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FRACKING AND BIODIVERSITY: 
Unaddressed Issues in the New York Debate 

By Erik Kiviat* and Karen Schneller-McDonald** 
condensed and adapted for News from Hudsonia by Kristen Bell Travis 

© Hudsonia Ltd. 2011 

Eastern states from New York to West Virginia are undergoing large

scale development of natural gas resources from the Marcellus shale. 

Recently it became economically feasible to exploit this source of gas 

via technology called high volume horizontal hydraulic fracturing 

(HVHHF, also called "fracking"). While New York has not yet permitted 

gas extraction by HVHHF, gas development using this technology has 

proceeded rapidly in Pennsylvania and West Virginia during the past 

few years. The New York State government will soon make decisions 

about whether and where to permit HVHHF in New York. If New York 

decides to permit HVHHF, areas of southern New York west of the 

Hudson River and the Shawangunk Mountains would potentially be 

available for gas extraction from the Marcellus shale. As of 2009, New 

York had 6,628 active "shallow" gas wells in 18 counties that used 

technologies other than HVHHF. 19 Shallow wells in the Marcellus region 

would potentially be available for conversion to HVHHF if that tech

nology is permitted in New York. 
The impacts of HVHHF on water supplies, human health, and safety 

have received much justifiable attention during the past two years, but 
scientific study of impacts on biological resources is just beginning. 
Because of the magnitude of potential physical and chemical environ
mental impacts of HVHHF across the Marcellus region, and the poten
tial threats to many uncommon and rare species and habitats, we 
perceived a critical need for analysis of impacts to biodiversity. Here we 
discuss potential individual and cumulative effects on habitats and 
species resulting from different aspects of HVHHF, and then draw atten

tion to species that may be the most vulnerable to these effects. 

HVHHF AND ITS IMPACTS 

The gas-bearing Marcellus shale of New York, Pennsylvania, Ohio, West 

Virginia, Maryland, and Virginia occurs beneath the Allegheny Plateau. 

In New York the Marcellus shale extends approximately from the 

Hudson River and the Shawangunk Mountains westward, south of the 

Mohawk River, to the western end of New York. The Marcellus shale is 

a blackish, organic-rich, Devonian shale about 400 million years old, 

and it contains large amounts of methane (natural gas) derived from 

anaerobic decay of the organic matter. The gas is tightly bound in pores 

within the rock. 
Recently the HVHHF technology was developed to economically 

mine natural gas from gas shales. This technology constitutes drilling 

vertically to a depth of a mile or more to reach the Marcellus, then 
drilling horizontally for a mile or more, and forcing a mixture of water, 
sand, and chemicals into the shale to fracture the rock and release the 
gas. Gas and some of the water are then pumped from the well and 
the gas is cleaned and compressed for pipeline transmission. The "frack 
water" that returns to the surface is polluted with the chemicals forced 
into the well and other toxic substances from the shale itself. Drilling 
companies use diverse mixtures of fracking chemicals that include 

many very toxic substances.23 An individual fracking iRstallation, with 
its drilling pad, access road, and other facilities, may occupy 5 acres or 
more (average of 8.8 acres in a Pennsylvania sample).7 Pipelines and 
compressor stations that move the gas from the drilling areas create 
additional disturbance in the surrounding landscape. 
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Fracking continued from page 1 

Wastewater. Among the most troubling 

impacts of HVHHF are those caused by wastew

ater. Ten to forty percent of the water forced into 

the well to fracture the shale returns to the sur

face with the gas. This frack water contains por

tions of the tracking chemicals as well as salt, 

naturally occurring radioactive materials, and 

heavy metals from the shale. Salt levels of frack 

water are sometimes, perhaps often, high com

pared to local fresh water. In theory, the 

wastewater is treated to remove pollutants 

before being discharged to the environment. In 

Pennsylvania, however, fracking wastewater is 

commonly stored in pits or ponds at the frack

ing installations, or disposed of in sewage treat

ment plants, most or all not designed to handle 

large volumes of industrial wastewater that 

contains non-traditional chemicals, salt, and 

radioactive materials. "Production brine" (i.e., 

salty return water from gas wells) might be 

allowed to be spread on roads in New York 

depending on levels of radioactivity in the brine, 

and storage of "flowback water" might be 

allowed in surface impoundments at some 

sites.18 Wastewater ponds are likely to attract 

semi-aquatic animals, such as waterfowl and 

other water birds, muskrat, turtles, frogs, and 

aquatic insects. Some of these animals will be 

poisoned by toxic substances concentrating in 

the wastewater ponds as water evaporates. A 

mass mortality of ducks occurred at tar sands 

wastewater ponds in Alberta,4 which illustrates 

the potential for trouble where toxic substances 

accumulate in open ponds or pits. 

Wastewater can be injected into deep under

ground disposal areas or re-used for fracking, 

but it is not known how practical, cost-effec

tive, or safe these practices will be. Even 

though some substances can be removed by 

treating wastewater, one of the most impor

tant pollutants, salt, is very expensive and 

impractical to remove. Brackish (salty) waste- · 

water is expected to pollute streams and wet

lands, rendering them unsuitable for many 

salt-sensitive freshwater organisms including 

salamanders, frogs, many fishes, and many 

freshwater plants. Brackish wastewater spilled 

or leaked onto soil would render the habitat 

unsuitable for many common and rare wood

land plants including some trees, as well as 

many soil invertebrates. 
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Little information is available on the potential 

impacts of other tracking chemicals on streams, 

wetlands, or upland soils. Because some of these 

chemicals are known to be endocrine disruptors 

or carcinogens, we expect that these substances 

would cause harm to many stream, wetland, and 

forest wildlife species. In the Monongahela Na

tional Forest in West Virginia, HVHHF operations 

were allowed to dispose of frack water by spray

ing on the ground, resulting in mortality of forest 

vegetation. 1 Riverkeeper13 documented a large 

number of accidents at existing gas drilling instal

lations that resulted in contamination of drinking 

water supplies or other impacts to human health 

and safety (also see Helman6). Many accidents of 

these kinds would harm wildlife and plants as 

well as people. 

Air emissions. HVHHF can be a significant 

source of air pollution.Air emissions are produced 

by drilling rigs, diesel-powered pumps that create 

pressure in the wells, venting of some natural gas, 

and vehicular traffic. Pollutant emissions from 

natural gas drilling activities in the Dallas-Fort 

Worth region approximately equaled emissions 

from all car and truck traffic in that region.3 

Between 2005 and 2009, hydraulic fracturing 

companies used 595 substances including 24 dif

ferent hazardous air pollutants, among them 

hydrogen fluoride, hydrogen chloride, methanol, 

formaldehyde, ethylene glycol, and lead. 23 Vol

atile organic compounds (VOCs) including ben

zene, toluene, ethylbenzene, and xylene are 

emitted from wastewater during concentration 

and storage, engine exhaust, and compressor 

operation. Benzene and toluene are known 

human carcinogens; toluene affects the repro

ductive and central nervous systems; and ethyl

benzene and xylene may have respiratory and 

neurological effects. Other air pollutants emitted 

by drilling operations include heavy metals, par

ticulate matter, sulfur dioxide, and two precursors 

to the formation of ozone: VOCs and nitrogen 

oxides. Polycyclic aromatic hydrocarbons from 

diesel exhaust and wastewater pits are probable 

carcinogens that have been shown to have repro

ductive effects in animals. HVHHF also brings low 

levels of naturally occurring radioactive materials 

to the surface, a portion of which may become 

airborne. Some of these air pollutants would be 

toxic to trees and other plants where concentrat

ed near drilling pads, as well as toxic to wildlife. 

Habitat fragmentation. Large portions of the 

Marcellus region support extensive forests, and 
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many animals (and ·some plants) require large 

areas of continuous forest habitat in order to 

support viable populations. A dirt road through a 

forest may not significantly degrade habitat for a 

white-tailed deer that can readily cross such a 

road and is not harmed by changes associated 

with the road. The same road, however, may frag

ment habitat for a wood thrush if the road attracts 

nest predators, or for a ground beetle that has 

difficulty crossing even a dirt road or may be 

exposed to predators while doing so. 

Areas of intensive gas drilling show forests 

fragmented by roads built for exploration, 

drilling pads, access roads, pipelines, and other 

facilities. Johnson7 presented data for 242 drilling 

pads on the Marcellus shale of Pennsylvania, 

about half of which were in forested areas. An 

average of 8.8 acres of forest was cleared for 

each drilling pad with its roads and other infras

tructure. Assuming an ecological edge effect of 

330 feet extending into intact forest from 

cleared areas, each drilling installation affected 

30 acres of forest. 7 In some areas of Pennsylvania, 

HVHHF installations occurred at a density of 1 

per 40 acres, representing a very high degree of 

fragmentation. Johnson 7 predicted that area

sensitive forest birds such as the black-throated 

blue warbler and scarlet tanager would be 

adversely affected. 

A study in western Canada found that terri

tories of the ovenbird, a ground-nesting warbler, 

did not straddle 25 foot wide cleared seismic 

exploration lines but did straddle 10 foot wide 

seismic lines.4 The wider lines fragmented oven

bird habitat, sometimes leading to local popula

tion declines. There is accumulating evidence 

that many forest songbirds avoid roads, trails, 

pipelines, and human activities.4 Other organ

isms that can be negatively affected by forest 

fragmentation include woodland pool-breeding 

amphibians, forest floor wildflowers with ant

dispersed seeds, and plants whose pollinators or 

herbivores are affected. American ginseng, an 

economically valuable medicinal plant, may be 

affected by forest fragmentation because the 

seeds have difficulty dispersing from one frag

ment to another. s 

The New York State Department of Environ

mental Conservation (NYSDEC)18 stated, "Signi

ficant adverse impacts to habitats, wildlife, and 

biodiversity fr_om site disturbance associated 

with high-volume hydraulic fracturing in the area 

underlain by the Marcellus shale in New York will 
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Fortuna Energy site (tract 587) in Tioga State Forest, PA, illustrating degree of forest fragmentation of a sin
gle HVHHF installation. Photo: Dick Martin of www.PAForestCoalition.org. 

be unavoidable. In particular, the most significant 

potential wildlife impact associated with high

volume hydraulic fracturing is fragmentation of 

rare interior forest and grassland habitats ... " 

and "Human induced openings can influence 

breeding bird productivity several hundred feet 

from the edge of the forest through increased 

predation and increased nest parasitism." 

Other impacts. A single tracking episode 

may take several months, and a well may need 

to be tracked repeatedly at intervals of a few 

years in order to continue yielding gas. Each 

tracking episode requires about one to several 

million gallons of water, usually taken from lakes 

and river. The large volumes of surface water 

extraction required for HVHHF could affect 

plants and animals that depend on certain min

imum water levels and flows during particular 

stages of their life cycles. Minimum instream 

flows are especially important to trout, fresh

water mussels, and many other economically 

important or rare aquatic animals. Soil erosion 
and siltation caused by clearing and grading for 

the construction of drilling pads, access roads, 

and pipelines would very likely have a significant 

negative impact on water quality and the species 

that depend upon clean water in streams and 

wetlands. 1 Little or no precipitation water can 

infiltrate into the soil through the impervious 
surfaces of drilling pads and access roads, 

potentially leading to less groundwater recharge, 

altered stream flows, and increased stream sil

tation. Heavy truck traffic (for establishment and 

maintenance of HVHHF installations, in some 

cases transportation of water for tracking, and 

removal of wastes) will result in animals killed 
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on the roads, which for some species can cause 

population declines.4 Wildlife that is especially 

vulnerable to road mortality includes most tur

tles, snakes, salamanders, and frogs; ruffed 

grouse, eastern screech-owl, and many kinds of 

songbirds; small and medium-sized mammals; 

and a variety of insects. Gas drilling access roads 

and pipeline maintenance roads are likely to 

give a/I-terrain vehicles (ATVs) access into areas 

of forests and other habitats not easily reached 

otherwise. ATVs cause air pollution, soil com

paction, erosion, and siltation of waterways; cre

ate water-filled ruts conducive to mosquito 

breeding; and make noise that disturbs animals. 

HVHHF installations are likely to be brightly lit at 

night. Artificial night lighting has many delete

rious impacts on wildlife, 20 including the attrac

tion and killing of night-flying aquatic and 

terrestrial insects, which could deplete the prey 

of stream fishes and bats. Gas compressors pro

duce loud noise 24 hours per day. Noise can dis

rupt the behavior of wildlife that communicates 

acoustically, including birds, bats, frogs, and 

singing insects such as katydids and crickets. 

Cumulative impacts. Impacts that occur at 

multiple sites separated in space or time may 

have additive or synergistic effects on biological 

resources. Cumulative impacts may also involve 

interactions of different impacts, such as the 

interaction of HVHHF impacts with those of coal 

mining, residential development, or climate 

change. Cumulative effects from many separat

ed drilling installations on branches of a stream 

system may result in large impacts downstream. 

Salinity or toxic substances from wastewater, 

Continued on page 8 
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ANCIENT FLOODPLAIN FOREST: 
A Rare and Diverse Habitat in the Hudson Valley 

By Claudia Knab-Vispo and Conrad Vispo * 

Floodplain forests are strangely attractive. They are among the few places 

in our cultural landscape where nature's raw forces can be experienced reg

ularly, usually during an early spring flood. After the streams have returned 

to their beds, the debris piles left in the floodplain attest to the physical 

power of the water. These piles are composed not only of driftwood and 

leaf litter, but also a striking array of man-made detritus, reminding us that, 

all too often, rivers are still used as a convenient garbage "disposal" sys

tem. Despite a certain degree of neglect or even misuse, however, flood

plain forests are well worth a visit. 

Autumn is a good time of year for exploring an old floodplain forest. The 

mosquitoes, which can be so prevalent during the summer, are gone. Yet there 

are still enough remains of the luxurious summer vegetation to remind us of 

the botanical richness of the place. The sometimes enormous tree trunks and 

the open understory give it a cathedral-like feel. A mosaic of soil conditions 

bears witness to the water's opposing powers of erosion and deposition, 

which largely depend on the speed and the sediment load of the water. 

Pebbles and rocks are deposited in places where fast-flowing water had car

ried away the finer particles and dropped only the coarse and heavy materi

als. Sandy deposits are in areas where the water was not quite as fast. And 

fine-textured silt is deposited in places where the flood flow was slow or 

where water had been trapped in pools and percolated into the ground, leav

ing on the soil surface the small and light particles it had carried in suspension. 

Plants and animals living in this environment have to deal with occa

sional submersion and the physically destructive power of floods. We are 

amazed each year to find, in spite of this harsh environment, another rich 

display of spring flowers, such as spring beauty, Dutchman's breeches, blue 

cohosh, and wild ginger, followed in many floodplain forests by the tall and 

lush mid-summer growth of ostrich fern, woodnettle, and jewelweed. 

The Hawthorne Valley Farmscape Ecology Program received support 

from the Biodiversity_ Research Institute and the Hudson River Estuary 

Program (of the New York State Department of Environmental Conserva

tion) to find and map, in collaboration with Hudsonia, the extent of remain

ing floodplain forests in Dutchess and Columbia counties, to document the 

plants and animals that live in these forests, and to begin an exploration 

of the patterns of species composition and diversity.2 

Our study focused on forests along streams on soils mapped as "allu

vial" in the county soil surveys and that were subject to occasional (on aver

age once, at the most two or three times per year) flooding by stream water. 

We excluded floodplain swamps because our initial field exploration into 

such forests revealed their great similarity with non-alluvial swamp forests. 

We also excluded freshwater tidal swamps and the occasionally flooded 

forests along the Hudson River. 

We found that floodplain forest is a rare habitat in Dutchess and 

Columbia counties, and currently covers only 1 /3 of the suitable soils along 
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bottomlands of larger streams 

and some of their (2nd and 3rd 

order) tributaries in both coun

ties. "Ancient" floodplain for

ests, which can be defined as 

those which have likely never 

been completely cleared for 

agriculture5 (although they may 

. have seen a variety of human 

activities, including selective 

logging and garbage dumping), 

are even rarer. Less than half of 

the currently forested flood

plain areas in Columbia County 

and less than a third of those in 

Dutchess County are "ancient" 

Green dragon (Arisaema dracontium) is 
one of the plants especially associated 
with floodplain forest in our region. Photo 

© Conrad Vispo 

by this definition. Furthermore, most floodplain forests, and especially the 

remnants of ancient ones, occur only in small, isolated patches. 

Nevertheless, during our two-year study of 31 floodplain forest s_ites in 

both counties we documented a large diversity of plants and animals. We 

recorded: 

• 442 species of vascular plants, including 47 rare or uncommon species, 

such as Davis' sedge (NYS Threatened), winged monkeyflower (NYS 

Rare), green dragon, false mermaid-weed, and hackberry (all regionally 

rare or scarce 1 ); 

• 25 species of mammals, including river otter (regionally scarce), muskrat 

(regionally declining), eastern small-footed bat (NYS Special Concern), 

and a landowner's report of Indiana bat (US and NYS Endangered); 

• 46 species of birds, including Louisiana waterthrush, scarlet tanager, and 

wood thrush (all NYS Species of Greatest Conservation N~ed); 

• 4 species of reptiles, including eastern box and wood turtles (both NYS 

Special Concern); 

• 8 species of amphibians; 

• more than 20 species of butterflies (including the rare hackberry emper

or and American snout, and the uncommon question mark and spice

bush swallowtail); 

• 45 species of dragonflies and damselflies-more than 10 of these were 

new county records, including brook snaketail, spine-crowned clubtail, 

arrow clubtail, and blue-tipped dancer (all NYS Species of Greatest 

Conservation Need); 

• 85 species of ground beetles, 35 of which are considered rare or uncom-

* Coordinators of Ecological Research and Outreach at the Hawthorne Valley Farm
scape Ecology Program, Ghent, Columbia County, NY (farmscapeecology.org). 
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The larvae of the hackberry emperor butterfly feed on 
the leaves of hackberry (Ce/tis occidentalis), a native 
tree of riparian habitats. Photo © Conrad Vispo 

man in our region; 

and 

• 59 species of native 

bees, a group not yet 

studied enough in our 

region to even begin 

assessing their rarity. 

Many of these spe

cies occur in other 

habitats in addition to 

floodplain forests, but 

we found more than 

50 plant species which, 

in our experience, occur 

almost exclusively or 

mostly along streams, 

at least in Dutchess 

and Columbia counties. More than half of the documented dragonfly and 

damselfly species were classified as stream or river species, whose aquatic 

larvae develop in running water, and more than half of the ground beetle 

species were classified as associated with water. Half of the native bees 

recorded in the floodplains were not found in adjacent farm fields, but we 

cannot say whether they are especially associated with riparian forests. 

For other species, forested stream corridors provide migration routes and 

resource-rich areas where they come to feed on aquatic organisms. The fish

eating river otter and birds, such as belted kingfisher, common merganser, 

and great blue heron are examples. The stream also supports terrestrial life 

through the abundant insects emerging from aquatic larvae. 1 Bats and birds 

hunt on the wing for these insects, while spiders and tiger beetles stalk their 

prey along the shores. Floodplain forests, in turn, 

supply high quality organic detritus to the stream, 

creating shelter and serving as the base of the food 

web for stream organisms.4 Forested river banks · 

help to minimize soil erosion and filter surface 

runoff before it reaches the stream, thereby main

taining stream water quality.3 In some areas, flood

plain forests also play a role in diffusing the 

downstream intensity of flooding. 

The floodplain forests in our study grouped into 

five forest types according to their dominant tree 

species: 'Sugar Maple-dominated', 'Elm - Sugar 

Maple - Bitternut', 'Elm - Ash - Black Cherry', 

'Black Locust - Sycamore - Cottonwood' and 

'Green Ash - Silver Maple' floodplain forests. Each 

of these forest types had particular physical charac

teristics and a set of herbaceous (non-woody) indi

cator species which, while not necessarily unique to 

that type, occurred in significantly higher d·ensities. 

er diversity of native herbaceous plants than recently reforested floodplains. 

While floodplain forests can provide many important ecological services 

independent of their species composition, our study indicated that ancient 

floodplain forests might be hotspots for biological diversity. Nobody knows 

if natural succession or restoration efforts in recently reforested floodplains 

will eventually lead to the same level of biodiversity. For the time being, we 

believe that ancient floodplain forest remnants should be considered eco

logically unique and potentially irreplaceable. They deserve high priority for 

conservation, especially in the few areas where large ancient floodplain 

forests remain. • 

The full report on "Floodplain forests of Columbia and Dutchess counties, 
NY" is available at: http://www.hawthornevalleyfarm.org/fep/FEP%20 

Floodplain% 20 Forest% 20Report% 2 0Nov% 20201 0. pdf). 
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In our study, ancient floodplain forests had sig

nificantly lower densities of invasive shrubs and high-
A typical floodplain forest in mid-summer with ostrich fern dominating the herbaceous layer. 
Photo © Conrad Vispo 
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SOME HUDSONIA PROJECTS IN 2011 

ARE DISTURBED SITES USEFUL "SENTINELS" FOR 
NONNATIVE PLANTS? 
This summer we surveyed the flora on 30 disturbed areas (mines, clearcuts, 

and transportation sites) in the Catskill Mountain region. We discovered 
several nonnative plants that are beginning to spread in the region, includ
ing cut-leaved teasel, wall lettuce, and hairy willow-herb. We learned that 

many native plants, as well as nonnative plants, colonize disturbed areas. 

Mines and transportation sites (such as railroad verges, soil storage areas, 

and abandoned parking lots) have good "sentinel" potential for early de

tection of nonnative plants that can allow management actions for species 

that might become troublesome weeds. (Funded by the Catskill Regional 
Invasive Species Partnership.) 

BIODIVERSITY ASSESSMENT HANDBOOK 
FOR NEW YORK CITY 
Many parks and other greenspaces in New York City support a wide vari
ety of common and rare native species as well as serving to treat stormwa

ter, cool the air, and provide respite to people. The Biodiversity Assessment 
Handbook for New York City, loosely modeled on Hudsonia's Biodiversity 

Assessment Manual for the Hudson River Estuary Corridor, will help plan

ners and conservationists assess the importance of greenspaces for biodi

versity and factor biological resources into management decisions. (Funded 
by New York City Environmental Fund. A collaboration with the American 

Museum of Natural History Center for Biodiversity and Conservation.) 

AN OLD GROWTH FOREST 35 YEARS LATER 
In 1976, Erik Kiviat studied the South Woods at Montgomery Place, the 
lowland forest with the largest trees of any in the Hudson Valley. In 2011, 

Eric Keeling and his Forest Ecology class at Bard College are working with 

Hudsonia to re-sample this forest and detect changes associated with hem

lock mortality due to nonnative insects. As the co-dominant hemlocks die 
in South Woods, seedlings of other trees and forest floor herbs are taking 

advantage of the new openings in the forest. So far, most of the regener

ation is of native plants. There are several escaped horticultural trees and 
shrubs, however, including the striking umbrella magnolia. We hope to see 

in the next several years how native and nonnative trees, shrubs, herbs, and 
vines create a new forest community. 

BIODIVERSITY ASSESSMENT OF A SUBDIVISION SITE 
During this past spring and summer, Hudsonia conducted a habitat assess

ment, vernal pool survey, breeding bird survey, and rare plant survey on a 

site proposed for residential development in the Hudson Highlands in 
Putnam County, New York. On the 240 acre site we found few nonnative 

plants, numerous bird species considered sensitive to land use change 

(including worm-eating warbler, northern waterthrush, and Louisiana 
waterthrush), intermittent woodland pools with wood frogs, spotted sala

~~ers, and marbled salamanders, and substantial areas of ledge and 
talus (slide rock) habitats. We anticipate working with the developer, engi

neer, and municipal officials as environmental review proceeds. Biodiversity 

assessment is most useful at this early stage of planning when it is possi

ble to design a development project around the natural features of the site. 
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HABITAT MAPPING 
In Hudson ia's Habitat Mapping program our biologists identify ecological
ly significant habitats throughout large areas-typically whole towns or 

watersheds. In 2011 we are working on townwide projects in Clinton 
(Dutchess County) and Woodstock (Ulster County), and another project 

along the Catskill Creek corridor (Schoharie, Albany, and Greene coun

ties); we temporarily suspended our habitat mapping work in the Town of 

Dover (Dutchess County) while we seek additional funding. These projects 

are developing original habitat information to assist with local education 

and conservation of habitats and water resources. Since 2001 we have 

mapped significant habitats on over 400 square miles in the Hudson Valley, 
and prepared reports describing our findings and their relevance to region
al biodiversity and conservation . 

BIODIVERSITY EDUCATION 
We believe that those with the greatest influence on the natural landscapes 
in the region are members of municipal planning boards, town boards, con

servation commissions, and the staffs of land trusts. These are the people 
establish ing regulatory policy and procedures, conducting environmental 

reviews, issuing land use approva ls, designing and monitoring conservation 

easements and, in some cases, acquiring conservation lands. But most such 

work is accomplished without good information about the biological 
resources that might be affected by those decisions. Hudsonia's Biodiversity 

Education program is especially designed to equip local decision-makers 
with information and skills that will help them regularly incorporate biodi

versity conservation into their important work. 

In 2011 Hudsonia conducted two sessions of the three-day Biodiversity 
Assessment Short Course that we offer to municipal agencies, land 

trusts, and others who are regularly engaged in land use planning and deci
sion-making. The courses were attended by participants representing 13 

municipalities and four land trusts, as well as state and county agencies. 
Funding from the Hudson River Estuary Program (of NYSDEC) has enabled 

us to provide the courses at negligible cost to attendees, and to provide 

additional technical assistance to municipal agencies and conservation 
NGOs who have participated in Hudsonia's Biodiversity Education or 

Habitat Mapping programs. This year we have provided such assistance to 

Learning field techniques in the Biodiversity Assessment Short Course. 
Photo © Lan Tran 
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eight towns in Columbia, Dutchess, and Westchester counties, and will be 

expanding the program to other towns and NGOs over the next several 

months. This year we also published (online) a series of Plant Indicator 
Guides with simple descriptions and photographs of plant species that will 

help users identify certain habitats worthy of conservation. These Guides 
and our Habitat Fact Sheets are available on Hudsonia's website 

( h ud son i a . org/ p rog rams/bi od ive rsity- reso u rces-ce nte r). 

To promote better recognition, management, and protection of important 

natural resources, we co llaborated with the Columbia Land Conservancy 

and the Hudson River Estuary Program in a meeting to encourage the 

establishment of Conservation Advisory Councils in towns of Greene 

and Columbia counties. Over 40 participants representing 17 municipali

ties met to discuss local conservation issues, to learn about the experiences 

and accomplishments of existing CACs, and discuss obstacles and 

approaches to establishing CACs in thei r own communities. 

(Major funding for the Habitat Mapping and Biodiversity Education programs, and 

other programs of the Biodiversity Resources Center in 2011 has been provided by 

the Educational Foundation of America, the Hudson River Estuary Program [of NYS

DEC}, the Town of Clinton, the Millbrook Tribute Garden [through the Dutchess Land 

Conservancy}, the Ashokan Watershed Stream Management Program, the Catskill 

Watershed Corporation, and the NYSDEC Division of Water [all three through the 

Town of Woodstock}.) 

HABITAT CONNECTIONS: EMERGING ISSUES AND IDEAS 
After 30 years of biodiversity assessments at development sites and parks, 

habitat mapping of towns, detailed studies of rare species and their land

scapes, and lots of other natural history and applied ecology research, we 

are integrating Hudsonia's data and ideas to address the big picture of land 

use, climate change, and other impacts on biodiversity. We call this new ini

tiative HABITAT CONNECTIONS. Some of the projects discussed in this 

issue of News from Hudsonia operate under the HABITAT CONNECTIONS 

aegis, among them the analysis of gas drilling impacts on wildlife and 

plants, the study of change in the old-growth forest, and the surveys of 

nonnative flora at disturbed habitats. 

HABITAT CONNECTIONS gives us the opportunity to get even more out 

of the results of past and ongoing studies. For example, we have complet

ed habitat maps town-by-town for half of Dutchess County and portions of 

· Ulster and Orange counties. Town planners and citizens are using these 

maps and the associated reports to factor the conservation of habitats and 

species into local planning and land use decision-making. Now we are learn

ing how to use the more than 400 square miles of habitat mapping to 

answer larger questions about how wildlife and plants move around the 

landscape as human activities and natural disturbances change habitats. 

This will allow us to work with municipal agencies, NGOs, and landowners 

to protect, create, or restore habitats, and the links between habitats that 

will help native biological communities survive rapid environmental change. 

Important to protecting biodiversity is understanding how it got to be 

what it is today. This includes the decline or loss of species and habitats, 

as well as the arrival of new species (native or nonnative) and the creation 

of new habitats. No one has a "crystal ball" for understanding the past, 

but we can analyze existing data for insight into past conditions and ongo

ing changes of species or habitats. The study of the effects of hemlock 
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decline in an old-growth forest (see page 6) is one such use of old data. 

Our studies 10 to 40 years ago of goldenclub (a rare plant along 60 miles 

of the Hudson River), an unusual population of painted turtles in a fresh

water tidal marsh, the flora of an old farm and of a bog lake, and vegeta

tion in 25 fen wetlands, for example, will enable us to compare current with 

past conditions. Furthermore, our 15-year data sets on the Threatened 

Blanding's turtle and its environment in central Dutchess County continue 

to yield insights into turtle responses to habitat restoration, weather, and 

land use change. The Blanding's turtle study has taught us that this species 

(and certain other turtles) needs diverse wetland and upland habitats to 

satisfy its needs in wet years and dry years; as climate change alters tem

perature and precipitation, turtles may need even larger landscapes in 

which to find appropriate foraging and nesting sites. 

We're excited to embark on this new initiative, and to see our completed 

projects reincarnated to address new questions. 
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Fracking continued from page 3 

sediment from soil erosion, increased runoff from impervious surfaces, and 

spills and leaks of fracking chemicals would cause cumulative impacts on 

streams or wetlands. 

IMPLICATIONS FOR THE BIOTA 

Streams would be among the habitats most vulnerable to the impacts of 

HVHHF, putting many rare, endangered, and "resource species" that 

depend on streams with good water quality at risk. Resource species 

include those organisms that people use directly for food or other purpos

es. Trout fishing, for example, is a widespread and economically important 

form of recreation on the Allegheny Plateau. Trout, and the native brook 
trout in particular, require high quality streams with cool water, high dis

solved oxygen levels, adequate flow even in droughts, areas of suitable 

gravelly substrate for spawning, and otherwise good water quality. 

Removal of forest cover for drilling installations and their infrastructure 

would raise stream water temperatures. Higher temperatures and any addi

tions of sediment from disturbed soils would reduce dissolved oxygen and 

degrade spawning habitats. Salt from frack water would kill many of the 

freshwater aquatic insects of the trout diet. 

Other rare species would also be threatened by the degradation of 

stream quality associated with HVHHF development. The eastern hell
bender (Cryptobranchus allegheniensis) is North America's la rgest aquatic 

sa lamander. In New York, it occurs only in the Marcellus region, in the 

Susquehanna and Allegheny river systems.17 This species evidently requires 

high levels of dissolved oxygen and is believed to be vulnerable to habitat 

degradation from siltation. In New York, four species of darters (small fishes 

in the family Percidae) are apparently confined to the Marcellus region: the 

bluebreast darter (Etheostoma camurum), spotted darter (E. macu/a

tum), banded darter (E. zonale), and variegate darter (E. variaturri).21 

These are all species of flowing streams where they are likely to be sensi

tive to pollution by salt and sediment. Freshwater mussels (many species) 

are among the most endangered of American wildlife.22 Many of these ani

mals are also among the most sensitive to water quality and hydrological 

conditions, and they can be affected by salin ization, sediment inputs, and 

reduction of flows during dry periods. Portions of several major river sys

tems in the Marcellus region support important populations of rare fresh

water mussels. Riverweed (Podostemum ceratophyllum), a Threatened 

species in New York, is a small plant that grows on rocks in running water 

of good quality.15 Four of the seven New York counties in which it occurs24 

are partly or entirely in the Marcellus region. A preliminary study of stream 

chemistry and wildlife in Pennsylvania revealed elevated water conductivity 

and fewer species of salamanders and sensitive aquatic insects in small water

sheds with HVHHF installations compared to watersheds without HVHHF 

installations.2 As yet, because information on fracking chemicals is essen

tially limited to a list, it is hard to predict toxicological impacts of HVHHF 

on wildlife. A few species that are particularly sensitive to toxic contami

nants may be assumed to be in danger, including American mink, river 
otter, common muskrat, great blue heron, osprey, and bald eagle. 

Organisms that are restricted to the Marcellus region, or substantially so, 

will be under a higher level of threat from HVHHF. Wehrle's salamander 

(Plethodon wehrlet) has most of its global range in the Marcellus region. 
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The endangered Chittenango ambersnail (Novisuccinea chittenangoen

sis) is apparently limited to a single locality in New York.14 This locality may 

be over the Marcellus shale or subject to downstream impacts from gas 

drilling in the Marcellus. The West Virginia white (Pieris virginiensis) in 

New York occurs only in the Marcellus region. This butterfly lives in forests 

in and near wet areas, and is not readily able to cross nonforested areas.16 

The federally listed plant monk's-hood (Aconitum noveboracense) in New 

York occurs primarily in the Marcellus region. 

Bats, snakes, frogs, salamanders, land sna ils (exclusive of slugs), fresh

water mussels, crayfish, aquatic insects, xystodesmid millipedes, submer

gent aquatic plants, orchids, true sedges (Carex), fern allies, stoneworts, 

liverworts, and peat mosses (Sphagnum). as well as the fauna of freshwa

ter streams, may be especially vulnerable to HVHHF. These are some of the 

taxonomic groups found to be absent or low in diversity at a heavily urban

ized and industrialized site, the New Jersey Meadowlands.8,9, 10. 11 Many of 

the impacts to the. Meadowlands environment, including deforestation, 

~ 50 100 
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tion forests and eats 
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distinct from the more 

northeasterly New 
England cottontail of 

shrublands east of the 
Hudson River. 
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industrialization, fragmentation of the landscape, hydrological alteration, 

salinization, and chemical contamination, are analogous to those predict

ed to occur around HVHHF installations. 

Although there might be an occasional rare native plant or animal

e.g., Schweinitz flatsedge (Cyperus schweinitzit)-that is able to exploit 

the industrial environment around an HVHHF installation, we think the 

noise, night lighting, activity of people and machines, salt, and toxic con

tamination would inhibit most uncommon or rare native species. The result, 

as is often the case in intensely industrial habitats, would be an assem

blage of mostly common nonnative and native species. The compacted or 

eroded soils around new roads, drilling pads, and pipelines would be good 

environments for the establishment of weedy native plants, and nonnative 

plants such as common reed (Phragmites australis ssp. australis), Japanese 

knotweed (Fallopia japonica), and stiltgrass (Microstegium vimineum). 

Salinized soils around HVHHF installations would inhibit the growth of 

many typical native plants, and allow more competitive salt-tolerant species 

such as common reed to thrive. Warming and pollution of streams and other 

waterbodies by sediment, frack water, and removal of forest cover may well 

create more favorable conditions for nonnative fishes such as common 

carp, green sunfish, snakehead, and weatherfish. The common 

propensity of nonnative plants and animals to spread from intensely dis

turbed habitats into more natural habitats is cause for serious concern. 

The Environmental Impact Statement on hydrofracking18 called for con

struction equipment and vehicles to be pressure-washed with hot water 

prior to delivery to sites where HVHHF wells are to be established, with the 

goal of preventing the arrival of nonnative species at the sites. However, 

HVHHF installations will host a steady stream of vehicles and equipment 

after well establishment and, in addition, nonnative plants can disperse 

along roads, pipelines, and electric rights-of-way without the help of trucks. 

In 2011, for example, we found many nonnative plants at sites of recent 

intensive disturbance, such as surface mines and logging areas, in the 

Catskill Mountain region. 12 Some of the less-common species that have 

not yet spread widely seem to be dispersing from disturbance to distur

bance via roadways, heavy equipment, or vehicles, and we think that 

HVHHF installations would be effective "incubators" for incipient popula

tions of some of these plants. 

CONCLUSIONS 

HVHHF as it is currently occurring in Pennsylvania is a very large scale and 

intensive industrial activity and land use with potentially severe impacts on 

wild life and plants. In the Marcellus region, where natural gas resources 

are being intensively exploited by HVHHF, the impacts could be as great as 

those of the historic deforestation of the eastern states that took place in 

the 1700s and early 1800s. 

Some of the impacts of HVHHF on biological resources can potentially be 

reduced or mitigated. Siting installations in already-altered areas rather than 

high quality habitats; reducing the width, length, and numbers of access 

roads and pipelines and the size of well pads; redesigning the chemical con

stituents of tracking fluids to use less toxic materials; treating some of the 

contaminants in wastewater; and strengthening legislative and regulatory 

controls on acceptable levels of contamination would all lessen impacts. The 

Environmental Impact Statement18 proposes some steps in that direction. It 

is unclear, however, what level of environmental review each permit appli-
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The Allegheny mountain sala
mander (mountain dusky 

salamander. Desmognathus 
ochrophaeus) inhabits 

stream margins and riparian 
seeps. It superficially resem

bles the northern dusky sala-
mander and both are sensi

tive to hydrological and 
chemical changes in their 

streamside habitats. 
Photo© John MacGregor 
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cation for an individual well site will receive, and whether wetlands, streams, 

and rare species wi ll be accorded appropriate consideration. Nonetheless, 

HVHHF is an activity that at best is very likely to have severe impacts on bio

logical resources in the Marcellus region. In practical terms, HVHHF impacts 

are unlikely to be effectively controlled for financial, political, and regulato

ry reasons. The proposed additions to NYSDEC staff will help but in reality 

someone would probably have to monitor each HVHHF installation 24 hours 

per day to acceptably reduce the risk of spills, leaks, and other violations. 

One of the most important impacts, fragmentation of extensive forest habi

tats, may be impossible to control because HVHHF is by necessity a highly 

dispersed activity. Another very important impact, salinization from salt in 

frack waters, will be expensive and challenging to avoid, and drilling com

panies will probably not want to pay for this. 

Our observations during many years in the Marcellus region, and our 

review of information on both shallow drilling and HVHHF in the Marcellus 

region and elsewhere, indicate strongly that many elements of biodiversity 

Continued on page 10 
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would be vulnerable to the impacts of HVHHF. These biological resources 

include not only economically important animals and plants such as trout, 

and a long list of other species of conservation concern, but also habitats 

including forests and wetlands that play crucial roles in maintenance of 

water quality and many other environmental services provided essentially 

free to human society. Avoiding or mitigating serious impacts to biodiver

sity and environmental services may cost more than industry, governments, 

and the public are willing to pay. • 

Preparation of material for this article was partly supported by the Croton 

Watershed Clean Water Coalition. 
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JOAN EHRENFELD 
Gone too soon 

Joan Ehrenfeld, a professor of ecology at Rutgers University 
for many years, and a member of Hudsonia's Advisory 
Board, died in June 2011. She and her students conducted 
research across New Jersey, from the Pine Barrens to the 
Highlands to the Meadowlands. I had been in touch with her 
husband David from time to time due to a mutual interest 
in turtles, but did not work with Joan until 2001 when 
she provided very helpful comments on a draft of the long 
first paper about Meadowlands biodiversity that I wrote 
with colleague and then Rutgers graduate student Kristi 
MacDonald-Beyers. I discovered that Joan's interests and 
expertise were as wide-ranging as our attempt to treat the 
subject comprehensively. She was a pioneer in the study of 
urban wetlands, and had strong research interests in non
native plants, vegetation ecology, and biogeochemistry. I 
always· enjoyed a conversation with her and I deeply regret 
there will be no more such discussions. Hudsonia has lost a 
good advisor and supporter, and the world of conservation 
science has lost a keen practitioner. 

-Erik Kiviat 

Donations in Joan's memory may be made to the New York
New Jersey Trail Conference (www.nynjtc.org/donatenow). 
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NOTICE 

Earlier this year we closed our Red Hook office and consolidated 
our work space at the Bard College Ecology Field Station, our 
base of operations since 1984. Hudsonia has shared the Field 
Station with Bard students and faculty, and the Hudson River 
National Estuarine Research Reserve, since 1984, and was instru
mental in raising funds for facilities expansion at that time. This 
arrangement has enabled many productive collaborations. The 
Field Station supports research and education in the field sci
ences and other environmental fields. For the time being, mail 
sent to the Red Hook office (PO Box 66) is forwarded to our cur
rent address (PO Box 5000, Annandale, NY 12504), but we will 
be phasing out the old address over the next few months. Our 
longtime phone number, 845-758-7053, can be used to reach all 
Hudsonia staff. 
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DONORS OF GOODS 
AND SERVICES 

VOLUNTEERS 
Jessica Derr 

Olivia Finemore 
Jennifer Gillen 

Kira Gilman 
Claudia Lamprecht 

Robyn Glenney 
Laura Steadman 

Regina Vaiceconyte 
Othoniel Vazquez Dominguez 

Caitlin Worm 

DONORS OF BOOKS 
AND JOURNALS 

IAMSLIC member libraries 
Estate of Esther Kiviat 

Rebecca Pulver 

DONORS OF TAXONOMIC 
SERVICES 

Kerry Barringer 
Richard Harris 
Barre Hellquist 

Richard Hoebeke 
Ken Hotopp 
Ken Karol 

Gerry Moore 
Kathleen A. Schmidt 

Othoniel Vazquez Dominguez 
Thomas J. Walker 

DONORS OF OTHER GOODS 
AND SERVICES 

Stacey Adams 
Pam Fields 
Jim Glomb 

Tim Jacob, Benetech 
David Lewis 
Rich Pereira 

Bill Standaert 
Sean Thompson 

John Winans 
Julianna Zdunich 

WISH LIST 

Digital camera (up-to-date, 
in good working order) 

GPS units (up-to-date, 
in good working order) 

Binoculars (lightweight) 

Natural history and field science books 

Lightweight pruning pole 

(For all items, please inquire first) 

FOR SALE 
TO BENEFIT HUDSONIA 

Hasselblad 500CM camera body, 
film backs, and Zeiss lenses, and a 
Beseler 67C Enlarger. Inquire for 
price list: kiviat@bard.edu. 

FREE TO A GOOD HOME 

Savin 9122DL office black-&-white 

photocopier with stand. 

TRILLIUM 

~ 
GALLERY 

SPECIAL THANKS 

Stacey Adams, Jim Glomb, and David Lewis for helping move 
Hudsonia's office. 

Maribel Pregnall, Marshall Pregnall, and their students and col
leagues at Arlington High School and Vassar College for monitoring 
Blanding's turtles and their environment at our long-term research site. 

Tom Teich for donating a fine art photograph for our 2010 silent auction. 

Tim Jacob for equipment repair. 
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Sean Thompson for donating technical services and equipment. 

Nava Tabak for helping to train new Hudsonia staff. 

Norene Coller, Sarah Love, and Bill Relyea for help with contacting 
Clinton landowners for the habitat mapping project. 

Mark Peritz, Kevin Smith, and John Winter for help with contacting 
Woodstock landowners for the habitat mapping project. 
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HUDSONIA MEMBERS, 2011 
Hudsonia gratefully acknowledges the individuals, businesses, organizations, and foundations that have, through 

their gifts, expressed a commitment to the advancement of environmental science, education, and conservation. 
(Listed here are donations received between 15 October 2010 and 31 October 2011.) 

BENEFACTORS ($5000+) 
Philippa Dunne, Robert Kraus & Philip Kraus 
Plymouth Hill Foundation 
Barry Wittlin 

STEWARDS ($2500-$4999) 
Anne C Bienstock / The Shawangunk 

Charitable Fund 
EASTER Foundation / Anne & Fred Osborn Ill 
Samantha Kappagoda & David Mordecai 
Don Stanton 
llliana van Meeteren 

PATRONS ($500-$2499) 
Helen & Roger Alcaly 
Gordon Douglas 
Amy Durland 
Edgerton Foundation 
Jim Glomb 
Drayton Grant & Wayne Baden 
Shoshana Hantman 
Michael & Judy Hardy* 
Nancy Hathaway 
John Heist 
Michael I Katz/ Gloria F Ross Foundation 
Amy L Kirk & Enrique Diaz-Alvarez 
Erik Kiviat & Elaine Colandrea 
Mary Lunt 
Barb & Bill Maple 
Robert Martin & Katherine Gould-Martin 
Helen K Mott 
Will Nixon 
Omega Institute 
Ellen Petersen 
Ellen & Sam Phelan 
Barbara H & Charles Pierce Jr 
Mitch Ruchin / Groundwater Sciences Corp 
Andrew Sabin Family Foundation 
Kevin Smith 
Susan & Anthony Stevens 
Trevor Zoo & SCAPE at Millbrook School 
Doris Walker 
Ross & Karen Williams* 

SUSTAINERS ($100-$499) 
Esther Allen 
Dr Rudolf G Arndt in memory of Ms Claire Gerber 
Henry & Elsie Arnold 
Roland & Kathleen Augustine 
Skip Backus 
David & Marion Baldauf 
Jennifer Barrows 
Barbara Bash & Steve Gorn 
Christine Beer 
Claire & Leonard Behr 
Jim Beretta & Doreen Tignanelli* 

Ray & Elizabeth Boedecker* 
Jesse Bontecou 
Mr & Mrs Samuel A Bowman 
Kristin C Brown 
Mary Burns & Vince Clephas 
John Burroughs Natural History Society 
Lisa & Rodney Camp 
Charles & Judy Canham 
John Cannon & Alta Turner 
Wendy P Carroll 
Walter & Ursula Cliff 
Norene & Dick Coller* 
Art Collings 
Ms Courtney Collins 

in memory of Keith H Swartley 
Emily Collins 
John Connor Jr 
John & Betsy Coppell 
Crossley-Redmond Realty 
Anthony Cuccia & Daniel Murphy 
Sally E Cummins 
Sally Daly 
Jane & Walt Daniels* 
Frances Dennie Davis 
Gerald A Davison* 
Wm J Dederick 
Peter del Tredici 
James DeNitto 
Gary DiMauro 
Vicki & Mark Doyle 
Karl Drake & Carol Christensen in memory of 

Ethyl Untermeyer 
Constance DuHamel 
Mr & Mrs Wolcott B Dunham Jr 
Frances Dunwell & Wesley Natzle * 
Francis X Dwyer in memory of Esther Kiviat 
Joan & David Ehrenfeld 
William M Evarts Jr 
Linda Fagan 
Elizabeth Farnsworth & Aaron Ellison 
Gloria & Bob-Fox 
Douglas Fraser 
Larry Freedman* 
Russell Frehling & Debra Blalock 
Wendy Fried 
Lenore Gale 
Jane Heidgerd Garrick 
Arthur Glowka 
Diane M & James W Goetz 
Suzanne Gold 
Sibyl R Golden 
Jan & Lester Greenberg 
James J Grefig 
Bill Griffith 
Peter Groffman 
Sarah J Harris 

Ellen Kracauer Hartig 
Wayne Haskell 
Sally Hornor 
Margaret C Howe 
Kenneth & Mei Hunkins 
Dee Ann lpp 
Bel inda & Stephen Kaye 
Felicia Keesing & Richard S Ostfeld 
Jean L Klaiss 
James M Klosty 

· Lois Koeber 
Susan Koff 
Andrew Labruzzo & Laura Ha ight 
John Ladd 
Susan & Karl Lamprecht 
Robinson Leech Real Estate 
Steve Levine 
Karin Limburg & Dennis Swaney 
Mark Lindeman 
Robert & Sharon Mahar 
Ray & Barbara Mansell* 
Robert & Susan Meeker 
Jane & Jonathan Meigs 
Mr & Mrs Jack R Meyer 
Cathy & George Michael 
Mohonk Consultations Inc in honor of 

Laura T Heady 
Robert & Rachele Ottens 
Miranda & John Parry 
Cynthia Owen Philip 
Elizabeth Pitts 
Maribel Pregnall 
Frederic & Penny Putnam . 
Douglas Raelson & Jane Arnold 
Susan Fox Rogers 
Marian H Rose 
Steven Rosenberg & Debi Duke 
James Ross DDS 
Naomi Rothberg 
Howard Rothstein / Saugerties Animal Hospital 
Mark Ruoff 
E Sakellarios 
Klara B & Heinz Sauer 
James & Abby Saxon 
Suzanne Eowle Schroeder 
Carolyn Scott 
Margaret & John Shuhala 
Susan Sie in memory of REDMAN 
C Lavett Smith 
Elizabeth Smith 
Mr & Mrs Raymond D Smith Jr 
Neil Smoke 
Somers Land Trust 
Nortrud Spero 
Brenda Sramek* 
Margaret S Stevens 

Companies such as IBM and Central Hudson match their employees' gifts to nonprofit organizations. Does your employer? 
If so, please send the matching form along with your donation. Thank you! 
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Neil C. Stevens 
Dave Strayer & Judy Bondus 
Karen Strong 
Chris Swarth & Marilyn Fogel 
Peter & Sarah Sweeny 
Jason Tesauro 
Herman H Tietjen 
Stephen Tilly Architect 
Jim Utter 
Alison Van Keuren 
John Vyh~anek & Bess Emanuel 
Bethia Waterman 
Phillippa & Arthur Weiland 
Janice & Dennis Whigham 
Wheelock Whitney 
Daniel Wilhoft 
Anton Wilson 
William H Zovickian DDS 

FRIENDS (up to $100) 
Leo Alves & Patricia Grove 
Anonymous 
Helena Andreyko 
Anna & Burton Angrist 
John Ashbery 
Aton Forest Inc in memory of Dr Frank E Egler 
Stuart Auchincloss 
Deni Bank 
Paul & Katherine Beinkafner 
Barry Benepe 
Liza Berdnik 
Matthew Bialecki AIA 
Ronald & Jean Bourque 
Chris Bowser 
Louise Bozorth 
Joe Bridges 
Jenn Cairo 
George N Caratzas 
Mary Cardenas 
Patricia Carroll-Mathes & James Mathes 
Evie Chanler 
Scott Chase & Jeanne Valentine-Chase 
Lynn Christenson -
Betsy Corrigan 
Roberta M Coughlin 
James & Sharon Danoff-Burg 
Pia Davis 
Linda & Roy Deitchman 
Barbara Dibeler 
Rosalind Dickinson 
Susan & William Dillon 
Ruth Tuoti Dufault 
Rachel Evans in honor of the birthdays of 

Deb Fox and Tony Evans . 
Mary T Feeley & Robert A Daniels 
Jane Ferguson MD 
Peggy Fox & Ian MacNiven 
Georgene Gardner 
Joyce & Joe Gelb 
Carl George 
Maryrose & Jeff Giardina 
Uta Gore 
Nan Greenwood 
Susan M Gregory 
Margery Groten 

Sandy Hallahan 
Denis Halliwell in memory of 

Harriet Marable-Halliwell 
Steve Handel 
Alan S Hans / Woodstock Animal Hospital 
Margot Harley 
Mary Ellen Harris 
Susan Harris 
Laura Heady in memory of Betty Heady 
Robert E Henshaw & Nancy J Ross 
Beth Herr 
Juliet Heyer 
Sarah Hill & Guillermo Fesser 
Maung S Htoo PhD, FAIC 
Stan Jacobs 
Lauretta Jones 
Ellen Jouret-Epstein 
Mida Kaelin 
Paul Kellar 
William Kenny 
Georgia D Knisley 
Alice Kurten 
Jan Lambert 
Cathy Law 
Cavin P Leeman 
DeDe Leiber 
Mr & Mrs Edwin Deane Leonard 
Johnathan Licitra 
Elizabeth LoGiudice 
Kathleen A Lomatoski 
Stephen Lopez RLA 
Linda & David Lund 
Maureen Maliha 
Harvey Marek 
Stewart Martin 
Gerard Marzec 
Maeve Maurer 
Jean McAvoy 
Melissa McCrink 
J Mesevage & C Geisler 
Kathy & Jay Metz 
Joanne A Meyer 
Deborah Meyer Dewan & Michael DeWan 

in memory of Dee Cotherman 
Rosalind Aldrich Michahelles 
David Mitchell 
Betty Moreau 
Mr & Mrs GA Mudge 
Rufus Muller 
Michael S Murphy/ Valley Veterinary Hospital 
Carol & Bert Nelson 
Harry J Newton 
Gale K & Richard W Nord 
Tony Pappantoniou 
Steven Plotnick 
Terri Prendergast 
Allan S Puplis 
Mike & Carol Quinlan in memory of Larry Quinlan 
Steve Raphael 
Eleanor C Redder 
George D Reskakis 
Steven Ringler & Susan Hashim Ringler 
Wilfred Rohde 
Thomas P Ronan 
Peter A Rosenbaum 

Lee Rosenthal & Angela Sisson 
Joel Russell 
Mr & Mrs J David Schmidt 
Carolee Schneemann 
David & Anne-Lise Scuccimarra 
Emelia Seubert 
Lizbeth Shafer 
Deborah A Shaffer 
Norman Shapiro 
Herbert Shultz 
Barry & Andrea Sloan 
Michele Slung 
Robert Lee Smith 
Dr Selden J Spencer in hohor of Paul Huth 
Alan Spivack & Joan Monastero 
Joseph Squillante & Carol Capobianco 
Andre Starrett 
Tom Stoenner 
David Straus 
Miriam Strouse & Karen Cathers in memory of 

Alice Strouse 
Mildred Sturcken 
Nancy Swanson 
Michele Tarsa 
The Three Arts 
Virginia F Tornes in honor of Erik Kiviat 
Michael F Tronolone 
Russell & Wendy Urban-Mead 
David Vanluven 
Donald & Ursula Vernon 
Kay T Verrilli 
Robert Vuillet 
Ed Walsh 
Alvin D Wanzer 
Peter Warny 
Otis & Virginia Waterman 
Alan Weissman 
Kristin Wiles & Richard Avery 
Don Wise 
Mary Woods 
Robert Zubrycki 

* Matching donations: IBM, Pitney Bowes 

COLUMBIA 
LAND CONSERVANCY 

Have you renewed your Hudsonia membership? Please use the enclosed envelope 
or visit www.hudsonia.org to send your membership donation today. 
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NONPROFIT 
ORGANIZATION 

US POSTAGE PAID 
PERMIT #36 

PITTSFIELD 
MA 01201 

Hudsonia 
PO Box 5000 
Annandale. NY 1'2504-5000 

Return Service Requested 

NAME OR ADDRESS CORRECTION? 
Please send your mailing label in the enclosed envelope to notify us of changes. 

Hudsonia invites you to 

BECOME 
A MEMBER 

TODAY 
Your annual membership gift helps Hudsonia 
conduct scientific research, provide educational 
programs, and develop practical applications 
to conserve our natural heritage. 

FRIEND: up to $100 

SUSTAINER: $100-$499 

PATRON: $500-$2499 

STEWARD: $2500-$4999 

BENEFACTOR: $5000+ 

Hudsonia ltd. is a nonprofit organization, incorporated in 1981 and tax 
exempt under Section 501(c)(3) of the Internal Revenue Code. Contributions' 
are tax-deductible, as allowed by law. A copy of the last annual report 
filed with the New York State Office of the Attorney General may be 
obtained upon request by writing to the New York State Office of the 
Attorney Genera/, Charities Bureau, 120 Broadway, New York, NY 10271. 

MATCHING GIFTS 
Many companies match their employees' gifts to nonprofit organiza
tions. Please obtain the matching form from your place of work and 
mail the completed form to Hudsonia. Your recognitioii level will 
reflect the sum of your gift and your employer's match. 

GIFTS IN HONOR OF 
Celebrate a special occasion or honor a friend or family member with 
a contribution to Hudsonia. Your gift will be acknowledged in News 
from Hudsonia. The amount of your gift may be kept confidential. 

GIFTS IN MEMORY OF 
Memorial contributions are acknowledged in News from Hudsonia. 
The amount of your gift may be kept confidential. 

BEQUESTS 
Remembering Hudsonia in a will or estate plan is a thoughtful way to 
express a life-long commitment to ecological concerns and protecting 
our natural heritage. Hudsonia welcomes confidential inquiries at no 
obligation. 

MAJOR GIFTS 
Donors who provide major support significantly advance Hudsonia's 
mission, You may prefer to fulfill a pledge over time or to offer a gift 
of appreciated securities in order to receive tax advantages, A gift of 
substantial value may be used to create a named fund, Hudsonia wel
comes confidential inquiries at no obligation, 

For further information, please contact Linda Spiciarich at (845) 758-7053. 

You may donate online (www.hudsonia.org) or use the enclosed envelope to send your membership donation. 
News from Hudsonia is printed with soy ink on 100% post-consumer recycled paper. 




