plant could be shut down at a particular
time. This constraint was overcome when the com-
mittee agreed that all the plants could be considered
together, with the evaluation made on the basis of
their combined impact to the fishery. These two con-
cepts—credits and sharing—were the keys to un-
locking the impasse and permitted the negotiation
of a final settlement.

In the end, the resolution was to require that in
the aggregate the plants be shut down sufficiently
during the critical season to reach the overall miti-
gation goal. Thus, for example, if the largest of the
predators, Indian Point, were closed down for six
weeks during the season (as it could be for sched-
uled maintenance), the resulting mitigation value
might totally fulfill the combined utilities’ obliga-
tions for the year, even though the units at Roseton
and Bowline continued to operate throughout the
period, and these credits could be successive rather
than contemporaneous six weeks. In addition, the
idea of using excess credits from one year to offset a
failure to reach the credit goal in a later year added
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additional flexibility to the operational scenarios.
Eventually, after several meetings and continuous
consultation with the expert EPA, AEC, DEC, and
utility modelers, the technical committee arrived at
a scenario that was as far as the utilities were willing
to go. The result approached, but did not reach, a
50 percent reduction in impact.

The technical committee brought the results
back to the full negotiating group, where, in time,
they were accepted by all parties, including EPA,
which grudgingly gave up its demand that the In-
dian Point units be equipped with natural draft
cooling towers. Once that happened, the negotia-
tions became a matter of filling in the details.

Finally, in December 1980, the parties, under
the wary eye of Russell Train, signed the settlement
agreement, which, the next day in The New York
Times, was hailed as a peace treaty for the Hudson
(Talbot 1983; Sandler and Schoenbrod 1981).
Thus, the saga of Storm King came to an end.

CONCLUSION

The Storm King battle was truly a landmark. Be-
fore the Court of Appeals ruled that the Federal
Power Commission needed to reconsider its li-
censing of the pumped storage project taking into
account the impacts on scenic beauty and Hudson
River fisheries population, the law had favored in-
dustry and accepted what was regarded as the ne-
cessity of material progress. The court’s decision
changed that balance, injecting environmental val-
ues into the judicial review process, paralleling the
waking environmental consciousness within the
country. At the same time, the court’s decision for
the first time allowed citizens to sue on behalf of
those values—a ruling that, while cut back in re-
cent years, continues to be the base upon which cit-
izens are able to bring their grievances before the
courts. In addition, the decision laid the ground-
work for the National Environmental Policy Act,
which incorporated the court’s focus on environ-
mental impacts and the urgency of considering al-
ternatives. By the time the case ended in
1980—fifteen years after the Court of Appeals had
issued its opinion—the judicial landscape had un-
dergone a sea change, with hundreds of cases
brought to court in efforts to protect our land-

scapes, our air and water, and our biota.
Of equal significance, the settlement process

that brought the battle to a conclusion not only rec-
ognized the importance of protecting important
wild resources, but also pioneered negotiation
techniques and approaches that have since been re-
peated many times. In addition, the settlement es-
tablished the validity and value of science-based
environmental management. And finally, it demon-
strated that while utilities, regulators, and citizens
may come at issues from very different orientations
and with very different biases, they have the capac-
ity to collaborate in allowing necessary development
to proceed while protecting natural resources to the
greatest extent possible.
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ABSTRACT

The seeds of American conservation were sown by
many artists of the Hudson River School during the
nineteenth century. Progress toward scenic and land-
scape preservation began in the nineteenth century.
In this chapter I consider several twentieth and
twenty-first century examples where Hudson River
School paintings of the natural and cultural land-
scape of the river and the valley established a land-
scape aesthetic that aided local citizens in their efforts
to preserve the “Landscape that Defines America.” All
of these efforts integrated a concern for scenic views
and a sense of place. Views of the natural and cul-
tural landscapes of the Hudson River Valley region
forged a national identity, and, along with other
forms of cultural discourse, offered a humanistic
framework to the development of national environ-
mental law and policy.

INTRODUCTION

The Hudson River regional landscape has been na-
tionally recognized for its beauty and historical sig-
nificance since the early nineteenth century. Its
natural environment—rivers, waterfalls, forests,
mountains, and geology—offered elements of a cul-
tural landscape where the presentation of a philo-
sophical ideology of nature through the arts became
instrumental in forming a national identity. The re-

gion’s role in formulating American culture became
manifest by the close of the twentieth century when
the Hudson was declared one of the first National
Heritage Rivers and in 1996 the valley a National
Heritage Area; subsequently, the U.S. Congress de-
clared it to be the “Landscape that Defines America”
(National Park Service 1996, 32; U.S. Congress
2009). As described in the management plan for the
National Heritage area, it is the “landscape that de-
fined America . . . an exceptionally scenic landscape
that has provided the setting and inspiration for
new currents of American thought, art, and history
. . . [and] the fountainhead of a truly American
identity” (Hudson River Valley National Heritage
Area 2000, 4).

Over the course of the last two centuries, paint-
ings of the Hudson River School of artists devel-
oped a national interest in the natural landscape
that would be crucial in the development of a con-
servation ethic. In this chapter a short introduction
to the art and artists of the Hudson River School
introduces the argument that changing attitudes
toward nature and progress in the nineteenth cen-
tury, generated initially from sketching and paint-
ing landscapes of the Hudson River and the
Catskill Mountains, created both regional and na-
tional policies, projects, and legal frameworks that
emerged to strengthen conservation efforts in the
twentieth century. Nineteenth-century landscape
art, artists, and architects offered crucial support to
the creation of urban, state, and national parks and
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scenic and wilderness preservation, and led to
twentieth and twenty-first century efforts to pre-
serve places significant to American cultural history
and identity and the evolution of environmental
law.

In several twentieth and twenty-first century ex-
amples, paintings of the natural and cultural land-
scape of the Hudson River Valley became important
images used by local citizens in their preservation
efforts. All of these efforts integrated a concern for
scenic views and a sense of place. Preserving the Pal-
isades led to the creation of Palisades Interstate Park,
the first interstate open space compact in America.
Protecting Storm King Mountain from a proposed
hydroelectric power plant led to the National Envi-
ronmental Policy Act (NEPA) under which all sub-
sequent federal environmental legislation would be
framed. Defeating the proposed Greene County
Nuclear Power Plant established Visual Impact
Analysis as a requirement in New York’s State Envi-
ronmental Quality Review Act (SEQRA). Deter-
ring the construction of the St. Lawrence Cement
Plant underlined the importance of aesthetics in the
construction and definition of “community charac-
ter” in environmental law.

NATURE, ART, AND THE ORIGINS OF A
NATIONAL CULTURE

Thomas Cole (1801–1848), considered the founder
of the Hudson River School of Art, was also an es-
sayist and an early advocate of conservation. In his
“Essay on American Scenery” (Cole 1836) he not
only presented the natural elements that are essen-
tial for a landscape painting (such as forests, water-
falls, and sky) and the emotions they symbolized,
he also argued that the dialectic between the Amer-
ican wilderness and the cultivated landscape was
being challenged by “improvements” such that “the
sublimity of the wilderness should pass away”
(1836, 5). He lamented that the “ravages of the axe
are daily increasing—the most noble scenes are
made desolate, and oftentimes with a wantonness
and barbarism scarcely credible in a civilized nation”
(1836, 12). Furthermore, he offered one of the ear-
liest arguments for conservation, where “spots, now
rife with beauty” should be preserved for future gen-
erations: “The way-side is becoming shadeless, and

another generation will behold spots, now rife with
beauty, desecrated by what is called improvement;
which, as yet, generally destroys Nature’s beauty
without substituting that of Art” (1836, 12; see also
Schuyler 2005, 32–33).

He was greatly concerned, although somewhat
ambivalent (Robinson 1993, 81). Of his walk on
July 31, 1836, Cole wrote, “I took a walk, last
evening up the valley of the Catskill, where they are
now constructing the railroad. This was once my
favourite walk; but now the charm of solitude and
quietness is gone. It is, however, still lovely: man
cannot remove its craggy hills, nor well destroy its
rock-rooted trees: the rapid stream will also have its
course” (Noble 1856, 221; see also Stilgoe 1993,
17; Bruegel 2002, 87).

Although he questioned the “improvements”
that were changing the landscape, he was not with-
out hope. As he looked toward the future, he de-
clared, “We are still in Eden; the wall that shuts us
out of the garden is our own ignorance and folly”
(1836, 12). Cole admonished the emerging middle
classes to develop a conservation ethic: “It would be
well to cultivate the oasis that yet remains to us, and
thus preserve the germs of a future and a purer sys-
tem” (1836, 3). The landscape he sought to preserve
was the wilderness that was fast disappearing be-
neath the axe, since “the most distinctive, and per-
haps the most impressive, characteristic of American
scenery is its wildness” (1836, 5).

Nineteenth-century writers similarly extolled
Nature’s virtues. In the essay “Nature,” published
the same year as Cole’s “Essay on American
Scenery,” Ralph Waldo Emerson declared, “In the
woods we return to reason and faith” ([1836] 1985,
39), while his student Henry David Thoreau later
exclaimed, “In Wildness is the preservation of the
world” (1862, 665). Thoreau “visited museums and
galleries in New York and Boston in which paint-
ings by Cole and Durand were exhibited . . . was
influenced by the same landscape aesthetics that af-
fected them, and he conceived of himself as a land-
scape painter” (Smithson 2000, 93). By the end of
the century, efforts were made to preserve signifi-
cant aspects of the national natural and cultural
landscape (Nash 2001), and it would be to paint-
ings by members of the Hudson River School that
environmental conservationists and historic preser-
vationists would turn.
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PLACES: HUDSON RIVER VALLEY AND
CATSKILL MOUNTAINS

Cole’s early wilderness paintings, such as Kaaterskill
Falls (1826) and Sunny Morning on the Hudson River
(1827), inspired the artists that came after him as
well as public figures, poets, and essayists in early
conservation efforts. The poet and journalist
William Cullen Bryant (1794–1878), for example,
published poems on the spiritual power of Nature
and wrote newspaper editorials to bring nature into
New York City through the construction of Central
Park (Bryant 1894; Schuyler 1986). The artist
Asher B. Durand (1796–1886) memorialized both
Cole and Bryant upon Cole’s death in 1848 in his
1849 painting Kindred Spirits (Foshay and Novak
2000; Ferber 2007).

Yet, as the nineteenth century progressed, the
natural landscape continued to be domesticated; the
wildness of the land, as depicted in the paintings of
a vanishing wilderness, was being lost. In the
Catskills the forest was under siege. “Across the hill-
sides travelers saw great barren tracts where once
hemlocks had stood,” harvested for their bark to tan
“animal hides into leather for boots and shoes, belts
and gloves, and saddles and harnesses. . . . Tanning
wrought havoc upon the landscape” (Lewis 2005,
216).

Railroad lines penetrated the forests and tra-
versed the valleys. The “machine” had entered the
“garden,” to the concern of artists (Marx 1964);
some attempted to accommodate the railroad and
industrialization while others removed the images
from their compositions. Cole offered two views of
his “beautiful valley” in the Catskills, a bucolic pas-
toral scene View of the Catskills—Early Autumn
(1837), and the same scene six years later after the
coming of the railroad River in the Catskills (1843),
with a small locomotive and train nestled in the
middle distance, while a foreground “with its tan-
gled array of logs and stumps, a grove reduced to
‘fragments,’ has the appearance of a tree massacre,
and, in accord with the conventions of the prospec-
tive view, the man with the axe . . . looks to the fu-
ture” (Wallach 2002, 344). Four years later Cole
wrote of the railroad as a “Machine which is merci-
less & tyrannical” (cited in Wallach 2002, 334).

Cole and other artists remained ambivalent
about “progress” and industrialization; for example,

the railroad train in The Lackawanna Valley (c.
1856) by George Inness (1825–1894) may seem to
be harmoniously integrated into the landscape to
please his railroad company patron, although the
many tree stumps in the foreground and the dreary
landscape of Scranton’s factories, chimney smoke,
and straight dirt streets offers an ambiguous per-
spective on the scene (National Gallery of Art
2010). Nevertheless, artists would occasionally seek
out the picturesque in the emerging industrial land-
scape (Maddox 1983).

Many of the artists of the Hudson River School,
such as Durand, focused on the details of the natu-
ral landscape in their quest for a truthful telling of
place, even while often exclaiming of its beauty in
Romantic prose (Ferber 2009). For example, in Du-
rand’s Where the Streamlet Sings in Rural Joy (ca.
1850) the rocks, trees, and lichen are all drawn with
felicitous concern for detail in a painting with a title
that resonates with Bryant’s poetry (Fig. 20.1).
Other artistic works, such as Woodland Interior,
Shawangunk Mountains (1850) by Sanford R. Gif-
ford (1823–1880), examine the geology (the blocks
of durable conglomerate), lichens, and wild forest
that constitute the ridge’s ecology.

Artists followed in Cole’s wake to search out
Nature in the mountains, glens, and forests of the
Hudson Valley region (Novak 1969; Miller 1993;
Novak 1995). In their search for “wilderness,” how-
ever, they stayed at rather elegant establishments,
such as the Catskill Mountain House, built in 1824
at the Pine Orchard on a prospect overlooking the
Hudson River Valley (Van Zandt 1966; O’Toole
2005, 124). Many other boarding houses and
mountain houses were built in the Catskills to ac-
commodate the growing number of tourists and
artists (Myers 1988). Mohonk Mountain House
began operations in 1869 nearby on the Shawan-
gunk ridge (Partington [1911] 1970; Burgess 1980)
where panoramic views of the surrounding moun-
tains and valleys were juxtaposed with more inti-
mate scenes of Lake Mohonk, craggy cliffs, and
talus slopes. A number of Hudson River School
artists, such as Gifford, Worthington Whittredge
(1820–1910) and Jervis McEntee (1828–1890)
painted in the ‘Gunks (Wilton and Barringer 2002,
163; Avery and Kelly 2003, 163–66). The land-
scapes surrounding the mountain houses were con-
structed with carriage roads and specific places for
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FIG. 20.1. Asher B. Durand, Where the Streamlet Sings in Rural Joy, ca. 1850; 24 1/8” x 18 ¼”, oil on canvas, courtesy of The Frances Lehman Loeb
Art Center, Vassar College, Poughkeepsie, New York, Gift of Matthew Vassar, 1864.



scenic views to encourage visitors to engage the nat-
ural environment (Flad 2009): to “walk in the
woods” as Emerson advised, and as McEntee and
others sketched.

NINETEENTHCENTURY
CONSERVATION EFFORTS

Although most Hudson River School artists lived
and sketched in the region (Phillips andWeintraub,
1988), they also ventured farther afield to seek sub-
lime and picturesque landscapes. They traveled
throughout the northeast to the White Mountains
of New Hampshire and the Adirondacks in the
upper reaches of the Hudson River, west to the
Rocky Mountains, north toward the arctic, south
to the Andes, and most went to the British Isles,
Italy, and the rest of Europe. For example, in his
search for nature’s sublime, Frederic E. Church
(1826–1900), Cole’s only student, traveled to
South America in 1853 on the route of the 1803–
05 explorations of the great naturalist and geogra-
pher Alexander von Humboldt (Bunkse 1981), to
“confirm Humboldt’s sense of ‘what an inex-
haustible treasure remains still unopened by the
landscape painter between the tropics’” (Sachs
2006, 96). Church’s South American paintings of
tropical vegetation and volcanic eruptions were
shown throughout the east. Thoreau saw The Andes
of Ecuador (1855) on July 4,1855, at the
Athenaeum gallery in Boston (Walls 1995, 125).
Seeking the sublime, Church’s paintings grew
larger, and following success in painting Niagara
Falls (Niagara [1857]), Church enjoyed further
success with the composition Heart of the Andes
(1859). Later, Church traveled north to the arctic
to paint the northern light and seascape (The Ice-
bergs [1861]).

Places: The American West

Artists traveled across the prairies to the western
mountains and returned with sketches of the rela-
tively unexplored landscapes, often alongside fed-
eral expeditions; for example, Whittredge traveled
on an “inspection” tour in 1866 (Janson 1989,

111). His paintings of Indians on the plains camped
on the Platte River became “a simile of the red man’s
disappearance” (Janson 1989, 115), much as the
poetry of Bryant and the wilderness paintings of
Cole and others decried the loss of the natural land-
scape and its wildness. Four years later, he returned
to the west with fellow artists John F. Kensett
(1816–1872) and Gifford, by the recently con-
structed transcontinental railroad. In Denver, Gif-
ford joined the 1870 survey party to the Wyoming
Territory of F. V. Hayden, director of the U.S. Ge-
ological Survey (Anderson 1991; Avery and Kelly
2003, 196–98), while Kensett and Whittredge
toured the Colorado Rockies.

Albert Bierstadt (1830–1902) also sought the
sublime in the western United States. His paint-
ings, such as The Rocky Mountains-Landers Peak
(1863) and The Domes of the Yosemite (1867), in-
troduced the majestic western landscapes to the
eastern public (Anderson and Ferber 1990).
Yosemite Valley had already become a California
state park in 1864, by an act signed by President
Lincoln, through the efforts of Frederick Law Olm-
sted (1822–1903), chairman of the first Yosemite
Commission (Ranney 1995, vii). Olmsted, as a
founder of landscape architecture in America and
co-designer of Central Park in New York City in
1855–57 with Calvert Vaux (1824–1895), was in-
strumental in creating a language to establish pub-
lic parks throughout America. Bierstadt’s paintings
were purchased by patrons with railroad interests
and promoted tourism, which began to leave its
mark on the landscape. Bierstadt, like Cole and
others, erased such changes; these more sublime
landscape paintings would help persuade the fed-
eral government to create Yosemite as a national
park in 1890.

Meanwhile, paintings by Thomas Moran
(1837–1926), such as Grand Canyon of the Yellow-
stone (1872), purchased by the U.S. Congress
(Wilton and Barringer 2002, 250), were instru-
mental in Yellowstone’s becoming the world’s first
national park in 1872. As historian Stephen J. Pyne
noted about Moran’s role, “For his catalytic work at
Yellowstone, the National Park Service proclaimed
him the ‘father of the park system.’ . . . What Moran
had fixed in paint was now fixed in law” (Pyne
1999, 93).
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Places: New York State—Niagara Falls

Even before the rise of the Hudson River School of
Art, artists and tourists traveled up the Hudson and
west along the Mohawk to Niagara Falls; for exam-
ple, Thomas Davies’s Niagara Falls (from above) (c.
1766) and Louisa Davis Minot’s Niagara Falls
(1818). Cole visited the falls in 1847 and many of
his followers made their early reputations with views
of Niagara, such as Church in 1857.The falls and its
immediate area became so overrun with tourists, ho-
tels, and facilities for their amusement, as well as
projects to harness the energy for industrial pur-
poses, that New York State established a park to pre-
serve its scenic views (Dow 1914). In an 1879 letter
supporting preservation of the falls and surrounding
landscape, Olmsted declared, “My attention was first
called for the rapidly approaching ruin of its charac-
teristic scenery by Mr. F. E. Church, about ten years
ago” (cited in Dow 1914, 11). Olmsted and Vaux
were engaged to develop the plans for the Niagara
Reservation (Irwin 1996, 72; Kowsky 1998, 303),
and through efforts in 1883–86 it “was the begin-
ning of scenic preservation by the State” (American
Scenic and Historic Preservation Society 1916, 46).

Places: New York State—Adirondacks

Aspects of the sublime and picturesque were also
sought in the mountains, forests, and lakes of the
Adirondacks. Cole sketched at Schroon Lake in
1837, McEntee sketched around Raquette Lake in
1851, and Kensett often painted Lake George start-
ing in 1853 (Mandel 1990, 44–45, 78–79, 88).
Gifford considered his 1864 A Twilight in the
Adirondacks to be one of his “chief pictures” and
chose it to exhibit in the United States Centennial
Exhibition in 1876 (Mandel 1990, 58–60; Avery
and Kelly 2003, 167–69). However, the scenic
views, forests, and watersheds were “fast disappear-
ing beneath the axe” by lumbering and forest fires in
the 1880s and 1890s.

Early conservation efforts in New York State in-
cluded state legislation to create the Adirondack
Forest Preserve in 1885, Adirondack Park in 1892,
and a state constitutional provision in 1894 as Ar-
ticle VII, Section 7 to guarantee that the publicly
owned lands of the Forest Preserve would “be for-

ever kept as wild forest lands” (Graham Jr. 1978,
131; Terrie 1997, 102). Artists’ “images of a ravaged
landscape,” such as Julian Rix’s engravings of A
Feeder of the Hudson—As It Was and As It Is, pub-
lished in Harper’s Weekly in 1885, “promoted pub-
lic sentiment for protecting the Adirondacks”
(Terrie 1997, 95). Article VII, Section 7, protecting
the Adirondack “forest lands” as “forever wild,” re-
mained in the 1938 state constitution as Article
XIV, Section 1 (Robinson 2007), and would be
continually defended throughout the twentieth cen-
tury (McMartin 2002).

New York State’s unique legislative protection
of the Adirondacks influenced the writing of the
1964 Wilderness Act and federal enactment of the
Wilderness Preservation System. Howard Zahniser,
executive director of theWilderness Society and au-
thor of the Wilderness Act, had been introduced to
the Adirondacks by conservationist Paul Schaefer in
1946 (Schaefer 1989; Zahniser 1992; Harvey
2005). New York State’s wilderness landscape,
sought after by Hudson River School artists, nine-
teenth-century tourists, and twentieth-century out-
doors enthusiasts, became the foundation for the
legal protection of wild lands and the nation’s nat-
ural heritage throughout America (Scott 2004).

Places: Palisades

To paint and hike in the Catskills and Adirondacks,
study the NewWorld’s natural ecology and geology,
or visit Niagara Falls and other scenic and historic
sites, artists, scientists, and tourists traveled by
steamboat up the Hudson River, past the Palisades
and through the Hudson Highlands. In the early
nineteenth century, in the same decades that Cole
wrote his essay on scenery and the art critic John
Ruskin advised artists to study the emerging sci-
ences of geology and botany, Sir Charles Lyell, one
of the founders of geology as a natural science, on a
tour of the New World in 1841, accurately de-
scribed the river as “an arm of the sea or estuary,”
and the Palisades as “a lofty precipice of columnar
basalt” (Lyell 1845, 12).

Lyell was similarly impressed with the Palisades
sill as scenery as he described the rocky cliffs as “ex-
tremely picturesque,” using the Romantic rhetoric
of the era (Flad 2002, 46). Hudson River School
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painters agreed and often painted views of the Pal-
isades from the east bank or the river itself. For ex-
ample, in The Upper Palisades painted by Charles
Herbert Moore (1840–1930) in 1860 (Fig. 20.2),
the Palisades seem to control the background with
geologic majesty, while the foreground and mid-
ground reveal a picturesque scene of a sailboat and
rowboat upon a placid river.

By the end of the nineteenth century the Pal-
isades were being destroyed by rampant quarrying
of the diabase igneous sill for “trap rock” (O’Brien
1981, 241–43; Roseberry 1982, 249–56; Binnewies
2001, 1–4). Trap rock was used for paving stones
and building foundations in New York City and
crushed for railroad track ballast or to make
macadam for paving roads. The thirty-mile-long
cliff face, ranging to a height of 550 feet above the
Hudson River, had long been viewed as an impos-
ing sight, from early descriptions by Robert Juet in
1609 and Giovanni da Verrazano in 1524 to paint-
ings by Hudson River School artists such as Gif-
ford’s Sunset on the Hudson (1876) and Jasper
Cropsey (1823–1900), who painted many views of
the Palisades from his home and studio in Hastings-
on-Hudson, includingWinter on the Hudson (1887)

and Sunset on the Palisades, Hastings (1890) (Bren-
necke 1987, 126–31). For estate owners on the east
bank, travelers on steamboats or on the New York
Central Railroad, the formerly inspiring view was
being erased.

The American Scenic and Historic Preservation
Society was chartered by the state of New York in
1895. Among its concerns for preserving the natu-
ral wonders and historical landmarks in America
was the destruction of the Palisades (American Sce-
nic and Historic Preservation Society 1906, 91–
212). With the additional effort of the New Jersey
State Federation of Women’s Clubs and the politi-
cal force of Theodore Roosevelt as governor of New
York, the Palisades Interstate Park Commission was
formed in 1900. Roosevelt “considered the Palisades
Park between New York and New Jersey a landscape
masterpiece” (Brinkley 2009, 352). Its success
spurred him as president to formulate his “grand
preservationist accomplishment—the Antiquities
Act of 1906” (Brinkley 2009, 414).

At the official opening of the park in 1909 dur-
ing the Hudson-FultonTri-centennial Celebration,
New York State governor Charles Evans Hughes
elaborated on the preservation efforts: “The preser-
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FIG. 20.2. Charles Herbert Moore, The Upper Palisades, 1860; 12” x 20 1/8”, oil on canvas, courtesy of The Frances Lehman Loeb Art Center, Vas-
sar College, Poughkeepsie, New York, Gift of Matthew Vassar, 1864.



vation of the scenery of the Hudson is the highest
duty with respect to this river imposed upon those
who are the trustees of its manifold benefits. It is
fortunate that means have already been taken to
protect this escarpment, which is one of its finest
features. The two States have joined in measures for
this purpose.” And, in a visionary comment toward
the end of the century he added, “The entire wa-
tershed which lies to the north should be conserved,
and a policy should be instituted for such joint con-
trol as would secure adequate protection” (Johnson
1910, 638).

The Palisades and the lands on the ridge were
consolidated as a park through purchase and dona-
tion by property owners on both the east and west
banks of the river. The numerous land and park
gifts of wealthy river families, many of whom had
large art collections, “left a mark on the conserva-
tion movement in the valley . . . by acquiring un-
spoiled tracts of land, such as the Palisades, for the
purpose of protecting them from tawdry commer-
cial interests” (Talbot 1972, 54). The Harriman
family donated ten thousand acres to create Harri-

man State Park in 1910, while the Palisades Inter-
state Parkway became possible when the Rockefeller
family, in the 1930s, donated the parcels for the
project (Binnewies 2001). It was the first conserva-
tion project to preserve a landscape between two
states. For the property owners the goal was to pre-
serve the natural scenery that artists portrayed and
prevent further defacement of the cliffs, and hence,
the scenic view (O’Brien 1981, 265). This citizen
action was among the first preservation efforts that
engaged landscape appreciation as a core value, a
moral value articulated decades earlier in essays and
paintings by artists of the Hudson River School.

Places and Cases: Storm King

In 1861 Moore painted another Hudson River
scene, Down the Hudson to West Point (Fig. 20.3).
In this remarkably interesting scene, the mountain-
ous topography of the Hudson Highlands, with the
mountains Storm King (previously known as But-
ter) Mountain and Dunderberg on the west bank
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Center, Vassar College, Poughkeepsie, New York, Gift of Matthew Vassar, 1864.



and Breakneck Ridge on the east bank, frames the
Hudson River in the center of the painting. As with
Moore’s painting of the Upper Palisades, the Hud-
son River is relatively calm, and the sloops and sail-
ing vessels are slowly making their way up and
down river. The foreground, however, gives one
pause (Flad 2000, 86). The artist is situated on the
east bank, presumably on the edge of a dirt wagon
road. This road, moreover, extends south across a
causeway that would have separated one of the nu-
merous small bays along the river shore and through
a tunnel blasted out of Breakneck Ridge. A tunnel
was indeed there in 1861; it had been built for the
railroad that had already reached Poughkeepsie and
Albany a decade earlier. However, in this painting,
there are no signs of the existing rail line. It seems
that Moore, as did many of the Hudson River
School, engaged in “artistic license” by removing the
railroad tracks from the scene as a way to advance
the Romantic past against the industrial “improve-
ments” of the Civil War era. Similarly, he did not
include any steamboats on the river.

But it is to the mountains I wish to return. They
are presented with a bold and powerful sensitivity.
It is not so much the wilderness of the forests that
engages one’s attention but rather the tectonic
strength of the topographic features. They form the
gateway to the Hudson Highlands and create a sym-
bolic relationship between the natural and the cul-
tural landscape. Thrust into view is the iconic form
of Storm King Mountain (Fig. 19.2). A century
after Moore’s painting, Storm King would become
the site of the most important battle in recent envi-
ronmental history—a legal case that began the en-
vironmental movement of the twentieth century
(Dunwell 1991; also see Young and Dey, ch. 18 and
Butzel, ch. 19 in this volume).

The birth of the modern American environ-
mental movement may be placed in the Storm King
legal case (Scenic Hudson Preservation Conference v.
Federal Power Commission and Consolidated Edison
Company of New York, Inc.) (Talbot 1972; Sandler
and Schoenbrod 1981). In the early 1960s Con Ed
proposed to build the world’s largest hydroelectric
pump storage facility on the top of Storm King
Mountain (Fig. 19.1). The environmental preser-
vation group Scenic Hudson was formed in 1963
to contest Con Ed’s plans (Talbot 1972, 91–116;
Binnewies 2001, 245–68; Dunwell 2008, 279–

304). Their members viewed the proposed power
plant as a major industrial defilement of one of the
Hudson Valley’s most visible natural features and as
an attack on the nation’s cultural identity. An edi-
torial in The New York Times titled “Defacing the
Hudson” quoted the nineteenth-century traveler
Baedecker as finding the Hudson’s scenery “grander
and more inspiring” than the Rhine’s and declared
that the proposed plants “would desecrate great
areas that are part of the natural and historic her-
itage of our country, are still largely unspoiled and
should remain that way” (Binnewies 2001, 252;
Dunwell 2008, 284).

Two key rulings by the United States Court of
Appeals for the Second Circuit decision in 1965 al-
lowed Scenic Hudson to continue its opposition to
the construction of the power plant; the delays
eventually wore down Con Ed and led to the defeat
of their proposal. The decision expanded the role
of the courts in environmental and land use law by
addressing the role of aesthetics. Testimony by pro-
fessor of architectural history Vincent Scully was
“most strikingly eloquent” and “effective” accord-
ing to the counsel for the plaintiffs David Sive, and
persuaded the court that “the aesthetic qualities of
Storm King were so great that any diminishing of
these qualities would leave society without these val-
ues” (Smardon 1979, 684).

Two of the court’s rulings would further
strengthen environmental law. The court held that
environmental concern extended to natural and sce-
nic beauty and the historical fabric, not only to the
economic cost of a project. The court also held that
citizen groups had the legal right, or “standing,” even
if they did not have a direct economic interest, to
challenge the potential environmental impacts of
proposed construction, and that alternatives must be
presented (Talbot 1972, 192–98; Sandler and
Schoenbrod 1981, 55–67; Binnewies 2001, 266–
67; Lewis 2005, 264–68). These features were then
incorporated into the nation’s most important envi-
ronmental legislation, the National Environmental
Policy Act of 1969 (Smardon 1979, 682; Flad 2002,
51; Dunwell 2008, 290). Described by legal scholar
David Sampson as the “cornerstone of all subsequent
federal environmental laws,” he concluded, the
“statute directly led to states developing their own
‘little’ NEPAs, such as New York’s State Environ-
mental Quality Review Act” (Sampson 2004, 220).
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Cases: Lloyd Nuclear Power Plant

Over the next several years utilities continued to
press for construction of new power plants in the
Hudson Valley using Hudson River water for cool-
ing. In the early 1970s the Atomic and Space De-
velopment Authority (ASDA) focused on nuclear
power. In 1975 the New York state legislature re-
placed ASDA with the New York State Energy Re-
search and Development Agency (NYSERDA).
However, according to a statement in opposition to
a proposed nuclear plant in 1976, the new agency
was “created . . . to replace ASDA and preclude
undue emphasis on nuclear development,” but
“ironically . . . has instead taken up ASDA’s last
cause” (Scenic Hudson Preservation Conference
1976, B32). In 1976 NYSERDA engaged consult-
ants to draw up a master plan for a site in the town
of Lloyd in Ulster County, on the west bank of the
river across from the city and town of Poughkeep-
sie. Opponents to the $1 million plan that proposed
the Lloyd-Esopus site as “suitable for up to four,
1,000 megawatt nuclear reactors (complete with
four 500-foot cooling towers)” declared the plan to
be “truly remarkable and disturbing” (Brown and
Egemeier 1976, i).

Following the precedent of Scenic Hudson’s in-
tervention in the Storm King case, including the
opportunity under New York State’s recently en-
acted mini-NEPA, the State Environmental Qual-
ity Review Act (SEQRA) (Salkin 2001), citizens and
environmental groups critiqued the consultants’
master plan. They raised general concerns about the
project’s cost, future energy need, the safety of nu-
clear power, radioactivity, and problems of waste
disposal, as well as deficiencies in the consultants’
work (Konigsberg 1976). A review of potential bi-
ologic impact on the local soils and biota also noted
that the consultants’ discussion of “aesthetic effects”
of the cooling towers was mentioned only in a sin-
gle “subparagraph” and did not even mention the
visual impact of transmission lines over the river or
of the potential aesthetic effect of the plumes (Bar-
nett 1976, 16A).

A review of the towers under the heading “vi-
sual pollution” was equally deficient according to a
review of economic and social impacts: “ERDA
does not mention that, at 500 feet tall, the towers
would be the highest structures in south-eastern

New York outside of Manhattan, and that they
would be as high as any mountain peak from New
Paltz to the river, if they are built as ERDA suggests.
. . . [ERDA] does not mention the visibility of the
plume from these places, nor does it stress that the
towers would be visible from Poughkeepsie, Lake
Mohonk, and elsewhere” (Stillman 1976, 10A).
Moreover, a thorough visual impact study prepared
for a field trip for participants at the 1976 annual
meeting of the New York State Geological Associa-
tion distinguished numerous specific locations from
which the 137.3 m (450 ft.) cooling towers, sited
on deep muck soils and peat bogs at 320 feet and
rising to 770 feet in altitude, could be observed
(Flad 1976, B-9-18). Also, the potential plume
would be seen from urban and rural areas and his-
toric sites within the viewshed, including the Roo-
sevelt and Vanderbilt national parks.

Three years after the proposal to build a nuclear
power complex in Ulster County, a second attempt
was made a few miles north along the banks of the
Hudson River in Greene County. Although an
analysis of the aesthetic impact of the Lloyd pro-
posal had been of limited value in the final negative
decision to proceed with construction, visual and
aesthetic impact would become the most significant
argument against the new proposal with the addi-
tion of scenic views painted by Hudson River
School artists.

Cases: Greene County Nuclear Power Plant

The Storm King precedents became significant in a
subsequent major battle over a proposed electric
power plant in the Hudson River Valley. A nuclear
power plant was proposed in the late 1970s in
Greene County on the west bank of the Hudson
within the viewshed of “Olana,” the historic home
and studio of the Hudson River School painter Fred-
eric Church. The name “Olana” evoked the eclectic
multicolored Persian-style design of the building,
which recalled architectural designs that Church and
his wife had seen during their travels in the Near
East. From atop “Church’s Hill” south of Hudson,
Church could see his mentor’s home and studio
“Cedar Grove” across the Hudson River in Catskill.
Views from Olana became the significant factors in
opposition to the proposed nuclear power plant.
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After Cole’s death, Church became acknowl-
edged as the leading landscape painter of the mid-
nineteenth century (Huntington 1966; Carr 2000;
Wilton and Barringer 2002). His large exhibit pic-
turesNiagara (1857),Heart of the Andes (1859), and
Icebergs (1861) were considered masterpieces in
their time and earned the artist both fame and for-
tune. Over the course of the Civil War, Church’s
paintings Twilight in theWilderness (1860), Cotopaxi
(1862), and Rainy Season in the Tropics (1866) of-
fered an aesthetic response to the progress of the
Union and the course of the war.

A citizens’ coalition joined together to challenge
the Greene County power plant proposed by the
utilities, the New York State Power Authority and
the U.S. Nuclear Regulatory Commission (NRC).
As in the Storm King and Lloyd hearings, informa-
tion was presented on the potential environmental
impact of the 1,200 mw facility on the river ecology
and the atmosphere, along with consideration for
the immense projected costs of more than three bil-

lion dollars and the economic need for the plant.
However, the crucial, and ultimately compelling tes-
timony focused on the aesthetic and visual impact
of the 450-foot cooling towers and the associated
steam plumes on the cultural and historic landscape
(Flad 1979; Petrich 1979; U.S. Nuclear Regulatory
Commission 1979).

The proposed site for the nuclear power plant
was at Cementon on the west bank of the Hudson
six miles downriver from Olana. In testimony op-
posing the proposal, art historian Barbara Novak ar-
gued that the natural and cultural landscape
encompassed by views from Olana were nationally
significant. As Novak declared, “The Cementon-
Athens area is the hea[r]t of American nineteenth
century culture . . . one area of landscape that the
nation as a whole and the federal government specif-
ically should designate as a national landmark.”
(U.S. Nuclear Regulatory Commission 1979, 5–70).
Cementon is easily seen in a view south-southwest,
from the porch at Olana (Fig. 20.4).
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FIG. 20.4. View from Olana south-southwest of Hudson River and west bank of proposed Greene County Nuclear Power Plant site at Cementon, ca.
1979, courtesy of the author.



SCENIC VIEWS

In testimony in opposition to the construction of
the plant, drawings, including a computer mock-
up, clearly showed that the cooling towers and as-
sociated plumes would be visible from Olana. The
massive tower and the six-mile steam plume
extended above the ridgeline of the Shawangunks
to the south and the Catskills to the southwest.
They became focal points of the view from Church’s
studio. Written and oral testimony by nationally
renowned artists and art historians concluded that
such an industrial intrusion on the cultural and nat-
ural landscape would severely diminish the emo-
tional power of the scene (Gussow 1979;
Huntington 1979; U.S. Nuclear Regulatory Com-
mission 1979). Church’s paintings that focused on
that immediate viewscape, of the view southwest
from Olana, such as The Hudson Valley in Winter
from Olana (ca. 1866–1872) (Trebilcock and Balint
2009, 46) were particularly effective (Fig. 20.5).

Views west from the carriage roads that traverse
Olana’s historic landscape of the alternative site for

the proposed power plant in Athens were equally
compelling in their aesthetic impact on the historic
village. Church designed Olana’s landscape following
the principles laid out by Andrew Jackson Downing
(1815–1852), known as the “arbiter of taste” for his
efforts at domestic improvement of country estates,
gardens, and homes in the antebellum period
(Tatum and MacDougall 1989; Schuyler 1996).
Church constructed carriage roads and planted trees
in the picturesque manner of Downing and his part-
ner Calvert Vaux (1824–1895). After Downing’s
death in 1852, Vaux in collaboration with Olmsted
won the competition to design and construct New
York City’s Central Park. Central Park brought na-
ture into the urban environment and helped frame
the role of landscape aesthetics in an emerging
American culture (Schuyler 1986; Beveridge and
Rocheleau 1998; Schuyler 2008). Later, Vaux as-
sisted Church in his architectural designs for Olana
and Olmsted and Vaux arranged for Church to be
appointed a park commissioner in 1871 as he was
working on Olana’s grounds (Rybczynski 2000,
309–11).
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FIG. 20.5. Frederic Edwin Church, The Hudson Valley in Winter from Olana, ca. 1866–72; 11 ¾ x 18 ¼ in., oil on academy board, courtesy of Olana
State Historic Site, New York State Office of Parks, Recreation and Historic Preservation.



LANDSCAPE DESIGN AND VIEWSCAPES

At Olana, Church laid out more than seven and
one-half miles of carriage roads and trails. These
trails were designed to give the traveler an aesthetic
experience, with concern shown for differences of
intimate and expansive views, light and shade, and
topography and water. That these were a measure of
Church’s artistic sensibilities is attested to by a quo-
tation from his letter to Erastus Dow Palmer, a
friend and fellow Hudson Valley artist, in 1884:

I have made about one and three-quarters
miles of roads this season, opening entirely
new and beautiful views—I can make more
and better landscapes in this way than by
tampering with canvas and paint in the Stu-
dio.” (Church 1884; see also Huntington
1966, 116; Flad 1979, 13; Ryan 1989, 147;
Toole 2004, 52; Trebilcock and Balint
2009, 73)

Views from the carriage roads became important in
the GCNPP case in constructing the argument of
adverse impact on the visual environment.

Views from the city of Hudson, New York, were
also significant as examples of aesthetic impact on a
cultural landscape, such as the historic parade
ground on the bluff overlooking the Hudson River
in the foreground, the village of Athens in the mid-
dle ground, and the Catskills in the background
(Flad 1979, 27–30). The parade ground had been
sited during the settlement of Hudson in 1790 for
its scenic view as one of the first urban design fea-
tures to incorporate an appreciation of a prospect
view from a city’s core in America. A mock-up of a
view of the cooling tower located west of the village
indicated that its immense scale would have com-
pletely dominated the village’s nineteenth-century
architecture and streetscape (Fig. 20.6).

In an examination of the full impact of the pro-
posal on the region’s scenic quality, especially as
viewed from Olana, the NRC concluded:
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From the total perspective of the analysis of
what is there to be seen in this stretch of the
mid-Hudson Valley and how this area
might be affected by the construction and
operation of the proposed power plant, the
GCNPP at the Cementon location is seen
to be quite disruptive to the existing scenic
ambience. The analysis of the individual
photographs from visually sensitive and in-
tensively used areas points to this conclu-
sion. The relatively high number of scenic
features in the Cementon area underscores
the uncommon ambience of the area. Al-
though the hilly terrain surrounding the
Cementon site diminishes its visibility, it
also enhances its scenic quality. The con-
struction and operation of the power plant
would seriously affect an area of high scenic
quality for the Hudson Valley, one of

unique rural and small village atmosphere.
(U.S. Nuclear Regulatory Commission
1979, 5–68)

The NRC analysis cited the importance of Church’s
paintings in their decision: “A 10-mile radius
around the proposed power plant would take in lit-
erally dozens of the scenic views and picturesque
areas that were eventually transferred to canvases
now hanging in the country’s major museums and
art galleries” (U.S. Nuclear Regulatory Commission
1979, 5–68). For the NRC, it was specifically the
southwesterly view fromOlana, “painted by Church
at least 35 times,” that was a crucial determinant in
the final negative assessment (1979, 5–71).

The NRC denied the license, citing its potential
irreversible negative impact on the cultural and his-
toric landscape. The decision was unprecedented. As
noted soon after at a national conference “on applied
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FIG. 20.7. Locations of proposed Greene County Nuclear Power Plant at Cementon and Athens, Athens Power Plant and St. Lawrence Cement
Plant, courtesy of Scenic Hudson, 2010.



techniques for analysis and management of the vi-
sual resource,” the decision was “the first impact
statement issued by the NRC ever recommending
the denial of a license to construct a nuclear power
plant. That this recommendation is primarily for
aesthetic reasons documents the progress in credi-
bility and defendability [sic] visual analysis has
made” (Petrich 1979, 483). The methodologies
(U.S. Nuclear Regulatory Commission 1979, Ap-
pendix M and N; Flad 1979, Appendix A) included
the introduction of industrial images, such as cool-
ing towers and smoke plumes, to photographs of the
same views as painted by Church; they may be seen
as an ironic twist to the “artistic license” taken by
Hudson River School artists such as Moore (Fig.
20.3) who often removed “improvements.” The de-
cision by the NRC was a significant test for the role
of the visual impact of potential development and
soon led New York State to add Visual Impact
Analysis as a separate part of environmental impact
analysis, and of equal legal standing to other natural
and social environmental impacts (Smardon 1986,
151–55; Smardon and Karp 1993, 196–99).

Cases: St. Lawrence Cement Plant

Views from Olana were instrumental in another,
equally significant case that has important roles for
aesthetics, community character, and the cultural
landscape. In 1999, St. Lawrence Cement Co.,
LLC (SLC), a subsidiary of the Swiss-owned Hol-
cim Group, applied to the New York State Depart-
ment of Environmental Conservation for permits
to construct a new 2.6 million ton dry-process ce-
ment manufacturing facility on its property in the
town of Greenport and city of Hudson (Fig. 20.7).
The quarry and proposed plant would lie in the
Olana viewshed, north toward Hudson and the Be-
craft Hills.

Opponents analyzed the environmental and so-
cial impacts of the proposal as a result of the enor-
mous scale of the plant, its stack and associated
plume, and docking and loading facilities (Silver-
man 2006). Environmental impacts on the Hudson
River were of special concern as most municipali-
ties had recently developed plans for their water-
fronts by enacting Local Waterfront Revitalization
Plans (LWRPs) under the aegis of the Department

of State. Developments along the Hudson’s shore-
line would have to be consistent with the policies
enacted in the local LWRP and in the municipal-
ity’s economic development plans. Scenic Areas of
Statewide Significance (SASS) had also been
mapped during the late twentieth century and
would require impact assessment of any proposed
industrial development.

Two decades after the Greene County Nuclear
Power Plant (GCNPP) case, aesthetic impact analy-
sis had expanded to include local and regional land
use focused on an elusive concept termed “commu-
nity character” (Duerksen and Goebel 1999, 146;
Ghilain 2009). In the SLC case, potential social and
economic impacts were deemed to be significant,
especially to the emerging economy tied to heritage
tourism and the historic sense of identity associated
with the cultural landscape. In an attempt to define
the area’s local and regional identity and sense of
place, elements that constituted the social con-
struction of the cultural landscape were presented
as contributing to the community character of the
local region (Flad 2005, 7).

Landscape and Community Character

A cultural landscape approach to five aesthetic ele-
ments (scenic views, artistic images, historic archi-
tecture, landscape architecture, and site and town
planning) contributed to, but was separate from,
objective visual analysis, as it also required the ex-
pression of aesthetic and community values (Flad
2005; Ghilain 2006; Ghilain 2009). Paintings by
Church and Gifford and views from Cole’s home
Cedar Grove and Olana were used to document the
historic and aesthetic character of the landscape that
would be visually impacted by the proposal.

As with Church’s views south from his studio of
the Hudson River and the flanks of the Catskills,
Cole’s early view of Mount Merino on the east bank
from his prospect in Catskill, Point Merino (ca.
1837) documented his interest in the scene. Many
landscape artists visited Cole’s home and painted it
and views from its grounds. In a painting byThomas
C. Farrer, Buckwheat Field on Thomas Cole’s Farm
(1863), the view of the east bank, Mount Merino,
and the city of Hudson in 1863 is focused on the
location of the proposed SLC plant. Both paintings
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from the property of the founder of the Hudson
River School were significant in an examination of
the visual impact of the proposed plant and its asso-
ciated docking facilities, as they documented both
an aesthetic and historic scenic view. Other eigh-
teenth and nineteenth-century-paintings of Mount
Merino and Hudson added important data to the
visual impact analysis (Piwonka 1978). A photo-
simulation of the visual impact offered a powerful
analysis of the proposed development on the Hud-
son shoreline (Fig. 20.8).

An aesthetic and community character analysis
determined that views to the north and northeast
from the North circular drive and from Cosy Cot-
tage, a small cottage built on the original 126 acre
farm as Church’s first home, indicated significant
visual impact of the proposed plant on Church’s
property (Sampson 2004, 226). Church’s perspec-
tive from Olana encompassed 360 degrees. His
paintings of views south and west of the Hudson
River and the Catskill Mountains had been used in
the GCNPP proceedings while several sketches of
the Becraft Hills in the northeastern viewshed such
as Be Craft Mountain from Church’s Farm (1863)

and Blue Hill from Cosy Cottage (c. 1869–1872), in-
dicated that these views were also of interest to
Church (Trebilcock and Balint 2009, 40).

A full cultural landscape and community char-
acter analysis documented the potential aesthetic
impact of the proposed plant and its riverfront fa-
cilities (Flad 2005). Views from the city of Hudson
and from the surrounding historic rural landscape
formed an overall narrative of the settlement history
of the area that had historically included a regional
identity and community character in the cultural
landscape. Testimony on the GCNPP had devel-
oped a methodology for examining visual impact of
a proposal under the guidelines of SEQRA, which
was further refined during proceedings related to a
proposal to construct the Athens Generating Plant
in 2000. In addition, impacts associated with the
power plants’ plumes and the relationship of the
proposed projects to local economic plans, LWRPs
and SASSes in the regional viewshed were assessed.
New York State’s Department of State addressed all
of these issues with respect to the “consistency” of
the SLC proposal to the state’s Coastal Management
Program (Palmer 2005).
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FIG. 20.8. Photosimulation of East Bank, Hudson, N.Y., and Mount Merino, of proposed St. Lawrence Cement Plant and Docking Facilities, courtesy,
T. DeWan, 2004.



Heritage Tourism and Scenic Views

In 2005 the secretary of state for New York, Randy
Daniels, denied the application of St. Lawrence Ce-
ment to construct its plant and docking facilities as
proposed (Daniels 2005). His ruling incorporated
opponents’ concerns about potential adverse im-
pacts on the local economy and river ecology as well
as the historic, cultural, and aesthetic landscape and
its community character. In a review of the pro-
posal’s potential impact on “actions” that “should
improve adjacent and upland views of the water,
and, at a minimum, not affect these views in an in-
sensitive manner,” Daniels wrote: “The Hudson
River viewshed in this area is important. The Hud-
son Valley was the setting for the Hudson River
School of artists and the geographic center of the
American Romantic Movement, a cultural move-
ment that took place during the first half of the
19th Century” (Daniels 2005, 9). Referring to river-
front park development efforts by both the village of
Athens and the city of Hudson, Daniels noted,
“The region is also a significant resource of tourism
and recreation.” After a review of SLC’s plans, he
concluded, “The current outstanding scenic views
of the water from the adjacent and surrounding
areas, however, will be profoundly changed. . . . The
impact on visual quality will be to impair, not to
improve adjacent and upland views of the water.”
In addition, he specifically noted the “discordant”
features of the massive plant and plume that would
severely disrupt views from Olana (Daniels 2005,
18–19). The opinion noted that the region was en-
tering a postindustrial economy of growth focused
on heritage tourism, an era in which community
character and landscape aesthetics were significant
resources (Shapley 2005; Bonopartis 2005). St.
Lawrence Cement subsequently dropped its plans.

CONCLUSION

The art and discourse of Hudson River School
artists in the nineteenth century continues to en-
gage conservation efforts into the twenty-first cen-
tury. After a review of several ways in which
nineteenth-century artists influenced national per-
spectives on the natural landscape, a number of ex-
amples where scenic and cultural interests underlay

the creation of public parklands and preservation
policies are presented. In the twentieth and twenty-
first centuries several regional examples of attempts
to preserve scenic views that engaged the nine-
teenth-century artists, architects, and landscape de-
signers further represent the evolution of landscape
preservation law and the continuing efforts by en-
vironmentalists and local citizens to preserve the
Hudson River and its valley.
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ABSTRACT

This chapter examines the cycle of influence of the
Hudson River and its inhabitants by analyzing the
literary and historical works that take up the subject
of the river across several centuries. These works func-
tion as a kind of feedback loop: the writing about the
river serves as a record of the way communities of a
certain time thought about and treated the Hudson; it
crystallizes and illuminates the competing interpreta-
tions of the river; it influences future interpretations;
it both archives the past and forecasts a future vision.

The changing relationship between its human in-
habitants and the Hudson River Valley is nothing if
not complex, and like many feedback loops the cycle
of influence does not flow in one direction. The atti-
tudes of the original Native American inhabitants of
the valley are exceedingly difficult to map out, though
clearly different from the early European settlers,
whose first contact narratives illustrated a wide range
of expectation up to arrival as well as a rapidly
changing set of assumptions after their arrival. Sub-
sequent eras were influenced by the river and re-
sponded to it with changing priorities, some driven
by the river itself; from its early recorded human his-
tory the Hudson Valley was the site of some of the most
wrenching social, political, and economic change on
the continent, and that state of flux is even reflected
in the current writing about the Hudson. The title of
this chapter comes from William Cullen Bryant’s

“Scene on the Banks of the Hudson” (1827), and is
indicative of the complexity of the relationship be-
tween the river and the human being on its banks
since it posits a combined—or at least parallel—fate
between the human speaker and the river that is
based on flux, not repose. Through all of this “lack of
repose,” as Bryant might say, the Hudson River is
driving change while being driven by it.

FROM THE FIRST written record of the Hudson
we see a region in a state of flux through cultural,
economic, and social forces that are interconnected
with its own ecology. The writing reflects this, and
like the river itself, the cycle of influence does not
flow in one direction. What we can extricate from
the records of original inhabitants, while exceed-
ingly difficult to map out, shows a different rela-
tionship to those who followed them in the river’s
region. The early European explorers had expecta-
tions before arriving that rapidly changed upon ar-
rival, and that change continued for each
generation. From the point of first contact the Hud-
son River Valley was the site of some of the most
wrenching social, political, and economic change
on the continent. Through all of these cultural and
literary periods, the river was driving change and
being driven by it.

Through each era, the human relationship to
the river changes for a variety of reasons, driven by
culture, social or political change, technological and
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economic development, or even individual inspira-
tion. The Hudson is either a driver or a recipient of
that change, but intimately connected with it. In
the several centuries of written record, we see the
cycle of interaction and the main characteristics that
determine each era and serve as the foundation for
future eras. In each part of the cycle there are several
key elements of the human/river relationship, the
main determinant of which is whether the river is
viewed as a “source” or a “resource.” The former as-
sumes a kind of superior relationship of the river to
the human world: as a source it determines the
worldview, provides living circumstances, and
wields its influence over the human world. In eras
where the river is viewed as a resource it assumes a
subordinate relationship to the human world, pro-
viding navigation, natural resources, and real prop-

erty whose effects are owned and determined by the
human interest rather than the estuarine ecology.
The historical eras are related to each other in a con-
tinuum of succession, and the chart of such a rela-
tionship would look something like this:

The original relationship of the pre-Columbian
peoples to the land, and even to those who were
here during and immediately prior to Hudson’s ar-
rival, is almost entirely an archeological record. We
have no evidence in writing to help us understand
that relationship in detail other than the European
record of first contact, the secondhand stories of the
native populations by early travelers, and the exist-
ing traditions of the descendents of those first peo-
ple. The record that does exist illustrates an
important distinction in the relationship of the
Hudson to its populations. The critical distinction
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here begins with the differences in the names of re-
gion recorded from the languages spoken before
contact and after European discovery.

The characteristic of names in the native Lenape
(or Unami) language serves as a window into the re-
lationship to the Hudson River region because the
dominant characteristic in naming is so different
between the native and the European cultures. The
names we have in the pre-contact period emphasize
a different concept, marking the land more as a
“source” than “resource” in what records we have.
The Lenape name for the Hudson, “Mahicanituk,”
for “Constantly moving waters” (or, sometimes
“River that flows two ways”), is perhaps the most
famous example of this dynamic. In the specifics of
the region we see even more detailed examples: the
northern section of Manhattan and corresponding
shore in New Jersey was called “Shorakapkok” or
“the sitting-down place”; the University Heights
area of the Bronx was known as “Keskeskick,” the
term for “sharp sedge grass”; the Harlem River was
known as “Muscooten,” which translates as “the
place where rushes grow on the banks” (Pritchard
2002, 96). The language here indicates a tightly
knit association between the land and its usefulness
in such a way as is sometimes determined by the
land (e.g., “sharp sedge grass”) and other times de-
termined by human will (e.g., “sitting down”).
What this illustrates is that the Hudson was mapped
out and known by its individual attributes and use-
fulness as a source of materials and experiences. It
indicates a very different relationship than the di-
rectional or honorific titles with which the region
came to be dominated.

The identity of a given Lenape group was often
directly determined by the geography of the Hud-
son’s region, as Mark Kurlansky points out:

There were three major groups of Lenape
and numerous subdivisions within those.
They had few unifying institutions except
language, and even that broke down into
dialects. One of the groups, the Munsey,
which means “mountaineers,” controlled
the mountains near the headwaters of the
Delaware. They also maintained hunting
grounds in what is now the New York City
area.

The Lenape determination of the land’s function-
ality is also thought to be the source behind the
most famous island in the region:

It is the Munsey language that gave Man-
hattan and many other New York places
their names. It is uncertain from which
Munsey word the name Manhattan is de-
rived. One theory is that it comes from the
word manahactanienk, which means “place
of inebriation,” but another is that it comes
from manahatouh, meaning “a place where
wood is available for making bows and ar-
rows.” (Kurlansky 2006, 10–11)

The language of reference for the European ex-
plorers and early settlers indicates a very different
dynamic, driven in large part by the focused pur-
pose of the enterprise of discovery. The Dutch first
named the river the North River (in relation to the
“South,” later Delaware, River), then the Mauritius
(perhaps for Prince Maurice of Nassau), and later
the English named it Hudson. The region was es-
tablished as the colony of “New Amsterdam” and
then “New York,” names that illustrate ownership
of state. The notion of direction and named own-
ership are illustrative of purpose: the land is to be
traveled through in a certain direction, or labeled in
celebration of a royal patron, the recognition of an
explorer, or to identify it as a subservient political
and economic entity. Each of these names references
something “other” than the physical geography of
the river, indicating usefulness or ownership, im-
plying the region is a resource to some external en-
tity. The dynamic of European discovery of the
Hudson Valley is built around this concept of the
region as a resource, inherently separating the ex-
plorer from identity with the land. As David Quinn
points out, in navigating and naming rivers, assess-
ing cultivatable land, discerning vegetation, observ-
ing Native American customs, early explorers were
inherently alienated from the landscape: they “were
concerned with the thing-in-itself, with the objec-
tive situation in which they themselves acted as de-
tached observers” (Quinn 1977, 72).

The detailed record of successive visitations il-
lustrates the gradual revelation of the abundant
possibilities of the Hudson Valley. Early explorers
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begin in the realm of mystery and then move
quickly to an analysis of the region’s economic re-
sources. They typically remark about the clothing
and offerings of the native populations with atten-
tion to the details of minerals and resources.
Europeans saw native use of these elements as fun-
damentally different: the explorers and early
colonists were viewing the resources as marketable
commodities rather than functional ones: whereas
the native population used copper for pipes, the ex-
plorers recognized it for its value in European mar-
kets; furs were used as functional clothing for the
populations in the area, but their ability to be
traded into those same European markets—specif-
ically the beaver pelt—launched the Dutch eco-
nomic interest in the region (Axtell 1988, 161).

The first European to record his entrance into
the bay was Giuseppe Verrazano in 1524. He uses
language that is descriptive and focused on the ge-
ographical particulars: the words he uses in de-
scribing the discovery alternate between a measured
wonder at the characteristics of the native popula-
tion—as well as their sheer numbers—and a calcu-
lated assessment of the physical resources promised
in by the river valley:

After a hundred leagues we found a very
agreeable place between two small but
prominent hills; between them a very wide
river, deep at its mouth, flows out into the
sea; and with the help of the tide, which
rises eight feet, any laden ship could have
passed from the sea into the river estuary.
Once we were anchored off the coast and
well sheltered, we did not want to run any
risks without knowing anything about the
river mouth. So we took the small boat up
this river to land which we found densely
populated. The people were almost the
same as the others, dressed in birds’ feathers
of various color and they came toward us
joyfully, uttering loud cries of wonderment,
and showing us safest place to beach the
boat. We went up this river for about half a
league, where we saw that it formed a beau-
tiful lake, about three leagues in circumfer-
ence. About 30 small boats ran to and from
across the lake with innumerable people

aboard who were crossing from one side to
the other to see us.

He concludes the visit because of a sudden turn of
the weather, which reads as if he is only marginally
interested in the bay and uses the weather as a con-
venient reason to leave (surely he could have waited
out a storm in the bay). He ends with a passing
comment about the possible mineral wealth that al-
most reads like an afterthought:

Suddenly, as often happens in sailing, a vi-
olent unfavorable wind blew in from the
sea, and we were forced to return to the
ship, leaving the land with much regret on
account of its favorable conditions and
beauty; we think was not without some
properties of value, since all the hills showed
signs of minerals.1

The question of the river’s value was at the heart
of the next expedition to enter the Hudson, since
the Half Moon was charged with finding the short-
est route to the trading ports in the Far East. Where
Verrazano’s was a cursory assessment of the region’s
worth, Hudson’s trip was a calculated assessment of
the river’s navigable potential. Hudson’s first mate,
Robert Juet, begins with language very similar to
Verrazano’s, except the focus is less for an external
audience than an internal one: the language is
largely prosaic and lists a series of events character-
istic of a ship’s log. On September 4, 1609, Juet de-
scribes the Hudson estuary, its fish, and its physical
characteristics:

The fourth, in the morning as soone as the
day was light, wee saw that it was good rid-
ing farther vp. So we sent our Boate to
sound, and found that it was a very good
Harbour; and foure and fiue fathoms, two
Cables length from shoare. Then we
weighed and went in with our ship. Then
our Boate went on Land with our Net to
Fish, and caught ten great Mullets, of a foot
and a halfe long a peece, and a Ray as great
as foure men could hale into the ship. So we
trimmed our Boate and rode still all day. At
night the wind blew hard at the North-west,
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and our Anchor came home, and we droue
on shore, but took no hurt, thanked bee
God, for the ground is soft sand and Oze.

Juet continues with a matter-of-fact observation
about the population along the Hudson River, but
his language is even less excitable than Verrazano’s.
Later in his entry for September 4th he makes a se-
ries of quick and unqualified observations of the na-
tive inhabitants:

This day the people of the Countrey came
aboard of vs, seeming very glad of our com-
ming, and brought greene Tabacco, and
gaue us of it for Kniues and Beads. They
goe in Deere skins loose, well dressed. They
have yellow Copper. They desire Cloathes,
and are very ciuill. They have great store of
Maiz or IndianWheate, whereof they made
good Bread. The Countrey is full of great
and tall Oakes.

On September 5, 1609, Juet simply continues the
narrative interspersed with nautical details for ref-
erence. He explains the exploration of the land and
the interaction with its people. This description is
remarkable—perhaps the most remarkable in his
narrative—for the way he ends it. What starts as a
description of a fruitful and peaceful exchange of
goods ends with the comment that undercuts the
whole preceding narrative: “[we] durst not trust
them.”2

What Juet’s narrative accomplishes, of course,
is a brief log of the most famous trip in the valley,
an assessment of its geographical resources, a record
of the first meaningful interaction—communica-
tion, trade, and murder—between the European
and Native American populations. It also, however,
illustrates the shifting priorities in the human rela-
tionship to the land: he gives us the image of a na-
tive people aware of the Hudson Valley as a source
for clothing, food, accoutrements such as copper
pipes, etc., but the language he uses illustrates that
he views it as a resource. Like Verrazano, his per-
spective is inherently foreign to the population as
he describes them: he looks to the shore to see
wood, minerals like copper, as raw materials rather
than elements of a living landscape. This narrative

of discovery illustrates a critical difference in the
perspective of the river by juxtaposing the European
explorers’ ethic against the native population’s rela-
tionship to the land.

The acuity with which Juet evaluates the natu-
ral resources suggests the overarching incentive for
the Dutch colonization of the Hudson Valley. The
observations in his journal about the region’s po-
tential resources, in addition to the warnings about
the native population, set the stage for further ex-
ploration and colonization. European settlers in the
Hudson Valley arrived here primarily to plumb the
resources for economic gain, marking a different
ethos than the Puritan one in New England, which
was imbued with much more religious fervor.3 In-
deed, the written record of early colonization illus-
trates that Juet’s brief assessment of the Hudson’s
economic potential was underestimated, if any-
thing. More often than not the bounty of the Hud-
son is wondered at, celebrated, and occasionally
even lamented. Jacob Steendam’s poem “The Com-
plaint of New Amsterdam” (1659) reads as an apex
of delight and distress about those resources first
spied by Verrazano and Juet. The primary message
of his poem is that he lacks the resources to be able
to control the bounty of the Hudson:

For, I venture to proclaim,
No one can a maiden name
Who with richer land is blessed
Than th’ estate by me possessed.
See: two streams my garden bind.
From the East and North they wind, —
Rivers pouring in the sea.
Rich in fish, beyond degree.
Milk and butter; fruits to eat
No one can enumerate;
Ev’ry vegetable known;
Grain the best that e’er was grown.
All the blessings man e’er knew,
Here does our Great Giver strew
(And a climate ne’er more pure),
But for me,—yet immature,
Fraught with danger, for the swine
Trample down these crops of mine;
Up-root, too, my choicest land;
Still and dumb, the while, I stand,
In the hope, my mother’s arm
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Will protect me from the harm.
She can succor my distress.
Now my wish, my sole request,—
Is for men to till my land;
So I’ll not in silence stand.
I have lab’rors almost none;
Let my household large become;
I’ll my mother’s kitchen furnish
With my knick-knacks, with my surplus;
With tobacco, furs and grain;
So that Prussia she’ll disdain.

(Murphy 1969, 41–43)

The narrative is so rich in detail that it almost
oozes off the page. As a citizen working to control
this cornucopia, he feels that the distant burghers
in the homeland need more than anything else to
abet his work by sending more people; without it
he stands to lose control of the land’s bounty. The
mystery the explorers felt as they encountered the
region is no longer invested in the land itself—the
mystery is how one overworked economic colonist
will be able to manage it. The “resource” over-
whelms the exploiter in conflict with the land and
its bounty, which he endeavors to cultivate, control,
and ultimately, profit from.The irony in Steendam’s
poetic plea is that the “resource” of the land in his
poem creates the need for additional “resources”
from the “mother’s arm” to control it. Indeed, this
is one of the conundrums of capital: one inevitably
needs more capital to manage capital’s continued
growth.

The conception of the land as capital resource is
at the heart of the colonial transactions between the
settlers and the Indian populations throughout the
Hudson Valley (and elsewhere of course). We all
know the famous anecdote of the Peter Minuit
transaction for Manhattan, but other examples
abound. One example is the Sopes Indian treaty of
1665, negotiated by Richard Nicholls in what is
modern day Esopus, New York. In the first para-
graph the agreement outlines the mutual pledge to
do no harm to each other, but that is quickly fol-
lowed by an injunction against committing crime
against property—with a general phrase to “seek sat-
isfaction for the same.” The governing impulse here
is the preservation of capital, built upon the princi-
ple of land ownership and the physical capital Eu-
ropeans invested in the planting, harvesting, and,

importantly, enclosing of that land. The Europeans
believed their right to land was secure against In-
dian claims both because of the legal treaties
arranged like this one but also because they saw no
evidence of the capital investment in the land by
the Native Americans. In the words of Nicholls’s fel-
low English settler John Winthrop, the tribes they
encountered “inclose noe Land, neither have any
settled habitation, nor any tame Cattle to improve
the Land by,” leaving them with little or no legal
claim to the land (Axtell 1981, 51).

In the Sopes Treaty, Nicholls arranged for there
to be a “Convenient House” built for Indians to
visit, leave their arms in order that they may “come
without molestation to Sell or Buy” whatever they
want from the settlers. The references here to the
land are descriptive of the boundaries of ownership
rather than their functional utilization (as we saw
in the earlier native era). The attributes of the land
are to become markers and signifiers of the new
boundaries: in some places creeks perform that
function; in other places trees shall be planted to
mark them. Two sticks are traded for three red coats
to mark the transaction, and Nichols puts in the
provision that every year the young Indians will be
brought to the site to “mark forever in their mem-
ory” the transaction, since written record exists only
on the English side.4 Nicholls establishes a ritual at-
tached to the land for the native inhabitants to pre-
serve the memory of its sale—in effect, creating a
function for the land that is not inherent in its land-
scape but the legal arrangement he has effected. In
this way, this treaty and the countless others like it
serve as markers of a dramatic shift in consciousness
about the Hudson, dividing its regions into tracts
of land measured as capital—acknowledging them
as resources for their owners.

After the colonial settlers, the next people to
claim ownership of the land were the American
Revolutionaries. In the one hundred and fifty years
between Nicholls and Washington Irving, the con-
cept of colonial ownership had been erased and the
population of settlers had lived in the place long
enough to assume a “native” perspective and own-
ership principle. Irving writes after the Revolution
and documents the transition from English to
American in his short story “Rip Van Winkle,”
whose narrative structure leapfrogs the political
change from English to American when Rip falls
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asleep under King George’s rule and awakens dur-
ing the first term of George Washington, a transi-
tion cleverly illustrated by the change in the name
of the tavern in Rip’s home town. The Revolution
was in part fuelled by colonists reversing Steendam’s
complaint one hundred years later: instead of not
providing enough capital to its colony, the mother-
land was accused of extracting a disproportionate
amount in the form of tax revenues and tariffs.
Where Steendam had cried to Amsterdam for more
men to manage the land, the colonists’ bounty was
the victim of England’s protectionism.

Irving’s focus is not, however, on the details of
the political argument. Instead, he uses the political
change simply as a structure to parody the precur-
sor to the English colonial population: the Dutch,
in the form of Diedrich Knickerbocker. Irving’s par-
ody shows that the Dutch are now considered, like
the Native Americans before them, erstwhile own-
ers. They once controlled the region but have be-
come historical footnotes; now they are associated
with magic and mysticism in much the way that the
Indians had been. Irving highlights that mystical
tradition sardonically in his own historical footnote
to the tale:

Note
The foregoing Tale, one would suspect,

had been suggested to Mr. Knickerbocker
by a little German superstition about the
Emperor Frederick der Rothbart, and the
Kyffhäuser mountain: the subjoined note,
however, which he had appended to the
tale, shows that it is an absolute fact, nar-
rated with his usual fidelity:

“The story of Rip Van Winkle may
seem incredible to many, but nevertheless I
give it my full belief, for I know the vicin-
ity of our old Dutch settlements to have
been very subject to marvellous events and
appearances. Indeed, I have heard many
stranger stories than this, in the villages
along the Hudson; all of which were too
well authenticated to admit of a doubt. I
have even talked with Rip VanWinkle my-
self who, when last I saw him, was a very
venerable old man, and so perfectly rational
and consistent on every other point, that I
think no conscientious person could refuse

to take this into the bargain; nay, I have seen
a certificate on the subject taken before a
country justice and signed with a cross, in
the justice’s own handwriting. The story,
therefore, is beyond the possibility of doubt.

D.K.” (Irving 1961, 53-54)

Americans in the nineteenth century were well
aware of the mystical properties of the land, and
these had more uses than simply a backward-look-
ing nostalgia (as humorous as it might be). They
also became intimately connected with the sense of
self: in broad strokes, if the Dutch felt the land’s
bounty was a natural economic opportunity that
would be shameful to let lie fallow, and the English
felt they were doing the king’s and God’s will in
bringing a kind of ordered industry to the land,
then nineteenth-century Americans looked at the
Hudson Valley as a bounty that provided a new,
critical element to their world: legitimacy. While
the colonial populations looked at the land as a re-
source to be managed and carefully exploited in
concert with the mother countries, the first few gen-
erations of politically independent Americans
looked at the land as an identifying asset against the
cultural imperative of their former colonial masters.
This idea has been well documented in the growth
of American literature and in the famous Hudson
River School of painting, but for this investigation
it illuminates the process by which the inhabitants
of the land redefine it as a “source.” Like the Native
American populations who utilized the land to pro-
vide identity and a way of life, American citizens
saw the region as intimately connected with their
own sense of identity. For American citizens in-
volved in their cultural self-identification, the Hud-
son was a source of mythology and artistic vitality:
it was the source of poetic and mythological inspi-
ration, of artistic and cultural legitimacy.

Joseph Rodman Drake provides one example of
this stylized romanticism. In “The Culprit Fay”
(1835) Drake narrates the tale of a misbegotten
fairy (“fay”) who falls in love with a human girl. The
poetry is somewhat stilted and Drake’s poem never
ascended the heights of the canon, but the archi-
tecture of the myth makes it clear that the landscape
of the Hudson is at least as mystical as the storied
Rhine river of Germany which gave rise to the myth
of the “Rheingold.”
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XI
Soft and pale is the moony beam,
Moveless still the glassy stream,
The wave is clear, the beach is bright
With snowy shells and sparkling stones;
The shore-surge comes in ripples light,
In murmurings faint and distant moans;
And ever afar in the silence deep
Is heard the splash of the sturgeon’s leap,
And the bend of his graceful bow is seen—
A glittering arch of silver sheen,
Spanning the wave of burnished blue,
And dripping with gems of the river dew.

XII
The elfin cast a glance around,
As he lighted down from his courser toad,
Then round his breast his wings he wound,
And close to the river’s brink he strode;
He sprang on a rock, he breathed a prayer,
Above his head his arms he threw,
Then tossed a tiny curve in air,
And headlong plunged in the waters blue.

(Adams 1980, 137)

Drake’s language is florid and ornamental in order
to emphasize the mystical depth of the region he is
describing, and his poetry is an earnest complement
to Irving’s more sardonic approach to the mystical
power of the Hudson as a source for American lit-
erary mythology. Where Irving caricatures the
Dutch fondness for legend (indeed, Irving did
much to create this as a stereotype), Drake works
hard in “The Culprit Fay” to legitimize the region’s
mystical properties in a way that the Hudson River
School’s work legitimized the region for Europeans
familiar with the works of Turner and the other
English and European Romantic painters then in
vogue.

William Cullen Bryant’s poem “A Scene on the
Banks of the Hudson” captures the solemnity and
intensity of the experience felt by those early-nine-
teenth-century artists who looked to the Hudson as
a source of inspiration. Byrant recognized, like other
artists of his generation, that the Hudson was more
than a byway or a land rich in resources for eco-
nomic gain. It was also a magnificent identifier of
the American essence, a spiritual guide whose very
motions mirrored the actions of those who lived on

its banks. The Hudson anchors Bryant as the valley
a few miles above Tintern Abbey anchored Words-
worth as a spot for pure contemplation of those mo-
ments when we see into the life of things.

Cool shades and dews are round my way,
And silence of the early day;
’Mid the dark rocks that watch his bed,
Glitters the mighty Hudson spread,
Unrippled, save by drops that fall
From shrubs that fringe his mountain wall;
And o’er the clear still water swells
The music of the Sabbath bells.
All, save this little nook of land
Circled with trees, on which I stand;
All, save that line of hills which lie
Suspended in the mimic sky—
Seems a blue void, above, below,
Through which the white clouds come
and go;
And from the green world’s farthest steep
I gaze into the airy deep.
Loveliest of lovely things are they,
On earth, that soonest pass away.
The rose that lives its little hour
Is prized beyond the sculptured flower.
Even love, long tried and cherished long,
Becomes more tender and more strong,
At thought of that insatiate grave
From which its yearnings cannot save.
River! in this still hour thou hast
Too much of heaven on earth to last;
Nor long may thy still waters lie,
An image of the glorious sky.
Thy fate and mine are not repose,
And ere another evening close,
Thou to thy tides shalt turn again,
And I to seek the crowd of men.

(Bryant 1854, 191–92)

At the same time that Bryant and others were
trying to define the spiritual and artistic importance
of the Hudson, the industrial period on the river
began in earnest. As a means of transportation the
river was dramatically altered by Fulton’s invention
of the steamboat, since it drastically reduced the
time needed for travel up and down the river. De-
spite its inherent risks (with such disasters as the one
that killed Andrew Jackson Downing occurring on
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a regular basis), the steamboat removed the
serendipitous travel of sail and allowed reasonable
transport time against the tide-borne waters of the
Hudson. The changing landscape of transport had
a dramatic effect on the relationship of the locals to
the Hudson, making it possible for more business to
occur with regularity. It also changed the role of
leisure on the river: as New York City matured into
a center of business predicated on dependable
timetables, steamboats provided a regularized access
to the river itself and the points along its shore. The
culture of the city, then, carried itself onto the river,
and James Kirke Paulding’s narratives are a striking
example of how society and its mores quickly
adapted to riding the waves of the Hudson. In his
sarcastic opinion piece on how to properly ride the
steamboat published in hisNew Mirror for Travelers
(1828), Paulding opens a door into the early-nine-
teenth-century New York society that seems shock-
ingly modern:

The following hints will be found servicea-
ble to all travelers in steam boats.

In the miscellaneous mélange usually
found in these machines, the first duty of a
man is to take care of himself—to get the
best seat at table, the best location on deck;
and when these are obtained to keep res-
olute possession in spite of all the signifi-
cant looks of the ladies.

If your heart yearns for a particularly
comfortable seat which is occupied by a
lady, all you have to do is keep your eye
steadily upon it, and the moment she gets
up, don’t wait to see if she is going to return,
but take possession without a moment’s
delay. If she comes back again, be sure not
to see her.

Keep a sharp outlook for meals. An ex-
perienced traveler can always tell when these
amiable conveniences are about being
served up, by a mysterious movement on
the part of the ladies, and a mysterious agi-
tation among the male species, who may be
seen gradually approximating towards the
cabin doors. Whenever you observe these
symptoms, it is time to exert yourself by
pushing through the crowd to the place of
flagons. Never mind the sour looks, but

elbow your way with resolution and perse-
verance, remembering that a man can eat
but so many meals in his life, and that the
loss of one can never be retrieved. (Adams
1980, 12–13)

There are many other examples of how the
Hudson and its valley became a center of cultural
struggle, from the narratives of New York Society
in Edith Wharton to the explorations and personal
travails of HermanMelville. But one hundred years
on from Paulding, the poet Hart Crane looked to
the Hudson River—and specifically the East
River—for an image that would suffice for an epic
anchor to tell the story of what it meant to be an
American. In the “Proem” that opens his epic The
Bridge (1930) he envisions the Brooklyn Bridge as
a manifestation of the spirit of the age: its geo-
graphical importance and mechanical majesty com-
bine to locate the heart of America in the Lower
Hudson Valley.

How many dawns, chill from his rippling
rest

The seagull’s wings shall dip and pivot
him,

Shedding white rings of tumult, building
high

Over the chained bay waters Liberty—
Then, with inviolate curve, forsake our
eyes

As apparitional as sails that cross
Some page of figures to be filed away;
—Till elevators drop us from our day . . .
I think of cinemas, panoramic sleights
With multitudes bent toward some flash-
ing scene

Never disclosed, but hastened to again,
Foretold to other eyes on the same screen;
And Thee, across the harbor, silver-paced
As though the sun took step of thee, yet
left

Some motion ever unspent in thy
stride,—

Implicitly thy freedom staying thee!
(Frank 1946, 3)

The change with Crane’s work is substantial, be-
cause while he locates the imaginative heart and soul
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of America in the lower Hudson Valley, the sec-
ondary and tertiary attributes of the valley are the
focus of wonder: the human population that gath-
ered in New York, and the structures that it has cre-
ated—namely the Brooklyn Bridge. The topic is the
engineered structure rather than the landscape’s nat-
ural bounty. For Crane, writing in the twenties, the
Brooklyn Bridge is old enough (having been com-
pleted in 1883) to anchor a myth of America, and
while its gothic design is sympathetic with that mys-
tical role, its use marks another significant shift in
perception of the Hudson River Valley: the accom-
plishments of its inhabitants outrank the attributes
of the landscape itself. It is worth noting that the
bridge is a structure that physically bypasses the
river completely through engineering. A bridge
eliminates contact with the river—and the need for
a ferry boat. In this way, Crane’s apostrophe to the
Brooklyn Bridge celebrates the modern separation
from the river. This is a significant shift, of course,
and here held as a marker of progress.

If Hart Crane’s apostrophe to the spirit of
America’s industrial imagination in The Bridge rep-
resents the modern inspirational high point of the
Hudson River Valley, then Robert Lowell’s poem
“The Mouth of the Hudson” (1961) captures the
nadir of consciousness about the river. Thirty-one
years on from Crane’s poem, the Hudson had been
taken over in large part as an industrial river whose
natural purpose had been subverted by the swollen
needs of manufacturing and trade. Lowell’s poem
illustrates the negative effects of being separated
from the landscape, and represents a complete re-
versal of Steendam’s theme in that the river is now
choked by mankind’s industriousness rather than
providing too much bounty to control.

A single man stands like a bird-watcher,
and scuffles the pepper and salt snow
from a discarded, gray
Westinghouse Electric cable drum.
He cannot discover America by counting
the chains of condemned freight-trains
from thirty states. They jolt and jar
and junk in the siding below him.
He has trouble with his balance.
His eyes drop,
and he drifts with the wild ice
ticking seaward down the Hudson,

like the blank sides of a jig-saw puzzle.
The ice ticks seaward like a clock.
A negro toasts
wheat-seeds over the coke-fumes
of a punctured barrel.
Chemical air
sweeps in from New Jersey,
and smells of coffee.
Across the river,
ledges of suburban factories tan
in the sulphur-yellow sun
of the unforgivable landscape.

(Lowell 2007, 42)

The imagery of nature is only referenced as an
ironic counterpoint: the man stands “like a bird-
watcher” while the poem calls into question
whether any birds exist in this landscape. The ice is
disconnected like a jigsaw puzzle, and “ticks” like a
mechanical clock toward the sea. The man in the
text is unable to balance and is unable to discover
America—an ironic nod to the early explorers like
Amerigo Vespucci and Verrazano (whose epony-
mous bridge defines the mouth of the Hudson and
was under construction from 1959–1964). The
river’s function, alluded to in the title, is much like
involuntary emesis since it vomits out the region’s
waste to the sea. Here we see the hallmarks of the
industrial phase of the Hudson’s history as an unre-
lenting separation of the human from the land-
scape: the river performs a function of business by
distributing waste, is owned by corporate rather
than human interests, and has no other measurable
influence on the lives of its inhabitants.

In our own time the Hudson has become a
touchstone for renewed consciousness about the
human relationship to one’s environment. One
might say we have been engaged in climbing down
from the majestic parapets of our bridges to feel the
water once more. With the increased understand-
ing of our biological interdependence with the
river’s ecosystem as symbiotic elements in the bios-
phere, we have a greater appreciation of the Hudson
as source as well as resource. It is still one of the
busiest waterways in the nation, as easily plied as
Henry Hudson had hoped. It is also, of course, the
birthplace of the environmental movement, and in-
timately involved in the birth of American literary
and artistic consciousness. It still functions as the
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contemplative source for many poets, artists, and
working commuters on a daily basis, the latter of
whom ride its shores every day going to and com-
ing from New York City.

Poet Billy Collins describes that journey in his
poem “Albany” and illustrates the parallax that oc-
curs when the individual locks into a kind of con-
sciousness with the river. Here the focus is so
intently developed that one loses track of whether
the river or the train is in motion. The effect pro-
duces “wonderment” in the observer and simulta-
neously illustrates the differences in the relationship
with the river we have in the modern world.
Collins, speeding along faster than Robert Juet
could have imagined, is nevertheless intimately in-
volved in the human contemplation of place: here
the Hudson is a source of inspiration and wonder-
ment for both its beauty and bounty.

As I sat on the sunny side of train #241
looking out the window at the Hudson
River,
topped with a riot of ice,
it appeared to the untrained eye
that the train was whizzing north along
the rails
that link New York City and Niagara Falls.

But as the winter light glared
off the white river and the snowy fields,
I knew that I was as motionless as a man
on a couch
and that the things I was gazing at—
with affection, I should add—
were really the ones that were doing the
moving,
running as fast as they could
on their invisible legs
in the opposite direction of the train.
The rocky ledges and trees,
blue oil drums and duck blinds,
water towers and flashing puddles
were dashing forever from my view,
launching themselves from the twigs
of the moment into the open sky of the
past.
How unfair of them, it struck me,
as they persisted in their flight—
evergreens and electrical towers,

the swing set, a slanted fence,
a tractor abandoned in a field—
how unkind of them to flee from me,
to forsake an admirer such as myself,
a devotee of things—
their biggest fan, you might say.
Had I not stopped enough times along the
way
to stare diligently
into the eye of a roadside flower?
Still, as I sat there between stations
on the absolutely stationary train
somewhere below Albany,
I was unable to hide my wonderment
at the uniformity of their purpose,
at the kangaroo-like sprightliness of their
exits.
I pressed my face against the glass
as if I were leaning on the window
of a vast store devoted to the purveyance
of speed.
The club car would open in fifteen
minutes,
came the announcement
just as a trestle bridge went flying by.

(Collins 2003, 55–57)

Collins ends the poem with a counterpoint that il-
lustrates the conflict in the modern world between
such profound recognition of place against the
speed and distractions of our time: the moment of
profundity is cut off by the announcement that the
bar car has opened. It is in this modern conundrum
that most of us now exist: torn between the items
offered by the Hudson for our contemplation,
drawn to the blue oil barrel and the eye of a road-
side flower, often as the riverscape speeds by.

The arc of human relationship with the Hudson
as revealed in the literary record is understandably
complex. Its dynamic is determined by many dis-
parate factors that include the writer’s individual
temperament, the intent and the interpretation of
the written record, and the genre in which the
record takes place. But in its wider perspective, the
human record of the Hudson reveals the oscillating
dynamic its inhabitants have shared with its role in
their lives. It has been a source and determinant of
culture and living conditions; a newly discovered
land of wonder; a gathering of resources to be prof-
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itably exploited; an impossibly challenging land-
scape to manage; a political lifeline; a source of na-
tional inspiration; an industrial resource and
liability; and a landscape for the reflection of the
complexity of life. The Hudson has mirrored
human aspirations and simultaneously influenced
them, making life on its banks a significant model
of how an environment and its human population
actively and extensively interact.

NOTES

1. This is Susan Tarrow’s translation in Lawrence
C. Wroth, ed., The Voyages of Giovanni da Ver-
razzano, 1524–1528 (New Haven: Published
for The Pierpont Morgan Library by Yale Uni-
versity Press, 1970). It is also reprinted in
Pritchard 2002, 356–58.

2. Henry Hudson’s Voyages from Purchas His Pil-
grimes by Samuel Purchas (Ann Arbor: Univer-
sity Microfims, 1966), 591–92. A transcription
by Brea Barthel is available on the New Nether-
land Museum’s Web site: http://www.half-
moon.mus.ny.us/Juets-journal.pdf.

3. See Russell Shorto, Island at the Center of the
World (New York: Vintage, 2007), 301–307 for
a distinction between the English and Dutch
sentiments in Massachusetts and New Amster-
dam during colonization. James Axtell makes a
similar point: “Nearly all the colonial charters
granted by the French and English monarchs in
the sixteenth and seventeenth centuries assign
the wish to extend the Christian Church and
save savage souls as a principal, if not the prin-
cipal, motive for colonization.” The Dutch are
distinctly different in that regard (1981, 43).

4. Selections quoted from Richard Nicholls, Eso-
pus Indian Treaty 1665: an Agreement made

between Richard Nicholls Esq. Governor under his
Royal Highness the Duke of Yorke and the Sachems
and people called the Sopes Indyans (New York:
Ulster County Clerk Records Management Pro-
gram Archives Division, 2002).
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IN 1978 A HISTORIC battle raged. Utilities had
constructed power plants along the shores of the
Lower Hudson River during the preceding several
decades relying on the river as a heat sink. At the
time they were built, the river was heavily polluted
throughout its length, there was little public inter-
est in the river, and little was known about the dis-
tribution of fish. “Fishkills” were common at the
cooling water intakes. As regulatory oversight
evolved in the 1970s these losses of fish began to
concern regulatory agencies and particularly citi-
zens, as described by Young and Dey. All of the nine
large power plants were facing renewal of their op-
erating licenses. Armed with NEPA, the EPA con-
solidated all of the agencies’ cases into one litigation,
and eventually negotiation, as described by Butzel
and myself. EPA sought to require closed cycle cool-
ing at six of the power plants, which would reduce
their water withdrawals by ca. 95 percent. At that
time, state-of-the-art for closed cycle was 200 m
(650 ft.) tall natural draft cooling towers. If built,
these would have been the tallest man-made struc-
tures between New York City and Montreal. The
environmental organizations, Hudson River Fish-
ermen’s Association and Scenic Hudson Preserva-
tion Conference, intervened in support of the
federal government case seeking protection of the
fish populations. In contrast, New York State’s DEC
and Office of Parks, Recreation, and Historical
Preservation argued that while protecting fish pop-
ulations should be done, construction of gigantic
towers would unacceptably degrade the scenic qual-
ity of the natural forested mountainous setting. The

state agencies acknowledged the conundrum: pro-
tecting one environmental resource came at the ex-
pense of another.

Of course, it could hardly have been otherwise
in the Hudson River Valley. This river has served
multiple interests since well before the arrival of Eu-
ropean immigrants. Throughout this volume our
authors have considered the obligatory close feed-
back relation of human uses of the resources that
changed (i.e., impacted) those resources, and the
changes in the resources that forced, or “drove,” sub-
sequent modifications of use of those resources (re-
call Fig. 2.1). As Findlay pointed out in chapter 2,
many societal forces determine the uses of resources.
These may stress the resources, requiring manage-
ment of either the resources or the uses, or both. If
demands conflict, so too may the regulatory re-
sponses. It would be difficult to find a river system
with more striking resources and mutually conflict-
ing demands than the Hudson River. If the ultimate
goal is to live sustainably with these resources in and
on this river, then past history must be a guide to
that future.

HUMAN USES THAT CHANGED
THE ECOLOGY

Forests

Hudson’s crew noted the abundant forests along the
shore in their log. Resident Native Americans relied
on them for nuts, medicines, and access to forest

325

CHAPTER 22

THE PAST AS GUIDE TO A SUCCESSFUL FUTURE

Robert E. Henshaw



dwelling animals (Lindner, ch. 7). Arriving immi-
grants relied on them to build their houses, but
cleared them to create their pastures and croplands
(as Grossman describes in chapter 8). During the
seventeenth century the forests in the Hudson River
Valley were progressively removed as new home-
steads required more land for pastures and agricul-
ture (Henshaw, ch. 1 and Part II; Vispo and
Knab-Vispo, ch. 12; Litten, ch. 11). During the
eighteenth and early nineteenth centuries forests
were virtually cleared for tanning bark, charcoal to
sustain a growing iron industry, and agriculture (Pe-
teet et al., ch. 9; Thompson and Huth, ch. 10;
Vispo and Knab-Vispo, ch. 12). By the middle of
the nineteenth century, New York State was largely
deforested. Accounts at the time indicated it was
recognized that animal populations and distribu-
tions also were heavily impacted. Daniels, in chap-
ter 4, and Breisch, in chapter 5, describe population
declines in fish and in amphibians and reptiles. De-
clines in forest-dwelling birds and mammals were
known. During the late nineteenth and early twen-
tieth century, most of the forests regenerated from
seeds and sprouts, albeit not necessarily with the
same species mix as the primordial forests (as noted
by Thompson and Huth, ch. 10). Today, New York
State is more than 60 percent forested again. As
these forests age, their future is uncertain. In the
Hudson River Valley urban sprawl, real estate de-
velopment, and conversion to orchards and vine-
yards frequently trump forest preservation. Old
growth forests probably will not return to the Hud-
son Region except in isolated pockets in the Hud-
son Highlands.

Agriculture

Colonial homesteads, crop fields, and pastures were
carved from the surrounding forests. As farm soils
became exhausted, farmers moved on and cleared
new tracts until virtually all tillable lands were in
cultivation or various stages of abandonment (Lit-
ten, ch. 11). Much of the reforestation that has oc-
curred is on fallow farmland. Because farmlands
mostly occupy gentle terrain they increasingly be-
came targets for commercial and residential devel-
opment. By the mid-twentieth century, loss of
prime agricultural land, particularly in the north-

ern portion of the Hudson River Valley, had become
alarming. In response, the NYS Department of
Agriculture and Markets created Agricultural Dis-
tricts in 1971. This first-in-the-nation program
sought to forestall the conversion of prime farm-
lands to nonagricultural uses through a combina-
tion of landowner incentives and protections.
Landowners who agreed to keep their land in pro-
duction received favorable taxation rates and pro-
tection from overly restrictive local laws or
government acquisition of the land. Development
pressure throughout the Hudson River Valley is un-
relenting, however, as urbanization spreads north-
ward from New York City.

Today, and hopefully tomorrow, there is rekin-
dled interest in eating locally produced foods. Farm-
ers markets throughout the valley and in New York
City during the growing season are providing access
to local fresh fruits, vegetables, and meats, and at
many, musical entertainment. One may hope that
the present new interest in “eating healthy” will per-
sist and further stimulate preservation of sustain-
able agriculture in the valley.

Suburban Communities

Suburban development means replacement of
forests and agricultural lands with lawns and horti-
cultural, often exotic, species (as Teale discussed in
chapter 13). Typically, these lawns demand in-
creased use of chemical fertilizers, pesticides, and
defoliants. Simultaneously, increasing amounts of
impervious surfaces, such as parking lots and road-
ways, provide quick direct runoff of residues.

Tributaries to the Hudson River

Threading through communities, the tributaries to
the Hudson are most directly impacted by land uses
and maintenance. Non-point sources of pollution
from agriculture, impervious surfaces, and subur-
ban yards most directly affect the tributaries. Robert
Boyle, the originator of the Hudson River Fisher-
men’s Association, recently passionately argued that
regulatory attention is inadequate on these head-
water streams and must be enhanced in the future
(Boyle, RH 2010, speaking at HRES Annual Meet-
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ing, Staatsburg, NY). Concern for the main river
channel is inadequate, he said, without protection
and management of the tributaries.

Water Quality

For the most part, industries that were heavy pol-
luters of the Hudson River are gone or their impacts
ameliorated, and the remaining companies mini-
mize effluents or eliminate releases of hazardous
wastes. One example of a company that released
heavy metals, caused biological impacts, was closed
and removed, and whose site was remediated was
discussed by Levinton in chapter 16. The car as-
sembly plant that colored the river with paint
wastes, as well as many other industrial sites, are
being redeveloped for riverside housing or river-be-
nign commerce. Chemical releases today are regu-
lated and reduced to low levels under permits from
NYS DEC. One particularly problematic pollutant,
polychlorinated biphenols (PCBs), once released
under DEC permit into the Upper Hudson from a
General Electric capacitor manufacturing plant,
now so taint fish in the Lower Hudson that no fish
caught in the river is considered safe to eat. The
PCBs are being dredged from “hotspots” in the
Upper Hudson River bottom in the largest such
cleanup effort in history. During dredging some of
the PCBs are resuspended in the water column and
move downriver. GE and the EPA are debating
whether the amount of resuspension is likely to be
environmentally important.

Old-timers remember swimming in the Hud-
son River using a sweeping stroke to clear flotsam
out of the way. Today, sanitary wastes are much re-
duced. Primary treatment of sewage mandated dur-
ing the 1970s and secondary treatment during the
1980s and 1990s now largely control sewage con-
tamination (as discussed by Tonjes et al., ch. 15).
The oxygen block south of Albany that precluded
fish passage is gone. The entire Lower Hudson River
is swimmable from just south of Albany to New
York City during dry periods. However, during
heavy rains the river is temporarily contaminated.
All communities use combined sanitary and storm
sewers because of the cost of separate systems. These
urban systems may be overwhelmed during large
rain events, and raw sewage is washed directly into

the river. Under pressure from the state and federal
governments, communities are searching for af-
fordable ways to manage sewage during high rains.
Solving sanitary waste contamination looks easy
however, compared to the newly recognized threats
from discarded and excreted pharmacological
residues and metabolic byproducts. Sanitary treat-
ment systems simply were not designed to manage
such materials.

Shorelines

Former rip rapped shorelines and wooden bulk-
heads are aging and eroding, returning lost riparian
habitat to the river. Embayments that were created
by deposition of dredged materials during shipping
channel maintenance (see Nitsche et al., ch. 6), and
by railroad construction on trestles and raised gravel
beds are valued. Several are managed today by the
Hudson River National Estuarine Research Reserve,
a federal/state research, education, and management
program administered by DEC.

Aquatic Ecosystems

We have come a long way since 1966 when the
Hudson River Valley Commission published a re-
port on the biological resources of the Lower Hud-
son River in which there was only a list of possibly
interesting locations. The fish populations have
been more studied in the Hudson than any other
river—by 2010 well in excess of $110 million be-
tween the power companies and the Hudson River
Foundation alone—and more than all other com-
ponents of the aquatic ecosystem. Recent estimates
indicate that the populations of most or all key fish
species are currently reduced as stated by Daniels et
al. in chapter 4. The causes are not readily appar-
ent. Human predation is now minimal. Power
plants and communities withdrawing drinking
water from the river are now the only major water
withdrawals. Power plant predation continues, but
as discussed by Young and Dey in chapter 18, stud-
ies sponsored by the utilities lead them to conclude
that the power plant–related impacts to fish popu-
lations may be sustainable. Any “fishkills” however,
remain contentious to the public, and DEC
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currently is seeking to require closed cycle cooling at
all major power plants as their operating permits are
renewed. The 1970s gigantic natural draft cooling
towers are no longer the state-of-the-art; convec-
tive/radiant “dry” cooling is now feasible, though
expensive. If constructed, this would reduce utility
predation on fish by ca. 95 percent. Carefully sited
to be mostly obscured by forest cover, the dry cool-
ing towers, although large, would impose on the
scenic quality less than natural draft cooling towers
would have. An in-between technology, called hy-
brid cooling, combines a dry tower with a fan-as-
sisted evaporative tower. Their steam plumes,
however, when emitted, would impact the scenic
quality by conveying an industrial character, and
could cause fogging and icing at times.

In addition to water withdrawals, other stresses
continue. Impacts to fish populations are mixed and
in most cases uncertain. Since 1993, zebra mussels,
arriving from Asia, probably in a ship’s ballast water,
have caused major decreases in algae and detritus
particulates, thus decreasing the amount of energy
available to mainstream species of the food web
(Strayer et al. 1999). The river is now exhibiting in-
creased annual temperature probably due to global
warming. Non–point source pollutants continue to
increase. Many organic pollutants are hormone dis-
ruptors or have subtle or long-term metabolic ef-
fects in fish and other organisms. Some
bioaccumulate in the food web. Reduced reproduc-
tion has been shown in shoreline populations of
predatory birds due to PCBs. Direct effects on fish
populations have not been established. One may
surmise, however, that greatest impact of these pol-
lutants in fish might be manifested in the species at
the top of the food web, that is, in several of the
species of concern at the power plants.

Demography

While the population of the Upper Hudson River
region remains quite static, the population of the
Lower Hudson River region is growing more rap-
idly than in any other part of the state. Urban
sprawl is sweeping northward from New York City.
With the entire Lower Hudson now swimmable
and without unpleasant odors, communities are re-
populating the shores with boat accesses and river-

side parks where access under or over the railroad
tracks permits. Homeowners are peppering the
shores with interesting, quality new homes wher-
ever accessible to the shoreline and on lands over-
looking the river. Multiple-family housing areas are
being constructed on larger parcels, especially in the
southern half of the river. Second homes, and even
primary dwellings in the upper half of the estuary,
are increasingly attractive options for commuters re-
lying on reliable mass transit to New York City. Vig-
ilance will be required in the new century to assure
that the river will not be “loved to death.”

RESPONSES TO CHANGED ECOLOGY

Regulation, Planning, and
Environmental Oversight

Early in the twentieth century, the Hudson River
was largely abandoned by the public. Agencies
lacked regulatory oversight and even enthusiasm for
such responsibility. Today, many federal and state
agencies have regulatory responsibilities (see list of
web addresses for agencies at the end of this vol-
ume). Most of these enjoy support among citizens
and, with caveats, also among industries. Federal
agencies oversee major industrial sites and power
plants. By state statutes, DEC’s environmental qual-
ity divisions have broad responsibilities for virtually
all water, air, land, and wastes. Permits for most fed-
eral regulation of siting, water withdrawals, and ef-
fluent discharges are administered by DEC, with
the federal agencies in an oversight role. Addition-
ally, the Division of Coastal Resources of the NYS
Department of State has administrative control of
major siting along the Lower Hudson River because
the river is tidal up to Troy (see “An Abbreviated
Geography” in this volume). Coastal Resources
seeks to protect scenic quality in declared Scenic
Areas of Statewide Significance (SASS 2010).

Large proposed construction, then, is well
managed by agency oversight. However, most de-
velopment is from many smaller projects. Because
Home Rule controls, local communities more than
state agencies determine whether, where, and in
what form much siting occurs. Many smaller com-
munities cannot afford a highly trained environ-
mental review staff. Many pet projects are
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declared, based on little analysis, to have no im-
portant environmental impacts. That is, they re-
ceive a Negative Declaration, or a “Neg Dec.”
Although state agencies do have the opportunity
to reserve out important cases for their adminis-
tration, this happens too infrequently because the
state agencies also are strapped for funding.
Currently limited coordination occurs among
communities. The result also means uneven appli-
cation of environmental criteria.

Fiscal problems present the greatest hurdles to
adequate environmental oversight at both the state
and local levels. DEC, strapped for funds, has in-
creasingly routinized environmental analysis and
permit review. Much environmental assessment and
field analysis is relegated to simply completing
forms to aid quick agency oversight. SEQR, much
like NEPA, requires that the applicant for a permit
to construct a proposed project must complete an
Environmental Assessment Form (the “EAF”). Too
many proposed projects all but automatically re-
ceive a “Neg Dec” by in-office review.

Through the years, attempts at regional plan-
ning with and without controlling regulation have
been tried and disbanded. In the 1960s and 1970s
the Hudson River Valley Commission sought to
create region-wide siting criteria, including design
and aesthetics. Developers and industries were to
meet these criteria for approval of their applications.
HRVC was terminated when communities and in-
dustries objected to imposition of siting criteria.
HRVC was followed by the Hudson River Valley
Greenway that emphasized a voluntary buying-in
by communities to siting guidelines. This too was
deemed too much central control, and its mission
was restructured into a trails and advocacy agency
(Greenway 2010).

A different tack was taken by Congressman
Maurice D. Hinchey, who hailed from the Hudson
River Valley. He devised the concept of a Hudson
River Valley National Heritage Area to recognize the
national importance of the estuary. The HRVNHA
was designated by Congress in 1996 and became
the first of forty-nine federally recognized National
Heritage Areas administrated by the National Park
Service (HRVNHA 2010).

In 1987, the Hudson River Estuary Program
(HREP) was established as an office of the com-
missioner of DEC. HREP maintains research, edu-

cation, and support programs that bridge many
other parts of DEC. Its Web site shows an Action
Agenda of: (1) ensure clean water including swim-
mable water quality from Troy to New York City;
(2) protect and restore fish, wildlife, and their habi-
tats, including wetlands and tributaries, and oper-
ating the joint federal/state Hudson River National
Estuarine Research Reserve; (3) provide recreation
and river access and trails; (4) adapt to climate
change including mapping flood-prone areas; and
(5) conserve the world-famous scenery including
helping communities to adopt scenic and open
space plans and improve land use plans (HREP
2010). It likely is this latter approach of enabling
communities rather than seeming to limit them that
has saved HREP from going the way of its prede-
cessor agencies. Superbly administrated, it works to
facilitate communication among communities, and
encourages appreciation for regional perspectives
and cooperation. Defying the stereotype of regula-
tory agencies, HREP is respected, supported and
applauded, and is a sought-after partner by com-
munities and developers alike. We have to hope its
future in these days of fiscal austerity is secure.

Recent trends to preserve, enhance and develop
the historic, agricultural, scenic, natural, and recre-
ational resources have involved groups of commu-
nities in the region south of the Adirondack Park
banding together. For the Upper Hudson River,
state legislation in 2006 created the “Historic
Saratoga-Washington on the Hudson Partnership”
(Partnership 2010). It acknowledged the tradition
of independent community home rule, and then
provided enhanced power through regional collab-
oration. River communities can opt into the Part-
nership at any time simply by local resolution. The
Partnership facilitates collaboration among not-for-
profit organizations, local governments, and private
groups to develop projects that enhance agricultural
and open space protection, economic and tourism
development, and the protection and interpretation
of our natural and cultural heritage. As of 2010 the
Partnership claims strong support and cooperation
among fifteen cooperating communities and fifteen
institutional and NGO Partners.

The most important process mechanism for
protecting ecosystems, which may be traced back to
the principles laid down in the Storm King contro-
versy, is the concept of self-disclosure. Anyone who
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would use environmental resources may be pre-
sumed to have at least some effect on those
resources or others. NEPA adopted environmental
impact assessment, that requires the applicant to
analyze and describe, that is, to self-disclose how
its proposed activity might impact the environment
in an Environmental Impact Statement (the
“EIS”). The public and its agencies then may de-
cide whether the likely impacts will be acceptable.
The State Environmental Equality Review Act
(SEQRA) also adopted the self-disclosure ap-
proach. At a minimum, this means filing the Envi-
ronmental Assessment Form; at most an EIS
(SEQR 2010). State regulations then require the
state to take a “hard look,” that is, to examine all
potential direct, indirect, and cumulative impacts
of a proposed action.

Ideally, siting today occurs with more fore-
thought and required protections.

Litigation, Mediation, and Negotiation

Both NEPA and SEQRA presume all disputes will
be resolved in adjudicatory hearings. In the 1970s
many siting cases went to protracted hearings where
decisions often turned on skillful argument or en-
trapment of an expert witness. That decade saw the
birth and growth of environmental law. By the 1980
settlement of the cooling tower case, participants of
all parties had come to recognize that it is impossi-
ble to find perfect truth through litigation. They
learned at the deepest level that face-to-face re-
spectful negotiation among parties with competing
legitimate points of view should most effectively
and cheaply produce an outcome that all parties can
live with. (The present reader should ponder every
single word in this sentence.) It is, in fact, possible
for each party to walk away satisfied that it got more
than it would have hoped to get had it litigated.
New York’s State Environmental Quality Review
Act, written by, and revised by, that generation of
litigation-phobes now encourages all parties to seek
accommodation by direct negotiation in the hope
of avoiding costly litigation. During the 1980s and
1990s public dispute resolution services came to be
provided by counties and towns and are today avail-
able for settlement of all sorts of disputes from en-
vironmental to property to domestic.

In the new century, all of the power utilities
along the Hudson River are owned by national or
international corporations. Their leadership can no
longer be assumed to be citizens of the area; no
longer can the community expect either pride of
ownership, or embarrassment over malfunctions,
which we might hope for from a resident. However,
recent events suggest parties may have been guided
by the earlier cases that occurred here in the Hud-
son River Valley. All of the large fossil fueled steam
generating plants were successfully relicensed by
2011 with modified operating standards that are ex-
pected to be protective of the environment. The re-
licensing of Indian Point nuclear power plants was
“progressing.” Representatives of both the power
companies and the state claim (pers. comm.) they
are cognizant of the earlier battles and the impor-
tance of the 1980 settlement. They characterize
discussions as substantive, respectful, and collabo-
rative. One may be optimistic that history will
NOT repeat itself. It was particularly for this rea-
son that the present volume emphasizes the envi-
ronmental history associated with Hudson River
power generation.

Looking ahead, the fiscal restraints on regula-
tory agencies at local, regional, state, and national
levels can be expected to force changes in environ-
mental surveillance and management. This need
not require reduced regulation in the name of en-
abling development and being business-friendly.
Nor should environmental analysis be reduced be-
cause of inadequate staff. Quite the opposite. Forc-
ing society to accept potentially permanent
environmental losses or modifications that indeed
might further one business but impact widely the
natural environment is shortsighted. Rather, what
is needed is for applicants and regulators to come
to accept they have interlocking responsibilities to
future societies and that this requires collaboration
and not adversity, and certainly not reduced overall
surveillance and regulation. All parties that wish to
begin development of any kind should avail them-
selves of SEQR and NEPA environmental analysis
processes. They should voluntarily assure full dis-
closure of their plans and the possible environmen-
tal impacts from the first conceptual stage onward.
If they demonstrate complete openness throughout
the scoping process, they stand to obtain more ac-
ceptable decisions more amicably and cheaply, and
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most expeditiously. At the same time, regulators
must dispense with the presumption that every reg-
ulatory process should be adversarial. When the ap-
plicant has demonstrated complete openness, and
the public needs are accommodated to the maxi-
mum extent, then the regulatory agencies can, and
should, become collaborators. They can facilitate
timely approvals.

The 1970s New York State power plant siting
law, Article VIII, was designed to be adversarial and
to require onerous amounts of studies that did not
facilitate decision making. Of all power plants pro-
posed, only one was sited and built. All others be-
came entangled in endless squabbling that could
not be resolved. The one plant that was approved
and constructed, Somerset, was my responsibility
as an environmental analyst within DEC. Looking
back now, my greatest professional satisfaction was
to develop a decision-making process that enabled
approval at the secondary site. DEC then sup-
ported the applicant, New York State Electric and
Gas Company, and discussions evolved into find-
ing optimum ways to meet the many environmen-
tal challenges.

RESEARCH

Utilities continue today to sponsor applied research
on potential impacts of power plant operations, es-
pecially to fish populations. These studies build on
the over $70 million of studies they had sponsored
before the consolidated power plant case settlement
in 1980. The Hudson River Foundation, created in
that settlement, sponsors applied and basic studies
throughout the river. As of 2010 it has awarded
more than $35 million in competitive research and
environmental education grants since 1980
(Suszkowski, D.J. 2010, pers. comm.). Many insti-
tutions maintain active research programs. Scien-
tists at Cary Institute for Ecosystem Studies conduct
studies of nutrient availability, ecological produc-
tivity, and other fundamental processes in embay-
ments and the river channel. Lamont Doherty
Earth Observatory of Columbia University and the
State University of New York at Stony Brook, as
well as several environmental consulting firms, de-
ploy research vessels throughout the Lower Hud-
son. In 2010 the Beacon Institute for Rivers and

Estuaries was developing teaching and research fa-
cilities at Rensselaer Polytechnic Institute in Troy,
in Beacon, and in New York City. A new program,
the Hudson River Environmental Conditions Ob-
serving System (HRECOS), by Stevens Institute of
Technology and others deployed permanently
placed as well as free-floating monitoring devices
continuously reporting water quality parameters via
satellite (HRECOS 2010; Hudson, 2010). It was
truthfully said in 1978 that the Hudson was the
most studied river in the world, and that surely re-
mains true in the new century.

Education

Virtually all of the research programs except for the
utility-sponsored studies are linked with environ-
mental education programs. Many colleges and uni-
versities maintain graduate and undergraduate
research programs, field courses, and summer insti-
tutes. The Cary Institute of Ecosystem Studies sup-
ports undergraduate, graduate, and postdoctoral
student research. In 2004, the Environmental Con-
sortium of Hudson River Colleges and Universities
was formed to facilitate communication and coop-
eration among the more than forty academic insti-
tutions with field and classroom, and semester and
summer, education programs.

Environmental educational opportunities for K-
12 students abound in the Lower Hudson River
today. The most prominent and respected is the
Hudson River Sloop Clearwater. Since 1969 it has
provided twice-daily three-hour sails from the be-
ginning of April through the end of October during
which students directly experience all components
of aquatic ecosystems at five on-deck teaching sta-
tions and hear discussions and songs about ecology
and good management practices. Clearwater also
provides classroom support especially to urban
schools with limited financial resources. Often re-
ferred to as the “Flagship of the Environment,”
Clearwater’s floating classroom has educated more
than one-half million people, and has been repli-
cated in many rivers worldwide.

In the 1980s, Hudson Basin River Watch was
established to provide education through in-field
monitoring studies in the Hudson River and its
tributaries for more than two hundred high school
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students, teachers, and volunteers each year. Their
annual day-long conference for students to report
their findings are of such quality that it is difficult
to realize one is not in a meeting of professional sci-
entists. The program has been acclaimed as a valu-
able approach to improving the water quality of the
Hudson River Basin through research-based educa-
tion. We have come a long way since the early
1970s when Boyce Thompson Botanical Institute,
then located in Yonkers, was roundly criticized for
deploying presumed-to-be-incompetent high school
students to study Haverstaw Bay!

Advocacy

A very important adaptive response to impacts to
the river’s ecosystems has been improved public in-
volvement. Citizens were empowered by the deci-
sion of the Second Circuit Court of Appeals in the
Storm King pumped storage power plant case that
enabled them to sue on behalf of the environment.
This power has been somewhat reduced through
subsequent litigation, so that citizens must demon-
strate direct harm. Citizen participation was codi-
fied in NEPA, and then in New York’s SEQRA.

In the Hudson River Valley, the residents are
well educated, attentive to corporate and private
proposals that might harm their valley, and most
importantly they are willing to support a plethora of
topical grassroots not-for-profit organizations to ex-
press impassioned and energetic positions on envi-
ronmental concerns. It is common for these groups
to find motivation in the Hudson River School of
landscape painting (Flad, ch. 20). Hudson River
Sloop Clearwater devotes one-third of its mission
to environmental advocacy. Riverkeeper deploys a
surveillance vessel daily to watch out for illegal dis-
charges and other potential problems. Scenic Hud-
son Preservation Conference, which was created by
citizens to oppose the Storm King pumped storage
power plant, and which may be directly credited
with initiating the environmental movement
(Butzel, ch. 19), continues actively and has meta-
morphosed into a major land conservancy organi-
zation channeling scenically, historically, and
environmentally important properties into public
protection.

Liaison

Keeping abreast of so many research and education
programs within the Hudson River Valley is a chal-
lenge. In 1969, the Hudson River Environmental
Society was established to provide for non-advocacy
nonadversarial information exchange among deci-
sion makers, researchers, and educators, as well as
interested public. It does so through conferences,
books (of which this is one), monographs, and
newsletters. HRES believes that sound public pol-
icy must be science-grounded, although it takes no
position on specific technical issues.

Very recently, the Hudson River Watershed Al-
liance was created to integrate all environmental as-
pects, users, and advocates. It was nurtured into
existence within Clearwater Inc. before fledging to
independence in 2010. One can hope that one
comprehensive liaison organization such as the
HRWA will succeed in providing umbrella coordi-
nation among all not-for-profit organizations, and
support for all users and organizations on the river.
At the end of this volume we provide a list of Web
addresses of many Hudson River organizations.

There is emerging coordination among re-
search, education, and advocacy programs within
the Hudson River Valley. The same cannot yet be
said for coordination between the Hudson River
and other riversheds. One organization in 2010, the
River Network, is hoping to become the “alliance
of alliances” to provide coordination among river-
sheds. It provides extensive how-to training for not-
for-profit organizations, nearly all of which suffer
similar leadership, management, membership main-
tenance, and funding problems.

Industries that would seek to impact this river
or its surroundings should anticipate active, in-
formed, and supported citizens. This does not mean
that applications will not receive a fair evaluation, or
that they will be summarily rejected by the admin-
istrative agency. With due diligence, and especially
with openness, most applications will be approved
after considering all options, minimizing most im-
pacts, and often accommodating interests other
than the applicant’s at the same time.

What the Hudson River has derived from its
distant and recent past surely will prepare it for its
future:
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• awareness of “the Sublime” that makes
this river a national treasure

• knowledge of its resources through con-
tinuing surveillance and research

• multiple sources of relevant education
enabling its informed public

• enforcement of protective science-based
regulations by agencies at all levels

• access to public and private funding by
interested citizens of the river region

• active, responsible, and empowered citi-
zen participation

To these we must hope will be added in the near
future:

• increasing intercommunity cooperation
leading to collaboration

• more regional planning

To be true to my generation of professional envi-
ronmental analysts, I must include a strong personal
plea for:

• environmental assessment and full self-
disclosure of proposed actions based on
thorough required environmental analyses

followed by:

• complete review by trained profession-
als using field observations to confirm
the facts in the EIS; and throughout the
process from initial “Scoping” to final
determination

• friendly cooperation and respect among
all participants.

It appears that today’s uses of the Hudson River,
responsive to the many drivers, seem to be leading
to a very rosy future for the Hudson River.
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WE HAVE SOUGHT to demonstrate that the
Hudson River—Muh-he-kun-ne-tuk—is unique. Its
history, like its prehistory, weaves together its special
resources—the Sublime—and its spirited entrepre-
neurial residents. For thirteen millennia we used the
resources and changed them little. During the re-
cent four centuries, we used the resources much
more intensively, changed the ecosystems, and re-
peatedly have been forced to rethink what we were
doing. Now as we begin another four centuries, or
(wishfully) thirteen millennia, we must learn from
our history.

The Hudson River has been uniquely important
to New York’s culture, history, commerce, and
tourism. It provided identification, water, food,
livelihood, transportation, strategic protection,
recreation, and scenic splendor for its inhabitants

and for countless travelers. It connected interior to
coast, producers to consumers, rural to urban, and to
the access westward into an expanding nation. It
carried raw materials from the interior to New
Amsterdam, now New York City, spurring growth
of the largest port and metropolis in North America.
Cultures and commerce have flourished, declined,
or been removed throughout the river’s length, each
contributing long-term changes to the Hudson
River. But despite its heavy use, and the increasing
settlement of upriver communities, the characteristic
landscape today remains one of scenic grandeur; the
Upper Hudson a tumbling mountain stream; the
Lower Hudson a fjord penetrating the Hudson
Highlands. The Hudson River, then, is many
resources, connecting New York’s past to its future;
and the River is the Bridge.
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Water Quality in the Hudson River Basin http://pubs.usgs.gov/circ/circ1165/

STATE AGENCIES

NYS Department of Agriculture and Markets, Agriculture Districts http://www.agmkt.state.ny.us/AP/agservices/agdistricts.html

NYS Department of Environmental Conservation http://www.dec.ny.gov/
Hudson River Estuary Program http://www.dec.ny.gov/lands/4920.html
Hudson River National Estuarine Research Reserve http://www.dec.ny.gov/lands/4915.html
State Environmental Quality Review http://www.dec.ny.gov/permits/357.html

NYS Dept. of State, Division of Coastal Resources http://www.nyswaterfronts.com/index.asp
Scenic Areas of Statewide Significance http://www.nyswaterfronts.com/SASS/SASS1/HR_Scenic_Map.htm>

NYS Museum http://www.nysm.nysed.gov

NYS Office of Parks, Recreation, and Historical Preservation http://nysparks.state.ny.us/

Regional Plan Association: NY-NJ-CT http://www.rpa.org/welcome.html

NOT-FOR-PROFIT ORGANIZATIONS (NGOS)

American Museum of Natural History http://www.amnh.org

American Rivers http://www.amrivers.org/

Beacon Institute for Rivers and Estuaries http://www.thebeaconinstitute.org/home/

Catskill Center for Conservation and Development http://www.catskillcenter.org/

Croton Watershed Clean Water Coalition http://www.newyorkwater.org/

Directory of Environmental Organizations http://www.swimfortheriver.com/pdf/directory.pdf

Environmental Consortium of Hudson River Colleges and Active http://www.environmentalconsortium.org/

Hudson Highlands Nature Museum http://www.museumhudsonhighlands.org/

Hudson Basin River Watch http://www.hudsonbasin.org/

Hudson River Fishermen’s Association New York (see Riverkeeper)

Hudson River Fishermen’s Association New Jersey http://www.hrfanj.org/
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Hudson River Foundation http://www.hudsonriver.org/

Hudson River Sloop Clearwater (or “Clearwater”) http://www.clearwater.org/category/latest-news/

Hudson River Watershed Alliance (list of participating organizations) http://www.hudsonwatershed.org/

Hudson River Valley Greenway Council http://www.hudsongreenway.state.ny.us/home.aspx

Hudson River Valley Institute http://www.hudsonrivervalley.org/

Hudson Valley Smart Growth Alliance http://www.sustainhv.org/hvsga

Hudsonia, Ltd. http://www.hudsonia.org/

Natural Resource Defense Council http://www.nrdc.org

Newtown Creek Alliance http://www.newtowncreekalliance.org/

New York League of Conservation Voters http://www.nylcv.org/

New York Public Interest Research Group http://www.nypirg.org/

New York State Association of Conservation Councils http://www.nysaccny.org/

New York State Association of Environmental Management Councils http://nysaemc.org/

Our Hudson http://www.ourhudson.org/

River Network http://www.rivernetwork.org/

Riverkeeper http://www.riverkeeper.org/?gclid=CMbgr7fJ_aMCFZJ95QodgVmSLA

Scenic Hudson Preservation Inc. http://www.scenichudson.org/

Sustainable Hudson Valley http://www.sustainhv.org/

The Nature Conservancy, Eastern Chapter http://www.nature.org/wherewework/northamerica/states/newyork

The Nature Conservancy—NYC http://www.nature.org/

Environmental Defense http://www.environmentaldefense.org/home.cfm

Center for Community and Environmental Development http://www.prattcenter.net/

Adopt-a-Waterway http://dbserv.pace.edu/execute/page.cfm?doc_id=12540

Hudson River Maritime Museum http://www.ulster.net/~hrmm/

Hudson River Heritage (HRH) http://www.hudsonriverheritage.org/about.html

ACTIVE COLLEGES AND UNIVERSITIES

Cary Institute for Ecosystem Studies http://www.ecostudies.org/

Cornell Cooperative Extension (offices in each county) http://cce.cornell.edu/LEARNABOUT/Pages/Local_Offices.aspx

Cornell University http://cornell.edu/

LaMont Doherty Earth Observatory of Columbia University http://www.ldeo.columbia.edu/

Marist Hudson River Collection http://library.marist.edu/archives/hrcs/conservationsociety.xml

Pace Institute for Environmental and Regional Studies http://www.pace.edu/pace/dyson/research-and-resource-centers/
academic-centers-and-institutes/piers/

Rensselaer Polytechnic Institute http://rpi.edu/

State University of New York at Stony Brook http://www.stonybrook.edu/

Stevens Institute of Technology http://www.stevens.edu/sit/
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aal, 29table, 30. See also eel (Anguilla rostrata)
abandonment of farmland, 174–177, 326

aboriginal adaptation, 65–76

abortions, 107

Abramis brama (bream), 28, 29table
acacia (Acacia spp.), 88–89table, 91–93table
Acalypha spp. (copperleaf), 88–89table, 91–93table
accelerator mass spectrometry (AMS), 70, 72, 124

Acer spp. (maples), 124–125, 126–128figures, 137, 138,
146figure, 148, 168figure, 169, 186, 190; A. pla-
tanoides (Norway maple), 186, 190; A. pseudoplatanus
(sycamore maple), 186; A. rubrum (red maple), 137,
138, 141, 146figure, 148, 170, 174; A. saccharinum
(silver maple), 170; A. saccharum (sugar maple), 124–
125, 138, 146figure, 148, 190; (silver), 170; A. spica-
tum (mountain maple), 169

acid precipitation, 46

Acipenser spp. (sturgeon), 9, 29table, 32; brevirostrum
(shortnose sturgeon), xxv, 32–33; A. oxyrinchus (At-
lantic sturgeon), 32–33

Ackerly, S., 36

acorns (Quercus spp.), 68, 69, 70, 71, 72, 73, 149, 172
Acorus americanus (sweetflag), 171
Acris crepitans (Eastern cricket frog), 48
Adams, Denise, 186, 188

adaptations, aboriginal, 65–76

adder’s tongue fern (Ophioglossum spp.), 171
Adirondack Forest Preserve, 296

Adirondacks, xxi, xxii, 23, 46, 196, 295, 296, 329

Advanced Geoservices Corporation (AGC), 238

adverse environmental impact (AEI), 266–267, 268

advocacy, 332. See also public attitudes and awareness
aesthetics: bridges and, 258; effects on humans, 17; power

plants and, 277, 282, 283–285, 289, 292, 299–307;

preservation and, 296; regulation and, 329; tourism

and, 307; transportation and, 251, 255, 256, 259; waste

and, 229; West Point and, 233. See also art; scenery
aesthetic services, 10figure

AGC (Advanced Geoservices Corporation), 238

Agelaius phoeniceus (red-winged blackbird), 173, 190
Agkistrodon contortrix (copperhead), 48, 49
Agricultural Districts, 326

agriculture: pre-contact period, 67–73, 113; colonial pe-

riod, 5–6, 153–156, 173, 177figure, 326; 19th century,
155–159, 167, 169; 20th century, xxi, 155–161, 175;

21st century, 326; canals and, 253; cities and, 10; cli-

mate and, 13, 97; Columbia County, 165–182; forests

and, 24, 125, 153, 326; marshes and, 131; Native

Americans and, 24, 96; sediment and, 13, 60; Shawan-

gunks and, 135, 139, 142; wetlands and, 129; women

and, 111. See also cultivation; farms; horticulture; soil;
tractors

Ailanthus altissima (tree of heaven), 186
air quality, 222, 277, 286

Akebia quinata (Asian chocolate vine), 188

Albany: colonial period, 72; 19th & 20th centuries, 196;

basics, xxv; canals and, 254; ferries and, 255; generat-

ing stations and, 264figure; herpetofauna, 44; invasive
vines and, 189; railroads and, 254; shoreline data, 55;

transportation and, 250; whales and, x. See also other
Albany locales

“Albany” (Collins), 323

Albany beef (smoked sturgeon), xxv, 32–33

Albany County, 46

Albany Pine Bush, 44, 47

Alces alces (moose), 177
alewife (A. pseudoharengus), 31, 33, 263, 265, 267table
Alexander, Mrs., 111

alfalfa (Medicago sativa), 173
algae, xxiv, xxv, 131

Algonquin tribe, 73, 107, 108, 110

alkali, 154

Allaire, James, 208

Allegheny Mountains, xvimap, xxiiimap
Allegheny Plateau, xxii, 67

Allium tricoccum (wild leek), 177
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allochthonous material, xxi

Alnus spp., 126–128figures
Alosa spp., 29table; A. aestivalis (blueback herring), 31;
A. pseudoharengus (alewife), 31, 33, 263, 265,
267table; A. sapidissima (American shad), 30,
31figure, 32figure, 33, 34, 36, 37, 262, 263table, 265,
267

Alpine Swamp, 123, 124, 129

altitudes, xxi, 58

amaranth (Amaranthus spp.), 88–89table, 91–93table, 95,
96, 103, 104–105

Ambloplites rupestris (rock bass), 30table
Ambrosia artemisiifolia (common ragweed), 125, 126–
128figures, 129, 169, 176

Ambulacrum, 94

Ambystoma tigrinum (tiger salamanders), 44
ambystomid salamanders, 47

Ameiurus catus (white catfish), 29, 30table
Amelanchier arborea (shadbush), 138, 172
American ash (Fraxinus americana), 190
American chestnut (Castanea dentata), 137, 139, 141,
142, 145figure, 146, 148

American cockroach (Periplaneta americana), 29table
American eel (Anguilla rostrata), xxv, 29, 30, 42, 70,
265figure

American elm (Ulmus americana), 138
American halibut (Hippoglossus hippoglossus), 32, 33
American Indians. See Native Americans
American nightshade (Solanaceae), 97, 108
American pennyroyal (Hedeoma pulegioides), 171
American Rhine, xv, 275, 278, 282, 299, 319

American Scenic and Historic Preservation Society, 297

American shad (Alosa sapidissima), 30, 31–32, 31figure,
32figure, 33, 34, 36, 37, 262, 263table, 265, 267

American wormseed (Chenopodium ambrosioides), 105
America’s Rhine, xv, 275, 278, 299

amino acids, 95

Ammann, Othmar, 258

Ammodramus savannarum (grasshopper sparrow), 173
ammonia, anhydrous, 158

ammunition, xvimap
Ampelopsis brevipeduculata (porcelain berry), 189
amphibians, 5, 17, 24, 41–52, 43table, 265figure. See also
specific amphibians

Amphicarpaea bracteata (hog-peanut), 138, 168
AMS (accelerator mass spectrometry), 70, 72, 124

Amur honeysuckle (Lonicera mackii), 187
anadromous fishes, xxv, 27, 28, 36, 38, 67, 262. See also
individual species

Anchoa mitchilli (bay anchovy), 263, 265, 267table
anchovies, 263, 265, 267table
ancient humans. See eras: pre-contact (native)
Andes, 95, 295

Andes of Ecuador, The (Church), 295
Anguilla rostrata (American eel), xxv, 29, 30, 42, 70,
265figure

anhydrous ammonia, 158

animals: woodland, 172. See fauna; specific animals
Anoplophora glabripennis (Asian long-horned beetle),
186

Antennaria sp. (pussytoe), 171
anthelmintic treatments, 103, 105

Anthony’s Nose, xixfigure, 43, 257
Antiquities Act of 1906, 297

Apalone spinifera (soft-shell turtle), 44
Appalachian brown butterfly (Satyrodes appalachia), 171
Appalachian Mountains, 58, 124

Appalachian oak hickory, 148

apple (Malus spp.), 155, 157–158, 161, 167figure
aquatic life, xxiv–xxv, 233–246, 261. See also specific
species

Aralia nudicaulis (wild sarsaparilla), 177
Arbutus, trailing, 169

ArcGIS (Geographic Information System), 55

archaeology: Dutch West India Company (WIC) and,

78map; ethnobotany and, 77–115; flora and, 95; her-
petofauna and, 41–42; Lower Hudson and, 79, 115;

Native Americans and, xx, 24; NewAmsterdam and,

77–121; regulation of, 65; seeds and, 96; sites, 66map.
See also artifacts

architecture, 183, 184, 251, 291, 295, 299, 300, 302, 303,

305, 307

Arisaema dracontium (green dragon), 170
Arisaema triphyllum (Jack-in-the-pulpit), 177
Arlington High School, 47

arrowheads, 72. See also projectile points
arrowhead violet (Viola sagittata), 171
arrow-leaved tear-thumb (Polygonum sagittatum), 108
arrowwood (Viburnum dentatum), 71, 177
art, x, 250, 251, 253. See also aesthetics; Hudson School
of landscape painting

Arthur Kill, 160

artifacts, 79, 82–85table. See also specific artifacts
Asarum canadense (wild ginger), 177
“A Scene on the Banks of the Hudson” (Bryant), 320

Asclepias exaltata (tall milkweed), 169
Asclepias quadrifolia (whorled milkweed), 171
ASDA (Atomic and Space Development Authority), 300

ash. See Fraxinus spp.
asheries, 155

Ashokan Catskill rockshelters, 73

Asian autumn olive (Eleagnus umbellata), 187
Asian chocolate vine (Akebia quinata), 188
Asian goldfish (Carassius auratus), 34, 189
Asian long-horned beetle (Anoplophora glabripennis),
186

asparagus, 100

aspen (Populus), 190
asters, 168, 169

astringents, 103, 104, 107

Athens, 209–210map, 250, 301, 302, 303, 304map
Athens Generating Plant, 302, 306, 307
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Atlantic croaker (Micropogonias undulatus), 265
Atlantic menhaden (Brevoortia tyrannus), 265figure,
266

Atlantic salmon (Salmo salar), 28, 29table
Atlantic sturgeon (Acipenser oxyrinchus), 32–33
Atlantic tomcod (Microgadus tomcod), 29table, 30, 263,
265, 266, 267table

Atomic and Space Development Authority (ASDA), 300

atomic bomb falllout, 161

Atomic Energy Commission, US, 262

Atrazine, 159

atringents, 107

Audubon Field Guide Series, 45

Augustine’s Warehouse, 86

Augustus (emperor), 108

automobile plants, 327

automobiles, 59, 198, 255, 257, 258, 259. See also roads
autumn olive (Eleagnus umbellata), 187
Awosting Lake, 144

backcountry, 65, 67, 69, 73

backs, sore, 107

bacteria, xxiv

Baedeker, Karl, 282, 299

Bagg, 174

Baird, Spener, 33–34

bald eagle (Haliaeetus leucocephalus), xviiifigure
baleage, 173

Baltimore checkerspot (Euphydryas phaeton), 171
Baptisia tinctoria (yellow wild indigo), 171–172
barbed wire, 172

barbil [sic], 28, 29table
Bard, James and John, 251–252

Bard College, 47, 68, 71

barges, xxv, 34, 201, 207–208, 209, 211, 213figure, 253
barley (Hordeum vulgare), 253
barrels, 141–142

barrens, pine, 135, 138, 139, 148, 149

barrens, sand, 171

Barton site, 70

Bartram, John, 102

Bartramia longicauda (upland plovers), 173
bases (fish), 28, 29table
basses. See Morone spp. (temperate basses) (Moronidae)
bathymetry, 17, 54, 55, 55map, 57map, 58, 61figure
Battery, the, 203

Battery Park City, 58, 229

battery plant, 233–242

bay anchovy (Anchoa mitchilli), 263, 265, 267table
Bay Ridge, 31

beaches, 223. See also coastal areas
Beach Seine Survey (BSS), 264figure, 265
Beacon Institute for Rivers and Estuaries, 331

bead-lily (Clintonia borealis), 169
beads, 70, 72, 110

beaked hazel (Corylus cornuta), 169

beans (Phaseolus spp.), 23, 72, 95, 96, 153; P. vulgaris, 153
bear, black (Ursus americana), 69, 177
Bear Mountain area, xixfigure, 73
Bear Mountain Bridge, xixfigure, 59, 257–258, 259
Bear Mountain Inn, 257

Bear Mountain State Park, xvimap, xixfigure, 257
bears, 72

beauty. See aesthetics; scenery
beaver (Castor canadensis), 4–6, 17, 23, 171, 176–177
beaver meadows, 174

Be Craft Mountain from Church’s Farm (Church), 306
bedstraw (cheese rennet) (Galium spp.), 88–89table,
90figure, 91–93table, 95, 96, 106–107

beech (Fagus grandifolia), 125, 137, 138, 148, 169, 190
Beers, F. W., 211

bees (Apis spp.), 153
beetle, ground (Carabidae), 170

beets (Beta vulgaris), 100table
Behler, Deborah, 45

Behler, John, 45

Belgium, 101

Bender, S., 28, 71

benthic mapping, 55map, 58map
benthic species, 233, 236–243, 262

bentonite caps, 238

Berberis thunbergii (Japanese barberry), 187
Berkshire County MA, 170, 175

Bernstein, D. J., 69

berries, 88–89table, 88–94, 91–93table, 101. See also
specific berries

Beta vulgaris (beets), 100table
betony (heal-all/woundwort) (Stachys spp.), 88–89table,
91–93table, 108, 113

Betula spp. (birch), 126–128figures, 141, 142, 169, 176,
190; B. alleghaniensis (yellow birch), 138; B. lenta
(black birch), 138, 146figure, 148, 190; B. lutea (yel-
low birch), 125; B. papyrifera (paper birch), 169; B.
papyrifera (white birch), 142; B. populifolia (gray
birch), 140, 141figure

Bidens frondosa (devil’s beggar-ticks), 169
Bierstadt, Albert, 295

biodiversity: colonial period, 87–94, 101; 19th century,

xviifigure, 167; basics, xxiv, 3, 131; beaver trapping
and, 5; cadmium and, 236; clearing and, xvimap; deer
browsing and, 148; ecosystem services and, 11; fish-

eries and, 37; Foundry Cove and, 242; Hackensack

Meadowlands and, 129; herpetofauna, 47map, 49; ice
harvesting and, 212–213; invasive vines and, 189; nat-

uralized species and, 185; plant, 87–94, 101, 113, 114;

Shawangunks and, 136–137; soil and, 159

biological center, xxii, xxiimap, xxv, xxvi
biological oxygen demand (BOD), 224

biologist, role of, xviii, 1–6, 13–21, 288

biology, xxiv–xxv

biomass, aquatic, xxi

birch. See Betula spp.
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birds: pre-contact period, 71; abandoned farmland and,

176; dredging and, 243; grassland, 173, 177figure; hay
fields and, 172, 173–174; invasive vines and, 188;

Laurentide Ice Sheet and, 41; marshes and, 131; mid-

western, 173; Native Americans and, 23; oak and, 149;

PCBs and, 328; prairie, 165, 169–170, 172–173, 176;

resources, 46; sheep and, 169–170; shrubland, 177fig-
ure. See also specific birds

Birket, James, 248

Bishop, Sherman C., 46

bistort (knotgrass/knotweed) (Polygonum spp.), 88–
89table, 91–93table, 95, 97, 103

bites, 107

bitternut hickory (Carya cordiformis), 170
black ash (Fraxinus nigra), 170
black bear (Ursus americana), 69, 177
blackberry (Rubus spp.), 68, 72, 73, 88–89table, 91–
93table, 94, 103, 113, 176; R. ideus, 138

black birch (Betula lenta), 138, 146figure, 148, 190
black crappie (Pomoxis nigromaculatus), 30table
black dash (Euphyes conspicua), 171
black-eyed Susan (Rudbeckia hirta), 173
black gum (Nyssa sylvatica), 146figure, 148
black huckleberry (Gaylussacia baccata), 72, 137, 138
black locust (Robinia pseudoacacia), 186
black oak, 139, 146figure, 148, 168figure
Black Rock Forest, 123, 125

black salts, 155

black swallowtail (Papilio polyxenes), 169
black swallow-wort (Cynanchum louiseae), 188
bladder maladies, 105, 106

Blanding’s turtle (Emydoidea blandingii), 47, 48
bleeding, 107

Bleeker, Elizabeth, 203

Block, Adriaen, 4, 195

blood milkwort (Polygala sanguinea), 171
blood purifiers, 105

bloodroot (Sanguinaria canadensis), 177
blueback herring (Alosa aestivalis), 31, 263, 265,
267table

blueberry (“huckleberry”), 142–143

blueberry (Vaccinium spp.), 88–89table, 91–93table, 103,
142–143, 176

blue cohosh (Caulophylum thalictroides), 177
blue crab (Callinectes sapidus), 233, 238, 240, 242
blue-eyed grass (Sisyrinchium spp.), 171
bluefish (Pomatomus saltatrix), 37
bluegrass, 153

Blue Hill from Cosy Cottage (Church), 306
Blue Mountain PA, 136

blue-stem goldenrod (Solidago caesia), 168
blue toadflax (Linaria canadensis), 173
boats, 109, 196–197, 248. See also barges; freight haul-
ing; sailing vessels; steamboats

bobcat (Lynx rufus), 177
bobolink (Dolichonyx oryzivorus), 173, 174, 176
bobwhite quail (Colinus virginianus), 170, 172

BOD (biological oxygen demand), 224

bog turtle (Muhlenburgh tortoise) (Glyptemys muhlen-
bergii), 44, 45, 48, 171, 190

bone tools, 72

Bontius, Jacobus, 112

bood remedies, 106

Boone, Daniel, 153

Bos primigenius (cow), 157. See also livestock
Boston MA, 184, 187, 188, 254

Boterburg, 284

bounties, 48

bovine growth hormone, 157

Bowline Point, 261, 264figure, 266, 268, 287, 288
box turtle, Eastern (Terrapene carolina), 42, 48
Boyle, Robert H., 36, 228, 278, 283, 284, 285, 326

brambles (raspberry/blackberry) (Rubus spp.), 68, 72, 73,
88–89table, 91–93table, 94, 103, 113, 176; R. ideus,
138

Brannon’s Gardens, 203

Branta canadensis (Canada geese), 240
Brassica/Cruciferae spp. (cabbage/mustard Family), 88–
89table, 91–93table, 94, 97–98, 100–101, 100table,
108, 113, 114, 169

Braun, E. L., 168

Brazil, 101, 106

Breakneck Ridge , 280–281, 282, 286, 299

bream (Abramis brama), 28, 29table
breasts, sore, 105, 109

Brevoortia tyrannus (Atlantic menhaden), 265figure, 266
bricks, 15, 19, 196

Bridge, The (Crane), 321–322
bridges, xxiv, 19, 32, 59, 62, 255, 257–259, 322. See also
specific bridges

brikken, 29table, 30
British Isles, 295

Broad Street Canal, 221

Broad Street, 78figure, 80, 81, 82–85table, 86, 87, 95,
109

broccoli, 98, 100table, 101
Bromus latiglumis (Canada brome), 170
Bronx, 315

Bronx Zoo, 44, 45

bronze copper butterfly (Lycaena hyllus), 171
Brooklyn Botanic Garden, 185

Brooklyn Bridge, 257, 321–322

Brooklyn Promenade, 229

brook trout (Salvelinus fontinalis), 29table, 30table
Broussonettia papyrifera (paper (birch) mulberry), 187–
188

Brower, David, 280, 286

brownstone, 196

brown swift (Eastern fence lizard) (Sceloporus undula-
tus), 44

brown thrasher (Toxostoma rufum), 176
bruises, 105, 106

Brumbach, H. J., 28, 71

Brussel sprouts, 98, 100table, 101
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Bryant, William Cullen, 293, 295, 313, 320

BSS (Beach Seine Survey), 264figure, 265
BT (builder’s trenches), 86

bubble curtains, 263

buckthorn (Rhamnus cathartica), 176
buckwheat, 253

Buckwheat Field on Thomas Cole’s Farm (Farrer), 305–
306

buffalo, xviii, 170

Buffalo NY, 259

builder’s trenches (BT), 86

Bull Brook site (MA), 68

bullfrogs, 48

bunchberry (Cornus canadensis), 169
bunions, 105

bur-cucumber (Sicyos angulatus), 169
burials, 70, 71

burning bush (Euonymus alatus), 187
burns, controlled, 19, 148

Burns, D., 13

burns, salves for, 105, 106, 111

Burr, Aaron, 220

Burroughs, John, 211

butter, 157, 253

buttercup (Ranunculus spp.), 72
butterflies, 169, 171, 173, 174, 176, 188–189

Butter Hill, 284

butternut (Juglans cinerea), 69, 71, 72
buttonbush (Cephalanthus occidentalis), 170, 174

cabbage/mustard Family (Brassica/Cruciferae spp.), 88–
89table, 91–93table, 94, 97–98, 100–101, 100table,
108, 113, 114, 169

cadmium, 9–10, 233, 235–242

Calhoun, John C., 252

California, 157table
Callinectes sapidus (blue crab), 238, 240, 242
Callison, Charles, 280, 286

Camp Smith, xixfigure
Canada, 72, 97, 100, 101, 103

Canada brome (Bromus latiglumis), 170
Canada geese (Branta canadensis), 240
Canada lily (Lilium canadensis), 171
Canada mayflower (Maianthemum canadense), 177
Canadian onion, 100

Canadian salamanders, 46

canals, xvimap, 154, 252–254. See also specific canals
Canoe Place, 109

canoes, 19, 248

cantaloupe, 105

capacitor plant, 198, 327

Cape Saint Thomas (Brazil), 106

capitalism, 212, 251, 318

Carabidae (ground beetle), 171

Carassius auratus (Asian goldfish), 34, 189
carbonates, 154–155

carbon dioxide, 9, 159

carcinogens, xxv

Cardamine hirsuta (hairy bittercress/scurvy grass), 98
Carex spp. (true sedges), 94, 129, 138, 169, 170, 171,
174, 315; C. pensylvanica (Pennsylvania sedge), 137,
177; C. platyphylla (tufted sedge), 138

caribou, 65, 67, 68

carpetweed (Mollugo spp.), 88–89table, 91–93table, 94,
95, 113

Carpinus/Ostrya spp., 126figure
carps. See Cyprinus spp.
carriage roads, 144, 293, 300–301, 302, 303

carrots, 100, 169

Carson, Rachel, 161, 280

Carya spp. (hickory): pre-contact, 31, 69, 71, 72, 126fig-
ure, 128figure, 168; contact period and after, 68, 125,
126figure, 128figure; abandoned fields and, 148; Ap-
palachian oak hickory, 148; Columbia County, 169; C.
cordiformis (bitternut hickory), 170; pollen depth,
127figure; rock walls and, 172; Shawangunk, 137, 138,
141, 146figure

Cary Institute of Ecosystem Studies, 268, 331

Cassedy, D., 71

Castanea spp. (chestnut), 67, 125, 127figure, 128figure,
168figure, 169; C. dentata (American chestnut),
126figure, 137, 139, 141, 142, 145figure, 146, 148

Castleton, 32

Castor canadensis (beaver), 4–6, 17, 23, 171, 176–177
catadromous fishes, xxv

catbird (Dumetella carolinensis), 170, 176
caterpillars, 169, 173, 174

cat-nip, 106

Catostomidae (suckers), 29table, 30, 34–36, 35; Catosto-
mus commersonii (white sucker), 30, 31, 34

Catskill Examiner, 212
Catskill Mountain House, 293, 295

Catskill NY, 209, 250

Catskills: colonial period, 72; 19th century, 293; art and,

291, 292, 305–306; basics, 136map; deer and, 143–
144; drinking water and, xxv; ice harvesting and, 209–

210map, 214; Mohawk River and, xxii
cattails (Typha spp.), xvimap, 123, 125, 129, 130, 189–
190, 240

cattle, 172, 253, 318. See also livestock
cauliflower, 98, 100, 100table, 101
Caulophylum thalictroides (blue cohosh), 177
causeways, xvimap, 59
caviar, 33, 279

Cedar Grove, 300, 305

Celastrus orbiculatus (oriental bittersweet), 188
Celastrus scandens (native bittersweet), 188
cement barrels, 141–142

Cementon, 301, 304

cement plants, 292. See also specific projects
censuses, 166, 167figure, 185
Census of Agriculture (2007), 173

Centennial Exhibition (1876), 296

Central Hudson et al., 262, 265, 268
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Central Park, 293, 295, 302

Centrarchidae (sunfishes), 28

Cephalanthus occidentalis (buttonbush), 170, 174
ceramics (pottery), 69–71, 72, 80–81, 82–85table, 102,
109

cereal rust, 187

ceremonies, 69, 70, 71, 72, 73, 318

chain pickerel (Esox niger), 30table
chains (across Hudson), xixfigure, 233, 263
Chamaecrista nictitans (wild sensitive plant), 172
Champlain, Samuel de, 97

Champlain Canal, 253

chancre sores, 106

change, environmental, 77–121, 313

Channa argus (snakehead), 30table
channel catfish (Ictalurus punctatus), 30table, 265,
265figure

channels, xxiv, 9, 24, 32, 55–56, 62, 327, 331

Chant, R., 54

Charadrius vociferus (killdeer), 169
charcoal (“chark”), 140, 141figure, 144figure
charcoal analysis, 123, 125, 127figure, 128figure, 130,
131, 142, 143

chark (charcoal), 140, 141figure, 144figure
Charlotte Creek, 71

cheese, 106, 155table, 157, 253
cheese rennet (bedstraw) (Galim spp.), 88–89table, 91–
93table

chelonians, 44

Chelydra serpentina (common snapping turtle), 42, 43, 48
chelydra serpentina (snapping turtle), 42, 43, 48
Cheney, A. N., 31

Chenopodiaceae spp. (goosefoots), 104–105

Chenopodium Oil, 105

Chenopodium spp. (various), 88–89table, 91–93table,
103, 104–105, 126–128figures, 129; C. ambrosioides
(American wormseed), 105; C. quinoa (wild spinach),
68, 70, 95, 96–97, 100table, 101, 105

Chenopods, 95, 96, 104–106

Cherokee tribe, 90, 106, 109

cherry (Prunus spp.), 88–89table, 90, 91–93table, 94, 172
Cherry Valley Turnpike, 250

chert flakes, 72

Chesapeake Bay area, 80, 266, 286

chestnut. See Castanea spp.
chestnut blight, 146

chestnut oak (Quercus montana), 124, 137, 139, 142,
144figure, 146figure, 148

chestnut-sided warbler (Dendroica pensylvanica), 176
Chicago, 249

chills, 107

China, 201

chipmunks, 172

Chippewa tribe, 106, 108

chironomids, 236, 240

chloride, 236, 242

chlorpropham, 160

chocolate vine, Asian (Akebia quinata), 188
cholera, 107, 228

“cholera infantism,” 106

Christiaensen, Hendrick, 4, 195

chrysemys picta (painted turtle), 43table, 44, 46figure
Church, Frederic E., 295, 296, 300, 302, 303, 304, 305,

306

churches, xvimap
cider, 155table, 157, 158
Circus cyaneus (harriers/day hawks), 171
Cistothorus palustris (marsh wren), 190
cities, xxi, xxiimap, 10, 131, 201–218, 249, 255, 259. See
also specific cities; specific features and locations

citizens, 9, 289

citrus (Citrus spp.), 88–89table, 90–91, 91–93table
City Common Council, 221

City of Hudson, 168

civilization (progress), xvifigure, xix, 10, 259. See also
development

Civil War, 233, 301

Cladium spp. (sawgrass), 129
clammy cuphea (Cuphea viscosissima), 171, 172
clams, 69

Claude glass, 184

claw muscle, 240

clay, 9, 15

clay pipes, 72, 81

clay tiling, 174

Clean Water Act (CWA) (1972): AEI and, 267; environ-

mental movement and, 285; industry and, 235, 261,

262, 286, 287; Pete Seeger and, 277; sewage and, 61,

225, 228

Clearwater (sloop), x–xi, 277–278, 331, 332
Clearwater, Inc., 332

Clemmys guttata (spotted turtles), 44, 45, 171
Clermont, 170, 189figure
Cliff House, 144

cliffs, 137map, 138
climate, 10figure, 13, 70, 97, 185, 317
climate change, 46, 77, 97, 123–134, 329

Clinton, DeWitt, 252

Clintonia borealis (bead-lily), 169
clothing manufacture, 196

clover (Trifolium spp.), 88–89table, 91–93table, 108–109,
153, 173

clubmosses, 169

Clusisus (de L’Ecluse/Calolinus/Carolus), 98, 100, 103,

111, 112, 114

CO2, 9, 159

coal, 42, 140, 154

coastal areas, 33, 69, 97, 125, 185, 223, 227, 328

cobweb skipper butterfly (Hesperia metea), 171
Coeymans, 209–210map, 214
Cohoes Falls, 29

cohosh, blue (Caulophyllum thalictroides), 177
coke, 24

cold remedies, 108, 109



Index 349

Cold Spring, 234, 235

Cole, Thomas, xvimap, 276, 292, 293, 296, 301, 305
colic, 106, 108

coliform, fecal, 226, 228

Colinus virginianus (bobwhite quail), 170, 172
collaboration, 329, 330–331

Collect Pond, 206

Collins, Billy, 323

colonial period. See eras: colonial period
Colorado River, 280

Columbia County, 19, 156, 165–178, 184, 189

Columbia Garden, 203, 204

Columbia River, 253

Columbia University, 331

commerce (trade): 21st century, 330; art and, 276; basics,

195–199, 247; industry and, 233; medicinal plants and,

102–103; transportation and, 248, 249–250; turnpikes

and, 252; unity and, 250. See also transportation; spe-
cific commercial enterprises

common carp (Cyprinus carpio), 31, 33–36
Common Council, 222, 229

common five-lined skink (Plestiodon faciatus), 43
common lousewort (Pedicularis canadensis), 173
common monkeyflower (Mimulus ringens), 171
common ragweed (Ambrosia artemisiifolia), 125, 126–
128figures, 129, 169, 176

common reed (Phragmites), 123, 125, 129, 130
common snapping turtle (Chelydra serpentina), 42, 43, 48
common vervain (Verbena hastata), 171
“community character,” xxv, 305–306

“The Complaint of NewAmsterdam” (Steendam), 317

Compositae, 129

Comptonia peregrina (sweet fern), 171
concrete, 155, 258

Con Ed (Consolidated Edison Company of New York),

17, 161, 276–277, 283, 286. See also Storm King
Project

confectioners, 202–204

Connecticut State, xxi, 68, 73, 178, 250. See also specific
locations

Connecticut Valley, 73, 174

Conrad, Joseph, 10

conservation: 19th century, 145, 295; Adirondacks and,

296; art and, 291–301, 295, 307; exotic flora and, 184;

farmland and, 178; feedback loops and, 9; herpeto-

fauna and, 47; Hughes on, 298; industry and, 198, 233,

243, 280–287; invasive plants and, 191, 192; Shawan-

gunks, 135–136; water and, 227. See also conservation
movement; environmental movement; the future; man-

agement; preservation; restoration; specific govern-
ment agencies & legislation

conservation movement, x, 48, 280–287, 298. See also
conservation; restoration

conservation tillage, 159

Consolidated Edison Company of New York (Con Ed),

17, 161, 276–277, 283, 286. See also Storm King Proj-
ect

Constitution Island, 234figure, 235
Constitution Marsh, 234, 238, 240, 243

Contact Period. See eras: Contact Period
contact period. See eras: contact period
“Contacts between Iroquois Herbalism and Colonial Med-

icine” (Fenton), 102

Contoit, John H., 203

“Convenient House,” 318

cooling systems, power plant, xxvi, 10, 198, 261–269. See
also specific projects

Cooper, H. P., et al., 171

Cooper, William, 155

cooperage, 141–142

cooperation, 332, 333

copper, 316, 317

copperhead (Agkistrodon contortrix), 48, 49
copperleaf (Acalypha spp.), 88–89table, 91–93table
cordgrass (Spartina patens), 125
corn (Zea mays), 23, 70–71, 72, 95, 96, 97, 153, 156,
160–161, 167figure, 169, 317

Cornell University, 45, 98, 174, 191, 268, 269, 342

Corning, Erastus, 197

Cornus canadensis (bunchberry), 169
Cornus florida (flowering dogwood), 138
Cornus spp., 126figure
Cornus spp. (dogwood), 176, 177
Cornwall, 264figure
Cornwall Project, 283. See also pumped storage; Storm
King Project

Corre, Joseph, 202, 203–204, 206–207

Cortlandt Street (NYC), 257

Corylus spp. (hazelnuts), 68, 72, 126figure; C. cornut
(beaked hazel), 169

Cosy Cottage, 306

Cottage Residences: A Series of Designs for Rural Cot-
tages and Cottage Villas (Downing), 184

cotton, 196

cottonwood (Populus deltoides), 170
court cases, 9, 48, 276, 299. See also specific projects
cover, terrestrial, 24, 67, 135, 138, 165–178, 328

cow (Bos primigenius), 157. See also livestock
cow-wheat (Melampyrum lineare), 138
Coxingkill, 139

Coxsackie, 209–210map
crabs, 42, 233, 238, 240, 242, 243

Crane, Hart, 321–322

Crataegus spp. (hawthorns), 68, 176
crayfishes (Orconectes spp.), 239
“Crazy Luke,” 256–257, 261–262

credits, 288–289

creek chubsucker (Erimyzon oblongus), 30
creeks, 58–59

crimson-spotted triton (Triton puctatus), 44
CRM (cultural resource managment), 65, 67

crocodilians, 45

Cronon, W., 5, 249

cropland, 168–170, 172. See also farmland; specific crops
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Cropsey, Jasper, 297

Crotalaria sagittalis (rattlebox), 172
Crotalinae spp. (rattlesnakes), 42–44, 48
Crotalus horridus (timber rattlesnake), 42, 43, 48
Croton Aqueduct, 154, 220, 221, 255

Cruciferae/Brassica spp. (mustard/cabbage Family), 88–
89table, 91–93table, 94, 97–98, 100–101, 100table,
108, 113, 114, 169

cucumbers, 105

Cucurbita spp. (squash/pumpkin): pre-contact period, 71,
96; contact period, 72, 101; colonial period, 88–

89table, 88–94, 90figure, 91–93table, 113; floodplains
and, 95; Lenape and, 23; medicinal uses, 103; as medi-

cine, 105; Native Americans and, 153; 17th century,

113

Culpeper, Nicholas, 104, 106, 107, 109

“The Culprit Fay” (Drake), 319–320

cultivation, 70, 71–74, 78figure, 94–100, 95–96, 97, 109,
135, 156, 159, 185, 208. See also agriculture; horticul-
ture

cultural landscape, 137maps, 305, 306, 307
cultural resource management (CRM), 65, 67

culture, x, 10figure, 11, 252
cumulative effects, 330

Cuphea viscosissima (clammy cuphea), 171, 172
Currier, Stephen, 283

Custer, J. F., 70

Cygnus olor (mute swan), xixfigure, 189
Cynanchum spp. (swallow-worts), 188–189; C. louiseae
(black swallow-wort), 188; C. rossicum (pale swallow-
wort), 188

Cyperaceae spp., 126–128figures
Cyperaceae spp. (sedges): Carex spp. (true sedges), 94,
129, 138, 169, 170, 171, 174, 315; Carex pensylvanica
(Pennsylvania sedge), 137, 177; Carex platyphylla
(tufted sedge), 138; Cladium spp. (sawgrass), 129;
Cyperus spp. (nut sedges/nut grasses), 71, 88–89table,
90figure, 91–93table, 94, 129, 169; Eleocharis spp.
(spike grasses), 129; Scirpus spp. (bulrushes), 129

Cyprinus spp. (carps), 28, 29table, 30, 35, 36; C. carpio
(common carp), 31, 33–36

dairy, 155, 157, 178, 253

dams: basics, xxi, 61map; beaver, 5; fisheries and, 32; na-
ture and, 253; PCBs and, 242; sediment and, 60–61,

62, 129, 130; Troy, at, xxv; wetlands and, 17

damselflies, 170

Danaus plexippus (monarch butterfly), 188–189
D & H (Delaware and Hudson Canal), 139–140, 154

Daniels, Randy, 307

Daniels, Robert A., et al., 30table, 36
Danskammer Point, 264figure, 268
Danthonia spicata (poverty oatgrass), 171
da Verrazano, Giovanni, 297

David, Elizabeth, 203

Davies, Thomas, 296

Davis, George, 142

Day, Gordon, 111

day hawks (harriers) (Circus cyaneus), 171
DDT, 160, 280

Death in Venice (Mann), 10
DEC. See NYS Department of Environmental Conserva-
tion

deer, white-tailed (Odocoileus virginianus): pre-contact
period, 71, 72; 19th century, 143–144; habitat distur-

bance and, 177; invasive plant species and, 186, 187;

naturalized plants and, 190; overbrowsing, 131, 135,

168; populations, 69; Shawangunk, 145, 146, 148;

skins, 317; wet meadows and, 171. See also individual
species

deforestation, xv, 129, 154, 326. See also forests; land
clearing

DeGarmo Tannery, 140

DEIS (Draft Environmental Impact Statement) (Central

Hudson et al.), 262, 265, 268

DeKay, James E., 33, 44

Delacroix, Jacques Madeline, 203

Delaware and Hudson Canal (D&H), 139–140, 154

Delaware River, 36, 68, 70, 72, 73, 315

Delaware tribes, 73, 105, 108

Delaware Water Gap (NJ), 68, 136

Delcourt, H. R., 96

Delcourt, P. A., 96

Delft tiles, 80, 83table, 84table
demographic center, xxiimap
demography. See population
Dendroica spp. (warblers): Canada, 169; D. discolor
(prairie warbler), 176; D. pensylvanica (chestnut-sided
warbler), 176; D. petechia (yellow warbler), 170, 176

Department of Environmental Conservation (DEC). See
NYS Department of Environmental Conservation

Depression, Great, 224

de Saussure, Nicholas-Théodore, 158

A Description of the New Netherlands (van der Donck),
xvimap, 42, 103, 110

Desmodium spp. (tick-trefoil), 168
desserts, 203

detritus (detris), xxiv, xxv, 328

development: 21st century, 328–329; abandoned farms

and, 175; art and, 276, 299, 305; basics, xix; Cole on,

292; forest decline and, 178; LWRPs and, 305; waste

and, 229, 230; water and, 220; wetlands and, 175. See
also progress; suburbs; specific projects

devil’s beggar-ticks (Bidens frondosa), 169
Devoe, Thomas F., 208

De Vries, David Pieterszoon, 29, 30

dewberry (Rubus flagellaris), 171
DeWitt, Benjamin, 250

Diamond, J. P., 72

diarrhea, 104, 105, 106, 107

dichloropropane, 160

dichotomies, 249, 251, 255

Dickau, R., 72

dicksissel (Spiza americana), 173
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digestion, 107

dikes, 55, 239

dirtienen, 29table, 30
diseases, 10, 70, 72, 202, 213–214, 222, 227, 229. See
also specific diseases

dissolved oxygen. See oxygen
disturbances, habitat: deer and, 177; invasive plant

species and, 186

Ditmars, Raymond L., 44

DiTomaso, J. M., 98

diuretics, 103, 106

diversity. See biodiversity
Dobbs Ferry, 256

dock (Rumex), 125, 129
Doellingeria umbellata (whorled aster), 169
Dogan Point shell midden, 69

dogs, 65

dogwood (Cornus spp.), 176, 177
Dolichonyx oryzivorus (bobolink), 173, 174, 176
Domes of Yosemite, The (Bierstadt), 295
domestication, plant, 96

Doodletown, xvimap, xixfigure
Doty, Dale, 282

Downing, Andrew Jackson, 184–185, 186, 302, 320–321

Down the Hudson to West Point (Moore), 298–299
downy trailing Lespedeza (Lespedeza procumbens), 172
Draft Environmental Impact Statement (DEIS) (Central

Hudson et al.), 262, 265

dragonflies, 170

Dragon’s Blood, 103

drainage, 174

Drake, Joseph Rodman, 319–320

dredging and filling: basics, 9, 56–57, 62; bathymetry

and, 17; fishes and, 15, 32, 37; Foundry Cove and,

233, 235, 238, 242–243; ice harvesting and, 209; inva-

sive species and, 240; New York Harbor and, 61; PCBs

and, 327; transportation and, 19

Dreissena polymorpha (zebra mussels), xxiv–xxv, 37, 56,
328

drill bits, 70

drinking water, xxv, 10, 19, 218, 327. See also Clean
Water Act (CWA) (1972)

droughts, 97, 125, 129, 131, 148, 188

dry hillsides, 171

Duco, Don, 81

Dumetella carolinensis (catbird), 170, 176
Dunderberg, 298–299

Dunwell, Frances, x–xi

Durand, Asher B., xvimap, xixfigure, 276, 292, 293,
294figure

Dutch colonizers, 4, 5–6; agriculture and, 153; artifacts,

78–79; basics, 3, 23, 195; drinking water regulations,

218; fishing, commercial and, 24; fish reports, 29, 30;

fur and, 316; herpetofauna and, 41; Irving on, 319; me-

dicinal plants and, 102, 103; names and, 315; Native

Americans and, 4, 17, 79, 97, 109–113; resources and,

317; sloops and, 248. See also Europeans; NewAms-

terdam; New Netherland; individual colonizers; spe-
cific organizations

Dutch East India Company, 23, 94, 111–112, 114, 195

Dutch elm disease (Ophiostoma spp.), 161
Dutchess County, 45, 47, 48, 68, 69, 71, 160, 184, 189,

250

Dutch Gardener, The (Van der Groen), 98
Dutch scholarship, 80–81, 98, 112

Dutch West India Company (WIC): archaeological sites,

78map; basics, 81, 195; deforestation and, 24; direc-
tors, 86, 108; ethnobotanical data, 77–115; Manhattan

land grants, 79, 81, 86; medicinal plants and, 102, 111–

112, 114; Native Americans and, 109; orangeries and,

94; plant data, 96. See also Kierstede, Hans
dwarf pine, 137maps, 138
dyes, 95, 97, 106. See also specific plants
dysentery, 104, 106, 107

eagle, bald (Haliaeetus leucocephalus), xviiifigure
ear disorders, 107

early American era: influence of Hudson on, 314

early Woodland garden complex, 95

Earth Day, x

Eastern Agricultural Complex, 94–97

Eastern box turtle (Terrapene carolina), 42, 48
Eastern cricket frog (Acris crepitans), 48
Eastern fence lizard (brown swift) (Sceloporus undula-
tus), 44, 48

Eastern hognose snake (Heterodon platirhinos), 45map
Eastern hop-hornbeam (Ostrya virginiana), 138
Eastern milksnake (Lampropeltis triangulum), 43table
Eastern mud turtle (Kinosternon subrubrum), 48
Eastern red-backed salamander (Plethodon cinereus),
43table

East India Company, 23, 94, 111–112, 114, 195

East River, 224, 229

de L’Ecluse, Charles (Calolinus (Carolus) Clusius), 98,

100

ecological analogies, 165, 169–170, 170–171, 172, 176,

177, 249

ecology, 7–8, 10, 100, 114

economic factors: colonization and, 317; exotic ornamen-

tal plants and, 185; explorers and, 316; ice harvesting

and, 212; names and, 315; power plants and, 306;

Shawangunks, 135; SLC and, 305; sloops and, 249;

transportation and, 247. See also specific factors
ecosystem services, 10–11

Edgewater-125th Street ferry, 256

Edison, Thomas, 208

education, 10figure, 11, 191, 331–332, 333. See also pub-
lic attitudes and awareness

eel (Anguilla rostrata), xxv, 29, 30, 42, 70, 265figure
Eights, James, 44

EISs (Environmental Impact Statements), 268, 276, 285,

330, 333

Elbe River, 57

elderberry, red-berried (Sambucus pubens), 169
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Eleagnus umbellata (autumn olive), 187
electric power generation, x, 259–274, 277, 280. See also
capacitor plant; Storm King Project

Eleocharis spp. (spike grasses), 129
elft, 29table, 30
elk, 69

Ellenville area, 139, 140, 142

Elliot, 174

Ellis, F., 166

Ellsworh, J. M., 59

elm disease (Ophiostoma spp.), 161
Elmendorf, Case, 142

elms (Ulmus spp.), 126figure, 138, 155
embayments, 327, 331

Emerson, Ralph Waldo, 253, 292

Emperor Augustus, 108

Empire State Electric Energy Research Corporation, 263

Empirical Impingement Model, 267

Empirical Transport Model, 267

employment, 135, 140, 142, 144–145, 175, 196, 211–213

Emydoidea blandingii (Blanding’s turtle), 47, 48
Endangered Species Act, 9

endangered/threatened species, 48, 136, 174, 191, 198, 279

Enderly Mill, 139

endocrine disruptors, 228. See also hormone mimetics
energy, 253; canals and, 154; Niagara Falls and, 296. See
also specific types of energy

Energy Research and Development Agency (ERDA),

NYS, 300

engineers, x

English colonization: artifacts, 78–79; Dutch versus, 195;
ethnobotany and, 77–115; exotic ornamentals and, 183;

Irving and, 319; medicinal plants and, 102, 103; Native

Americans and, 73; water gardens and, 189. See also
Europeans

English explorers, 4, 23. See also Europeans; individual
explorers

English grasses, 173

engravings, 276

entrainment, 262–265, 267, 268

environmental change, 77–115; public attitudes toward,

198

Environmental Consortium of Hudson River Colleges and

Universities, 331

environmental history, 77, 249

Environmental Impact Statements (EISs), 268, 276, 285,

330, 333

environmental law, 277, 291–307, 293–314, 330. See also
specific cases; specific laws

environmental movement: art and, 276; basics, xi, xix–xx,

198, 277; birth of, 279–289; Storm King Mountain

Project and, 234, 332; water quality and, 219. See also
specific organizations

Environmental Protection Agency, US (USEPA), 238,

240, 262, 268, 287, 289, 325

environmental quality, xxv

Environmental Quality Review Act, 299

EPA (Environmental Protection Agency), US, 238, 240,

262, 268, 287, 289, 325

epidemiology, 70

Epigaea repens (trailing Arbutus), 169
epilepsy, 106, 107

Equus asinus x E. caballus (mule), 159, 173
Equus ferus caballus (horse), 158–159, 172, 173, 222–
223. See also livestock

eras: pre-contact (native): agriculture, 65–76, 113; basics,

314; ecological change, 79, 96; indigenous plants, 90,

94–97, 112; prairie biota, 173. See also Eastern Agri-
cultural Complex

eras: contact period, 28, 42, 78, 79, 95–98, 100, 101, 107–

113passim, 153, 313–315, 325–326. See also explor-
ers; Native Americans; specific nationalities

eras: colonial period: agriculture, 5–6, 153–156, 173,

177figure, 326; Albany and Catskills, 72; attitudes and,
313; basics, xviii–xix, 3–4, 135–152, 154; drinking

water and, 218; economic factors, 317; fire and, 5; fish

and, 31; flora, 73, 77–114, 184; floral diversity, 79,

87–94, 90figure, 114; forests, 123, 326; fur trade, 3, 4–
5, 11, 23, 195, 316; herpetofauna and, 41; ice harvest-

ing and, 201–207; influence of Hudson on, 314,

317–318; names and, 315; Naturalism and, 43–44;

paintings, 306; pollen analysis, 126figure; pollen
analysis and, 125; populations, 27; potherbs, 113; re-

sources and, 23–24, 316, 317; sediments and, 53;

Shawangunks and, 135, 138–139; transportation, 196–

197, 248, 249–250; waste and, 220–221. See also spe-
cific colonies & nationalities

eras:19th century: abandoned farms and, 175–176; agri-

culture, 155–159, 167, 169; agriculture and, 177figure;
art and, 292, 302, 306; artifacts, 85table; Columbia
County, 166; fishing, commerical, 31–36, 32; flora, 17;

forests and, 326; hay fields, 172, 173; herpetofauna

and, 42; ice harvesting and, 201, 207–211; improved

acreage, 176map; industry, xxv–xxvi; influences of the
Hudson on, 314, 319–321; landscaping trends, 186–

190; Naturalism and, 43–44; Shawangunks and, 139–

145; transportation, 197, 247, 249–250, 252–253,

253–254, 255, 256; vegetables, 101; waste and, 221–

223, 226–227, 228, 229, 230; writings, 292. See also
exotic ornamental plants; Hudson River School of

landscape painting; Naturalist Period

eras: 20th century: agriculture, xxi, 155–161, 175; art and,

292; artifacts, 84table, 85table; commercial fishing,
35; electricity and, 261–269; farmland change and,

177figure; forests, 125, 326; hayfields, 173; herpeto-
fauna and, 44–49, 48; ice harvesting and, 213–214; im-

proved acreage, 176map; industry, xxv–xxvi, 233–242;
influence of Hudson on, 314, 321–323; power industry,

198; regulation, 328; science and, 45–48; shad, 32;

Shawangunks, 145–149; transportation, 197, 255–256;

waste and, 223–230, 229; wetland flora, 130

eras: 21st century, 149, 177figure, 219, 292, 326
ERDA (Energy Research and Development Agency),

NYS, 300
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Ericales spp., 126figure
Erie Canal, xxiii, 154, 155, 251, 252–254

Erie Railroad, 256, 257

Erigeron spp. (fleabanes), 173
Erimyzon oblongus (creek chubsucker), 30
erosion: 21st century, 59; basics, 155; Battery Park City

and, 58; Columbia County and, 177; dredging and, 57,

62; farming and, 159, 161; railroads and, 58. See also
runoff

Esopus, 300, 318

Esopus Creek, 72

Esox spp. (pickerel/pike), 29table; E. Esox americanus
(redfin pickerel), 30table; E. lucius (northern pike),
30table; E. niger (chain pickerel), 30table

“Essay on American Scenery” (Cole), 292

Essex County, 48, 160

estates, xixfigure, 174, 187figure, 189, 198, 208, 255, 302,
317

ethanol, 156

ethnobotanical exchange, 86–115

Euonymus alatus (burning bush), 187
Eupatorium sessilifolium (upland boneset), 171
Euphydryas phaeton (Baltimore chekerspot), 171
Euphyes conspicua (black dash), 171
Eurasian gypsy moth (Lymantria dispar), 148, 160
Eurasian swallow-wort (Cynanchum rossicum), 188
Europeans. See eras: colonial period; specific nationalities
eutrophication, 158, 227

Evans, John, 138

evening primrose (Oenothera biennis), 173
evolution, cadmium and, 233, 237, 241, 242

E. Waters & Sons, 157

exotic fauna, xixfigure. See also specific exotic fauna
exotic fishes, 30, 32, 37. See also individual species
exotic flora, 88–94, 91–93table, 94, 183–194, 198
exotics. See also invasive species
expectorants, 105

explorers, 23, 314, 315–317. See also individual explorers
extinctions, 9, 34, 36, 68, 185

eyed butterfly, 171

Fagus grandifolia (beech), 125, 126–128figures, 137, 138
fallfish (Semotilus corporalis), 29
Fall Juvenile Survey (FJS), 265

false mermaid weed (Floerkea proserpinacoides), 170
false Solomon’s seal (Maianthemum racemosum), 168
farmland: abandonment of, 175–177, 326; Columbia

County, 19, 165–178; New York City and, 208–209.

See also cropland; ecological analogies; specific crops
farm ponds, 17. See also ponds and fens
farms, 159–160, 161, 165, 175, 178, 253. See also agri-
culture

Farrer, Thomas C., 305

fat, 95

fatty acids, 70, 106

fauna: pre-contact period, 69, 73; beaver trapping and, 5;

cadmium and, 236–238; colonial period, 6; Foundry

Cove, 237figure; Foundry Cove and, 239; historical
perspectives and, 19; human impacts, 24; Laurentide

Ice Sheet and, 41; mega-, 68; Shawangunk domestic,

139; waste and, 222. See also aquatic life; game; spe-
cific fauna

fecal coliform, 226, 228

federal agencies, 277, 285

Federal Highway Act of 1916, 258

Federal Power Commission (FPC), 280, 282–287passim
Federal Rivers and Harbors Act (1948), 225

feedback loops, 1–2, 7–11, 8figure, 15–16figure, 18figure,
20figure, 25, 242–243, 313

feet, sore, 106, 107

FEIS (Final Environmental Impact Statement) (NYS De-

partment of Environmental Conservation), 268

Feldspar Brook, xxi

fences, 48, 172

fens and ponds, 123

Fenton, William A., 102, 106, 111

ferns, 169

ferries, 19, 59, 255–256, 257

Ferry Hook, 255

fertilizers, 155, 156, 158, 161, 221, 326

fevers, 104, 109

fiber, 10figure
Fiedel, , 70

field pennycress (Thlaspi arvense), 98
field sparrow (Spizella pusilla), 170, 176
59th Street Station (electricity generation), 261

Final Environmental Impact Statement FEIS (NYS De-

partment of Environmental Conservation), 268

financial industry, 196

Finger Lakes, 70

Fire Island, 36

firepits/hearths/ovens, 67–68, 69, 70, 71–72, 73

fires: pre-contact era, 5, 72, 78map; colonial period, 5,
154; berry pickers and, 143; bridges and, 257; deer

and, 177; erosion and, 155; invasive species and, 185;

rattlesnakes and, 44; Shawangunks and, 135, 140, 142,

144figure, 149; suppression, 131, 135, 148; water sup-
ply and, 220; wetlands and, 129. See also burns, con-
trolled

Fish Creek, 71

fisher (Martes pennanti), 177
fisheries: biodiversity and, 37; dams and, 32; management

and, 36, 37; mitigation, 36; overfishing, 24, 32; PCBs

and, 24, 37, 242, 266, 327; pollution and, 32, 36–37,

266; power plants and, 268, 286, 287; restoration of,

38; stocking of, 32, 33, 36; studies, 265

fishes: pre-contact period, 69–70, 71; basics, xxv, 28;

canals and, xvimap; colonial period, 24; ecology and,
8–9; ecosystem services and, 11; exotic ornamentals,

189; hatcheries, 32, 34; human impacts, 131; Juet on,

316; marine, 30, 265; monitoring studies, 262–268; na-

tive, 30table, 31, 37; New York City purchases, 34, 36;
oxygen and, 223; pollution and, 328; power plants and,

36, 198, 262–268, 328; pre-contact era, 41, 68, 69, 70,
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71; predatory, 37; resources, 46; shape of the river and,

15; studies, 331; Tappen Zee and, xxiii; 21st century,

30–31, 327; van der Donck on, 42; waste and, xvimap,
xxv–xxvi, 228, 229. See also fisheries; fishing;
Foundry Cove; larvae, aquatic; spawning; specific fam-
ilies and species; specific kinds of fish

fishing, commercial: basics, 27–31, 37–38; history, 8–9;

industry and, 19; Native Americans and, 3, 27; 19th

century, 31–36; pollution and, xxvi; pre-contact era,

71, 72; productivity and, 24; 17th and 18th centuries,

24, 27, 28–31; shape of the river and, 15; stocking pro-

grams, 32, 33, 36; 20th century, 36–37; 21st century,

31, 327. See also specific fishes
fishing, personal use, 34

fishing, sport, xxv–xxvi, 9, 28, 36, 37

Fishkill NY, 44, 48

fishkills, 198, 277, 325, 327

Fitch, John, 250

FJS (Fall Juvenile Survey), 265

flax (toadflax) (Linum spp.), 88–89table, 91–93table, 94,
103, 108, 109, 113, 155table, 173

fleabanes (Erigeron spp.), 173
flies, 236

Flinn, K. M. et al., 175

flint, 67, 68, 70, 71

Floerkea proserpinacoides (false mermaid weed), 170
flooding: agriculture and, 153; Columbia County and,

174; deer and, 177; ecosystem services and, 11; hay

meadows and, 170; historical, 70, 153, 177; mapping

projects, 329. See also tides
floodplains, xviifigure, 67, 68, 71, 95, 153, 174
flora: pre-contact period, 70–73; art and, 98, 103; flood-

ing and, 174; Foundry Cove and, 239; herbaceous,

107, 148, 168, 173, 175, 176, 188 (see also specific
plants); highland, 124–125; historical, 68, 94; indige-
nous/introduced, 77–115, 88–89table, 88–97, 91–
93table, 94, 95, 98, 101, 103 (see also specific plants);
Laurentide Ice Sheet and, 41; native, 90figure, 101;
non-food, 91–93table, 94, 96 (see also specific plants);
origins, 104table; 17th and 18th century Lower Man-
hattan, 78map–79; Shawangunk, 17, 19, 135–149;
stratigraphy and, 130; vascular, 131. See also agricul-
ture; aquatic life; ethnobotany; exotic ornamental

plants; gardens; horticulture; medicinal plants; soil;

weeds; specific flora; specific types of flora
flotation technique, 71–72, 73, 87

flounder (Trinectes maculatus), 29table, 30
flour, 253

flowering dogwood (Cornus florida), 138
flow of the Hudson River. See Hudson River, flow of
flushing rate, xxiv

fly-honeysuckle (Lonicera canadensis), 169
Fontenoy, Paul, 249

food chain, 237–238, 242. See also food webs
foods: pre-contact period, 69–73, 113; colonial period, 17,

113; 17th century, 95; 21st century, 326; consumption

patterns, 161; ice and, 202, 207, 208; pollution and,

228; supplies, 8, 9, 10figure, 32, 154; transportation
and, 254; waste disposal and, 219. See also specific
foods; specific nutritional components

food webs, xxiv, 24, 198, 227, 233, 236, 242, 328. See
also food chain

forams (Foraminifera), 127figure, 128figure, 130
forbs, 170. See also specific forbs
“For Comfort and Affluence” (Leighton), 186

Ford site, 69

Fordson tractor, 159

Forest, Fish and Game Law (1905), 48

forests: pre-contact period, 3, 4, 68–71, 73, 325–326; con-

tact period, 24; 19th–21st centuries, 125, 129, 326;

abandoned farmland and, 174, 176; agriculture and, 24,

153, 159; art and, 293; basics, xxi, xxiimap; beaver
trapping and, 5; butterflies and, 176; canopies, 148,

149; Columbia County, 168, 175figure; decline of,
123, 177–178; ecosystem services, 11; fire and, 5; her-

petofauna and, 41; human impacts, xv, 129, 130, 154,

155, 326; industry and, 139–140, 197; Lenape and, 23;

lowland, 67; old growth, 138; pollen analysis and, 24;

restoration of, 177; sediment and, 60–61; Shawangunk,

19, 135, 136–137, 137maps, 138–149, 140–149. See
also forests; land clearing; pollen analysis; reforesta-
tion; trees; woodland

Fort Clinton, xixfigure
Fort Edward, xix–xx

Fortin 2 site, 71

Fort Lee NJ, 258, 259

Fort Montgomery, xixfigure, 257
Fort Nassau, 72

Fort Orange, 72, 80

forward purchases, 158

fossil fuels, 155, 330

Foundry Cove, 233–242, 233–246

Fox Creek, 71

Fox Meadows site, 72

FPC (Federal Power Commission), 282–287passim
fragaria spp. (strawberry), 88–89table, 91–93table, 94,
105–106, 113

fragmentation, 178

Frances Skiddy (steamboat), 251
Fraxinus spp. (ash), 125, 126figure, 170; F. americana
(American/white ash), 125, 138, 146figure, 190; moun-
tain ash, 141; F. nigra (black ash), 170; F. pennsylvan-
ica (green ash), 170

Freeder of the Hudson, A (Rix), 296
freight hauling, xvimap, xixfigure, xxiii, xxiv, 168, 197,
222–223, 327. See also transportation

Frenchmen, 4, 79, 102, 103, 112, 202, 203. See also Euro-
peans

French Pox, 104

freshwater, xxiv

Fresh Water Pond, 206

frogs, 41, 43, 45–46, 48, 171. See also specific frogs
frontier, 249

fishes (continued)
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frostfish (Microgadus tomcod), 29table, 30
frostfish (tomcod) (Microgadus tomcod), 29table, 30,
263, 265, 266, 267table

fruits, 88–94, 101, 142, 178. See also specific fruits
FSS surveys, 264figure
Fuchs, L., 97, 105, 106, 107, 109

fuel, 10figure, 11, 135, 139, 145, 330. See also specific
fuels

Fulton, Robert, 197, 250–251, 320–321

Fulton Fish Market, 34

functional ecosystem analysis, 5–6

Fundulus spp. (killifishes), 239
fungi, xxiv, 156, 159, 189

fungicides, 160

Funk, Robert E., 67, 68, 69, 70, 71

fur trade, 3, 4–5, 11, 23, 195, 316

the future, 77, 313, 325–336, 333

fyke nets, 31

Gabry, Carel & Pieter, 86

Galium spp. (bedstraw/cheese rennet), 88–89table, 90fig-
ure, 91–93table, 95, 96, 106–107

Gallatin, Albert, 252

gall midge (Mayetiola destructor), 156
game animals, 23, 24, 67, 69, 72. See also specific prey
gardens: canals and, 253; exotic plants and, 183, 184;

Kierstede’s, 110; layouts, 100; pleasure, 203, 204;

restoration of, 186; 17th and 18th century, 113, 114;

waste and, 222; water, 189–190

Garrison, Lloyd, 283, 284

gastropods, 240

Gaylussacia baccata (black huckleberry), 72, 137, 138
GCNPP (Greene County Nuclear Power Plant), 292, 300–

307

Gehring, Charles T., 29

General Electric, 327

Genesee River, 71

geographic center, xxiimap, 307
Geographic Information System (ArcGIS), 55

geography, xxi–xxvii, xxvi, 315, 316

geology, 136–137maps, 137
George Washington Bridge, 59, 61, 62figure, 256, 258
Georgia State, 45

geotextile caps, 238

Geranium maculatum (wild geranium), 168
Gerard, John, 104, 109

German Sarsaparilla, 94

Germantown, 170

Geum aleppicum (yellow avens), 171
Gibbons, W., 43

Gibbons v. Ogden (1824), 251
Gifford, Sanford R., 293, 295, 296, 297

Gill, T., 31

gill nets, 71

ginseng (Panax quinquefolius), 111
GIS (geographic information system), 55

glacial lake basin mosaic model, 68

glacial lakes, 73, 206

glaciers, xxiii, 124, 129, 137

glandular swelling, 105

glass beads, 72

glassworks, 142

Gleditsch, N. P., 77

Glens Falls, 254

Glenville, 43

global warming. See climate change
Glyptemys spp. (tortoises/turtles): G. insculpta (wood tur-
tle), 42, 45, 48, 170; G. muhlenbergii (bog turtle/Muh-
lenburgh tortoise), 44, 45, 48, 171, 190

Goat Island rockshelter, 71

Goedhuys, D. W., 103

golden ragwort (Packera [ formerly Senecio] aureus),
171

goldenrods. See Solidago spp.
golden shiner (Notemigonus crysoleucas), 28
goldfish (Carassius auratus), 34, 189
Goldkrest site, 72

gonorrhea, 106, 107, 109

Goodman, Paul, 276

goose, 69

goosefoots (Chenopodiaceae spp.), 104–105

Gorge, the, xxiii, xxiiimap
Gould, Jay, xvimap
gourds, 95

Government House, 204

grain, 155, 167figure, 168, 249. See also specific grains
Gramineae (grass), 125, 129
Gramly, R. Michael, 68, 72

Grand Banks, 32

Grand Canyon, 280

Grand Canyon of the Yellowstone (Moran), 295
Grand Street market, 208

grapes, 89, 90figure, 91–93table
grasses (Gramineae), 70, 125, 126–127figures, 129, 153,
169, 171. See also pollen analysis; specific grasses

grasshopper sparrow (Ammodramus savannarum), 173
grassland birds, 173, 177figure
grasslands, 169–170, 178

gravel, 55map, 56
gray birch (Betula populifolia), 140, 141figure
gray goldenrod (Solidago nemoralis), 171
gray treefrog (Hyla versicolor), 43table
grazing. See pasture
Great Fire of 1835, 19

Great Lakes, 34, 36, 111, 252

Great Lakes Salmon, 34

Great Society program, 280

green ash (Fraxinus pennsylvanica), 170
green dragon (Arisaema dracontium), 170
Greene County ice industry, 211

Greene County Nuclear Power Plant (GCNPP), 292, 300–

307

Greenfield, Haskell, 114

green frogs, 48



green-headed coneflower (Rudbeckia laciniata), 171
Greenhouse Consultants, 114

Green Island Dam, 60

Greenport, 305

Grieve, Mrs. M., 97, 104, 105, 106, 107

Grieves, 108

Gross, M. G., 61

ground beetle (Carabidae), 170

ground cover, 138, 169

ground water, 19

grouse, 69

Grouse Bluff site, 71, 72

guano, 158

guidebooks, 251, 255

Gulf Coast, 90

“Gunks” (Shawangunk Mountains), 123, 133–152

gypsy moth (Lymantria dispar), 148, 160
gypsy moth (lymantria dispar), 148, 160

habitat: Columbia County loss, 168–169, 170; disturbed,

113; mesic, 124–125, 137, 138. See also ecological
analogy; specific habitats

Hackensack Marsh and Meadowlands, 123, 124, 129,

130, 160

Haie, Jacob, 83table
hair loss, 108

hairy bittercress (scurvy grass) (Cardamine hirsuta), 98
Haiti, 101

Half Moon, 316
Haliaeetus leucocephalus (bald eagle), xviiifigure
halibut, American (Hippoglossus hippoglossus), 32, 33
halocline, xxiv

Hamamelis viiniana (witch hazel), 138
“Handbook of Salamanders” (Bishop), 46

hangings, 206

Harber-Bosch process, 158

harbors, ix

hardwoods, 41, 67, 138, 146, 148–149. See also specific
hardwoods

Harlem River, 224, 229, 315

harriers (day hawks) (Circus cyaneus), 171
Harriman family and State Park, 257, 280, 298

Harriman State Park, 257

Harris, Wendy E., 19

Harrisburg Peneplain, 168

Hart, John P., et al., 70, 71, 72

Harvard Forest, 178

harvesting of crops, 158

Haskin, DeWitt Clinton, 257

hatcheries, 32, 34

Haverstraw Bay, 57, 240

Hawkins, Richard, 106

hawthorn (Crataegus spp.), 176
hawthorn plum (Crataegus spp.), 68
Hayden, F. V., 295

hayfields, 167figure, 171, 172–175, 176

hazelnut, beaked (Corylus cornut), 169
hazelnuts (Corylus spp.), 68, 72
headaches, 108

heal-all (betony/woundwort) (Stachys spp.), 88–89table,
91–93table, 94, 108, 113

heal-all (betany-) (woundwort) (Stachys spp.), 88–
89table, 91–93table

health, human, 11, 222, 224, 228, 230, 238, 242, 243

hearths/firepits/ovens, 67–68, 69, 70, 71–72, 73

heart-leaved tear-thumb (Polygonum arifolium), 108
heart medicines, 107

Heart of Darkness (Conrad), 10
Heart of the Andes (Church), 295, 301
heat. See temperature
heaths, 124, 138

Hedeoma pulegioides (American pennyroyal), 171
hedge mustard, 98

hedgerows, 172

hedges, 186–188

Hedrik, U. P., 98, 154

Heerman, Agustijn, 86

Helderberg Escarpment, 46, 67

hematomas, 108

hemlock. See Tsuga canadensis
hemlock woolly adelgid (Adelges tsugae), 149
hemorrhages, 106, 107

hemorrhoids, 107

hepatopancreas, 238, 240

herbaceous plants, 107, 148, 168, 173, 175, 176, 188. See
also specific plants

herbalism, 79

herbicides, 160–161

herbs, 126figure
heritage gardens, 183

herpetofauna, 5, 17, 24, 41–52, 265figure. See also spe-
cific herpetofauna

herring, 30, 31, 32, 34, 37, 38, 262, 263, 265, 267table
Hesperia leonardus (Leonard’s skipper butterfly), 171
Hesperia metea (cobweb skipper butterfly), 171
Hesperia sassacus (Indian skipper butterfly), 171
Hessian fly (Mayetiola destructor), 156
Heterodon platirhinos (Eastern hognose snake), 45map
hickory. See Carya spp.
high fructose corn syrup, 156, 161

Highland, 257

highlands. See Hudson Highlands
highway system, 258, 280

Hinchey, Maurice D., 329

Hippoglossus hippoglossus (American halibut), 32, 33
Hiscock site (NY), 68

historical eras. See eras . . .
Historic Horizon, 79, 114

“Historic Saratoga-Washington on the hudson Partner-

ship,” 329

history: archaeology and, 79–86; biology and, xviii, 1–6,

13–21; climate change and, 123; feedback loops and,
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9, 17; human adaptations, 65–76; management and,

131. See also communities; human impacts
HNERR (Hudson National Estuarine Research Reserve),

123

hobble bush (Viburnum lantanoides), 169
Hoboken NJ, 256, 257

Hoffman, C., 69

hogchoker (Trinectes maculatus), 29, 34, 265
hognosed snakes, 48

hogpeanut (Amphicarpaea bracteata), 138, 168
Holcim Group, 305

Holland, 97, 101

Holman, J., 41

Holocene epoch, 125

homesteading, 24

honeybees (Apis spp.), 153
honeysuckle. See Lonicera spp.
hookworms, 105

hoop poles, 141–142, 143, 146

Hordeum vulgare (barley), 253
hormonally active substances, xxv, 160, 228, 326, 328

Hornaday, W. T., 36

horse (Equus caballus), 158–159, 172, 173, 222–223. See
also livestock

horticulture, 70–71, 72; pre-contact period, 71, 73; exotic

ornamental plants and, 184. See also agriculture
Hortus Botanicus (Leiden), 94, 98, 100, 108, 111, 112
Hosack, David, 184

Houghtaling Island, 211

hounding, 145

Housatonic River, 68, 73

houses, 138, 139figure, 327
HRBMP (Hudson River Benthic Mapping Project), 54, 62

HRC (Hudson River Valley Commission), 327, 329

HRECOS (Hudson River Environmental Conditions Ob-

serving Systems), 331

HRES (Hudson River Environmental Society), ix, xi, xv,

13, 332

HRF (Hudson River Foundation), 62, 268–269, 277, 331

HRWA (Hudson River Watershed Alliance), 332

huckleberry (Gaylussacia spp.), 72, 137, 138
“huckleberry” (blueberry), 142–143

Hudson, city of, 250, 305–306

Hudson, Henry, xv, 3–4, 23, 41, 195

Hudson, The (Dunwell), xi
Hudson and Manhattan Railroad Company, 257

Hudson-Catskill ferry, 255

Hudson-Champlain lowlands, 67

Hudson-Fulton-Champlain Quadricentennial, 257

Hudson-Fulton Tricentennial Celebration (1909), 297

Hudson Highlands: pre-contact period peoples and, 65;

art and, xviifigure, 275–276, 280, 296, 298, 299; ba-
sics, 19, 136map, 233, 335; depths of Hudson in, 54;
forests and, 124–125, 326; frogs, 46; Native Ameri-

cans, 4; pollution and, 234–235; power plants and,

281–282, 284, 285, 286; Roosevelt and, 280; snakes,

42, 43, 44; topography, 67; transportation and, 19. See
also specific locations

Hudsonia, Ltd., 47

Hudson Lowlands, 19, 67, 68, 137

Hudson National Estuarine Research Reserve (HNERR),

123

Hudson River: basics, ix, xv, xvimap, 59, 129; depths of,
xxiii, 54–55, 56, 57; historical eras and, 314; land use

and, 178; as model, xv; morphology, 15–16 (see also
shorelines); names of, xv, 73, 315; population, 154,

317; tributaries, xxiimap, 24, 32, 60, 70, 326–327; wa-
tershed, xxi–xxii. See also Hudson River, flow of;
Hudson River Estuary; Lower Hudson; Upper Hudson

Hudson River, flow of: basics, xvimap; Battery Park City
and, 58; bridges and, 59; cadmium and, 240, 242;

channelization and, 56; dredging and, 62; human ef-

fects, 9; Lower Hudson, xxiii–xxiv; Mohawk River,

xxii; power plants and, 277; railroads and, xixfigure,
59; seasonal, xxii, xxiii–xxiv, 54; transportation and,

17; tributaries and, 19; near Troy, xxii; Upper Hudson,

xxi

Hudson River Benthic Mapping Project (HRBMP), 54, 62

Hudson River Environmental Conditions Observing Sys-

tems (HRECOS), 331

Hudson River Environmental Society (HRES), ix, xi, xv,

13, 332

Hudson River Estuary, 54–63; pre-contact period, 65–74,

124, 316; basics, ix, xviiifigure, xxi, 53–63; dredging
and, 37; fishes and, xxv, 266, 267table, 268; flora, 153;
flow and tides of, xxiv; industry and, 19, 233–243,

261–269; marshes and, 124; pollution of, xxv, 233,

236, 238, 240, 266; power plants and, 261, 262,

264map, 265, 270; sediment and, 13; transportation
and, 197

Hudson River Estuary Program (DEC), 178, 329

“Hudson River Fisheries Investigation 1965-68” (ConEd),

286

Hudson River Fishermen’s Association, 276, 278, 286,

287, 288, 325, 326

Hudson River Foundation (HRF), 62, 268–269, 277, 331

Hudson River labor strife monopolies origins physical ex-

tent of ruins of technology for harvesting and storing

workforce working conditions National Estuarine Re-

search Reserve Power Plant Settlement School of Art

sloop(s) striped bass Valley Watershed

Hudson River Line Rail Road, xvimap, xixfigure
Hudson River National Estuarine Research Reserve, 62,

327

Hudson River Railroad, 254–255

Hudson River School of landscape painting, xvimap, 183,
276, 279, 291–307, 320, 332. See also individual
painters

Hudson River Settlement Agreement (1980), 262, 268

Hudson River Sloop, 196–197

Hudson River valley, xxiii, 17

Hudson River Valley Commission (HRVC), 327, 329
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Hudson River Valley Greenway, 329

Hudson River Valley National Heritage Area (HRVNHA),

329

“The Hudson River Watershed Alliance,” xxvi

Hudson River Watershed Alliance (HRWA), 332

Hudson Tubes, 257

Hudson Valley in Winter, The (Church), 302
Huey, Paul, 80

Hughes, Charles Evans, 297–298

Hughes, Langston, x, 283

human adaptations, ancient, 65–76

human impacts: basics, ix–xi, xv, 1, 7–12, 24; on fishes,

36, 37; on forests, 130; good, bad and subtle, 9–10; on

land, 17; on marshes, 123–132; poetry and, 322; pro-

ductivity and, xxiv; sediment and, 53–64, 61; on

Shawangunks, 19, 135; on shoreline, 24. See also de-
velopment; feedback relationships; history; specific ac-
tivities, impacts & industries

von Humboldt, Alexander, 295

Hummer, C. C., 69

huneysuckles (Lonicera spp.), 187, 188
Hunter’s Home site, 70

hunting, 24, 71, 145, 177. See also game; projectile
points; specific prey

Huntington, Ellsworth, 256

Huth, Paul C., 47

hybrid plants, 160, 328

Hyde Park, 33, 184

hydrology, xxiii–xxiv, 129, 189

Hyla versicolor (gray treefrog), 43table
hysteria, 106

ice, 196, 254

ice ages, xvimap, 97, 130
Icebergs (Church), 301
ice cave talus, 137map, 138
ice clearing, 19

ice cream, 202, 203

ice harvesting, 9, 15, 17, 19, 201–214

Ice House Garden, 204

ice houses, 204, 205figure, 207, 209–214, 213figure
ice-scouring, 177

ichthyoplankton, 262, 265

Iconography of Manhattan Island (Stokes), 81
Ictalurus punctatus (channel catfish), 30table, 265,
265figure
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indigenous flora, 88–94; characterizations, 94–95; weeds
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interregional exchange, 102–103

Interstate Route 88, 67

Interstate Sanitation Commission (ISC), 224, 225, 229

intestinal maladies, 105

introduced species, 9, 49, 108. See also individual species
Invasive Plant Council of New York State, 185, 191
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Jameson, J. F., 108

Jamestown, VA, 80, 82table, 100, 103, 105, 201
Jans, Anneke, 110

Japanese barberry (Berberis thunbergii), 187
Japanese beetle (Popillia japonica), 189
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Lafitau, Joseph-François, 111

Lake, T. R., 28
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172, 197, 254, 296
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also Boston MA

mass spectrometry, 69, 70

mast foods/ forests, 68–69, 70, 72

mastodons, 68

Materia Medica, 112
Matteuccia struthiopteris (ostrich fern), 170
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(smallmouth bass), 30table, 36; M. salmoides (large-
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monoplies, 195, 197, 210, 213, 250–251, 253

Monsanto, 157

Monticello, 204

Moore, Charles Herbert, 298–299

moose (Alces alces), 177
Moran, Thomas, 295

Morgan, J. P., 280
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Harbor; specific locations

New York City Department of Health, 224
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New York Thruway, 259

New York Times (newspaper), 214, 257, 282, 283, 289,
299
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New York University, 268

Niagara (Church), 301
Niagara Falls, 295, 296

Niagara Falls (Davies), 296
Niagara Falls (Minot), 296
Nicholas, George Peter, 68

Nicholls, Richard, 318

nickel, 235

Nicotiana spp. (tobacco), 88–89table, 90figure, 91–
93table, 95, 96, 153

Nieuwenhof, Evert, xvifigure
nightshade (Solanaceae), 97, 108
Nike missiles, 235

nitrogen, 9, 11, 227

NOAA, 54, 55

nodding lady’s tresses (Spiranthes cernua), 171
Nordås, R., 77

North Carolina State, 36

Northern Diamond-backed Terrapin (Malaclemmys terra-
pin), 42

northern pike (Esox lucius), 30table
Northern watersnake (Nerodia sipedon), 43table
North River, 225, 226, 256, 315

North River (steamboat), xv, 250, 251
North River Bridge, 258

Norway maple (Acer platanoides), 186, 190
nose bleeds, 103

Notemigonus crysoleucas (golden shiner), 28
no-till, 159

Notophthalmus viridescens (red-spotted newt), 44
Novak, Barbara, 301

NRDC (National Resources Defense Council), 287

nuclear power, 28, 235, 277, 292, 300–307

Nuclear Regulator Commission U.S. (NRC), 301, 303–

305

nurseries, 184, 186, 190, 191

nut grasses/nut sedges (Cyperus spp.), 71, 88–89table,
90figure, 91–93table, 94, 129, 169

nutrients, 10figure, 123, 158, 173, 227, 229, 331
nuts, 67, 69, 70, 72, 73. See also specific nuts
Nutton Hook, 65, 67

Nyack, 256, 259

NYC Landmarks Commission, 78

NYS Coastal Management Program (DEC), 306

NYS Conservation Department, 48

NYS Department of Agriculture and Markets, 326

NYS Department of Environmental Conservation (DEC),

48–49, 55, 178, 191, 240, 306, 325, 329; power plants

and, 262, 268, 277, 286, 325, 327–328, 331

NYS Department of Transportation, 191

NYS Division of Coastal Resources (Department of

State), 328

NYS Energy Research and Development Agency

(ERDA), 300

NYS Environmental Quality Review Act (SEQRA), 65,

292, 300, 306, 330, 332

NYS Geological Association, 300

NYS Invasive Plant Council, 185, 191

NYS Invasive Species Task Force, 191

NYS militia, xixfigure
NYS Nursery and Landscape Association, 191

NYS Office of Parks, Recreation, and Historical Preserva-

tion (DEC), 325

NYS Pollution Commission, 223

NYS Power Authority, 288, 301

Nyssa sylvatica (black gum), 126figure, 148

oak-heath communities, 124

oaks. See Quercus spp.
oats, 155table, 253
Ocean Dumping Ban Act (1992), 227

Odocoileus virginianus. See deer, white-tailed
Oenothera biennis (evening primrose), 173
Oenothera perennis (little sundrops), 172
Ohio River, 252

Ohio State, 70, 188

Ojibwa tribe, 97, 106, 107, 108

Okeenokee Swamp GA, 45

Oklahoma State, 73

Olana, 300–307, 301figure, 302, 303, 304, 304map, 305.
See also specific projects

Old Albany Post road, 258

old fields, 137, 175, 176, 177

oligochaetes (Limnodrilus hoffmeisteri), 236, 237, 239,
240, 241, 242

oligotrophic areas, xxi

Olmsted, Frederick Law, 295, 296, 302

omega-3 fatty acids, 106

Ondatra zibethicus (muskrats), 190
Oneonta, 69

“On the Patrons and the History of New Netherlands”

(Nieuwenho), xvimap
opal, 70

Opalescent River, xxi

openness, 329–331, 332

“Operation Shellshock,” 48

Ophioglossum spp. (adder’s tongue fern), 171
Ophiostoma spp. (Dutch elm disease), 161
oral histories, 110, 112, 114

Orange County, 48, 160

orangeries, 94

orchards, 253. See also specific fruits
orchid, purple-fringed (Platanthera psycodes), 171
orchid, ragged-fringed (Platanthera lacera), 171, 174
Orconectes spp. (crayfishes), 239
Oregon, 157

organic carbon, 159

Organic Machine, The (R. White), 253
organic matter, xxiv

organic wastewater contaminants (OWCs), 228, 229

oriental bittersweet (Celastrus orbiculatus), 188
ornamental plants, 183–193. See also specific ornamen-
tals

ornaments, 72
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Osmerus mordax (rainbow smelt), 29table, 37, 265,
265figure

Osmunaceae, 128figure
Osmunda spp., 126figure
ostrich fern (Matteuccia struthiopteris), 170
Ostrya virginiana (Eastern hop-hornbeam), 138
ovens/firepits/hearths, 67–68, 69, 70, 71–72, 73

overfishing, 24, 32

overharvesting, 143, 145

Overlooks Wildfire, 149figure
Ovis aries (sheep), 167figure, 169–170, 172, 253
O&W (New York Ontario and Western Railroad), 139–

140

OWCs (organic wastewater contaminants), 228, 229

ownership, 318

oxygen (dissolved oxygen): 21st century, 327; basics, xxi;

generation plant studies, 265; waste treatment and,

xxv, 223–224, 226, 227, 229; water quality and, 228

oysters, 42, 69, 229, 279

Packera aureus (golden ragwort), 171
PAHs (Polynuclear Aromatic Hydrocarbons), 243

painted trillium (Trillium undulatum), 169
painted turtle (Chrysemys picta), 43table, 44, 46graph
painting, landscape. See art; Hudson River School of
landscape painting

paleoclimate, 123, 124figure
paleoethnobotany, 72

pale swallow-wort (Cynanchum rossicum), 188
paling, 29table, 30
Palisades, 124, 129, 258, 292, 296–298

Palisades Interstate Park (PIP), 256, 257, 259, 276, 280–

282, 292, 297

Palisades Interstate Parkway, 298

Palmaghatt Ravine, 140

Palmer, Erastus Dow, 303

Panax quinquefolius (ginseng), 111
Panetta, Roger, 19

Panicum capillare (witch-grass), 169
paper birch (Betula papyrifera ), 169
paper industry, 156–157

paper mills, 142

paper (birch) mulberry (Broussonettia papyrifera), 187–
188

Papilio polyxenes (black swallowtail), 169
Papscanee Island, 72

parade grounds, 303

Paraquat, 159

Paris green, 160

Parker, Goeffrey, 77

parks, 203. See also specific parks
Parmentier, André, 184

parsley, 169

Parslow Field site, 70

parsnip, 100

Partnerships for Regional Invasive SPecies Management

(PRISMs), 191

Passerculus sandwichensis (savannah sparrows), 170
pasture rose (Rosa carolina), 171
pastures, Columbia County, 169–172

patroonships, 24

Patterson, W. A., 72

Paul, Weiss, Rifkind Wharton and Garrison, 283

Paulding, James Kirke, 321

Pauw, Professor , 112

pavement, 130

paving stones, 297

Pavord, A., 108

Pawlonia tomentosa (princess tree), 186
PCBs (polychlorinated biphenyls): adaptation and, 243;

basics, xxvi, 9–10; birds and, 328; factories and, 198,

242, 327; fisheries and, 24, 37, 242, 266, 327

peach (Prunus persica), 88–89table, 89–90, 91–93table,
94, 113

pearl-ash, 155

Pearl Street (Lower Manhattan), 78, 79, 80, 82–85table,
109–111

Pedicularis canadensis (common lousewort), 173
Peekskill bridge, 257

Peekskill Solid Waste Facility, xvimap
pelagic eggs, 265

peneplains, 168

Pennsylvania Railroad, 257

Pennsylvania sedge (Carix pensylvanica), 137, 177
Pennsylvania smartweed (Polygonum pennsylvanicum),
107, 169

Pennsylvania State, 68, 70, 72, 136, 168, 188, 250, 293.

See also specific locations
Penobscot tribe, 107

Perca flavescens (yellow perch), 29table
perch, white (Morone americana), 28–29, 29table, 263,
265, 266, 267

perfoliated bellwort (Uvularia perfoliata), 168
Periplaneta americana (American cockroach), 29table
Perkins family, 280

Peru (South America), 95

pesticides, 159, 160–161, 326

Peter A. A. Berle Memorial Awards, 49

pharmacological pollutants, 327

Phaseolus spp. (beans), 23, 72, 95, 96, 153; P. vulgaris
(beans), 153

Philadelphia PA, 184, 204figure
Phillipse, Mr., 111

Phleum pratense (timothy), 173
Phragmites (common reed), 125, 129, 130
Phytolacca spp. (pokeweed/pokeberry), 88–89table, 91–
93table, 95, 96–97, 105

phytoliths, 70, 71

Phytophthora infestans (potato blight), 160
phytoplankton, 242, 262

Picea, 128figure
Picea spp., 126figure
Pickett, S. T. A., 9

Pieridae (whites) (butterfly), 169
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Piermont, 256

Piermont Marsh, 123, 124, 128figure, 129, 131
piers, 58

Pieter Gabry and Sons, 86

Pieterszoon de Vries, David, 29

pig (Sus spp.), 17, 24, 44, 155
pigweed (Chenopodiaceae), 129
Pijpenkabinet Museum of Amsterdam, 81

pike. See Esox spp. (pickerel/pike)
piles, 105, 107

pilewort (lambsquarter/smearwort) (Chenopodium spp.),
88–89table, 91–93table, 96–97, 103, 104–105

Pinchot, Gifford, 276

Pine Hill, 142

pine resin, 70

pines (Pinus spp.). See also individual species
Pinus spp. (pines), 125, 126–128figures, 129, 130, 135,
139, 144, 148, 168figure, 169; P. rigida (pitch pine),
124, 137, 137maps, 138, 143, 146figure, 148; P.
strobus (white pine), 138

PIP (Palisades Interstate Park), 256, 257, 259, 276, 280–

282, 292

pipes, Native American, 316

pipes, sewer, 221, 227

pipe stem dating, 72, 81, 84table, 85table, 110
pipe-watch, 278

Pipilo erythrophthalmus (rufous-sided towhee), 176
piscivorous fishes, 9, 30table, 31, 36, 37. See also individ-
ual species

pitch pine (Pinus rigida), 124, 137, 137maps, 138, 143,
146figure, 148

planning, 329

Plantago spp. (plantain), 107, 125, 126–128figures, 129
plants. See flora; medicinal plants
PlaNYC, 227, 229

Platanthera lacera (ragged-fringed orchid), 171, 174
Platanthera psycodes (purple-fringed orchid), 171
Platanus occidentalis (sycamore), 170, 174
Platanus spp., 126figure
Plateau Path, 140

pleasure gardens, 203, 204

Pleistocene epoch, 124

Plestiodon faciatus (common five-lined skink), 43
Plethodon cinereus (Eastern red-backed salamander),
43table

plows, 159

plum, 90

plumes, industrial plant, 300, 302, 305, 306, 307, 328

Plumptre, G., 189

P. McCabe & Co., Inc., 213figure
Poaceae, 128figure
Poanes massasoit (mulberry wing), 171
poetry, xvifigure, 293, 319–321
Point Merino (Cole), 305–306
poison, 105

poison ivy, 105

poison sumac (Toxicodendron vernix), 170

pokeweed (pokeberry) (Phytolacca spp.), 88–89table, 91–
93table, 95, 96–97, 105

pollen analysis: pre-contact–20th century, 125–129, 175;

acorns and, 68; climate change and, 125, 131; ethnob-

otany and, 114; forests and, 24, 129, 130, 131; Great

Lakes, 96; marshes and, 128figure, 131; uplands and,
123

pollution: 21 century, 328; basics, x–xi; ecosystem serv-

ices and, 11; fisheries and, 32, 36–37, 266; by heat, 19;

hydrological shifts and, 129; industry and, 17; invasive

species and, 188; regulation of, 225; tree of heaven

and, 186; visual, 300. See also waste and waste dis-
posal; specific pollutants

Pollution Commission (NYS), 223

polychlorinated biphenyls. See PCBs
polycropping, 153

Polygala sanguinea (blood milkwort), 171
Polygonum spp. (bistort/knotgrass/knotweed/smartweed),
72, 88–89table, 91–93table, 95, 97, 103, 107–108; P.
arenastrum, 107; P. artifolium (heart-leaved tear-
thumb), 108; P. aviculare (prostrate knotweed), 107; P.
hydropiper (marshpepper), 107; P. pennsylvanicum
(Pennsylvania smartweed), 107, 169; P. sagittatum
(arrow-leaved tear-thumb), 108

Polynuclear Aromatic Hydrocarbons (PAHs), 29

Polypodiaceae, 126figure, 127figure
Polypodiophyta, 128figure
Pomatomus saltatrix (bluefish), 37
Pomoxis annularis (white crappie), 30table
Pomoxis nigromaculatus (black crappie), 30table
ponds and fens, 17, 123, 129, 130

pond weed (Potamogeto spp.), 72
Pooecetes gramineus (vesper sparrow), 173
Popillia japonica (Japanese beetle), 189
Popular Mechanics, 282
population, human: pre-contact period, 70–71, 72; colo-

nial period, 27; 21st century, 328; basics, xxv; Colum-

bia County, 166; drinking water and, 218; exotic

ornamental plants and, 185; Great Fire of 1835 and,

19; Hudson River, 154, 317; Lower Hudson, 154, 328;

Manhattan, 220figure, 223figure, 224; Native Ameri-
cans, 28, 317; New York City, 154, 206; technology

and, 67; transportation and, 249; Upper Hudson,

154table, 328; waste and, 230
Populus deltoides (cottonwood), 170
Populus spp. (aspen), 126figure, 190
porcelain berry (Ampelopsis brevipeduculata), 189
porpoises, 42

Port of Albany, xxiii

ports, 185. See also specific ports
Portulaca oleracea (milk purslane), 169
Portulaca spp. (pulsey/purslane), 88–89table, 91–93table,
95, 96, 97, 106, 169

“Post-glacial Environments and Cultural Change in the

Hudson River Basin” (Salwen), 67

postmolds, 67, 68, 72

Potamogeto spp. (pond weed), 72
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potash, 154–155, 158

potato blight (Phytophthora infestans), 160
potatoes (Solanum tuberosum), 155table–156, 160
potherbs, 90figure, 94, 95, 96, 97, 98, 100, 106, 113
Potomac River, 252

pottery (ceramics), 69–71, 72, 80–81, 82–85table, 102,
109

Poughkeepsie, xxv, 197, 250, 257, 300

Poughkeepsie Railroad Bridge, 59–60figure, 257
poverty oatgrass (Danthonia spicata), 171
Power Authority (NYS), 288

power industry: 21st century, 330; fishes and, 10, 17, 19,

36, 327; hay and, 172; history, xxvi, 158, 196, 198; ice

harvesting and, 207figure, 211, 213figure; regulation
of, 325, 328, 331; water and, 19; wetlands and, 17. See
also specific industries; specific projects

power take-offs (PTOs), 158

Pownell, Thomas, 248

prairies and prairie birds, 165, 169–170, 172–173, 176,

295

prairie warbler (Dendroica discolor), 176
precipitation, xxi–xxii, 227, 327

pre-contact period. See eras: pre-contact (native)
preservation, 13, 293–314, 329. See also conservation and
restoration

“prime agricultural soils,” 168

princess tree (Pawlonia tomentosa), 186
PRISMs (Partnerships for Regional Invasive Species

Management), 191

prisons, xvimap
privets (Ligustrum spp.), 188
production, primary, 10figure
productivity, biological, xxi, xxiimap, xxiv–xxv, 3, 4, 5,
11, 23, 24, 331

progress (civilization), xvifigure, xix, 10, 259. See also
development

Progress (Durand), xviifigure, 276
Progress 2010 (panorama), xixfigure
projectile points, 69, 70, 71, 72

prostate, 105

prostrate knotweed (Polygonum aviculare), 107
protein analysis, 70, 95

protests, 234, 282–283

prunts, 81, 83table
Prunus persica (peach), 88–89table, 89–90, 91–93table,
94, 113

Prunus spp. (cherry), 88–89table, 91–93table, 94
Pseudotriton ruber (red salamander), 44
PTOs (power take-offs), 158

public attitudes and awareness, 11, 192, 198, 255, 258,

261–262, 332. See also education
pulsey (purslane) (Portulaca spp.), 88–89table, 91–
93table, 95, 96, 97, 106, 169

pumped storage, 161, 276, 277, 281, 283, 286, 288, 289,

332. See also Storm King Mountain ConEd plant
pumpkin. See Cucurbita spp.
pumpkinseed (Lipomis gibbosus), 30

Puritans, 317

purple-fringed orchid (Platanthera psycodes), 171
purple loosestrife (Lythrum salicaria ), 189–190; Foundry
Cove and, 240

purslane (pulsey) (Portulaca spp.), 88–89table, 91–
93table, 95, 96, 97, 106, 169

pussytoe (Antennaria sp.), 171
Putnam County, 45, 69, 189

Pycnanthemum spp. (mountain-mint), 171
Pyne, Stephen J., 295

pyrolysis gas chromatography, 69

quail, bobwhite, 170, 172

quantification, 10–11

quarries, 304map, 305
Quaternary period, 123

quays, 58

Quercus spp. (oaks): Q. alba (white oak), 124, 137, 138,
139, 146figure, 148, 168; Q. bicolor (swamp white
oak), 170; and birds, 149, 169; cropland and, 168; eras:

pre-contact period, 68; fire and, 144figure; highlands
and, 124; historical, 125, 126–128figures, 129, 131; Q.
iliciolia (scrub oak), 138; industry and, 140, 142; Juet
on, 317; Lower Hudson, 129; lowlands and, 67; Q.
montana (chestnut oak), 124, 137, 139, 142, 144figure,
146figure, 148; rattlesnakes and, 43; rock walls and,
172; Q. rubra (red oak), 70, 124, 137, 138, 139, 141,
142, 146figure, 148; Shawangunk, 135, 137, 138, 139,
142, 143, 148–149; (swamp white oak), 170. See also
acorns; individual species

quinces, 94

Quinn, David, 315

raccoons, 69, 72

races, river, 251

radiocarbon assays, 72, 114

radish, 98, 100, 100table, 101
ragged-fringed orchid (Platanthera lacera), 171, 174
ragweed (Ambrosia), 125, 126–128figures, 129, 169, 176
railroads: art and, 276, 293, 295, 299; basics, 197, 254–

255; bridges, 257; effects of, xvimap, xixfigure; ferries
and, 256; fishes and, 15–16, 32, 34; Foundry Cove

and, 233, 235; New York City ad, 19; Olana and,

304map; poetry and, 323; sediment and, 58–59;
Shawangunks and, 142, 143 (see also specific railroad
companies); shorelines and, xxiv, 327; straw paper
and, 157; trap rock and, 297. See also specific railroad
companies

rainbow smelt (Osmerus mordax), 37, 265, 265figure
Rainy Season in the Tropics (Church), 301
Rana pipiens (leopard frog/spring frog), 48, 171
Rana spp., 43. See also Lithobates
Ranunculus abortivus (small-flowered crowfoot), 173
Ranunculus spp. (buttercup), 72
rape, 100table
Rappahannock tribe, 105, 106

Raquette Lake, 296
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rare species, 136

Raritan Bay, 61

raspberry (Rubus spp.), 68, 72, 73, 88–89table, 91–
93table, 94, 103, 113, 176; R. ideus, 138

rattlebox (Crotalaria sagittalis), 172
rattlesnakes (Crotalinae spp.), 42–44, 48
raw materials. See resources
rays (fish), 28

recombinant bovine somatotropin, 157

recreation: basics, 10figure, 11, 54; Bear Mountain and,
257; ferries and, 256; FPC and, 284–285; mountain re-

sorts, 144; Palisades and, 259; railroads and, 255;

Shawangunks and, 135; SLC and, 307; steamboats

and, 251, 321; waste and, 229. See also specific activi-
ties

red-backed salamander, Eastern (Plethodon cinereus),
43table

red-berried elderberry (Sambucus pubens), 169
redbreast sunfish (Lepomis auritus), 31
red cedar (Juniperus virginiana), 176
red clover, 153

red drum (Sciaenops ocellatus), 30
the Redfield, 34

redfin pickerel (Esox americanus), 30table
Red Hook, 69, 225

red maple (Acer rubrum), 137, 138, 141, 146figure, 148,
170, 174

red oak (Quercus rubra), 70, 124, 137, 138, 139, 141,
142, 146figure, 148

red raspberry (Rubus ideus), 138
red salamander (Pseudotriton ruber), 44
red-spotted newt (Notophthalmus viridescens), 44
red trillim, 177

red-winged blackbird (Agelaius phoeniceus), 173, 190
Reed, Doug, 278

reeds, 17

Reese, Frances S., 277

reforestation, 146–148, 149, 175, 177, 188, 326

refrigeration, 19, 156, 201, 208, 214

regional collaboration, 329

regulation: 21st century, 328–331, 333; basics, 277; drink-

ing water and, 218; ecosystem services and, 11; fish-

eries pollution and, 31, 37; herpetofauna and, 48–49;

inadequacy of, 326; industry and, xxvi; invasive plants

and, 190–191; power plants and, 261–274, 325; shad

and, 32; waste and, 222. See also specific legislation;
specific regulators

Reichard, S. H., 191

Reifler, A. R., 71

religion, 11. See also ceremonies
remora, 30

Rensselaer County, 44

Rensselaer Polytechnic Institute, 331

Representative Important Species (RIS), 265

reptiles, 17, 24, 41–52, 43table. See also specific reptiles
republicanism, 250

research, xxvi

reservoirs, xxv, 220

resilience, 11, 17

resorts, 135, 144–145

“resource,” 314, 315, 317–318, 325

resources, xvimap, 9, 11, 23–25, 67. See also specific re-
sources

restoration: Clean Water Act and, 228; DEC and, 329;

ecological analogies and, 165; fisheries and, 38; forest,

177; Foundry Cove and, 233, 240, 243; garden, 186;

ice houses and, 209; marshes and, 131; of oysters, 229;

sediment and, 62; of turtle, 48

Restoring American Gardens: An Encyclopedia of Heir-
loom Ornamental Plants 1640-1940 (Adams), 186

Revolution, American, xixfigure, xxi, 156, 233, 255, 256,
318–319

rewilding, 175

Rhamnus cathartica (buckthorn), 176
rheumatism, 105, 107

Rhinebeck 2 site, 68

Rhine River, 278, 319

Rhode Island, 286

Rhododendron Swamp, 123, 124, 125, 126figure, 130
Rhus spp. (sumac), 72
ribbon snakes (Thamnophis sauritus), 171
rice, wild (Zinzania aquatica), 70
ridgelines, 178

Rifkind, Simon, 283

riparian zones, 32, 190

riprap, xxiv, 58, 327

“Rip Van Winkle” (Irving), 275, 276, 318–319

RIS (Representative Important Species), 265

Ritchie, William A., 67, 69, 70, 71

River City, 247–258

River Harbors Act of 1910, 56

river herring, 30, 31, 32, 34, 37, 38, 262, 263, 265,

267table
River House, 229

“River Indians,” 73

River in the Catskills (Cole), 293
Riverkeeper, 278

River Mile 80, xxiv

River Network, 332

“River of Mountains,” xv

Rivers and Harbors Act, 56

“the river that ebbs and flows,” xv, 73, 315

River that Flows Both Ways, xv, 73, 315

Rivington’s New York Gazetteer, 202
Rix, Julian, 296

roads, 137maps, 248, 257, 258, 326. See also highway
system; turnpikes; specific roads & highways

Roanoke VA, 266

robber barons, 197

Robbins Swamp, 68

Roberts, William , 114

Robinia pseudoacacia (black locust), 186
Robinson Esq., Henry, 33

Rochester NY, 142, 189
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rock bass (Ambloplites rupestris), 30table, 31
rock climbing, 146

Rockefeller family, 280, 282, 298

Rockland County, 44, 256, 258, 259

Rockland Lake, 207

rock walls, 172

Rocky Mountains, 295

Rocky Mountains-Landers Peak, The (Bierstadt), 295
rodents, 172

Roeliff Jansen Kill, 69, 71

Romantic movement, 183, 184, 255, 299, 320

Rondout Creek, 136

Rondout Valley, 147figure
Roosevelt, Theodore, 276, 280, 285, 297

Roosevelt National Park, 300

Rosa spp. (roses): R. carolina (pasture rose), 171; R. mul-
tiflora (multiflora rose), 176; R. palustris (swamp
rose), 177

Roseton, 261, 264figure, 268, 287, 288
Roslund, E., 28

round worms, 105

Rubus flagellaris (dewberry), 171
Rubus spp. (brambles/raspberry/blackberry), 68, 88–
89table, 91–93table; R. ideus, 138

Rudbeckia hirta (black-eyed Susan), 173
Rudbeckia laciniata (green-headed coneflower), 171
rufous-sided towhee (Pipilo erythrophthalmus), 176
Rumex spp. (dock), 125, 126figure, 128figure, 129
runoff, xxi–xxii, xxvi, 17, 61, 158, 159, 223, 326. See also
erosion

Rupert, Colonel, 280

rural areas, 201–218, 249, 259. See also specific features
and locations

Ruskin, John, 296

Russet Burbank, 155–156

Russia, 154, 279

rye (Secale cereale), 155table, 156–157, 167figure

sailing vessels, xvimap, 248. See also sloops
salamanders, 43, 43table, 44, 46–47, 48
“Salamanders of New York” (Bishop), 46

Salamandra coccinea (scarlet salamander), 44
Salamandra symmetrica (yellow-bellied salamander), 44
salinity, xxiitable, xxivfigure, 54, 129, 130, 235, 236. See
also salt front

Salix spp. (willow), 126figure, 127figure, 128figure, 177
salmon, Great Lakes, 34

Salmon, W., 107

Salmo salar (Atlantic salmon), 28, 29table
salt front/wedge, xxiv, xxv, 131

saltwater grass (Spartina alterniflora), 125
Salvelinus fontinalis (brook trout), 29table, 30table
Salwen, Bert, 67, 73

Sambucus pubens (red-berried elderberry), 169
Sampson, David, 299

Sam’s Point, 47, 136

sand, 55map, 56

Sander vitreus (walleye), 30table
sand mining, 15

Sanguinaria canadensis (bloodroot), 177
Saratoga County, 71

Sargasso Sea, xxv

SASS (Scenic Areas of Statewide Significance), 305, 306,

328

sassafras (Sassafras albidum), 146figure, 148
Sassaman, K. E., 72

Satyrodes appalachia (Appalachian brown butterfly), 171
Sauer, Carl, 95

de Saussure, Nicolas-Théodore, 158

“savages,” 10

savannah, 169

savannah sparrows (Passerculus sandwichensis), 170
sawmills, 139, 142

Saxifraga pensylvanica (swamp saxifrage), 171
SBMR & SBSA surveys, 264figure
Scaccia site, 71

scarlet salamander (Salamandra coccinea), 44
Scarry, C. M., 72

Sceloporus undulatus (brown swift (Eastern fence
lizard)), 44

“Scene on the Banks of the Hudson” (Bryant), 313

scenery: 17th century, xvimap; 21st century and, 325,
328; history of, 198; ice houses and, 210; mountain

houses and, 293, 295; Palisades, 297, 298. See also
aesthetics; art

Scenic Areas of Statewide Significance (SASS), 305, 306,

328

Scenic Hudson, 276, 277, 278, 282–283, 284–285, 299,

325, 332

Scenic Overlooks, xix

Schackne, Patterson, 68

Schaefer, Paul, 296

Schenectady, 254

Schenectady County, 43, 160

Schizachyrium scoparium (little bluestem), 171
Schodack-Houghtaling Island, 209–210, 213figure
Schoharie Creek, 70, 71, 154

Scholopentria, 103
Schroon Lake, 296

Schulyerville site, 71

Schunnemunk Mountain, 48

Sciaenops ocellatus (red drum), 30
science, 13–22, 45–48, 261–269, 332, 333. See also biolo-
gist, role of; biology

Scirpus spp. (bulrushes), 129
Scott Brothers Ice House, 213figure
screens and impingement, 263, 265

scrub oak (Quercus iliciolia), 138, 143, 176
Scully, Vincent, 286, 299

scurvy, 106

scurvy grass (hairy bittercress) (Cardamine hirsuta), 98
scythes, 173

sea levels, xxiv, 68, 132

sea-spiders, 42
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Secale cereale (rye), 155table, 156–157, 167figure
sedges. See Cyperaceae spp.
sediment: and agriculture, 13, 60, 155; basics, 53–63, 55–

56; climate change and, 123–132; and dams, 60–61,

62, 129, 130; dredging and, 57; and forests, 60–61,

155; Foundry Cove and, 240–241; human impacts, 53–

64, 61; ice harvesting and, 209; Jamaica Bay, 124, 130;

maps, 54map; and railroads, 58–59; and restoration,
62; shoreline and, 58, 62; Tivoli Bay and, 69, 124;

waste and, 61, 62, 221, 227–228. See also dredging;
erosion; runoff; specific sediments

sediment budget, 57, 59, 60, 62

sediment distribution, 53, 54–55, 59, 60, 62

sediment supply, 60–62

seeds: pre-contact period, 70–71; contact period, 96; colo-

nial period, 79, 81, 86, 87, 95, 101; basics, 95; invasive

plants and, 189–190; sizes, 99–100tables. See also
flotation technique

Seeger, Pete, 277. See also Clearwater (sloop)
Seeyle, John, 254

seismic profiles, 54–55

self-disclosure, 329–330, 333

Seminole tribe, 105

Semotilus corporalis (fallfish), 29
Senecio [now Packera] aureus (golden ragwort), 171
SEQRA (NYS Environmental Quality Review Act), 65,

292, 300, 306, 330, 332

sewage. See waste and waste disposal
sewers, 10, 220–222, 226–227, 229, 230, 327

sewing, 72

shad, xxvi, 8–9, 24, 29table, 31, 32, 35, 36, 70. See also
specific shad

shadbush (Amelanchier arborea), 138, 172
Shakers, 170

shale, 137

Shawangunk Formation, 124, 137

Shawangunk Kill, 136, 140

Shawangunk Mountains (“Gunks”), 123, 133–152

Shawangunk Ridge, 17, 19, 46, 124, 136, 293

Shawnee-Minisink site, 68

sheep. See also livestock; wool
sheep (Ovis aries), 167figure, 169–170, 172, 253
sheep laurel (Kalmia angustifolia), 138
shell beads, 70

shellfish, 23, 24, 69, 224, 228. See also specific shellfish
Sherman (Augustus) Ice House, 212

Shimer, P., 106

shining clubmoss (Lycopodium lucidulum), 125, 126fig-
ure, 130

shipbuilding, 256

shipping, xvimap, xixfigure, xxiii, xxiv, 168, 197, 222–
223, 327. See also freight hauling; transportation

shipwrecks, 61, 80, 81, 82table
shoaling, 59, 228, 265

Shorakapkok, 315

shorelines: 17th century Manhattan, 81; 21st century, 327;

data, 55; dredging and, 57; fisheries and, 37; ice har-

vesting and, 209–210; railroads and, xxiv, 32, 58–59,

197; sediments and, 58, 62; transportation and, 9;

waste and, 219, 222, 229, 230. See also Hudson River,
morphology; specific locations

shorthead redhorse (Moxostoma macrolepidotum), 30
shortnose sturgeon (Acipenser brevirostrum), xxv, 32–33
shrimps, 42, 238

shrubby pasture, 172

shrublands, 175, 176–177, 178

shrubs, 186–189, 187–188

Sicyos angulatus (bur-cucumber), 169
Sierra Club, 280, 286

“Significant Habitats and Habitat Complexes of the New

York Bight Watershed,” xxvi

Silent Spring (Carson), 161, 280
silos, 173

siltstones, 137

Silurian period, 124

silverfish, 29table, 30
silver maple (Acer saccharinum), 170
silversides (Menidia spp.), 29table
single-species catches, 31, 36, 37

Singleton, E., 110

Sing Sing prison, xvimap
Sisyrinchium spp. (blue-eyed grass), 171
Sive, David, 299

6LF2 site (Templeton), 68

skin disorders, 104, 105, 106, 107

skinks, common five-lined (Plestiodon faciatus), 43
skipper butterflies, 171

skyscrapers, 256

slave trade, 23, 196

SLC (St. Lawrence Cement Plant), 292, 294, 304map,
305, 306figure309, 307

slender lady’s tresses (Spiranthes lacera ), 173
sloops, xvimap, 53, 196–197, 248–249, 250, 277, 298fig-
ure, 299

sludge, 224, 225, 227

small-flowered crowfoot (Ranunculus abortivus), 173
smallmouth bass (Micropterus dolomieu), 30table, 36
smartweed (Polygonum spp.), 72
smearwort (lambsquarter/pilewort) (Chenopodium spp.),
88–89table, 91–93table, 96–97, 103, 104–105

Smiley, Albert ad Alfred, 144

Smiley, Daniel, 46–47, 140

Smiley Dan, 146

Smiley Sr., Daniel, 142

Smith, Anthony Wayne, 286

Smith, Bruce, 96

smoked sturgeon (Albany beef), xxv, 32–33

snakebite, 106

snakehead (Channa argus), 30table
Snake Hill, 43

Snake River Valley ID, 156

snakeroot, 108

snakes, 42–44, 45, 48, 172. See also herpetofauna; spe-
cific snakes
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snake-wort, 42–43

snapping turtle (Chelydra serpentina), 42, 43, 48
Sneden’s Landing Ferry, 256

snow, 144

soap, 154

soapstone, 70

social and natural science, 13–22

Society for Ecological Restoration Awards, 48

soft-shell turtle (Apalone spinifera), 44
soil: abandoned farms and, 175; agriculture and, 158–161,

167figure, 168, 171, 172, 174, 326; basics, 158, 159;
butterflies and, 173, 176; canals and, 253; drainage

and, 174; fires and, 143; flooding and, 153; forest, 168,

177; human impacts, 10–11, 131, 144, 155; invasive

species and, 149, 170, 171, 186, 187, 188; manage-

ment, 159, 161; pollution of, 221, 238, 242; quality,

171–172, 176table; Shawangunks and, 135, 137–138;
wetland, 174. See also erosion; fertilizers; runoff

Solanaceae (nightshade), 97
Solidago spp. (goldenrod), 175, 176, 178; S. caesia (blue-
stem goldenrod), 168; S. nemoralis (gray goldenrod),
171; S. tuberosum (potatoes), 155table–156, 160

Somerset plant, 331

sonar, 54

song sparrow (Melospiza melodia), 170
Sopes Treaty, 318

sores, 105, 106

sound, 263

“source,” 314, 315, 319

Sour Mountain Realty, Inc., 48

the South, 196

South America, 95, 295

South River, 315

South Seas, 106

South Street Seaport, 229

Spain, 3, 90. See also individual Spaniards
Spanish radish, 100

sparrows, 170, 173, 176

Spartina alterniflora (saltwater grass), 125
Spartina patens (cordgrass), 125
spatial scales of pollution, 241, 242, 264figure
spawning: channelizing and, 24; electric power generation

and, 262, 277; eras: pre-contact period, 70; generating

stations and, 262; lipfish and, 30; railroads and, 15;

river herring, 31; salt front and, xxv; Storm King

Mountain project and, 283, 286, 288; studies, 266, 268.

See also larvae, aquatic
spears, 71

speciesism, 11

speed, 251–252, 254

speedwell (Veronical officinalis), 138
Sphagnum spp., 126figure, 127–128figure
Spicebush site, 69, 71

spice trade, 3

spiders, 46

spiked lobelia (Lobelia spicata), 173
spike grasses (Eleocharis spp.), 129

“spinach,” 97, 98

spinach, wild (Chenopodium spp.), 68, 70, 96–97,
100table, 101, 105

spinning, 110–111

Spiraea alba (meadowsweet), 171, 177
Spiraea tomentosa (steeplebush), 177
Spiranthes cernua (nodding lady’s tresses), 171
Spiranthes lacera (slender lady’s tresses), 173
spirituality, 10figure
Spiza americana (dicksissel), 173
Spizella pusilla (field sparrow), 170, 176
sport fishing, xxv–xxvi, 9, 28, 36, 37

spottail shiner, 263table, 265, 267table
spotted turtles (Clemmys guttata), 44, 45, 171
sprains, 105

sprawl, 159. See also suburbs
Sprengel, Phillipp Carl, 158

spring frog (leopard frog), 48, 171

spring frog (leopard frog) (Rana pipiens), 48, 171
squash. See Cucurbita spp.
squaws, 110–111

squirrels, 172

Stachys spp. (betony/heal-all/woundwort), 88–89table,
91–93table, 108, 113

standing, legal, 284, 289, 299, 305

starchy seed plants, 88–89table, 91–93table, 94, 95, 113
starflower (Trientalis borealis), 177
State Environmental Quality Review Act (SEQRA), 65,

292, 300, 306

Staten Island, 225

Staten Island marsh, 124, 129

Staten Island Zoo, 44

State of the Hudson (conference), 13
State Pollutant Discharge Elimination System, 61map
State University of New York at Stony Brook, 239, 269,

331

Staubly site, 72

Steadman, David, 72

steamboats: basics, 197, 233, 250–252; Bear Mountain

and, 257; canal barges and, 253; commerce and, 34,

320–321; ice harvesting and, 207, 210; winter and, 254

steam ferries, 255–256

steam locomotives, 155, 233

steam power: aesthetics and, xviifigure, 301, 302, 328;
dredges, 209; generation plants, 196, 261, 277, 330; ice

harvesting and, 207, 211, 213figure; locomotives, 155
steatite, 70

steel, 140

steel bridges, 258

Steendam, Jacob, 317–318, 319, 322

Steenwyck, 83table, 85table, 86
steeplebush (Spiraea tomentosa), 177
Stehling, Nancy , 114

sterile fields, 171

Stevens, John, 250

Stevens Institute of Technology, xxvi

Stewart, Margaret M., 47
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stings, 107

St. Lawrence Cement Plant (SLC), 292, 294, 304map,
305, 306figure, 307, 309

St. Lawrence River, xvimap, 4, 70
Stockbridge-Munsee Band, 73

stocking programs, fish, 32, 33, 36

Stokes, I. N. P., 81

Stokes, John, 139, 140

Stokes Tavern, 144, 145figure
stomach maladies, 105, 106, 107, 108

stone, xvimap
Stone, Colonel, 253

Stony Brook University, 239, 269, 331

Stony Point, 256

Storm King Highway, 258

Storm King Mountain, 282figure, 298–299
Storm King Project, 161, 234, 276–278, 279–289, 292,

299, 332. See also pumped storage
storm sewers, 10

Stotts, P., 166

Strand, the, 109, 111, 113

stratigraphy, 123, 126figure, 129, 130
strawberry (fragaria spp.), 88–89table, 91–93table, 94,
105–106, 113

straw paper, 156–157

streeetcars, 222

stress, 108

strikes, 212–213

striped bass. See Marone saxatilus
striped mullet (Mugil cephalus), 28
strokes, 106

sturgeon, xxv30, 9, 29, 34, 69, 71, 72. See alsoAlbany
beef (smoked sturgeon)

sturgeon, shortnose (Acipenser brevirostrum), xxv, 32–33
Sturnella magna (meadowlark), 173, 174, 176
Sturtevvant’s Edible Plants of the World (Hedrik), 98
Stuyvesant, Petrus, xixfigure, 195
Sublime, the, 252, 276, 295, 296, 333

substantial evidence rule, 284

suburbs, 184, 185, 251, 255, 258, 259, 326

subways, 222, 257

succession after abandonment, 175–177

suckers (Catostomidae), 29table, 30, 34–36, 35; Catosto-
mus commersonii (white sucker), 30, 31, 34

sufishes (Centrarchidae), 28

sugar maple (Acer saccharum), 124–125, 138, 146figure,
148, 190

sulfuric acid, 160

sumac (Rhus spp.), 72
sunfish (Lepomis spp.), 28, 29table, 30
Sunfish Pond, 206–207

sunflowers, 95, 96

Sunny Morning on the Hudson River (Cole), 293
Sunset on the Hudson (Gifford), 297
Sunset on the Palisades (Cropsey), 297
SUNY Stony Brook, 239, 269, 331

Superfund Act (1980), 238, 243

Superfund sites, 233, 238–239, 240, 242

suspension bridges, 258

Susquehanna River, 67, 69, 70, 71, 72, 73

Susquehanna Turnpike, 250

Sus spp. (pig), 17, 24, 44, 155
sustainability, xviii, 10, 11, 23, 24, 27, 37, 159, 214, 325,

327

Sutherland Fen and Pond, 124, 125

swallow-worts (Cynanchum spp.), 188–189
swamp forests, 170, 174

swamp rose (Rosa palustris), 177
swamp saxifrage (Saxifraga pensylvanica), 171
swamp white oak (Quercus bicolor), 170
swan, mute, xixfigure, 189
sweet fern (Comptonia peregrina), 171
sweetflag (Acorus americanus), 171
swellings, 105, 109

swimming, 327

Swiss chard, 101

sycamore (Platanus occidentalis), 170, 174
sycamore maple (Acer pseudoplatanus), 186
Sylvan Lake Rockshelter site, 69

Sylvilagus transitionalis (New England cottontail), 174
Syracuse, 252

Taché, K., et al., 70

Taconic Hills, 69

Taconic Mountain Range, 67

Tafts, 258

Tall Grass Prairie, 173

tall milkweed (Asclepias exaltata), 169
talus, 137maps, 138
tanning/tanning bark, 24, 140, 142, 155, 293

tapeworm, 105

Tappan Zee, xxiii

Tappan Zee Bridge, 59, 258, 259

Tarrytown, 256, 259

Tartarian honeysuckle (Lonicera tatarica), 187
taxes, 326

tear-thumbs, 108

technology, x, 19–20, 250, 252, 253, 255. See also spe-
cific technologies

teething, 106

telegraph, xvimap
temperate basses. See Morone spp.
temperature: climate change and, 328; fisheries and, 36–

37; fishes and, 10; ice harvesting and, 212; Jamaica

Bay, 124; Lower Hudson, xxiii; pollution and, 19;

power plants and, xxvi; sediments and, 131

Templeton site (6LF2), 68

Tennessee, 227

tension, 108

tension zone, 166

Terminus Post Quem (TPQ), 80
Terrapene carolina (Eastern box turtle), 42, 48
terrapin, northern diamond-backed (Malaclemmys terra-
pin), 42
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Thamnophis sauritus (ribbon snakes), 171
thiabendazole, 160

Thlaspi arvense (field pennycress), 98
Thompson, John E., 47

Thoreau, Henry David, 201, 292

Thorin, Peter, 203, 204

Thornton, Howard, 33

3D databases, 114

three sisters, 72

throat maladies, 105, 107

Thruway, The, 259

tick-trefoil (Desmodium spp.), 168
tides: basics, xxiv, 54; bridges and, 59; cadmium and,

240, 242; floodplains and, 67; Foundry Cove and, 235,

236, 239; Indian Point and, 287; railroads and, 32;

transportation and, 251

tiger salamanders (Ambystoma tigrinum), 44
Tilia, 128figure
Tilia americana, 126figure
timber/lumbering, 24, 123, 139, 141–142, 143, 155, 172,

197, 254, 296

timber rattlesnake (Crotalus horridus), 42, 43, 48
time, 251, 321

timothy (Phleum pratense), 173
Tivoli Bays, 69, 71, 72, 123, 124, 129, 130

toadflax (flax) (Linum spp.), 88–89table, 91–93table, 94,
103, 108, 109, 113, 155table, 173

toads, 43

tobacco (Nicotiana spp.), 88–89table, 90figure, 91–
93table, 95, 96, 153, 317

tolls, 252

tomcod (Microgadus tomcod), 29table
tomcod (frostfish) (Microgadus tomcod), 29table, 30,
263, 265, 266, 267table

tonsils, 107

tools, 70, 72, 110, 142, 154. See also flint; projectile
points

Torrey, J., 171, 173, 175

tortoises. See Glyptemys spp.
total susspended solids (TSS), 224

tourism, 257, 258, 296, 305, 307, 321. See also scenery
Tower, Fayette B., 255

towhee, rufous-sided, 176

Toxicodendron vernix (poison sumac), 170
Toxostoma rufum (brown thrasher), 176
TPQ (Terminus Post Quem), 80
tractors, 158–159, 161, 173, 323

trade. See commerce
trade-offs, 11

trailing Arbutus (Epigaea repens), 169
trails, 303, 329

Train, Russell, 287, 289

transmission lines, 280, 300

transportation: 21st century, 328; basics, 19, 196–197,

247–259; exotic ornamental plants and, 185; flow and,

17; food and, 161; history, 53–54; industry and, xxv–

xxvi; monuments, 257; Native Americans and, 248;

passenger, 254; shorelines and, 9, 15, 19. See also
freight hauling; specific hubs; specific methods; spe-
cific modes

transportation, passenger, 9, 19

Trapa natans (water chestnut), 37, 240
Trapps, the, 139, 140, 142, 146

trap rock, 297

traps, fish, 71

treaties, 11, 318

Treatise on the Theory and Practice of Landscape Gar-
dening, Adapted to North America, A (Downing), 184

tree cover, 24, 78figure, 135, 148, 170, 171, 175figure.
See also forests; specific trees

tree of heaven (Ailanthus altissima), 186
trees, 186, 302. See also forests; tree cover; individual
species

trestles, xxiv

tributaries of the Hudson River, xxi, xxiimap, 24, 32, 60,
70. See also specific tributaries

Trientalis borealis (starflower), 177
Trifolium spp. (clover), 88–89table, 91–93table, 108–109,
153, 173

Trillium undulatum (painted trillium), 169
Trinectes maculates (hogchoker), 29, 34, 265
Trinectes maculatus (flounder), 29table, 30
Triodanis perfoliata (Venus looking-glass), 171
Triticum spp. (wheat), 155table, 156, 167figure, 168, 169,
253, 317

Triton puctatus (crimson-spotted triton), 44
trolleys, 256

trout, 29table, 30
Troy: basics, xxi, xxii, xxv, 59; dams, 54, 61; fishes and,

265; forests and, 157, 196; shoreline data, 55; tides

and, xxiv, 328; transportation and, 197, 254, 255; water

quality and, 329; whales and, x

Truncer, J., 70

TSS (total susspended solids), 224

Tsuga canadensis (hemlock): pre-contact period -20th
century, 67, 68, 126–128figures, 131; basics, 137map,
138; Columbia County, 169; decline of, 129; industry

and, 140; Shawangunk, 125, 135, 139, 142, 146figure,
148

Tubuliflorae spp., 126figure, 128figure
Tudor, Frederick, 207

Tufano site, 71

tufted sedge (Carex platyphylla), 138
tunnels, 19, 256–257, 258, 299

turbidity, xxi, xxii

turkey, 69

turnip, 98, 100, 101

turnpikes, 249–250, 252

turtles, 42, 45, 48–49, 69, 71; A. spinifera (soft-shell tur-
tle), 44; C. guttata (spotted turtles), 44, 45, 171; C. ser-
pentina (common snapping turtle), 42, 43, 48; E.
blandingii (Blanding’s turtle), 47, 48; K. subrubrum
(Eastern mud turtle), 48; (painted), 44, 46figure; T. car-
olina (Eastern box turtle), 42. See also Glyptemys spp.
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twalift, 29table, 30
Twilight in the Adirondacks, A (Gifford), 296
Twilight in the Wilderness (Church), 301
211-1-1 site, 71

Typha spp. (cattails), 125, 127figure, 128figure, 189–190,
240; T. augustifolia, 29–30

typhoid, 213–214

typhus, 228

Tyrannus tyrannus (kingbird), 170

ulcers, 104

Ulmus spp. (elms), 126figure; U. americana (American
elm), 138

Ulster and Delaware turnpike, 250

Ulster County, 46, 72, 142, 300

Unami language, 315

unicorns, xviii

Union Ferry Terminal, 256

United States. See entries beginning US
United States Centennial Exhibition (1876), 296

unity, national, 250, 252

University Heights, 315

University of Connecticut, 268

University of Massachusetts, 268

University of Michigan Datbase of Ethnobotany, 105, 107

University of New York at Stony Brook, State, 239, 269,

331

upland boneset (Eupatorium sessilifolium ), 171
upland plovers (Bartramia longicauda), 173
uplands, 67, 68, 123–132, 172–173, 176, 307

uploads, 122–134

Upper Bay, 61

Upper Hudson: agriculture and, 13, 155table, 158table,
160tables; art and, 295; basics, xxi–xxii, xxiii, 154,
335; drainage, 154; fishes, 29–31; frogs, 46; lumbering

and, 254; Native Americans and, 3, 79; PCBs and, 198,

327; population, 154table, 328; preservation and, 329.
See also ice harvesting; specific locations

Upper Palisades, The (Moore), 297
urban areas, xxi, xxiimap, 10, 131, 201–218, 249, 255,
259, 326. See also specific cities; specific features and
locations

Urban Ecology (journal), 8
urinary tract, 105, 106, 107, 109

Ursus americana (black bear), 29, 177
USArmy Corp of Engineers (USACE), xxiii, 56–57

USAtomic Energy Commission, 262

US Court of Appeals for the Second Circuit, 268–276,

284–285, 286–287, 299, 332

US Department of Agriculture Plants Database, 191

US Department of Commerce, 276

US Environmental Protection Agency (USEPA), 238, 240,

262, 268, 287, 289, 325

US Fish and Wildlife Service, 191

US Fish Commission, 33

US Geological Survey (USGS), xxvi, 295

US National Park Service, 329. See also National Parks

US Navy munitions storage, xvimap
US Nuclear Regulatory Commission (NRC), 301, 302,

303–305

US Public Health Service, 225

US Supreme Court, 251, 268

utilities, 277, 287, 325, 331. See also specific projects
Uva, R. H., 98

Uvularia perfoliata (perfoliated bellwort), 168

Vaccinium spp. (blueberry), 88–89table, 91–93table, 137,
138

valley floor versus upland model, 67
Van Corlaer, Anthony, xixfigure
Van Cortlandt Manor, 204

Vanderbuilt, Cornelius, 197

Vanderbuilt National Park, 300

van der Donck, Adriaen, 27, 29–30, 42, 94, 98, 100–101,

103, 109–111passim, 110, xvimap
Van der Groen, Jan, 98, 100–101

Van Leuven family, 139figure, 140, 141figure, 143figure
Van Orden, Vanderpool, and Sherman Ice House, 70, 211,

212, 213figure
Van Rensselaer, Mrs. J. K., 106, 110, 111

Van Tienhoven, 86, 96, 98, 100–101

van Tienhoven “Great House,” 83table
Van Twiller, 86

Vaux, Calvert, 295, 296, 300, 302

vegetables, 79, 90figure, 94, 97–101, 178. See also spe-
cific vegetables

vegetation. See flora
venereal disease, 104, 108

Venus looking-glass (Triodanis perfoliata), 171
Verbena hastata (common vervain), 171
verdant frame, 184

Vermont State, xxi

vernal pool amphibians, 46–47

Veronical officinalis (speedwell), 138
Verplanck, 256

Verrazano, Giuseppe da, 297, 316, 317, 322

Verrazano Bridge, 322

Verrazano Narrows, xxiii

vesper sparrow (Pooecetes gramineus), 173
Vespucci, Amerigo, 322

Viburnum acerifolium (maple-leaf viburnum), 138, 172
Viburnum dentatum (arrowwood), 71, 177
Viburnum lantanoides (hobble bush), 169
Viburnum lentago (nannyberry), 177
Viele, , 78figure
View of the Catskills — Early Autumn (Cole), 293
views. See scenery
vines, 188–189

Vinette site, 70–71

Viola sagittata (arrowhead violet), 171
Virginia. See also specific locations
Virginia pepperweed, 98

Virginia State, 3, 101, 153, 204

Virginia yellow flax (Linum virginianum), 172
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virtual airplane tours, CD sleeve

visual impact analysis, 292, 305–306

vitamins, 106

Vitis spp., 88–89table, 91–93table
von Humboldt, Alexander, 295

von Liebig, Justus, 158

De Vries, David Pieterszoon, 29, 30

Walkway over the Hudson State Historic Park, 257

Wall, G., 13

walleye (Sander vitreus), 30table
Wallkill River, 136, 160

Wallkill Valley Railroad, 139–140, 142

walnuts (Juglans nigra), 68, 72, 168figure
wampum beads, 110

Wan-Li (Wanli) pottery, 80–81, 84table
Wappingers Creek, 72

warblers (Dendroica spp.), 169, 170, 176
Ward’s Island, 224

Warren County, 48

warts, 105

Washington, George, 250, 252

Washington County, 48

Washington State, 156, 157

waste and waste disposal (sewage and sewage treatment),

xvimap; 21st century, 327; basics, 196, 198, 219–230;
fertilizers and, 158; ice harvesting and, 213–214; in-

dustry and, xxv–xxvi; oxygen and, xxv; Peekskill Solid

Waste Facility, xvimap; poetry and, 322; pollution and,
19; sediment and, 61, 62, 221, 227–228; sewers, 10,

220–222, 226–227, 229, 230; treatment plants, 225–

226figures, 227. See also specific industries
water: barriers, 256, 259; conservation, 227; ecosystem

services and, 10figure; ice harvesting and, 201, 213–
214; New York City and, 219–230; power industry

and, 19; quality, 327; supplies, 154. See also Clean
Water Act (CWA) (1972); electricity, generation sta-

tions; electric power generation; flooding

water chestnut (Trapa natans), 37, 240
waterfowl, 71, 190

watergap (NJ), 68, 136

water gardens, 189–190

Waterman, B., 69

water quality, xxv, 8–9, 19, 178, 219–230. See also waste
and waste disposal

water-terrapin, 42

Watson, P. J., 96

Wawarsing, 142

wealthy, the, x, xvimap, 198, 202–203, 204, 221, 280, 298
weaving, 155

web addresses, 341–342

Webb, Paul, 71

weeds: pre-contact period, 94–98; corn fields and, 160–
161, 169; native plants, 169; regulation and, 191; 17th
century and, 113; upland, 123; wetlands and, 129. See
also specific weeds

Weehawken and West 42nd Street ferry, 256

weirs, 71

West, the, 250, 252, 295

West, Thomas, Lord de la Warr, 73

West Athens Hills, 67, 68

West Athens Hill site, 67, 68

Westchester Community College, 191

Westchester County, 45, 160, 191, 256, 258

Westheimer 2 site, 71

West India Company (WIC). See Dutch West India Com-
pany

West Point, xxiii, 124, 233

West Shore Rail Road, xvimap
westward expansion, 250, 252

wetlands: basics, xvimap; beaver trapping and, 5, 17;
channelization and, 55; climate change and, 124map;
construction and, 17; dams and, 17; ecosystem services

and, 11; eras: pre-contact period, 68; farms and, 178;

hay fields and, 170; invasive plants and, 189–190; or-

ganisms, 177figure; railroads and, 59; regulation and,
48; runoff and, 17; 17th century NewAmsterdam and,

94; Shawangunks, 137map; since 18th century, 174;
turtles and, 47–48; upland, 123. See also marshes

wet meadows, 173, 176–177

whales, x, 42

Wharton, Edith, 321

wheat (Triticum spp.), 155table, 156, 167figure, 168, 169,
253, 317

Where the Streamlet Sings in Rural Joy (Durand), 293,
294figure

White, P., 191

White, Richard, 253

white ash (Fraxinus americana), 138, 146figure
white bass (Marone chrysops), 30table
white birch (Betula papyrifera), 142
white catfish (Ameiurus catus), 29, 30table
white crappie (Pomoxis annularis), 30table
Whitehall (Lower Manhattan), 78map
White Mountains, 295

white mulberry (Morus alba), 186
white oak (Quercus alba), 124, 137, 138, 139, 146figure,
148, 168

white perch (Morone americana), 28–29, 29table, 263,
265, 266, 267

white pine (Pinus strobus), 67, 138
whites (butterfly) (Pieridae), 169

white sucker (Catostomus commersonii), 30, 31, 34
whitewater events, xxii

Whitney, G. C., 171, 172

Whittredge, Worthington, 293, 295

whooping cough, 108

whorled aster (Doellingeria umbellata ), 169
whorled milkweed (Asclepias quadrifolia), 171
WIC. See Dutch West India Company
Wiklow, Theodore, 142

Wild and Scenic Rivers, 9

wilderness, 292, 293

Wilderness Act (1964), 296



Wilderness Society, The, 296

wild geranium (Geranium maculatum), 168
wild ginger (Asarum canadense), 177
wild leek (Allium tricoccum), 177
wildlife, 49, 141, 145, 145figure, 146, 177, 279, 329. See
also US Fish and Wildlife; specific wildlife

Wildmere, 144

wild mustard, 98, 101

“Wild Mustard seeds — from the published measure-

ments in the Cornell University inventory Weeds of the

Northeast” (Uva, Neal, and diTomaso), 98

wild radish, 98

wild rice (Zinzania aquatica), 70, 234
wild rye, 170

wild sarsaparilla (Aralia nudicaulis), 177
wild sensitive plant (Chamaecrista nictitans ), 172
wild spinach (Chenopodium spp.), 68, 70, 96–97, 105;
C.quinoa, 95

wild turkey (Meleagris gallopavo), 177
William III, 98

Willis, Nathaniel, 284

willow (Salix spp.), 126–128figures, 177
Winchell-Sweeney, Susan, 68

winds, xxiv, 177, 212, 240, 251, 316

Winney’s Riff site, 71

winterberry (Ilex verticillata), 170
wintergreen, 138

Winter on Hudson (Cropsey), 297
Winthrop, John, 318

wire fencing, 172

Wisconsinan glaciation, xxiii, xxiiimap, 138
Wisconsin State, 157table
witch-grass (Panicum capillare), 169
witch hazel (Hamamelis viiniana), 138
witness trees, 139, 146figure, 168figure, 169
wolves, 145

women, 96, 109–114. See also individual women
wood and fibre, 10figure
woodchuck (Marmota monax), 69, 169
wood frog (Lithobates sylvaticus), 41, 43table
Woodland garden complex, 95

Woodland Interior, Shawangunk Mountains (Gifford), 293
wood lily (Lilium philadelphicum), 169

wood turtle (Glyptemys insculpta), 42, 43table, 45, 48,
170

wool, 154, 155table
World War II, 61

worms, 107, 159, 237, 241

worms, intestinal, 105

wormseed, 104–105

wounds, 107

woundwort (betony/heal-all) (Stachys spp.), 88–89table,
91–93table, 94, 108, 113

WPSA surveys, 264figure
wrasses, 30

Wright, Albert Hazen, 45–46

Wright, Anna Allen, 45–46

writing, 313–324

WTPs (waste treatment plants). See waste and waste dis-
posal

Wyeth, Nathaniel, 207

Wyoming Territory, 295

Yaple, Adam, 138

yarn, 155

yellow avens (Geum aleppicum), 171
yellow-bellied salamander (Salamandra symmetrica), 44
yellow birch (Betula alleghaniensis), 138
yellow birch (Betula Luea), 125
yellow flag (Iris pseudacorus), 189–190
yellow perch (Perca flavescens), 29table
yellow rocket, 98

Yellowstone, 280, 295

yellow warbler (Dendroica petechia), 170, 176
yellow wild indigo (Baptisia tinctoria), 171–172
Yosemite Valley, 280, 282, 295

Zahniser, Howard, 296

Zea mays (maize), 23, 70–71, 72, 95, 96, 97, 153, 156,
160–161, 167figure, 169, 317

zebra mussels (Dreissena polymorpha), xxiv–xxv, 37, 56,
328

Zinzania aquatica (wild rice), 70, 234
“The Zodiak” (periodical), 44

Zoology of New York, The (DeKay), 44
zooplankton, 37, 262
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ENVIRONMENTAL STUDIES / NEW YORK

The diverse contributions to Environmental History 

of the Hudson River examine how the natural and 

physical attributes of the river have influenced human 

settlement and uses, and how human occupation 

has, in turn, affected the ecology and environmental 

health of the river. The Hudson River Valley may be 

America’s premier river environmental laboratory, and 

by bringing historians and social scientists together 

with biologists and other physical scientists, this book 

hopes to foster new ways of looking at and talking 

about this historically, commercially, and aesthetically 

important ecosystem.

 

Native people’s influences on the ecological integrity of 

aquatic and shoreline communities were generally local 

and minor, and for the first 12,000 years or so of human 

use, the Hudson River was valued mainly as a source 

of water, food, and transportation. Since the arrival 

of European colonists, however, commerce has been 

the engine that has driven development and use of the 

river, from the harvesting of beaver pelts and timber 

to the siting of manufacturing industries and power 

plants, and all of these uses have had pervasive effects 

on the river’s aquatic and terrestrial ecosystems. In the 

meantime, aesthetic movements such as the Hudson 

River School of painting have sought to recover and 

preserve the earlier pastoral landscape, anticipating 

the more recent efforts by environmentalists that 

have led to dramatic improvements in water quality, 

shoreline habitats, and fish populations.

Despite the pervasive forces of commerce, the Hudson 

River has retained its world-class scenic qualities. 

The Upper Hudson remains today a free-flowing, 

tumbling mountain stream, and the Lower Hudson 

a fjord penetrated and dominated by the Hudson 

Highlands. The Hudson’s unique history continues to 

affect current uses and will surely influence the future 

in remarkable ways.

R o b e R t  e .  H e n s H a w  received his Ph.D. in 

environmental physiology at the University of Iowa and 

worked for twenty years as an environmental analyst 

at the New York State Department of Environmental 

Conservation. He has taught in the Department of 

Geography and Planning at the University at Albany–

SUNY, and is a member of the Board of Directors of 

the Hudson River Environmental Society. He lives in 

West Sand Lake, New York.
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