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INTRODUCTION 

Based on the recent Science Advisory Board (SAB) report Reducing Risk, the U.S. Environmental 
Protection Agency (EPA) has concluded that habitat alteration and destruction are among the greatest risks 
to ecological and human welfare. The SAB specifically recommends that EPA consider reducing 
ecological risk to be as important as reducing human health risk. The recommendation states that EPA 
should protect ecosystems because they are essential to human health and a sustainable economy, and 
because they have intrinsic value. 

This document is designed to assist NEPA reviewers in evaluating the ecological risks associated 
with the impacts of federal activities. The information provided will assistNEPA reviewers in developing 
informed comments for project scoping, EIS review, and section 309 analyses related to the issues of 
habitat loss and degradation. In particular, this document is designed to help reviewers recommend 
mitigations to prevent the loss of habitats. This document also should be useful to other EPA program 
offices and other federal agencies. 

The first part of this document is a general discussion of habitat issues relevant to environmental 
analysis review; it should be read before the regional discussions. This section provides a basic 
description of habitat and its values, and of the degrading activities, impacts, and mitigations relevant to 
habitats in general. Eight Regional Habitat Evaluation sections, representing the six major habitat regions 
of the conterminous United States plus Alaska and Hawaii (see figure below), provide more specific 

Habitat Regions of the United States 
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information on habitats of concern, values and trends, degrading activities and impacts, and potential 
mitigations. Specifically, each regional discussion includes a list of habitats of concern, a table of 
activities impacting habitats, and recommended mitigations for habitat conservation. Because each 
regional section considers only the major impacts affecting habitats in that region, reviewers should refer 
to different regions for discussions of other impacts that may be relevant to their specific project reviews. 
At the end of each section, basic guidelines are provided to aid in the environmental project reviewer’s 
consideratiqn of the full range of habitat impacts. 

This document is not intended to serve as complete guidance or as a simplified checklist for 
environmental project review. In particular, this document focuses on activities occurring in the 
terrestrial environment, although impacts of these activities on wetlands and aquatic systems are also 
considered. Additional information on activities directly degrading aquatic systems should be reviewed 
where appropriate. It is expected that specific habitat issuesrelevant to the project site will be addressed, 
and that appropriate information on the ecology of the project site will be obtained. A list of useful 
institutional contacts is included with each regional discussion. 

Habitat Co-ation 

Habitats are those environments or ecosystems that provide substantial ecological values and 
services such as fish and wildlife populations, nutrient cycling, water purification, and climate control. 
All natural areas contain definable units that can be called either ecosystems or habitats. In this 
document, the term habitat is equivalent to ecosystem and includes both the physical and biological 
components of the environment. All habitats are important for the conservation of ecological values at 
their specific location. However, certain habitats, and types of habitat, can be designated as “of special 
concern. ” For the purpose of this document, habitats of concern are detined as those sensitive 
environments whose degradation or loss results in significant diminution of ecosystem integrity or 
ecological values. The habitats of concern listed in this document represent the most obvious casesof 
loss of ecological values and services on a regional scale. 

The following general discussion of habitat conservation begins with a summary of the important 
issues and steps invoived in assessinghabitats, follows with a working definition of habitats of concern, 
and continues with discussions of the values and services provided by habitats, the activities affecting 
habitats, the types of impacts causedby these activities, and potential mitigation measuresto addressthese 
impacts on habitats. 

Habitat Evahation Metbodohgy 

The definition of habitat in this document is basedon ecosystemvalues and functions. Therefore, 
it is necessaryto present habitats as classesof similar ecosystemsthat contain a known set of ecological 
values and functions. The habitats discussed in this report are broad vegetation-based categories that 
include a range of more specific ecosystem types. While this document will categorize habitats and 
identify individual impacts, it must be remembered that each habitat is unique. An individual habitat must 
be evaluated in the context of its specific geographic location to determine its true value. At the same 
time, the effect of alterations to a habitat by degrading activities must be considered in terms of the 
impact on the entire landscape. Therefore, an ecological perspective is essential for the adequate 
consideration of habitat issues. This approach requires that the interactions of ecological components be 
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considered, and that the unique characteristics of each ecosystem be evaluated. The following 
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considerations should be central to any process of habitat evaluation: 

a Apply an ecosystem-level perspective that considers the full range of interactions 
among habitat components. 

l Assessthe cumulative &ects that arise from the additive and synergistic impacts 
of several degrading activities occurring over time or space. 

l Analyze the true effe4ztivenessof mitigation measures in conserving natural 
habitats and their ecological values. 

It is common for habitat considerations to be neglected within environmental analysis becauseof 
the difficulties of individual site-specific assessments. To better addressthe consideration of impacts to 
habitat in environmental analyses, regional information on the impacts to habitats of concern and their 
mitigation can he used. Therefore, the sections that follow describe general habitats that are threatened 
with loss or degradation from human activities. The condition of these habitats, the activities that affect 
them, and potential mitigations for the impacts that degrade them are discussed. 

The application of this regional information should improve the quality of environmental analyses 
of all kids. Along with an ecosystem perspective, attention to cumulative effects, and measures of 
mitigation effectiveness, the following stepscan be used to incorporate landscape-scaleconsiderations into 
both regional-level and site-level environmental analyses: 

step 1. Review the status and trends of habitats in the regions under consideration. 

Step 2. Identify habitats of concern for the region that may occur at the site. 

step 3. Analyze the impacts of all activities on the functions and values of these 
habitats. 

step 4. Derive mitigation measures to eliminate or ameliorate the impacts on 
habitats of concern. 

Habitats of Concern 

Virtually all of the natural environments in the United Stateshave been degraded to some extent 
by the impacts of human activities. Even relatively pristine ecosystems are affected by the loss of 
contiguous habitats and other changes to the landscape. Therefore, the most important criterion for 
designation of a natural area as a priority concern is the importance of a habitat to the ecological integrity 
(Le., the health and natural functioning) of the larger landscape or ecocomplex (sensu Polunin and 
Worthington 1990). In this way, a habitat may be thought of as analogous to a “keystone species”within 
a biotic community. For practical reasons, rarity is often the criterion by which a habitat’s value is 
determined. However, in assessing the value of a habitat, rarity, ecological functioning, regional 
diversity, and other important attributes also should be considered. 
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J%inition of Habit& 

The standard definition of kb&?Z is basedin the environment of individual species; for example, 

“Habitat is the environmental setting in which an animal or plant normally lives, grows, 
and reproduces” (NRC 1982); 

and 

“Habitat is the area which provides direct support for a given species, population, or 
wmmunity. It includes all environmental features that comprise an area such as air 
quality, water quality, vegetation and soil characteristics and water supply (including both 
surface and ground water)” (Fish and Wildlife Service, FR 46(15):X62-7663). 

Although this definition has been important to the management and preservation of many individual 
species, it is inadequatefor regional or global biodiversity protection efforts. Indeed, national inventories 
of species-specific habitat are not practical for most species, and in fact have been accomplished only for 
the critical habitats of endangered species (Flather and Hoekstra 1989). The need to address the 
conditions of a wide range of species, and biological diversity in general, requires an ecosystem approach 
to habitat inventory. For the purpose of this document, the following definition is used: 

. ‘ 

Habitat - a natural enviromnent composed of both living organisms and physical 
cornpo~ tbatfiincficm tog&eras an ecological unit. 

\ 

ln many contexts, this definition is synonymous with ecoJysccmor sensitive environment. It 
assumes that the natural condition of an environment is preferred because it represents a system that 
through evolution is most likely to provide the desired values of biological diversity and ecosystem 
functioning. Although the difficulties in classifying habitats or ecosystemshave prevented the completion 
of adequate national inventories, different classifications have been used for specific purposes or for 
restricted locations. The National Wetlands Inventory of the U.S. Fish and Wildlife Service uses the 
widely accepted Cowardin classification system for wetlands and deepwater habitats (Cowardin et al. 
1979). The U.S. Forest Service has used a variety of classification systems including the Forest and 
Range Environmental System (FRES) (Garrison et al. 1977) based on Kiichler Potential Natural 
Vegetation units (1964) and Bailey Ecoregions (1976). The U.S. EPA has recently defined general 
classes of ecological resources for all habitat types as part of its Environmental Monitoring and 
AssessmentProgram (EMAP) (Hum&r and carpenter 1990). Greater resolution in habitat classification 
has been obtained by state natural heritage programs in coordination with The Nature Conservancy. 
Extensive natural heritage databasesthat once consisted of only specieselement occurrences now include 
“wmmunity” elements. At present, each state has a community classification, and many are working 
toward regional classifications. If this is accomplished, there will someday be national coverage of 
community types from which to base a quantitative assessmentof habitats (Larry Master, personal 
communication). 



Given the mixture of classification systems, systematic status and trends information is not 
available for most habitats (Southerland and Hirsch 1989). However, considerable information on the 
status and trends of individual species is available and can be useful in characterizing habitat status and 
trends. In fact, the Fish and Wildlife Service (FR 46(15):7662-7663) has developed the concept of 
evaluation species upon which they base analyses of environmental impact. The evaluation species 
include species of high public interest and economic value, and species that provide broad ecological 
representation. Environmental analyses can use identification of such “species of concern” as a useful 
starting point for identifying habitats of concern. Throughout this document, species status and trends 
will be included to the extent they reflect habitat conditions, but it must be remembered that they 
represent only a few of the many species in each habitat, all of which are required to maintain a healthy 
ecosystem and a full range of values and services. 

General Habitat Twes 

Before colonization by Europeans, North America was covered from the Atlantic Ocean to west 
of the Mississippi River with diverse eastern deciduous forests of large oak, chestnut, beech, and maple; 
farther west spread a lush tallgrass prairie; beyond that was a semi-arid shortgrass prairie with regional 
deserts, grasslands, and coniferous forests (Norse 199Ob). A nearly unlimited number of unique habitats 
existed within these regions, varying with soil conditions and topographic differences. The exploitation 
and manipulation of land by human activities has since eliminated or modified many of these habitats. 
This document uses the major land types of forests, rangelands, and wefkzzuk to faci@ate the 
identification of more specific habitats of concern. It focuses on habitat types that are repeated across 
the region and does not consider individual plant communities that vary with exact geographic location. 
The scaie of these habitat types varies, and although a medium scale is applied in this document, it is 
important to remember that the following additional classes of habitats of concern should be considered 
in individual environmental analyses: 

0 Individual plant wmmunities (e.g., those compiled by state natural heritage 
progr-1 . 

l Transitional habitats and functional mosaics of habitat, e.g., the sandhill-scrub
lake complex of the naturaI upland hardwood forest of Florida (Ness 1987). 

0 Landscape-scale ecosystems, or eco-complexes (e.g., the Chesapeake Bay 
watershed). 

Values and services of Habitats 

Habitats provide the full complement of ecological values and services contained in a naturally 
evolved ecosystem. These include many services that have economic benefits, as well as aesthetic and 
moral values. All individual species values, overall biodiversity values, and ecosystem services are 
encompassedin ecological integrity. Therefore, it should he the objective of habitat conservation efforts 
to preserve the ecological integrity of habitats. 

SDecies value!3 

Individual species are the values most often associated with habitats. Historically, commercial 
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the mosaic of ecosystems within the landscape (Norse 1990b). 
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timber species and crop plants, and game animals and sport fish have been the most prized species; 
subsequently, noncommercial plants, nongame birds, endangeredspecies, and other popular specieshave 
received attention. Those interested in.5pecies preservation are now viewing habitat conservation as a 
means of protecting species “wholesale” (Wailer 1991). This is in wntrast to the single-speciesapproach 
required by the Endangered Species Act, often referred to as “emergency rescue operations” (as in the 
casesof the California wndor and black-footed ferret). The best example of the habitat-based approach 
is the effort of The Nature Conservancy which has adopted a “coarse filter” approach to protecting 
species based on protecting the natural wmmunities in which they reside. This approach provides 
protection for the majority of species, including unknown and u&scribed ones. 

The most visible values of any habitat are the many plant species that make it up. Plants are 
prized for their intrinsic value and for their roles in ecosystem functioning. Recently, previously ignored 
species are receiving attention for their contributions to genetic diversity. There is also ample evidence 
of the importance of habitat to animal populations. Among state wildlife and fish management agencies, 
habitat loss ranked first in national priority for all species, for big game, for small game, and for 
waterfowl (Flather and Hoekstra 1989). Habitat also ranked secondto barriers to migration in importance 
for sustaining anadromous fish populations. Wildlife managementefforts have had their greatest success 
with species (big game and some endangered species) for which habitat is abundant. Species whose 
habitat is declining in amount and quality are currently, and will continue to be, most threatened with 
extirpation (Thomas 1990). 

Bioloeical Divers&y 

The interest in preserving particular specieshas broadened in recent years to encompassa concern 
for all biotic resources under the general term “biological diversity.” The office of Technology 
Assessment (1987) defines biological diversity as 

“The variety and variability among living organisms and the ecological complexes in 
which they occur”; 

while the Keystone Dialogue on Biodiversity on Federal Lands (1990) defines biological diversity as 

“The variety of life and its processes.” 

Both of these definitions emphasize that biological diversity, or biodiversity, entails all ecosystem 
components and includes the myriad functions and values provided by the living organisms in each 
habitat. The number and relative frequency of items that make up biological diversity may be organized 
along the continuum from genes to species to ecosystems. The overall amount of genetic diversity is 
decreasedwhen species diversity is lowered, as is speciesdiversity when ecosystemdiversity is lowered. 
For this reason, habitat loss and ecosystemdegradation are the principal causesof reductions in biological 
diversity. Essentially, the conservation of habitat is the conservation of the ecological complexes that 
constitute biological diversity. In addition, the preservation of biological diversity may be the best means 
of protecting overall biological integrity and ecological health. Preserving biodiversity means maintaining 
the integrity of the genetic structure within populations, the richness of species within ecosystems, and 



Ecosvstem Services 

‘. ‘. 

‘. ‘. 
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Although the conservation of *individual species and overall biodiversity are essential to 
maintaining the ecological integrity of a habitat, a wide range of ecosystem functions must also be 
protected. Using a broad definition, habitat, like the ecosystem, is characterized by a particular energy 
flow, nutrient cycling, and capacity for self-perpetuation (given radiant energy from the sun). The 
services that ecosystemsperform include serving as a store or sink for energy or materials, providing a 
pathway for nutrient transport, acting as a buffer against chemical changes, and producing the natural 
resources people use such as minerals, wood, food, water, and air (Hollis et al. 1988). A comprehensive 
list of ecosystem values is shown in the accompanying box. 

climatccontrol: climatccontrol: 

co, sequastratiw co, sequastratiw .,. .,. 
wp~-~tiy wp~-~tiy,..’ ‘y: ,. ,..’ ‘y: ,. 

Geomorphological control: Geomorphologicalcontrol: 
wavp and wind Wkring wavp and wind Wkring 
filtmohcon~l : filtmohcon~l : 
mt@@ttapping: :. mt@@tig: :. 
soil building soil building 

svatcrsupply:~ . . : .’ svatcrsupply:~ . . : .’ 
gmmdwater recharge gmmdwater recharge 
floodflow ahration floodflow ahration 
water ‘WlY : water ‘WlY : 

IZWgpfdnatrieatCXdraoge:.~ IZWgpfdnatrieatCXdraoge:.~ 
energy fixation energy fixation 

;:. ;:. --up$rkn : --up$rkn : 
-liti+ ” -liti+ ” 

x?Eniecationoffcao~: x?Eniecationoffcao~: . .-toxicant riztciltion -toxicant riztciltion 
Ilutricnt~~fornlatl~ Ilutricnt~~fornlatl~ 
pollliiatlt dctuxitication pollliiatlt dctuxitication 

.Biotic resow: .Biotic resow: 
biotic prodrrctivity end fwd chain support biotic prodrrctivityend fwd chain support 
genetic~conservatioIl of biudiversity genetic~conservatioIlof biudiversity
f&&M ., : f&&M ., : 

~Wildlifs,.diV~!*h ~Wildlifs,.diV~!*h 
aquatic diversi~-ce aquaticdiversi~-ce 
acsthatic+@iral heritage acsthatic+@iral heritage 

‘Afhpted fronl Raae and fill&i* (l982), A&mu8 ail. (1987). Hinckky (1990), and Null (1991). ‘Afhpted fronl Raae and fill&i* (l982), A&mu8 ail. (1987). Hinckky (1990), and Null (1991). 
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hpactiq 

After identifying the habitats of-concern, the next important step is the linking of these habitats 
to the activities that cause their degradation or loss. The following major activities may cause the 
degradation or loss of habitats: 

a Land conversion to industrial and residential land use. 
l Land conversion to agriculture. 
l Land conversion to transportation. 
l Timber harvesting practices. 
l Grazing practices.
0 Mining practices. 
l Water management practices. 
a Military, recreational, and other activities. 

Environmental analyses of these activities arise during both broad programmatic reviews and specific 
project environmental impact statemerzi. The following wmmon projects entail significant impacts to 
habitats and may require federal review: 

l Community and public land use development, including planning, regulation, and 
federal funding for building construction and highway development. 

l Renewable resource use and development (logging and grazing) on public lands 
or requiring permits. 

0 Energy production, including petroleum, natural gas, and coal development, 
extraction, generation, transmission, and use. 

0 Non-energy mineral resource development, processing, management, transport, 
and use. 

0 Water projects and permits for wetland modification. 

0 Natural resources conservation, including protection of environmentally critical 
areas. 

This document focuses on the direct physical effects of the aforementioned activities on habitat 
extent and quality. However, another important source of impacts on habitat is the contamination of 
ecosystems from the pollution of the air, water, and land. Habitat pollution is addressed, in part, by the 
air quality, water quality, and hazardous substancesprograms of federal and state regulatory agencies. 
Therefore, habitat impacts from the generation of toxic and waste materials from manufacturing processes 
and fossil fuel combustion are not specifically addressed in this document. The following are examples 
of activities contributing to the wntamination of habitats that should be added to the considerations in this 
document when a complete environmental analysis is prepared: 

l Industrial and municipal discharges into water (e.g., toxic chemicals and 
conventional pollutants) and emissions into the air (e.g., acid deposition, gaseous 



phytotoxicants such as ozone, and global ozone depleting and greenhousegases). 
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a Industrial and municipal-waste dumps and landfills (e.g., asbestosand plastics in 
the marine environment). 

0 Agricultural contamination (e.g., pesticide spraying and nutrient discharges from 
cultivated fields and livestock feedlots). 

l Mining waste discharges (e.g., mercury, arsenic, cyanide, crude oil, drihing 
muds, and saline-produced waters). 

l Military accidental releases (e.g., nerve gas and plutonium). 

The following sections briefly discuss the history and impacts of the major activities on habitats. 

Land Conversion 

The conversion from one land use to another is the activity most severely affecting terrestrial 
environments. The type of land conversion depends on the end use of the land. In each case, the 
original natural characteristics of the land are eliminated, and the associated ecological values are 
modified to varying degrees. Urban conversions, as well as other large industrial and commercial 
development projects, severely alter natural conditions, seriously disrupting ecosystem functions and 
eliminating most ecological values. Residential development in suburban and rural areas usually 
maintains some plant and wildlife values while disrupting the natural ecosystem processes of the area. 
Similarly, conversion to traditional agriculture alters the natural vegetation and ecological processeswhile 
still providing some hedgerow areas for wildlife populations. Large-patch industrialized agricuiture, 
however, usually removes all wildlife habitat. Conversions to industrial, residential, and agricultural uses 
occur on many scales, but often cover very large areas. In contrast, conversions to highways, railways, 
and power lines affect terrestrial environments more by fragmentation than by total area converted. 
Landfills and the development of recreational areas are other kinds of land use conversions, but ones that 
cover relatively small areas. 

Land Conversion to Industrial and Residential Land Uses 

Conversion of natural environments to industrial, commercial, and residential land use continues 
to increase with population and with the general suburbanization of many previously natural areas. The 
large urban areas of the east and west coasts continue to grow, reducing the natural areas in the corridors 
between them. Land conversion due to infrastructure construction and landf3ls also contributes to the 
development pressure on natural areas near urban centers. Urban growth is most rapid in the Sun Belt 
States. 

Urban and suburban conversion of terrestrial environments is also occurring throughout the 
country as “spinoff development” following new road construction. Even in areas of relatively little or 
no overall population growth (such as the Northeast), spinoff development is a major cause of forest 
fragmentation and the decline of wildlife and bird populations. This effect is augmentedby the increasing 
frequency of second home development in previously undeveloped regions. 



Arid environments in the Southwest are rapidly being converted to urban and residential uses as 
a result of population growth. The Southern California region is a classic example of suburban sprawl 
where roadways, residential communities, and w mmercial development have expanded into previously 
pristine environments. Many underappreciated desert habitats are at risk becauseof this continued land 
conversion. Riparian areasare another environment at risk in the West from Iand conversion to industrial 
and residential development. Becauseof their proximity to water and their desirability for industrial and 
residential use, riparian areas are being disproportionately destroyed. Also becauseof their proximity 
to water, riparian areas are critical for many migratory bird and wildlife species. 

Land Conversion to Agricultural Usa 

The United States uses a large part of its available land area for livestock and crop production, 
an area totaling more than 900 million ac (U.S. EPA 1989). Over 400 million of these ac. are classified 
as cropland. More than 50% of this area is in the wm and wheat growing regions of the Midwest 
Cropland and Great Plains and Prairies Habitat Regions. Land conversion to agricubre has stabilized 
in recent years, and much of the conversion to urban uses is now occurring on old agricultural lands. 
Conversion to agriculture wntinues to be a regional problem depending on the pricing variability of 
specific crops. For example, bottomland hardwoods in the South have recently suffered from extensive 
conversion to soybeans. 

Although total agricultural acreagesare not changing, many important wildlife habitats are being 
lost as a result of large-patch agriculture, which causesthe elimination of fence rows and d&h banks. 
Current agricultural practices, and certain “conservation” programs, provide incentives for cultivating 
previously uneconomical areas. For example, the wnstmction of grass waterways in riparian areas is 
destroying wildlife habitat rather than conserving it. 

The loss of riparian and bottomland hardwoods to agriculture in the Southeastrepresents one of 
the most significant losses of ecological values of terrestrial environments. Similarly, the conversion of 
wetlands and adjacent grasslands in the central and western United States is another impact that has had 
serious consequencesfor ecological values, in particular waterfowl populations in the Prairie Pothole 
Region and along the Pacific and Mississippi Flyways. 

Land Conversion to Transqo~on Use 

Construction of highways, railways, and power line right-of-ways contributes to the degradation 
of terrestrial habitats, especially in less developed areas, Although the actual areasconverted are small 
(27 million ac) the fragmentation of habitats is often severe (Frey and Hexem 1985). Powerlines and 
other transportation routes can be described as “disturbance corridors” that disrupt the natural, more 
homogeneous landscape (Barrett and Bohlen 1991). In forested environments, these disturbances cause 
(1) dramatic physical disruption to the continuous vegetative wmmunity; (2) disruption to the structure 
and function of wildlife habitat; and (3) impacts to resident wildlife, which must negotiate, tolerate, and 
cope with the habitat barriers. In addition, disturbance corridors created by forest fragmentation provide 
habitat for early successionalplant and animal species. They replace forest trees with grassesand shrubs 
so that forest-interior species cannot nest. While they provide dispersal routes for small mammals such 
chipmunk and white-footed mice, they present barriers to many species. 

The impacts of highway construction also represent an important problem in cumulative impact 
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assessment.Although individual road segmentsare usually evaluated for potential envirorunentzdimpact, 
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it is actually the combined effect of the entire highway system that most seriously degradesterrestrial and 
wetland environments. In addition, the cumulative impact of several highway systems can seriously 
disrupt migratory pathways. As mentioned above, the building of roads is invariably accompanied by 
additional land conversions to industrial or residential use. 

Both forested and nonforested environments can be disrupted by fragmentation due to highway 
wnstructiori. However, the dense canopy structure of certain shrublands may be most severely impacted 
by fragmentation. An example is the fragmenting of powsin wetlands and uplands in the Southeast. 
Because of the scale at which many powsin inhabitants move, highway development can effectively 
isolate much of the powsin fauna. 

Timber Harvesting 

Since the early 1f2Os, 20 to 40% of the nation’s original forest cover has been converted to other 
land uses, and much of what remains has been substantially altered as a result of past logging. 
Regeneration of timbered areas is increasing forest acreagesin the East, but these numbers are more than 
offset by timber harvests in the West. Many of the remaining forests of the United States are being 
altered by timber harvesting practices that fragment, simplify, and degrade natural forests. The 
combination of clear cut logging and road building increases forest fragmentation and soil erosion. The 
clear-cut natural stands are often replaced with fewer and different tr& species resulting in the loss of 
old-growth trees and natural forest habitats essential to a wide variety of wildlife. 

Forest habitats are the forum for the most acute biodiversity issues facing the nation, including 
(1) decreasesin contiguous old-growth forest that support the spotted owl in the Northwest, (2) the loss 
of old pines needed by the reduxkaded woodpeckers in the Southeast, (3) increased habitat 
fragmentation and forest edge causing declines in forest-interior songbirds, and (4) increasing ungulate 
populations in the East and Midwest (Wailer 1991). These problems are primarily the result of clearcut 
logging and the institution of short-rotation single-species plantations. All timber harvesting activities 
affect forests in two ways (Cutter et al. 1991): 

l Like natural fires, timber harvesting allows sunlight to reach the ground and 
stimulate new growth, while the slash (limbs too small to use) contributes to 
increased nutrient release. Thus, like fire, harvesting is a catastrophic but 
temporary disruption that removes large amounts of soil, nutrients, and biomass 
from the ecosystem, changes water yields, and increases stream temperatures. 

0 Unlike natural disturbances, timber harvesting involves road building and the use 
of heavy equipment on the land; this causes damage and compaction to the soil 
surface and accelerates soil erosion beyond the rates following fires. Especially 
along steep slopes, surface erosion and landsliding produce heavy sediment ioads 
to streams, degrading aquatic habitats and damaging fish and invertebrate 
populations; the loss of biomass in the form of logs slows reestablishment of new 
growth, and the lack of fire may retard regrowth from fire-adapted seeds. 

The major impacts of timber harvesting on forest degradation and loss include four major problem areas 
that can be addressedon a national or regional basis: 
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l Loss of old-growth forests. 
l Effect on critical ecosystems(such as Greater Yellowstone). 
l Decrease in roadless areasor. wildlands. 
l Impacts of silvicultural practices (such as clear cutting). 

Grazing 

W idespread devastation of rangelandsresulted from unwntrolled overgrazing between 1880 and 
1935, and the damage was amplified by the drought years of the 1930s (Branson 1985). The enactment 
of the Taylor Grazing Act of 1934 reducedgrazing pressureat that time. W ith the advancementof range 
management science and the moist years following 1960, range vegetation improved considerably. 
However, the U.S. Forest Service (1989) reports that 21% of its rangelandswere still in “unsatisfactory” 
condition. The Bureau of Land Management (1989) reports that BLM rangeland condition is 33 4%good 
or better, 38% fair, and 1396poor. 

Although the total area of rangeland has remained relatively constant, the condition of the range 
ecosystemshas varied wnsiderably with competition by l ivestock for forage and other factors. Cattle, 
sheep, and wild horses and burros have wntributed to reduced forage and to changes in vegetation 
composition on the majority of U.S. rangelands. Grazing and tie suppressionhave allowed brush species 
to replace many of the grass forage specieson 200 million ac of the Southwest (National Association of 
Conservation Districts 1979). As with f6rest habitats, the fragmentation of rangeland vegetation can 
negatively affect native fauna and ecosystemhealth. 

Unfortunately, traditional rangeland improvement measures often run wunter to wildlife 
conservation. Herbicides reduce vegetation diversity, as do practices that till under sites and convert 
vegetation to nonnative species, usually replacing pinyon jumper with exotic grasses. Management of 
brush invasion in the southwestern deserts, savannas,and southern Great Plains is perhaps the greatest 
problem affecting rangeland wildlife. While deer and turkey populations have increased, native range 
forage is reduced by the invasion of mesquite, juniper, cacti, acacia, sand sagebrush, creosote bush, 
tarbush, whitebrush, yucca, and others. Mechanical or chemical reduction of these scrubs, as well as 
sagebrush in the Northern Plains, decreasesforage for many species including prairie chicken, sage 
grouse, quail, and pronghom. 

Grazing is also detrimental to hardwood forests, riparian habitats, and areas where l ivestock 
compact root systems or increase erosion. In general, grazing reduces structural diversity of forest 
understory (by eliminating plants, altering speciescomposition, modifying growth form, and shifting seral 
stages) and can negatively impact forest bird wmmunities. of particular concern are the impacts of 
grazing on forested riparian zones, which support the majority of speciesin the rangeland environment. 

Mining 

Millions of hectares of marginal and barren land can be found in the United States, much of it 
due to mining activity. These areas are a source of acid mine drainage, surface runoff, erosion, and 
sedimentation, which create water pollution and land degradation problems. Mining activities leave a 
harsh environment for vegetation becauseof the lack of nutrients and organic matter, low pH, low water-
retaining capacity, toxic levels of trace metals, compaction, and poor physical conditions of spoil material 
(Sopper 1988). 

Introduction 



It is important to note that mining often occurs on the mountain-plain ecotone, an area of special 
importance to wildlife. Nonetheless, mining disturbs relatively less land area than other activities 
affecting terrestrial environments. On.lpS.7 million ac were disturbed between 1930 and 1980 by surface 
mine excavation, subsidence from underground workings, and disposal of mining wastes. Additional 
areas have been impacted by haulroads, reservoirs, and railroads and highways to mining properties. 
Stream habitats have been affected by acid drainage and sedimentation. The greatest potential for 
increased mining impacts exists in the area of exploration and extraction of fossil fuels. 

Nearly half of all U.S. land used for mining is concentrated in the states of Pennsylvania, 
Kentucky, West Virginia (2% of each state) or in Ohio, Illinois, and Indiana (1% of each state). 
California and Florida have also mined more than 250,000 ac (Johnson and Paone 1982). Intense mining 
also occurs in the Arizona copper region and the northern Minnesota’s Mesabi Iron Range. Among 
federal lands, 732 million ac are available for leasing to surface and subsurface mineral development, the 
majority in the west and Alaska; currently, 95 million ac are leased to oil and gas, 2 million to 
geothermal, and 1.3 million to coal (USDA Forest Service 1989). 

Mining impacts are substantial but variable depending on the mining method, the mineral, the 
processing technology, and the ecological nature of the site. Impacts inchxde destruction or impairment 
of fragile ecosystems and wildlife habitats, wntamination of surface and subsurface water supplies and 
soils from toxic chemicals and radioactivity, and adverse effects on scenic values. 

Water Management 

Damming activities, impoundments, and water diversions for municipalities, industry, and 
agriculture severely affect the natural water supply, resulting in the destruction of terrestrial, wetland, 
and aquatic environments. In particular, the reduction of streamflow from diversions of water for other 
uses adversely affects riparian habitats in the Southwest. The Corps of Engineers stream channelization 
projects affect large areasof both terrestrial and aquatic environments. In fact, few streams or waterways 
still run free to the ocean without diversion or managementthat affects their natural flow. The inundation 
of large areas for flood control and water supply has decreased in recent years, but still constitutes a 
major impact on local environments. In the Mississippi Basin (mid-south Alabama, Tennessee, eastern 
Texas, and Oklahoma), considerable acreageof bottomland hardwoods was lost to reservoir development 
between 1962 and 1985 (Gosselink and Lee 1987). 

Changes in water quality, flow, and dam passage affect the success of anadromous fish 
populations, including recreationally important game species. In addition to the intrinsic value of these 
species, the degradation of important aquatic resources has a detrimental effect on many terrestrial 
systems, including migratory birds and riparian forests. The importance of wildlife impacts from 
hydropower activities is evidenced by the provisions for wildlife habitat mitigation in the Columbia Basin 
under the Northwest Power Act (Brown 1988). 

Recreational. Militarv. and Other Activities 

Several other human activities can seriously affect terrestrial environments. The introduction of 
nonnative species into wild areas also has the potential for devastating alterations of terrestrial habitats. 
Even nonconsumptive human activity (e.g., recreational hiking and camping) can seriously affect natural 
ecosystems. 
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Recreational activities are the principal reason for human intrusion into natural environments. 
Hiking and camping have a minor but significant impact on natural forests, rangelands, and desert 
ecosystems. ‘The amount of disturban& is proportional to the volume of activity and the proximity to 
population centers; accessby roads is the determmmg factor. Cole (1989) has estimated vegetation loss 
as a result of camping, concluding that his sample campsiteshad absolute vegetation lossesof 37 to 85%. 
Off-road vehicles (ORVs) can have even more severe impacts on local terrestrial habitats. In patticuiar, 
ORV races can devastate fragile desert ecosystems. These environments are very slow to recover and 
often include’rare endemic species. In addition to many rare plant species, the endangereddesert tortoise 
is at risk. Skiing and other winter sports are examples of activities that impact relatively isolated 
mountain areas. These activities are often accompanied by the more deleterious effects of land use 
conversion into resort development. 

Military maneuvers and other training or testing activities can also have significant impacts on 
terrestrial environments. Bird wmmunities and certain small mammal populations were negatively 
affecmd by Army training maneuvers in the Mojave desert (Krzysik 1984). The managementof military 
instalIations in the Southeast has serious implications on the survival of the endangered red-cockaded 
woodpecker. Both physical disturbance (especially from tracked vehicle activity) and noise contribute 
to habitat degradation from military activities. 

Exotic species have been introduced into natural areas for game hunting, and as biological 
controls for other pest species. Accidental releases have also had major negative impacts on natural 
habitats and native species. Indeed, the entire eastern deciduous forest ecosystemhas been permanently 
altered by the chestnut blight; the loss of tree mast likely precipitated the extinction of the wmmon 
passenger pigeon. Similarly, the outbreak of dutch elm disease also contributed to the degradation of 
riparian habitats in the Midwest. Today, severe habitat impacts from exotic species are most prevalent 
in Hawaii. 

The Hawaiian archipelago has lost more than 75% of its original endemic land bird fauna through 
prehistoric and historic extinctions; the comparable Galapagos archipelago as a whole is not known to 
have lost a single land bird species (Loope et al. 1988). The aboriginal Hawaiians converted most of the 
land below the 6#-meter elevation to agriculture on the eight main islands. Subsequently introduced 
species and factors wntributing to habitat destruction include herbivorous mammaIs (goats and pigs), 
predation by ants, frequent and intense fires, dogs, cats and mongoose, alien arthropods, mollusks, and 
alien plants. More than 80 vascular plant species in Hawaii currently Rose threats to the native biota. 

lypes of Impact to Habitats 

The degrees of impact caused by each of the aforementioned activities varies both within and 
among different kinds of activity. The level of impact is determined both by the intensity and extent of 
the activity, and by the specific type of impact on the habitat of concern. The impacts to habitats, and 
to their values and functions, from the activities discussed in the previous section fall into four general 
categories: 

l Destruction of habitat. 
l Fragmentation of habitat. 
l Simplification of habitat. 
l Degradation of habitat. 
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The nature of these impacts depends on the specific stress created by each activity. In most cases, a 
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single activity will include several stressor processa that impact habitat. For example, the activity of 
logging a forest includes removal of.the trees, associated drying of the forest floor, erosion and 
sedimentation of nearby streams, and disturbance from noise and human activity. The major stressor 
processesaffecting habitats include the following: 

Vegetation removal. 
Dehydration and inundation. 
Erosion, sedimentation, and soil compaction. 
Eutrophication. 
Acidification. 
Salinization. 
Thermal warming. 
UV-B exposure. 
Contaminant toxicity. 
Noise and visual disturbance. 
Introduced species. 

These stressor processes can result in the following effects on habitat: 

a Direct mortality of resident species.
0 Physiological stress and decreasedreproduction.
0 Disruption of normal behavior and activities. 
0 Segmentation of interbreeding populations.
0 Modified speciesinteractions and alien species invasion. 

Although all of the stressors affecting habitat can have serious impacts, physical alteration of 
habitat has eclipsed intentional and incidental taking as the major cause of population reduction among 
species. At greatest risk are the following groups of species: large terrestrial mammals, bats, hole- and 
ground-nesting birds, amphibians, snails, conifers, herbs, grasslands, freshwater stream organisms, river 
fishes and mollusks, and estuarine vegetation (Norse 199Ob). 

Traditional impact analyses have concentrated on degradation of habitats from contamination. 
The focus of this analysis is on the loss and degradation of habitat through direct conversion and 
exploitation of the ecological resources. Although these stressors usually have a much greater impact, 
additional impacts from contamination should also be considered. In addition, it is important to consider 
the cumulative impact of multiple effects and the indirect effects of activities. The following sections 
discuss the different hinds of impacts on habitat. 

Destruction 

The ultimate form of habitat degradation is the destruction of a natural ecosystem through its 
“conversion” to another land use. In each conversion, the original natural characteristics of the land are 
eliminated, while the associatedhabitat values are modified to varying degrees. Occasionally, wildlands 
(providing ecosystem services and wildlife values) that have been converted to managed lands (providing 
harvestable timber or agricultural crops) can be restored to a similar, although not identical, natural state. 
In contrast, lands converted to urban or industrial uses virtually never recover their ecosystem integrity 
or habitat values. 

Introduction 



Physical alterations of many kinds cause habitat destruction. In terrestrial environments, the 

Michigan, and Oregon show that the occurrence of most forest-dependentspeciesis correlated with forest 
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clearing of vegetation (trees, shrubs, grasses)is the principal stressor. The greatest impacts occur when 
vegetation removal is accompanied by leveling operations (that destroy the original topography and soil 
profile) and building or road wnstruction (covering the area with permanent structures). The burning 
of vegetation and the creation of landfills for waste disposal are other means of destroying terrestrial 
habitats. Clear-cut logging and severe overgrazing can also clear habitats of native vegetation. 

In wetland environments, filling and draining operations destroy wetland‘habitats and create 
modified terrestrial habitat, while impoundments flood wetlands to create deepwater aquatic systems. As 
with terrestrial environments, the construction of buildings or roads can eliminate wetlands. The 
extraction of peat can also destroy wetlands. In aquatic environments, the inundation or diversion of 
water through flow alteration (via damming or channelization) is the principal means of eliminating 
habitat. Dredging, filling, and draining also destroy aquatic habitat. 

Frazmentation 

While all the activities mentioned in the previous section can result in the destruction of entire 
habitat types, they often only destroy part of a habitat, leaving other areasintact. Depending on the scale 
of wncern, many instances of local habitat destruction are better thought ‘of as habitat fragmentation. 
The interruption of a river with a reservoir, the clearcut logging of mature forest, and the building of a 
road through a salt marsh are all examples of habitat fragmentation (Norse 199ob). 

Such fragmentation is the principal causeof loss of “area-sensitive”species (Harris 1985) and the 
most serious threat to biological diversity (Wilcox and Murphy 1985; Harris 1988). The consequences 
of habitat fragmentation (Harris and Atkins 1990) include the following: 

l Amplification of mortality and inbreeding (i.e., risk to sedentary species from 
random variation in demographic and genetic variables when isolated). 

l Extinction of wide-ranging species (e.g., wolves, black bears, panthers, 
-1. 

0 Loss of interior or area-sensitive species (e.g., sharp-shinned hawk, Cooper’s 
hawk, Swainson’s warbler, redcockaded woodpecker). 

l Erosion of genetic diversity from within rare species. 

l Increased abundanceof weedy species(regionally distinct wmmunities give way 
to globally homogeneous ones). 

As an example, only 2 of 11 native large mammals in Florida (the raccoon and white-tailed deer) are 
doing well in the face of increasing fragmentation of natural habitats. Other examples of negative impacts 
from fragmentation include the spotted owl; the Spotted Owl Committee proposed that habitat 
conservation areas (HCAs) be linked by forests with a minimum canopy closure. Studies in Maryland, 



size; contiguous forests of 100 to 300 ac are needed by area-sensitive birds, primarily long-distance, 
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insectivorous, neotropical migrants, such as flycatchers, vireos, and wood warblers (Jahn 1991). 

Habitat simplification includes the removal of ecosystemcomponents such as standing dead trees, 
cover logs, or stream debris; the death of sensitive submerged plants from siltation; and the loss of 
microhabit& (such as nests and dens) that are rendered unusable by human intrusion. Universally, the 
removal of vertical habitat structure reducesthe diversity of species. Structural diversity provides more 
microhabitats (e.g., nest sites) and allows for more complex species interactions (e.g., avoidance of 
predation and partitioning of foraging space). 

While forest clearcutting is both a form of destruction (for the forest stand) and of fragmentation 
(for the forest watershed), selective logging of preferred tree species is a form of habitat simplification. 
This is in contrast to timber harvesting practices that are nonselective and often closely mimic natural 
stand conditions. During selective cutting, not only does the composition of tree species change, but 
logging creates more extreme microclimates that are usually hotter, colder, drier, and windier than in 
natural forests. The immediate impact on resident species is the desiccation of forest plants, fungi, slugs, 
and salamandersthat require moist conditions (Norse 199Ob). 

Within rangeland systems, ecosystem integrity is maintained through the balance of native grass 
and shrub species. Grazing by domestic livestock can selectively remove species and facilitate the 
invasion of exotics. In most cases, the proliferation of nonnative speciesresults in habitat simplification 
that is detrimental to native birds and other wildlife. 

Degradation 

Degradation of habitats can include the fragmentation or simplification of habitat structure, but 
more specifically refers to a decrease in the health or ecological integrity of the “intact” habitat. 
Chemical contamination resulting from air or water pollution is a significant causeof habitat degradation. 
Although toxic effects may be the most severe, conventional pollutants and other effects may exist in 
greater frequency and extent. For example, soils are degraded through erosion or soil compaction. 
Lakes are particularly sensitive to eutrophication and acidification. Rivers and streams can be degraded 
by nutrient enrichment, as well as siltation and turbidity. Salinization and salt water intrusion also 
degrade habitats, as do temperature modification and noise. Underground water sources and their 
contributions to ecosystem integrity can be degraded by activities, such as irrigation and mineral mining, 
that result in the draw down of aquifers. The invasion of exotic plants and animals can seriously degrade 
natural systems through modified species interactions. Global climate change, inchding increased 
temperatures and UV-B exposure, has the potential to degrade habitats of all kinds. 

Vulnerabilitv to Imnacts 

The impacts of degrading activities on habitat depend on the vulnerability of the habitat and the 
relative contributions of other cumulative and interactive impacts. A habitat’s sensitivity is determined 
by its resistance to change (i.e., its ability to resist degradation) and its resilience (i.e., its ability to 
recover its original condition) (Westman 1978). Resistant habitats often have intrinsically stable and 
fertile soils, moderate rates of water movement, mild climate regimes, and food webs that are functionally 
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diverse and contain individuals or species preadaptedto the particular stress. ResiIient habitats are often 
topographically low and proximate to unstressedhabitats containing highly mobile colonizers (&dell et 
al: 1990). 

Species are usually more vulnerable to antbropogenic impacts if they possess small effective 
population size, narrow geographic distributions, large area requirements, specialization, intolerance of 
disturbance, large size, slow reproductive rate, evolutionary naivete, or “amphibious” habits (Norse 
199Ob). Wnerability characteristics of habitats or ecosystems (and the stressor to which they are 
vulnerable) are listed below: 

a Impermanence (suppression of fire frequency). 
l Oligotrophy (alteration of nutrient cycling).
0 Undersaturation (biological invasion). 
a Isolation (elimination of recolonization). 
a Small size (impacts on edges). 
l Proximity to human Populations (disturbance). 

The undersaturated naive biotas of the Hawaiian Islands and southern Florida are especially susceptible 
to many stressors, including invasion by exotic species. Al1 habitat areasare vulnerable to unprecedented 
permanent major changesin environmental conditions. Unlike periodic natural disturbance (such as fires, 
windthrow, and flooding), global atmospheric change (e.g., warming and increased UV-B or. COJ and 
the introduction of alien speciespose challengesbeyond the capabilities of most natural systems. Perhaps 
the greatest threat to biodiversity is the impending interaction between climate change and habitat 
fragmentation. 

Ge!nerd MitigatioIlprocedures 

Appropriate measures for the mitigation of habitat loss or degradation depend on both the habitat 
type and the specific degrading activities, stressor processes, and habitat impacts. Specific mitigation 
information is provided in the regional sections of this document. In this section, general considerations 
for habitat mitigation are discussed, For a mitigation to be successful, the ecological integrity of the 
habitat must be maintained. This can be accomplished directly by preservation measures that avoid 
impacts. In other cases, careful mitigation plans can reduce or eliminate impacts on the integrity of the 
habitat. 

Habitat Meg&y 

Traditionally, mitigations have concentrated on species-specific habitat components such as the 
availabiiity and appropriate interspersion of cover, food, and water. Other species requirements include 
protein-rich foods, den or nest sites, and territorial spacing or wlonial clustering, and may vary 
seasonally, especiaIIy among migratory waterfowl and anadromous fish. Greatest attention has been paid 
to the diversity of habitat structure, both vertical layering and horizontal edge or transition zones, that 
provide for greater species and ecological diversity. While these considerations are appropriate for 
mitigations focusing on certain speciesor individual site diversity, they do not incorporate landscape-level 
concerns for regional diversity. For the purposes of this document, mitigations of habitat degradation 
will focus on the ecological integrity of the habitat of concern and not on the species or diversity 
components that may be desirable from a wildlife management point of view. 
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Recent research has indicated that floristic (plant species) diversity is superior to structural 
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(number of vegetation layers and patches) diversity as an indicator of wildlife distribution. This 
emphasizesthe need to avoid oversimplification in habitat analyses and to look at the detailed ecology 
of each habitat and define it in precise ecological terms. Natural habitats are dynamic ecological systems 
that require natural patterns of disturbances. Proper mitigation plans must provide for natural habitat 
heterogeneity in time and space. An important tool for providing natural disturbance patterns is fire 
management. Proper use of controlled fires can be an effective mitigation of the impact of fire 
suppression in managed areas. 

Mitigation for habitat conservation must ensure that the cumulative impacts of all activities within 
the landscape (perhaps over areas of 10,000 to several 100,000 ac) are addressedto maintain ecosystem 
integrity and health. The preservation of individual habitat areas is often not sufficient to maintain the 
ecological integrity of the greater ecosystem. In addition, the size, diversity, and distribution of key 
habitat tracts must be conserved to provide for the natural diversity characteristic of the larger eco
comptex or region. Finally, unique ecosystems(such as islands) may require unique mitigation solutions 
(Samson et al. 1991). 

. . .-ion Guidance 

Mitigations to address the habitat impacts of destruction, fragmentation, simplification, and 
degradation include the following four measures (modified from Flather and Hoekstra 1989): 

1. Preservation 
l Outright purchase or set aside of land 
l Partial purchase through conservation easements, long-term leases, or 

management agreements. 

2. Management practices 
l Rotation and method of timber harvesting 
l Timing and extent of grazing 
l Control of pollution 
l Elimination of structures. 

3. Restoration 
l Direct manipulation through seedings, plantings, physical or chemical treatment 
l Creation of wetlands 
l Control of pollution 
l Removal of barriers to fish migration 
l Control of livestock accessto riparian areas. 

4. Compensation 
l Purchase of lands of comparable habitat size and quality 
l Provision of financial restitution. 



Mitigation Means and M .’ 
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A more detailed set of Mitigation Means and Measures (in general priority order) has been devised by 
the Fish and Wildlife Service for mitigation development related to fish and wildlife and their habitats 
(FR 46(15):7660, 1981). This list is mvided in the accompanying box. 

U.S. ‘mill and wildlire sesvioe 
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Mitigation Princinles 

The development of specific mitigation plans must be basedon a thorough understanding of the 
site conditions and the activities impacting habitats. Nonetheless, certain basic principles of ecological 
management should be followed when specific mitigation measuresare developed. The following seven 
general mitigation principles apply to all habitat conservation efforts: 

1. Base mitigation goals and objectives on a landscape-scaleanalysis that considers the needs 
of the region. 

2. Mimic natural processesand promote native species. 

3. Protect rare and ecologically important species and communities. 

4. Minimize fragmentation of habitat and promote connectivity of natural areas. 

5. Maintain structural diversity of habitats and, where appropriate, species diversity to 
promote the natural variety of the area. 

6. Tailor management to site-specific environmental conditions and to the unique impacts 
of the specific degrading activity. 

7. Monitor for habitat impacts from activities and revise mitigation plans as necessary. 

A landscape or ecosystem-level perspective is central to these principles. R. Max Peterson 
(Emeritus Chief of the Forest Service and Executive Vice President of the International Association of 
Fish and Wildlife Agencies) stated that “when land is cleared, care must be taken to maintain the 
minimum size areas of sensitive habitats, with buffers and corridors as neededto ensure the integrity of 
the landscapeecosystem”(Giltmier 1991). The concept of providing for landscapeintegrity when habitats 
are fragmented is central to habitat mitigation in forest, rangeland, wetland, and aquatic systems. The 
two most important methods for maintaining the integrity of fragmented habitats are (1) the provision of 
buffer areas, and (2) the creation of habitat corridors, Buffers representthe principal method of avoiding 
impacts to sensitive areas, and habitat corridors provide the best means of mitigating habitat isolation. 
The most common means of creating both buffer areasand corridors is the preservation of natural habitat 
along streams, steep slopes, and other sensitive areas. 

Habitat Buffers 

The preservation of a habitat of concern includes both the avoidance of direct conversion of the 
area and the maintenance of adequatebuffer areasso that edge effects and other negative impacts do not 
affect the sites. For example, powerline corridors through forests can be “feathered” to avoid some edge 
effects (Gates 1991). Additional areas adjacent to the corridor can be cut to create successional bands 
of vegetation parallel to the corridor opening; this reduces predation rates at the edge and minimizes the 
barrier effects. However, a wider edge results in less forest interior. 

Mitigation procedures for many projects can be designed to reduce the effective width of a cleared 
area and thus decrease the barrier effect. These include creation of small lobes or peninsulas of dense 
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vegetation reaching into the open area, or the creation of entire breachesacrossthe area, either by leaving 
the habitat intact or by staggered defoliation regimes. The establishment of a stable shrub community 
in .a forest corridor can provide movement by less mobile animals with smalI home ranges (Niering and 
Goodwin 1974). 

Research into the impacts on bentbic invertebrate communities of streams indicates that buffer 
strips of at least 30 m are required to prevent alteration in invertebrate diversity and ecological structure 
(principally the increase in abundanceof pollution-tolerant taxa such as chironomids). These buffer strips 
serve to maintain riparian canopy and stream channel stabilization. Failed road crossings also negatively 
impact stream ecosystems (Erman et al. 1977). 

Habitat Corridon 

Mitigation of habitat fragmentation involves the restoration of habitat “connectivity” (Norse 
199Ob). To address the effects of fragmentation, conservation biologists are calling for increased 
provision of habitat corridors. Unlike untested management plans basedon island biogeography theory, 
corridors have been used successfully in wildlife management for 50 years (Harris and Atkins 1990). 
Corridors provide for the movement of animals, serve as a population source, contain whole 
communities, and withstand natural disturbance events, but they also provide for contamination 
transmission (Csuti 1991). Because edge ef%cts reach 200 to 600 m into the forest, Pace (1990) 
recommends a minimum corridor width of 6.4 km to mitigate edge effects. 

In a landmark court decision concerning the USDA Forest Service timber sales in the Klamath 
National Forest, federal agencies were required to consider an area’s importance as a “biological 
corridor” linking wilderness areasbefore permitting logging. The resultant Klamath Corridors Proposal 
can serve as a model of habitat fragmentation mitigation (Pace 1990). It recommends connectivity as 
superior to isolation, continuity over fragmentation, and creation of larger rather than smaller corridors. 

The first priority in developing mitigation plans for habitat loss or degradation should be 
avoidance of the impact. This is usually a siting issue, where construction operations and degrading 
activities are located at a distance from the habitats of concern. The habitat is adequately preserved if 
all possible impact scenarios are accounted for. Barring this solution, effective management measures 
must be implemented to ensure the protection of the habitats of concern. Falling effective management, 
mitigation falls to the restoration of habitat, which is often problematic, or finally to compensation. 

Restoration activities will not be discussedin this document, although they are receiving increased 
attention as mitigation measures, especially in wetland and aquatic systems. The recent volume produced 
by the National Research Council (1992) provides a comprehensive discussion of the science, technology, 
and public policy involved. Many of the principles espoused in this book also apply to terrestrial 
systems. 

This document focuses on the general managementpractices that can be undertaken to mitigate 
habitat degradation and loss resulting from activities in forest and rangeland environments. A central 
tenet of the management approach to habitat mitigation is the control of pollution. This is especially true 
for wetland and aquatic systems where, after physical alteration, off-site impacts to hydrology and water 
quality pose the greatest threat. There is also a growing body of literature on best managementpractices 
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(BMPs) as mitigation measures for aquatic systems. Notably the nonpoint source, clean lakes, and 
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national estuary programs of EPA are promoting BMPs to protect sensitive habitats. Many of these 
measures apply to wetlands and are being implemented under section 404 of the Clean Water Act and 
provisions of the Coastal Zone Management Act. The reader should refer to these programs for 
additional information on mitigating impacts to wetland and aquatic systems. 

in contrast to aquatic systems, forests and rangelands are primarily threatened by direct 
exploitation of their resources (trees and forage grasses). Specific guidance on mitigation measures is 
provided in each regional habitat evaluation section. The following discussion addresses general 
mitigation issues for timber harvesting and grazing methods. 

Timber HarvestinP Mitigation Methods 

At a minimum, the production of commercial wood products from an area must not exceed the 
sustainable level if the ecological integrity of a forested area is to be maintained. Where sensitive forest 
types exist, logging may be completely prohibited or constrained to specific methods to prevent habitat 
loss or degradation. In other areas, more extreme harvesting methods may be allowed or prescribed to 
establish or maintain desired forest conditions. Acceptable methods will vary according to local forest 
ecology and the desired future condition of the site. Analysis of harvesting techniques must be based 
upon an analysis of the structure and diversity of the forest canopy, midstory, and understory. 

A recent directive of the Chief of the U.S. Forest Service acknowledges this fact and points out 
that clear cutting is acceptable only when needed to replicate natural ecological processes. Selective 
cutting can preserve forest structural diversity, the primary determinant of wildlife habitat (Harris et al. 
1979). However, it can reduce horizontal diversity (NRC 1982). The harvesting technique employed 
must be based upon sound silvicultural prescriptions and demonstrate its capability to maintain vertical 
diversity (foliage height diversity), horizontal diversity (interspersion, edge, juxta@osition, patchiness), 
and a mixture of live and dead wood. Specific timber harvesting operations should be designed to 
preserve the structure and diversity of the natural forest habitat. 

Grazing Mitigation Methods 

The current degraded state of rangelands requires restoration as well as management plans. In 
both cases, the timing and extent of continued grazing will determine whether range conditions worsen 
or improve. Increased irrigation for agriculture may delay improvements by adversely affecting water 
tables and stream flow on rangelands. Rest-rotation grazing can improve range conditions, while 
intensified chemical use and mechanical brush removal will likely further degrade range habitats. The 
future management of riparian areas will have the greatest impact on rangeland wildlife and ecosystem 
health (NRC 1982). 

In the past, range condition has been estimated by forage production or production of livestock. 
More recently, condition has been based on the deviation from an ideal range condition or ecological 
climax. More effective use of ecological analyses of range condition will improve the management of 
rangelands. In particular, range managers need the following tools (Wald and Alberswerth 1989): 

l More data (range condition is unknown on many rangelands). 
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l Managementplans for each site (theseshould be ecologically basedand site specific). 

a More managementresources. 

0 Commitment from managementto implement grazing reductions or riparian habitat 
improvement. 

. .omtorme for M itigation Comol ianq 

Successful  m itigation of habitat impacts requires that the proposed m itigation measuresare 
effectively implemented and maintained. However, the considerationof habitat effects is often hampered 
by information gaps and lim its to predictive capability. Therefore, it is essentialthat all m itigation plans 
include adequateprovisions for basel ineand post-project monitoring of habitat condit ions. 

The fact that many  restoration projects designatedas m itigation have not achievedtheir desired 
objectives is well documented.  It is also bel ieved that m itigation measuresfor many  projects are not 
adequately implemented or enforced. Therefore, determination of the true effectivenessof m itigation 
should be the goal of monitoring programs. The following ten-step processfor monitoring m itigations 
for habitat impacts has been modif ied from Ness (1990): 

Establish objectives of the m itigation. 
Gather and  integrate data. 
Establish basel inecondit ions. 
Identify elementsat risk. 
Formula&especific quest ionsto be addressedby monitoring. 
Select indicators. 
Identify control areasand treatments. 
Design and implement the sampl ing scheme. 
Validate relationships between indicators and endpoints. 
Analyze trends and recommendedmanagementactions. 



North Habitat Region: Northern Lakes and Forests 

ungrazed), croplands, croplands with pastures, and urban. 
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Geographical Description of the Region 

The North Habitat Region, Northrrn L&es and Forefir, contains all of eight statesand parts of 
eight additional states. The region includes all of Maine, New Hampshire, Vermont, Massachusetts, 
Connecticut, Rhode Island, New York, Michigan, and parts of New Jersey, Pennsylvania, Ohio, Iowa, 
Indiana, Illinois, Wisconsin, and Minnesota. EPA Region 1 is included in its entirety; parts of EPA 
Regions 2, 3,5, and 7 are also included. The accompanying map indicates the boundaries of this habitat 
region and the states it comprises. 

The Northern Lakes and Forests comprises eight ecoregions (Omernik 1987). The vegetation of 
this region includes northern hardwoods (maple, birch, beech, hemlock), elm, ash, Great Lakes spruce 
and fir, Great Lakes pine, conifer bogs (spruce, larch, arborvitae), maple, basswood, and oak savanna 
(oak and bluestem). The land use patterns include swamps, marshlands, forests and woodlands (mostly 
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The Northern lnkes and Forests contains many habitats of concern, of which the most obvious 
fall into the three general categories of old-growth forest, barrens, and Great Lakes ecosystems. The 
principal habitats of concern most at risk in the Northern Lakes and Forests are listed below. 

.~ ~-

* ’ * ’PRINCIPU EEARlTAm OF CONCm PRINCIPU EEARlTAm OF CONCm 
INTHE NUR~~ANDFU~ INTHE NUR~~ANDFU~ 

i. i. Old-gnwvta and mature forests Old-gnwvta and matureforests 
* * mm&east conifer and hardwoods&zests mm&eastconifer and hardwoods&zests 
:*. ~CentrafhardwQods~~, :*. ~CentrafhardwQods~~,
l .-bOreal’far~tsQfaorthernl&states l .-bOreal’far~tsQfaorthernl&states 

2. I%arrem. 2. I%arrem. 
* pit& pine-snub &k&ura~~, * pit& pine-snub &k&ura~~, . . .. 
l A@@achian khzile barnas l A@@achian khzile barrens 
-0 c&q cliff aud ridge~taiw+ndra, meadow, and heath -0 c&q cliff aud ridge~taiw+ndra, meadow,and heath 

l . l . 

-a’ -a’ 

.3. .3. Greatiafres coastal habitats Greatiafres coastalhabitats 
l barrier islauds l barrier islauds 

l dunesystems l dunesystems 
l CQastal wetlands l CQastal wetlands 

l pames or intradunal ponds l pannesor intradunal ponds 
l l rocky shore-s atong Lake Supetir with arctic species rocky shore-s atong Lake Supetir with arctic species 
l bIufii with oak savannas, jack pine woodbds, and l bIufii with oak savannas, jack pine woodbds, and 

lx!eYAl-maple forests lx!eYAl-mapleforests 
‘..‘. .: ‘..‘. .:.’ .’ 

Habitat Values and Trends 

The Northern Lakes and Forests originally consisted of a vast forested area covering both New 
England and the northern Lake States. Once virgin forest, New England was cultivated on 75 % of arable 
land by 1840, but is now primarily forested again (DeGraaf 1991). The White Mountains of New 
Hampshire and western Maine wntain many forest cover types; northern hardwoods constitute 
approximately half of the area. Because of the glacial origin of soils in New England, many of the most 
fertile sites are on midslope and produce hardwood forests. The impervious layer (fragipan) underlying 
much of these till soils produces vernal pools, seeps, and wet ground during the spring even on upper 
slopes. Therefore, the forest landscape of New England is a mosaic of forest types and nonforest habitats 
that occur in relatively small patches, especially in the mountains. Among these isolated habitats are 
various forms of barrens that support numerous rare species. The vegetation of the northern lakes region 
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has a more recent history of timber harvesting and forest regrowth, but consists of a greater variety of 
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habitats including many northern forest types, coastal habitats, and wetland types. 

Northeastern Forests 

Forests of seven northeastern statescomprise 49.5 miliion ac or about 70% of the total regional 
land area(Barrett 1980). Major forest type groups are maple-birch-beech, white-red jxk pine, spruce-fir, 
loblolly-shor&af pine, and oak-hickory. By 1890, most of the northern spruce had been cut; the 
hardwood forests soon followed. Large fires swept over northern New England shortly after the turn of 
the century. Other forest losses have been due to the chestnut blight, diseasesof birch and beech, and 
gypsy moth attacks on oak. Overcutting of wmmercially desirable specieshas resulted in the expansion 
of elm-ash-red maple at the expense of beech-birch-sugar maple. In the Northeast, substantial areal 
declines have occurred in oak-gumcypress (53 %), loblolly-shortleaf pine (49%), elm-ash-cottonwood 
(38%), aspen-birch (25%), oak-hickory (20%), and spruce-fir (14%) (Flather and Hoekstra 1989). 

In the last 100 years, one-!Xth of the region’s total acreagehas reverted from pasture and tiIlage 
to brush and forest (Hagenstein 1990). Since the 195Os,most of the increase in forest area is directiy 
linked to the decrease in farm area, especially dairy farming. By the 196Os,the areal extent of suburban 
developed land surpassed that of agricultural land. Since that time, the development of recreational 
homes in the mountains and along coasts and lakeshores has resulted in large areas of fragmented, 
sensitive lands. This process has fragmented ownership in a region with the lowest ratio of publicly 
owned land of any forested region in the United States. The result of this long history of exploitation 
is that less than 1% of New England’s total acreage is in pristine ecosystems(Giltmier 1991). 

Extended wildfire protection and insect and disease control programs have greatly reduced the 
loss of forest trees to these factors. However, both mortality and lowered growth rates have resulted 
from air pollution in the Appalachians and eastern Canada. Projections indicate a decline throughout the 
North over the next 50 years. Urban area has doubled, and small forest parcels and low-value timber 
lands will likely be converted tc other uses. However, several states in the North have adopted 
regulations to ensure the regeneration of logged areas and to protect water quality (Hagenstein 1990). 

Northern Lakes Fores& 

Approximately 43 % (52 million ac) of the total area of Michigan, Minnesota, and Wisconsin is 
forested (Barrett 1980). Replacement of forest with agriculture increasesfrom the East to the West and 
from the North to the South. The Lake Statesforests are 75% hardwoods (principally aspen-birch) and 
25% conifer (mostly spruce-fir). They include 15 northern forest cover types, 4 central hardwood wver 
types in the “big woods” ares of Minnesota and the southern portions of Wisconsin and Michigan, and 
8 boreal forest cover types. 

In 1902, the region led the wuntry in timber production; by 1910, the majority of commercially 
valuable white and red pine was gone. ln later years, overexpansion of farming cleared vast areas of 
forest. Fires and swamp drainage also contributed to devastation of the forest area in the region. 
Substantial losses are still occurring in the forested areas in the northern Lake States. Logging is 
proceeding at a rapid rate in Michigan. In Wisconsin, oak forests are beiig intensively harvested for oak 
veneer, and aspens are declining as a result of forestry managementpractices. White pine and hemlock 
in southern Michigan, once dominant in the area, are today nearly absent. The elm-ash forest type in 



Ohio, Indiana, and Michigan has been reduced by 90% as a result of conversion to agriculture and 
urbanization. 

Forest Value 

Forest ecosystemssupport 90% of the total bird, amphibian, and fish speciesand 80% of mammal 
and reptile species in the United States. In addition, the No&em Lukes ti Forests contains an average 
2.6 endangered and t.hr& speciesper county as of 1984 (Flather and Hoekstra 1989). Some of the 
ecological values of each of the regional forest types are listed below: 

l Oak-hickory - supports southern bald eagle, red wolf, redcockaded woodpecker and 
contains many diverse mesic environments. 

l Maple-beech-birch - includes a wide variety of tree, shrub, and forb species that provide 
aesthetic, wildlife (e.g., moose), and recreational resources. 

l Spruce4i.r - contains many remote and pristine environments that support moose, great 
homed owl. 

0 Aspen-birch - represents a pioneer wmmunity that follows disturbance and supports 
mfkd grouse and moose. 

l White-red-jack pine - supports threatened species such as eastern timber wolf, peregrine 
falcon, and Kirtland’s warbler. 

0 Elm-ashcottonwood - represents important riparian habitat along moist river and stream 
bottoms, and in and around swamps and depressions. 

Old-Growth and Mature Few 

Old-growth forests are unique, vanishing environments that merit preservation for aesthetic, 
ecological, and scientific values (Society of American Foresters 1984). Although the Northern Lakes und 
Foreszsdo not contain the acreagesof virgin forest still found in other parts of the country, many mature 
forests greater than 100 years old do exist. These mature forests possessa variety of important ecosystem 
values and should be the focus of habitat conservation efforts. 

As an example, the majority of remaining old-growth stands in Pennsylvania are on steep 
mountain slopes and deep, narrow, boulder-strewn ravines. This is a result of a long history of naturaI 
disturbance and anthropogenic degradation that has dramatically changed the composition of the present 
day oak forests of Pennsylvania. They differ dramatically from the original types that were present 
before settlement in early 1600s. Even with extensive clearing for agriculture and coal mining, the state 
was 75% forested in early 1800s. By 1850, however, Pennsylvania was the logging center of nation. 
Subsequent attacks by the American chestnut blight and beech bark fungus and severe vegetation 
destruction from growing white-tailed deer populations killed many trees. Most important, extensive 
clearcutting caused a shift in species composition with declines in white pine and eastern hemlock and 
increases in yellow birch, black cherry, and red maple. Remaining old growth in Pennsylvania can be 
classified into four types after Kuchler (1%): beech-maple;hemlock-northern hardwood forest (hemlock-
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white pine-beech-black birch); Appalachian oak forest (chestnut oak-white oak-red oak-hickory); and 
mixed mesophytic forest (white oak-red oak-yellow poplar-basswood) (Smith 1989). 

The old-growth forests of the northern Lake States are another important habitat type. 
Historically, pine and hemlock-northern hardwood forests were most extensive. Nontraditional old-
growth ecosystems include northern white-cedar, speckled alder, northern pin oak, black ash, bigtooth 
aspen, and trembling aspen. The old-growth forest ecosystemsof this region contain a greater regional 
and local diversity than has been generally appreciated (Barnes 1989). Northern Lakes and Forests 
habitats vary with the pattern of structurally (physiography, soil, vegetation) and functionally different 
landscape ecosystems. 

Great Lakes coastal Ews~stems 

The many wetland and sand dune ecosystemsof the Great Lakes coastal region are important in 
the Northern Lakes and Forests and vary according to physiography, associatedsoils, and other abiotic 
factors (Barnes 1989). Many of the ecosystems that have not been destroyed or highly modified are 
imminently threatened. Impacts include the lumbering of most Great Lakes forests in the late 18OOs, 
destruction of over half of the wetlands, pollution from heavy industry, and the proliferation of lakefront 
residences and structural modifications to protect shoreline property. Degradation from recreational use 
and the accidental or purposeful introduction of alien species are also important (Hiebert 1990). 

Wetlands and Aauatic Svstem 

Because the Great Lakes contains 54% of the nation’s water area (a total of 58 million ac), 
wetlands and aquatic systems are especially important habitats in the Northern Lakes and Forests. Along 
the Great Lakes, large inland coastal marshes lie behind beach ridges and are often influenced by lake 
water levels and wind tides. Other wetlands are eutrophic or boglike and, although still common, are 
much reduced in size (e.g., 71% of Michigan marsheshave decreasedin area). In addition, many glacial 
wetlands occur within the northern forests. They are often surrounded and invaded by trees producing 
boglike edges with sedges and mosses and alder willow. 

Many smaller lakes exist throughout the Northern Lakes und Forests. Acidification from 
atmospheric deposition has had a severe impact on lakes of the Northeast. Diverse marine environments 
exist along the northern Atlantic wast, including many glaciated estuaries and the modified Hudson River 
Valley. 

Activities and Impacts Affecling Habitats 

The major sources impacting habitats in the Northern Lakes and Forests include residential 
developments, industrial and commercial developments, dam construction, interstate highway or 
expressway construction, logging and silvicultural practices, solid waste disposal, and peat mining. 
These activities have had adverse impacts on species populations and their behavior, as well as on 
ecosystem processes such as energy flow and nutrient cycling. They have also contributed to the 
proliferation of nuisance plants and animals. In its comparative risk analysis, EPA Region 1 concluded 
that the highest risk to upland and aquatic habitats in New England is concentrated in rapidly growing 
areas (e.g., central Connecticut, southern Maine, and New Hampshire). Historical losses of terrestrial 
environments are greater toward the coast and the southern part of the region. 
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fragmentation of terrestrial habitats. 
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Agricultural conversion and grazing are relatively minor activities in the region, while timber 
harvesting practices and peat mining continue to degrade terrestrial environments throughout the region, 
especially in Maine and the northern Lake States. However, the conversion of land to iudustri;!. . 
residential (including secondhomes), and transportation uses is the most severecauseof terrestrial habitat 
loss in the Nor&r71 Lakes and Foreszs. The major metropolitan areas in this region are under enormous 
pressure from human populations, and the effects are degrading the remaining natural habitats in the area. 

The following activities result in the major impacts on habitats of wncem in the Northern Lakes 
and Forests. 

IMPACTS ON EA%lTATS OIi CONCERN IN TEE NOR~RW AND FORGSIS 

Dcstmfztionfrom 

Historically, land conversion of both uplands and wetlands has profoundly affected the natural 
communities in the Northeast. The early clearing of eastern forest for small farms benefitted robins, 
woodchucks, and bobwhite quail, but negatively impacted wild turkeys, black bears, and moose. Since 
that time, the large population centers are primarily responsible for the conversion of natural areas, i.e., 
through industrial and residential development. Because cities concentrate on coastal areas, the unique 
environments of the Atlantic and Great Lakes shores have been most at&&d. Recent increasesin second 
home and resort development are now contributing to wnstruction in previously pristine areas. In many 
cases, rare barrens, dunes, and wetlands areas are being converted with the loss of many rare plant 
species. More generally, “spin-off development” associatedwith highway construction has facilitated the 
expansion of land use conversions into rural areas. This increased road construction is causing severe 



Timber &rve.sting 
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Timber harvesting activities can fragment, simplify, and degrade forest habitats. 7’he faunal 
wmmunities inhabiting forests vary with the successional, or seral, stage such as grass/forb, 
shrub/seedling/sapling, medium tree, and large tree. Becausethe principal impact of timber harvesting 
practices is to convert forest stands from later to earlier seral stages, logging has a major impact on 
resident animal as well as plant species. Timber harvesting teleswpes plant succession, shortens 
rotations, timpresses seral stages; and decreasesthe proportion of old growth. For example, old-growth 
spruce, fir, and white cedar disappear with short rotations in Maine (i.e., reducing wintering grounds for 
deer). The conversion of hardwoods to conifers creates structurally simplified plantations that reduce 
structural diversity and wildlife. This has produced a trend away from declining habitat types and toward 
common habitat types. Management for monotypic even-aged stands causes increases in forest pest 
damage which often result in large-scale spraying and the accompanying impacts. Timber harvesting 
activities also impact nearby aquatic systems through erosion and sediment transport. 

Second in concern to the decrease in old-growth forests is the general decline in neotropical 
migrants that breed in eastern hardwood forests. Although the situation is complicated by losses of 
wintering habitats for long-distance migrants in Latin America, results indicate that species still present 
in large blocks of forest are absent from small patches (Robbins et al. 1989). Fragmentation of forest 
habitat from timber harvesting and from land conversions, especially for transportation, appearsto be the 
major cause of these declines flerborgh 1989). 

Recreational Activities 

Forest habitats, and especially the many unique barrens, dunes, and wetland habitats in the 
Northern Lakes and Forests, can be negatively impacted by recreational activities. These impacts are 
usually localized, but can severely affect the hydrology and nutrient cycling regimes of vulnerable 
habitats. As an example, the annual Canaan Valley motorcross contributes to the degradation of sensitive 
wetland habitats through soil erosion. 

Mitigations of Impads 

The conservation of habitats requires consideration of mitigations for the major activities 
impacting habitats of concern. In the Northern Lakes and Forests, the primary habitat impacts are caused 
by the following: 

0 Land conversion and timber harvesting of old growth and mature forests. 
l Land conversion of barrens and other rare habitat types. 
l Land conversion and pollution of Great Lakes ecosystems. 

Land Conversion 

Effective mitigation of land use conversion activities can sometimes be obtained only by avoiding 
impacts on rare or unusual habitat types. Rarely, if ever, is restoration or compensation an adequate 
mitigation for the loss of these habitats. In these cases, mitigation is a siting issue, where construction 
and degrading activities are located a distance from the habitats of concern. The habitat is adequately 
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preserved if all possible impact scenarios are accountedfor. Barring this solution, effective management 
measuresmust be implemented to ensure protection of the habitats of concern. 

In the caseof barrens habitats or unique Great Lakes ecosystems,hydrological and contamination 
concerns are especially important. Construction or resource management activities require the use of 
sediment filter strips and other means of intercepting off-site contaminants. Road building and structural 
“improvements” must not result in altered hydrological regimes. Where rare plant types exist or where 
habitats are unstable (e.g., sand dunes), recreational accessassociatedwith nearby development may have 
to be limited. 

Amelioration of impacts from land conversion to transportation uses requires special mitigation 
measures. As with all land conversion, the construction of highways and power-line corridors is 
primarily a siting issue. Avoidance of sensitive habitats may be accomplished by modifications to the 
route design, and the extent of disturbance can be limited by careful construction practices. However, 
fragmentation of the larger area is unavoidable in the case of land conversion to transportation corridors. 
Structural mitigations can be used to lessenthe impact on animal movement acrosstransportation routes. 
Fhmrily, these include the construction of fences and underpasses. The goal of these structural 
measures should be to mimic the natural movement and migration patterns of the affected species. 

Timber Harvesting 

At a minimum, the production of commercial wood products from an area must not exceed the 
sustainable level if the ecological integrity of a forested area is to be maintained. Where sensitive forest 
types exist, logging may be completely prohibited or constrained to specific methods to prevent habitat 
loss or degradation. In other areas, more extreme harvesting methods may be allowed or prescribed to 
establish or maintain desired forest conditions. Acceptable methods will vary according to local forest 
ecology and the desired future condition of the site. Analysis of harvesting techniques must be based 
upon an analysis of the structure and diversity of the forest canopy, midstory, and understory. 

A recent directive of the Chief of the U.S. Forest Service acknowledges this fact and points out 
that clear cutting is acceptable only when needed to replicate natural ecological processes. Although, 
selective cutting can preserve forest structural diversity, it can reduce horizontal diversity (NRC 1982). 
The harvesting technique employed must be basedupon sound silvicultural prescriptions and demonstrate 
its capability to maintain vertical diversity (foliage height diversity), horizontal diversity (interspersion, 
edge, juxtaposition, patchiness), and a mixture of live and dead wood. Specific timber harvesting 
operations should be designed to preserve the structure and diversity of the natural forest habitat. 

An important component of selective cutting should be the preservation of standing dead trees. 
Northern hardwood forests contain 24 species of birds that nest, roost, or forage for invertebrates in 
standing trees with decayed wood. These cull trees are usually the first focus of forest-thinning 
operations, to the detriment of the birds. Breeding bird abundancedeclines rapidly following a clear cut, 
and the species composition continues to change for 10 to 15 years (DeGraaf 1991). However, if trees 
with cavities are saved, many of these species can successfully forage on sound boles. About one large 
cavity or den tree per 2 ha is required for populations of large species such as wood ducks; this requires 
harvest rotations of 100 to 125 years (although rotations of 65 years produce trees large enough for 
species nesting in smaller cavities). 
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Responding to the “biodiversity crisis, ” the U.S. Forest Service is moving toward an ecosystem 

types and sixes, standing dead trees and down material, tree snags, and cavity trees. 
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approach to forest management (Bob Szaro, personal communication). Recent forest managementplans 
have incorporated tenets of the “New Forestry” espoused by Jerry Franklin. These progressive plans 
require the rigorous implementation of ecological management practices to maintain forest productivity 
and to preserve the functioning of sensitive forest components such as old-growth or late-successional 
forests. Effective mitigations for habitat conservation in forest managementrequire specific management 
measures at the site, watershed, and landscape levels. For example, the location. and size of timber 
harvests should be planned to minimize reduction of the core area of mature forest (e.g., harvest only 
aknate basins until regrowth). Maintenance of mature-forest stands in managed landscape can be 
achieved by extending rotation (beyond 80) to 150 to 200 years, by leaving some stands unharvested for 
old growth, and by linking stands. Landscape-scaleconsiderations include the provision of buffer zones 
and habitat corridors as discussed in the introduction of this document. The following management 
measures are recommended for conserving habitat within managed forests: 

l Minimize the construction of new roads and close roads not in use either permanentIy or 
seasonally. 

a Use best managementpractices (BMPs), such as filter strips, to minimize erosion during 
harvesting or road construction. 

l Maintain 1004 riparian zones with adjacent feathered transition zones to buffer edge 
effects. 

l Restrict harvesting operations to periods when the ground is either dry or frozen. 

l Maintain site productivity by retaining large woody material and minimizing mineral soil 
exposure and compaction during harvesting. 

l Manage for natural disturbance patterns to maintain natural openings and successional-
stage composition. 

l Maintain connections between blocks of interior forest, especially old growth. 

l Provide for the protection of special areas, including cliffs, caves, taluses, riparian areas, 
and old-growth stands. 

l Maintain the structural integrity and the native variety of the forest by managing for the 
natural composition of the following components: vegetative types, seral stages, tree 
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Guidelines for Revkwws 

Reviewers of environmental impact assessmentswiI1 find this document u&i11 if they follow the 
steps laid out in the introduction: 

1. Review the status and trends of habitats in the region. 

2. Identify the habitats of concern. 

3. Link the activities involved with impacts to these habitats of concern. 

4. Devise appropriate mitigations for the impacts. 

Each reviewer can then determine the adequacy of the environmental impact assessmentin question and 
recommend modifications to enhance its effectiveness. 

In identifying the habitats of concern, the reviewer should supplement the information in this 
document with detailed locational information on the abundance and distribution of habitats within the 
region of interest, and with any historical information on the extent and quality of these habitats. Most 
important, the reviewer should characterize the habitats in terms of their ecological vahres (e.g., use of 
wooded wetlands by migratory waterfowl). 

In considering the links between activities and habitats, the reviewer should look beyond direct 
impacts to indirect and subtle ef%cts, including cumulative impacts, interactive and synergistic impacts, 
and scale-dependent impacts (e.g., effects of fragmentation on ecosystem integrity and species home 
ranges). 

In devising possible mitigations, the reviewer should follow the seven principles for habitat 
mitigation repeated below. The reviewer also should determine whether adequate assuranceshave heen 
given that the mitigations proposed will be completed. 

1. Base mitigation goals and objectives on a landscape-scaleanalysis that considers the needs 
of the region. 

2. Mimic natural processes and promote native species. 

3. Protect rare and ecologically important species and communities. 

4. Minimize fragmentation of habitat and promote connectivity of natural areas. 

5. Maintain structural diversity of habitats and, where appropriate, species diversity to 
promote the natural variety of the area. 

6. Tailor management to site-specific environmental conditions and to the unique impacts 
of the specific degrading activity. 

7. Monitor for habitat impacts and revise mitigation plans as necessary. 
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Finally, the reviewer should consider the proposed activities and mitigations in the context of 
be in 

Service 

Habitat Evaluation 35 North 

relevant regional program goals and objectives (e.g., whether the outcome of the project will 
accordance with principles set out by segional planning commissions such as those established for the 
New York Bight and the Great Lakes). 

Contacts and Information !!bmces 

When considering habitat conservation issues in an environmental impact assessmentfor the 
Northern Lakes Md Forests, the reviewer should consult the following organizations and individuals for 
information on habitat impacts and mitigations: 

State Natural Heritage Programs 
U.S. Fish and Wildlife Service, Regional and Area Offices 
State Fish and Game Departments 
University and Research Programs 
Herbaria and Museums 

Lesley S&don, Regional Ecologist, The Nature Conservancy 
Ralph Pisapia, Associate Director, Fish and Wildlife Enhancement, U.S. Fish and Wildlife 



M idwest Habitat Region: Midwest Croplands 

Geographical Description of the Region 
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The Habitat Region, Midwest Cr@iz&.r, contains parts of 13 states. The region includes parts 
of Ohio, Indiana, Illinois, Missouri, Iowa, Wisconsin, Minnesota, North Dakota, South Dakota, Iowa, 
Nebraska, Kansas, and Oklahoma. Parts of EPA Regions 5, 6, 7, and 8 are included. The 
accompanying map indicates the boundaries of this habitat region and the states it comprises. 

The Midwest Croplands comprise eight ecoregions (Omemik 1987). The vegetation of the 
Midwest Crupfu&s includes a range of mosaic of bluestem, prairie (bluestem and indiangrass), oak, 
hickory, wheatgrass, needlestem, oak savanna, maple, basswood, beech, elm, and ash. The land use 
patterns are croplands and croplands with grazing lands. 



Habitats of co-

The Midwest Croplrmdr contains many habitats of concern; the most obvious fall into the four 
general categories of oak savannas, native prairie remnants, wetlands, and old-growth central hardwood 
forest. The principal habitats of concern most at risk in the Midwest Crc~phds are listed below. 

’ ’ ’’PRINCIPAL HABITATS OF COIUCERN PRINCIPAL HABITATS OF COIUCERN 
INTmzAolmmTmoP~s INTmzAolmmTmoP~s 

1. 0aIcsavanilas 1. 0aIcsavanilas 

2. Native prairie remn&a 2. Native prairie remn&a 
l taIlgrass l taIlgrass 
l l littIe bluestem prairie littIe bluestem prairie 
e bill prairie e bill prairie 

3. wedands. ‘.. ‘... 3. wedands. ‘.. ‘... 
l l buttumland hardwoods of the Missis&pi and Platte Rivers buttumland hardwoods of the Missis&pi and Platte Rivers 
s -.p~~,pofh~~ s -.p~~,pofh~~ 
s s rlparian conidors. @mly -a few. r-g) rlparian conidors. @mly-afew. r-g) 

: : 
4. 4. Riynnmt central hardwood forest (v+aIIy none l&Q. Riynnmt central hardwood forest (v+aIIy none l&Q. 

Habitat Values and Trends 

The Corn Belt States of the Midwest have sustained the greatest conversion of terrestrial 
environments to human land uses in the nation. The elm-ash forest type in Ohio, Indiana, and Michigan 
has been reduced by 88% as a result of conversion to agricultural and urban uses (Klopatek et al. 1979). 
Bluestem prairie and its transition zone with oak-hickory forest has declined by 85% and 78%, 
respectively, representing a loss of more than 41 million ha, primarily due to conversion to agriculture. 
The agricultural states of Iowa, Illinois, and Indiana have lost the highest amounts of their natural 
ecosystems (92, 89, and 8246, respectively). 

As with forest habitats, the spatial pattern and fragmentation of prairie vegetation can negatively 
affect native fauna and ecosystem health. The loss of grassland habitat to agriculture is responsible for 
the decline in prairie birds, especially those requiring large continuous habitats, and is analogous to the 
reduction in old-growth forests and its obligate species. The upland sandpiper, bobolink, dickcissel, 
grasshopper sparrow, Savannahsparrow, and Henslow’s sparrow all declined by 90% between the 1950s 
and 1970s (Graber and Graber 1983). Based on 1984 maps (USDA Forest Service 1989), the average 
number of endangered and threatened species per county is 2.4 for the Midwest Habitat Region, the 
lowest in the nation. Many historical species, however, have been extirpated from the Midwest. 
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Therefore, the few remainin g natural areas are the major contributors to the diversity of the region. 

riparian areas have been lost to human activities (Ohmart and Anderson 1986). 
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These areas include isolated examples of savanna, grasslands, and forests. 

Savanna 

Oak savanna once covered between 11 and 13 million ha of the Midwest in the states of 
Minnesota, Iowa, Missouri, Illinois, Wisconsin, Michigan, Indiana, and Ohio (Nuxxo 1986). It is now 
the rarest major habitat type in the Midwest; in 1985, only 113 sites totaling 2,607 ha of high-quality oak 
savannaremained in the Midwest, representing 0.02% of its original extent. Oak savanna is dominated 
by oaks producing 10 to 80% canopy, with or without a shrub layer, and has a herbaceous, 
predominantly grassy ground layer of prairie or forest species. Because savanna is firedependent, it 
rapidly converts to forest without fire or severe droughts. This occurred over much of its range within 
40 years of settlement. Fire was elimmated by plowing and grazing, and by the construction of roads 
and railroads, which act as firebreaks. other than a few areaswith the appropriate moderate grazing or 
occasional fires, existing savanna occurs only on d&ghty sandy or rocky soils. 

Grasslands 

Prairie habitats constitute another important regional habitat that is greatly reduced in area. Only 
minor remnants of the vast area of tallgrass prairie remain. Restoration activities, a major component 
of prairie conservation efforts, have been attempted (1) by upgrading existing degraded prairies, and (2) 
by establishing prairie communities on sites without existing prairie species (Kline and Howell 1987). 
In addition to planting and site preparation techniques, fire is an essential tool in prairie restoration. 
Unfortunately, most restored prairies contain unwanted speciesand require special managementinvolving 
site preparation and fire to address exotic herbs and woody species, respectively. 

Forests 

Merritt (1980) described the forests of the central region of the United States as comprising 40 
million ha of the originally greater than 140 million ha of hardwood forest, or about 15% of the total land 
area powever much of these forests occur outside the Midwest Habitat Region in the states of Kentucky 
and Arkansas]. These forests have a long history of disturbance from Indian and European slash and 
bum systems, plus livestock grazing and logging. Throughout the Midwest, both the hilly well-drained 
soils and the more fertile wetter, glaciated areas have been cleared for agriculture. Woodlands not 
cleared for farming were heavily timbered. By the 193Os, permanent clearing had created the most 
fragmented forest system in the United States. 

The most extensive forest type, oak-hickory, makes up 72 % of the forest acreage, while elm-ash-
cottonwood occupies about 17%. Today, woodlands are limited in size, are widely dispersed, and occur 
primarily in the portions of the land that cannot be easily worked for row crops. Along the prairie 
fringes, wooded areas are located on steep bluffs and ravines and along poorly drained bottomlands. 
Elsewhere, they are found on rough and rocky land, on poorly drained uplands, along stream banks, and 
on bottomlands subject to overflow. These few remaining forests are especially important because of 
their role as riparian areas in the ecological functioning of the watershed. Nationwide 70% to 90% of 



Habitat Evaluation 40 Midwest 

Even in the last 25 years, total Midwest forest has continued to decline. Only 100,000 ha or 
0.07% of the original central hardwood old growth remains, mostly in protected areas that were once 
family farms. Tbe long-term viability of this forest type is in question due, in part, to the “natural” 
change from oak-hickory to sugar maple (perhaps from reduced fire or climate change) occurring on 
mesic sites. Degradation is continuing from recreational overuse and vandalism, and from adjacent 
impacts such as urban construction, soil erosion, agricultural chemicals, land drainage, and strip mining 
for minerals (Parker 1989). 

Prairie wetlands, located in the glaciated portion of the states of North Dakota, South Dakota, 
Minnesota, and Iowa, constitute the single most important breeding area for waterfowl in North America 
(Hubbard 1988). These wetlands support 50 % to 80% of the continent’s duck populations as well as 
many other wildlife species such as nongame birds, muskrat, and mink. These wetlands, or prairie 
potholes, are relatively shallow, water-holding depressionsvarying in size, water permanence, and water 
chemistry. Refilling usually occurs from spring precipitation and runoff, and water levels fluctuate 
widely due to climate variability (Poiani and Johnson 1991). 

Other wetlands include diverse shallow wetlands, ponds, and lakes that were glacially formed, 
and bottomland hardwoods. The peak Ioss in bottomland hardwood habitat occurred in the 1970s and 
198Os,and losses have declined since then for economic reasons. 

Activities and impacts Affechg Habitats 

‘Ihe following activities result in major impacts on habitats of concern in the Midwest Cro&nd.~ 

0 Conversion to agriculture and offsite impacts of cultivation practices (especially to aquatic 
systems), 

l Urban development, both residential and commercial (particularly in large metropolitan 
areas such as Chicago, St. Louis, Cleveland, and Minneapolis-St. Paul). 

0 Forest loss and fragmentation (especially to highway development and channelization of 
riparian areas). 



The major impacts of degrading activities on the principal habitats of concern are summarized 
in the table below. 

oaksavaana.’I Major conversion Moderate Moderate Minor Successionto 
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to agriculture 

Prairie Major conversion 
to agricultllre 

Wetlands ,, :. 
I 

Major conversion 
toagricultureand 

None Major Minor 

None None Drainagefor land 
conversion 

Removedprior None None 
toagliculture 

forest after 
fire 
suppression 

Invasion of 
exotic 
species 

Minor 

Minor 

Land Conversion 

Historically in the Midwest, conversion to agriculture has been a major factor affecting habitat 
loss. In Illinois and Indiana more than 80% of the natural ecosystems have been lost to agriculture. 
Conversion to agriculture is continuing on the fence rows and ditch banks that remain. Odd-dimensioned 
plots are now being converted as a result of monetary incentives in Wisconsin and other states (Todd 
Peterson, personal communication). During the Illinois state inventory of prairies, lands were disturbed 
for railroad maintenance or converted to agricultural fields faster than they could be identified. These 
conversions represent the loss of the only remaining wildlife habitats in many areas (Illinois Department 
of Conservation 1978). This is especially true of bottomland hardwoods, which were also affected by 
charmelization and timber harvesting. Logging continues on the last large tracts of forest, including 
accelerated development via barge canal along the lower Kaskaskia River (the largest remaining tract of 
bottomland timber in Illinois). The loss of riparian areas has resulted in declines among the waterfowl 
of the Mississippi Flyway. 

Approximately 60% of North Dakota’s original 5 million ac of prairie pothole wetlands has been 
lost (Stromstad and Donovan, 1989). Agricultural development accounts for nearly 99% of prairie 
pothole losses. In northeastern Illinois, 20% of wetlands identified by aerial photos were filled for 
construction between 1970 and 1974. Instances of new wetland drainage appear to have dropped 
significantly; however, upland grasslands adjacent to wetlands are still significantly at risk. 
Approximately 50 % of the grasslands in the Missouri Coteau of North Dakota were converted to cropland 
between 1965 and 1975. Loss of grasslands, hayed and grazed for livestock production, adversely affect 
many species, including the elimination of upland nesting cover for ducks. Some limestone glades are 
being quarried; hill prairies are being used for homesites; railroad prairies face new maintenance threats 
from herbicides and heavy machinery; and new lands are now being cultivated. 
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Both the extensive coverage and.intensive use of agricultural land in the Midwest pose additional 
stresses to habitats through cultivation practices (NRC 1982). The use of fertilizers and pesticides, 
irrigation and drainage, double cropping and increasedfield size all contribute to increasedpollutant loads 
and severe impacts on habitats. Agricultural chemicals are toxic to many species and can negatively 
affect population levels, community composition, and ecosystem dynamics. Other intensive cultivation 
practices directly reduce important hedgerow and riparian habitat and usually produce severe offsite 
impacts. 

Impacts on Aouatic Svstems 

The intensive use of midwestem lands converted to human uses has resulted in a high level of 
pollution discharge and other negative impacts on aquatic systems. A historical example is the 
degradation of the Illinois River through intensive human use from Chicago, including sewagedischarge, 
dredging, damming, barge traffic, and introduction of carp. As a result, half of the original 400,000 ac 
were drained, and the other half of the sand-bottom backwaters of the river were covered with mud. 

Smaller streams throughout the Midwest have also been severely degraded through the impacts 
of agricultural practices and urban expansion. in particular, fish populations have been extirpated by the 
following factors (in order of relative importance): 

l Siltation. 

a Drainage of wetlands. 
l Stream desiccation due to lowered water tables. 
l Competition and hybridization due to habitat changes and introduction of exotic species. 
l Pollution. 
l Dams and impoun&nents. 
l Raised water temperatures with removal of streamside vegetation. 

Mitigation of xmpacts 

The conservation of habitats requires consideration of mitigations for the major activities 
impacting habitats of wncern. In the Midwest Habitat Region, the primary habitat impacts are due to 
the following: 

l Conversion to agriculture and off& impacts of cultivation practices. 
l Urban development, both residential and commercial. 
l Forest loss and fragmentation. 

In the Midwest, habitat conservation of oak savannasand prairie types is essentially a restoration 
and creation effort. Less habitat of high ecological integrity remains in the Midwest than in any other 
region except the central valley of California and parts of Florida (Steve Chaplin, TNC, personal 
wmmunication). Restoration of grassbmd systemsconcentrateson revegetation and borrows largely from 
agriculture and horticulture (Jordan et al. 1988). The most wmmonly measuredparameters at restoration 
sites are the survival and growth of planted vegetation for the first few growing seasons,generally too 
short a period to evaluate the ultimate species diversity or the presence of self-regeneration. More 
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successful has been the use of a “prairie matrix” (developed by Robert F. Betz) of a few aggressive and 
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tolerant native species that survive weed competition too intense for many other native plants (Packard 
1988). Restorationists follow this matrix with less aggressive species to effectively shorten the natural 
ecological succession of prairies. 

Degradation of remnant forest is continuing from recreational overuse and vandalism and from 
adjacent land-use practices such as urban construction, soil erosion, agricultural chemicals, land drainage, 
and strip mining for minerals. Research is needed to determine whether important mitigation factors 
(e.g., adjacent harvest, increased access through new roads, different harvest systems, and width of 
buffers) can be applied (Parker 1989). 

Land Conversion 

Effective mitigation of land conversion activities can sometimes be obtained only by avoiding 
impacts on rare or unusual habitat types. Rarely, if ever, is restoration or compensation an adequate 
mitigation for the loss of these habitats. In these cases, mitigation is a siting issue, where construction 
and degrading activities are located at a distance from the habitats of concern. The habitat is adequately 
preserved if all possible impact scenarios are accounted for. Barring this solution, effective management 
measures must be implemented to ensure the protection of the habitats of concern. 

In the case of unique riparian or wetland habitats, hydrological and contamination concerns are 
especially important. Construction or resource management activities require the use of sediment filter 
strips and other means of intercepting offsite contaminants, Road building and structural “improvements” 
must not result in altered hydrological regimes. Where rare plant types exist or where habitats are 
unstable, recreational access may have to be limited. These mitigations can be best implemented by 
creation of a regional land-use plan (through a coordinating council like the Waterfowl Flyway Council) 
and landowner incentives (like the Conservation Reserve Program). 

Conversion to agricultural land is a special concern in the Midwest. Land conversion to 
agriculture can cause ground water overdraft, salinization of topsoil and water, reduction of surface 
water, high soil erosion, and destruction of native vegetation. Mitigations include more conservative 
irrigation techniques and improved drainage systems. Soil conservation techniquesvary from windbreaks 
to contour plowing, stripcropping, rotation of crops, conversion to grass, and/or minimum tillage. 

Agricultural Impacts 

Maintenance of riparian areas and habitat corridors is effective mitigation for intensive 
agriculture. Implementation of integrated pest management (IPM) practices can reduce the load of toxic 
agricultural chemicals entering both terrestrial and aquatic systems. In general, institution of best 
management practices (BMPs) that address nonpoint source pollution are appropriate mitigations for 
impacts caused by cultivation practices. 

Wetlands 

Mitigation of wetlands destruction and degradation is the subject of a growing body of literature 
(Kusler and Kentula 1989). Restoration and mitigation banking concepts are still being evaluated as 
effective mitigation measuresfor direct wetlands alterations. 



Guidelines for Reviewers 

Reviewers of environmental impact assessmentswill find this document useful if they follow the 
steps laid out in the introduction: 

1. Review the status and trends of habitats in the region. 

2. Identify the habitats of concern. 

3. Link the activities involved with impacts to these habitats of concern. 

4. Devise appropriate mitigations for the impacts. 

Bach reviewer can then determine the adequacy of the environmental impact assessmentin question and 
recommend modifications to enhance its effectiveness. 

In identifying the habitats of concern, the reviewer should supplement the information in this 
document with detailed locational information on the abundance and distribution of habitats within the 
region of interest, and with any historical information on the extent and quality of these habitats. Most 
important, the reviewer should character& the habitats in terms of their ecological values (e.g., use of 
wooded wetlands by migratory waterfowl). 

In considering the links between activities and habitats, the reviewer should look beyond direct 
impacts to indirect and subtle effects, including cumulative impacts, interactive and synergistic impacts, 
and scale-dependent impacts (e.g., effects of fragmentation on ecosystem integrity and species home 
ranges). 

In devising possible mitigations, the reviewer should follow the seven principles for habitat 
mitigation repeated below. The reviewer should also determine whether adequateassuranceshave been 
given that the mitigations proposed will be completed. 

1. Base mitigation goals and objectives on a landscape-scaleanalysis that considers the needs 
of the region. 

2. Mimic natural processes and promote native species. 

3. Protect rare and ecologically important species and communities. 

4. Minimize fragmentation of habitat and promote connectivity of natural areas. 

5. Maintain structural diversity of habitats and species diversity, where appropriate, to 
promote the natural variety of the area. 

6. Tailor management to site-specific environmental conditions and to the unique impacts 
of the specific degrading activity. 

7. Monitor for habitat impacts and revise mitigation plans as necessary. 
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Finally, the reviewer should consider the proposed activities and mitigations in the context of 

Mamie Parker, Division of Federal Activities, U.S. Fish and Wildlife Service Region 3 
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relevant regional program goals and objectives (e.g., whether the outcome of the project will be in 
accordance with principles set out by regional planning commissions). 

Contacts and Information Sources 

When considering habitat conservation issues in an environmental impact assessmentfor the 
Midwest Crbplands, the reviewer should consult the following organizations and individuals for 
information on habitat impacts and mitigations: 

State Natural Heritage Programs 
U.S. Fish and Wildlife Service, Regional and Area Offices 
State Fish and Game Departments 
University and Research Programs 
Herbaria and Museums 

Steve Chaplin, Regional Zoologist, The Nature Conservancy 



Southeast Habitat Region: Southeastern Forests and Croplands 

Geographical Description of the Region 

The SoutheastHabitat Region, SoufheusrernForests and Crophds, contains all of 14 states (and 
the District of Columbia) and parts of 9 states. The region includes all of Maryland, Delaware, District 
of Columbia, Virginia, West Virginia, Kentucky, Tennessee, North Carolina, South Carolina, Georgia, 
Alabama, Mississippi, Florida, Louisiana, Arkansas, and parts of New Jersey, Pennsylvania, Ohio, 
Indiana, Illinois, Iowa, Missouri, Oklahoma, and Texas. EPA Region 4 is included in its entirety, and 
parts of EPA Regions 2, 3, 5, 6, and 7 also are included. The accompanying map indicates the 
boundaries of this habitat region and the states it comprises. 

The Southeustern Forests czndCro$an& is perhaps the most diverse in the nation comprising 20 
ecoregions (Omemik 1987). The vegetation of the region includes a wide range of forest types, including 
Appalachian oak, oak/hickory/pine, mixed mesophytic forest, southern mixed forest, southern floodplain 
forest, as well as palmetto prairie and everglades. Northern hardwoods and southern mixed and 
floodplain forests are also present. The land use pattern is mostly a mosaic of forest and cropland with 
substantial woodland, pasture, swampland, marshland, and urban components. 
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Habitats of Concan 

The Southern Forests and cropldhds contains many habitats of wncem; the most obvious fall into 
eight general categories. The principal habitats of wncem most at risk in the Southern Forests and 
Cropkmds are listed below. 

Ecosystems of wncern include the ChesapeakeBay and major river systems, abundant freshwater 
and coastal wetlands, relict closed boreal subalpine forest communities, limestone barrens, remnant alpine 
peat bogs, and the Great Dismal Swamp. Also, the endemic wmmunities in the Southern Appalachians, 
high-elevation spruce-fir forests (boreal subalpine), bottomland hardwood forests, coastal live oak forests, 
long-leaf pine wiregrass hardwood hammocks, and the Everglades. Oak-gum-cypress forests of the 
lower Mississippi drainage are important overwintering habitats for avian species. 



Habitat Values and Tre&s 
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Two to three centuries ago, aimrrst all of the land area in the South was forested. Since that time, 
agricultural land has become an increasingly prominent part of the landscape (USDA Forest Service 
1989). The loss of forested area accelerated in the late 1800s with the harvesting of old-growth forests. 
However, after 1920 forest area began to increase with the abandonment of agricultural land, reduced 
timber harvesting, and efforts to regenerate forests. This trend continued until the 196Os, when 
abandonment slowed and new clearing for agriculture and pastureland began (at first among bottomland 
hardwoods and later more uniformly across the South). Concomitant increasesin population and industry 
saw large areas converted to residential and commercial uses. Future economic conditions will likely 
determine whether high rates of conversion continue. Projections for the next 50 years show urban area 
increases of 14 million ac leading to losses of several million ac each in cropland and pastureland. These 
lossesmay stimulate forest conversions for additional agricultural land; in particular, forests of the Ozarks 
are expected to be converted to pasture (NRC 1982). 

Forests 

The Southeast wntains 200 mihion ac of forest land with 62 mihion ac in pine forest (loblolly
shortleaf pine, longleaf-slash pine, and oak-pine), 71 million ac in oak-hickory, and 31 million ac in 
bottomland hardwood types (USDA Forest Service 1989). Since 1963, losses in the Southeast have 
occurred in longleaf-slash pine (4096), oak-gum-cypress (24%), and loblolly-shortleaf pine (15%). 
Bottomland hardwoods have been lost to agricultural clearing, and most remain only as strips along 
streams where the soil is too wet for cropping or grazing. They are further endangered by dams and 
drainage modifications. The loss of longleaf pine habitat can be attributed to the logging of nearly all 
original forest from the Atlantic coast to the Piney Woods of Texas and the replacement with loblolly and 
slash pine. Losses of other pine species are the result of poor pine regeneration and less farmland 
abandonment. 

The forests of the Sodeuszem Forests rmd Crophnds contain a particularly diverse fauna and 
flora. Many northern species complexes reach their most southern extent in the southern Appalachians, 
while many southern species reach their most northern extent at Cape Hatteras. Based on 1984 maps 
(Flather and Hoekstra 1989), the average number of endangered and threatened species per county is 5.7 
for the Southeastern Forests and Croplards. The following listing of southeastern forest types illustrates 
some characteristic ecological values of the region: 

l Loblolly-shortleaf pine - much of the ecosystem has been converted to pine plantations, 
often mixed with pasture or row crops. 

l Longleaf-slash pine - covers the coastal region and has an extensive grassy understory 
that varies with site and geographic location; it supports many endemic plants and 
endangered animals including red-cockaded woodpecker and Florida panther; nearly 
eradicated in logging boom of the early 19OOs,it was replanted in loblolly or shortleaf 
pines; slash pine now dominates this ecosystem. 

l Oak pine - often occurs on cutover sites with poor pine regeneration; supports white-
tailed deer and wild turkey. 



l -

region. 
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Oak hickory supports southern bald eagle, red wolf, redcockaded woodpecker;  is 
widespreadwith at least six distinct associations. 

l Bottomlandhardwood-principally oak-gum-cypressandelm-ashcottonwoodecosystems; 
mangrove swamps in Florida support Florida manatee, brown pelican, bald eagle, 
hawksbil l  sea turtle, and Atlantic Ridley sea turtle; cypress savannahas been mostly 
converted to pasture and cropland, but remaining areas support .fox squirrel, ibises, 
cormorants, herons, egrets, kingfishers, Bachman ’s warbler, Florida panther, and bald 
eagle; elm-ash-cottonwoodsupports many waterfowl species. 

Although the logging of mature forests may  increasesite diversity by creating forest edge, these 
timber harvesting activities usually hcrease the number of speciesthat are not in needof protection (e.g., 
white-tailed deer, bobwhite quail, wttontail rabbit, gray squirrel, wild turkey) at the expenseof species 
that are regionally, as  well as  locally, rare or vulnerable. As is the casewith old-growth Dougias fir in 
the Northwest, the decl ine of subalpine Appalachian forests threatens the last remnants of historical 
ecosystems,the loss of which would dramatica.llylower regional and global diversity. 

Of particular wncem in the Southeastare (1) old-growth-dependentspecies(such as the red
cockadedwoodpecker in coastal plain pine forests), and (2) forest-interior-dependentspecies(including 
many neotropical m igrant songbirds in m ixed deciduousforests). Becauseof their ecological complexity 
and relative isolation, southeasternforest ecosystemswntain many rare and endangeredspeciesthat 
require mature trees for nesting and foraging. Mature trees are at serious risk from logging in the 
SouzheusfemForests and ChpZmds;  though sustainableshort-rotation plantation forestry dominatesthe 
region, remaining areasof mature forest are still being sought and exploited for short-term profits. 

The habitat of the red-cockadedwoodpecker,  which exists in the southern pine forests ranging 
from Maryland to Texas, has been reduced and will cont inue to decl ine under current timber harvesting 
managementpractices (Raise et al. 1990). The causalfactor in habitat loss is the cutting of loblolly pine-
dominated standsgreater than 75 years of age, and the cutting of al1longleaf pine standsgreater than 95 
years of age. Lenuartz et ai. (1983) estimatesthat pines required by the redcockaded woodpeckerhave 
decl ined by 13% in 25 years. In Texas, clearcut logging has been restricted becauseof concernsfor the 
red-cockadedwoodpecker (Larmer 1989). 

Species described as interior forest birds (Terborgh 1989) are of special concern in forest 
environments suffering from fragmentation. Songbirds, in particutar, are declining in number because 
of the loss and fragmentation of forest habitat along their m igratory path from New Hampshire to 
Mexico. Forest conversion and fragmentation leads to an increased likelihood of starvation and an 
increased likelihood of predation due to an increase in the numbers of songbird predators (Terborgh 
1974). Robbins et al. (1989) summarizedthe breeding habitat lossesand requirementsof forest birds of 
the M iddle Atlantic States in light of the negative effects occurring from forest fragmentation (due to 
suburban expansion) in that region (Lynch and W h  itcomb 1978). They concluded that in relatively 
undisturbed mature forests, the degreeof isolation and the area of forest were better predictors of relative 
abundanceof bird speciesthan were any habitat variables. Forest reservesof thousandsof hectaresare 
required to have the highest probability of providing for the least common speciesof forest birds in a 



Bottomland hardwood forests represent a third important forest habitat of the Southeast, one that 
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supports many bird species during the critical over-wintering period. The oak-gumcypress ecosystem 
of the southern statesalso includes a diverse resident avifauna (Dickson 1988). For example, this habitat 
was the historical range of the ivory-billed woodpecker. The forests of the Appalachian and the Ozark 
regions also contain valuable habitats. 

The Appalachian Plateau has special value because its cool, wet climate at 2,400 ft allows 
northern speciesto live at lower latitude. Encompassing more than 230 terrestrial vertebrate species, this 
region has the richest floral, breeding bird, mammal, and amphibian wmmunities of any upland eastern 
U.S. forest type (Hinkle et al. 1989). More than 60% of the breeding birds are neotropical migrants. 
The mature mixed mesophytic forest contains many old-growth areas and unique habitats such as 
subalpine, montane grasslands, serpentine areas, shale barrens, mountain peatlands (supporting unusual 
plants and animals: larch, wild calla, cotton grass and northern water shrew), vernal ponds (rare 
amphibians and invertebrates), sandstone ridgecrests (rare plants), and caves (globally rare aquatic 
amphipods) (The Nature Conservancy, Maryland Chapter 1991.) 

The forests of the Ozark region (encompassingsouthern Missouri and northern Arkansas) were 
once vast tracts of white oaks and shortleaf pines, but today they exist as a mosaic of relatively young 
vegetation in various stagesof succession (Smith and Petit 1988). At the turn of the century, the region 
experienced perhaps the most extensive destruction of forest through clearcutting on the contiirent. This 
resulted in the loss of many bird species dependent on mature forest and the increase of species adapted 
to open environments. Of the forest birds that have survived the transformation to a mosaic of young 
forest, the broad-winged hawk and hooded warbler are at risk from increased habitat fragmentation and 
conversion of hardwood forest to pine plantations. 

Grasslands. Barrens. and Scrub Habitats 

In addition to mature forests, terrestrial habitats of significance in Maryland and other mid-
Atlantic statesare shale barrens, barrier islands, serpentine areas(rock outcrops), peat lands, floodplains, 
and sandstone glades. Serpentine sites represent the hind of unusual local environments that produce 
unique habitats throughout the region, A relatively high percentage of vascular species on state natural 
heritage program lists and on the candidate lists of threatened and endangeredspeciesof the United States 
are serpentine endemics. Currently, more than 400 communities are listed it-the Maryland Natural 
Heritage Program database with another 200 species having been extirpated (Janet McKegg, Maryland 
Natural Heritage Program, personal wmmunication). Many other important wmmunities are aquatic or 
riparian (e.g., the Delmarva bays), but are often better protected by federal and state wetlands 
regulations. The New Jersey Pine Barrens is another region with many important local habitats. This 
pinelands ecosystem comprises a mosaic of upland, aquatic, and wetland environments covering more 
than 400,000 ha (McKenzie 1981). 

Sandpine scrub is one of the nation’s most threatened habitats; it is found only on scattered knolls 
of coastal and inland Florida and adjoining Alabama and Georgia (Bass 1988). It has been reduced to 
one-fifth of its original acreage by expanding agriculture and industry. Along with mahogany hammock, 
sandpine scrub is also the least recoverable of habitats in Florida. It has perhapsthe highest concentration 
of endemic plants (including many that are endangeredor threatened) of any place in the United States. 
Development is the principal threat, and iandowners are bulldozing areas to prevent federal protection 
of undisturbed scrub. The scrub is already vulnerable becausethe natural bum cycle of the scrub has 



been disrupted by fire suppression practices. This vegetation type requires bum cycles of 30 to 80 years 
to allow dominants to reproduce but at the same time to prevent canopy closure. 

Savannas and bogs of the southeastern coastal plains are also habitats sensitive to fire 
management. Without fire they are invaded by fire-intolerant trees. These ecosystemsare home to many 
endemics, such as carnivorous plants. Approximately 97% of southeasternsavannasand bogs no longer 
exist, having been converted to pine plantations or pastures through drainage or to farm ponds in hillside 
bogs. 

The only substantial rangelands in the Southeast (4 million ac or 13% of the total area) are the 
wet prairies and marshes along Atlantic and Gulf coasts that include the Everglades and palmettos prairie 
of southern Florida. Louisiana and Texas also possesssignificant portions of this ecosystem; unique 
speciesinclude the golden-checked warbler, Texas red wolf, Attwater’s prairie chicken, Florida panther, 
Florida great white heron, Everglades kite, plus the more wmmon collared peccary, watimundi, and 
pronghorn antelope. Species of wncern include subtropical natives suffering population declines due to 
the loss of habitat and invasion by exotic species. The region also contains many freshwater and marine 
habitats, and is unique in the number and diversity of its wetland habitats. 

Specific southeastern wetland problem areas identified by Tiner (1984) include the following: 

0 Estuarine wetlands of the U.S. Coastal Zone. 
l Louisiana’s coastal marshes. 
l ChesapeakeBay’s submergent aquatic beds. 
l South Florida’s palustrine wetlands. 
l Forested wetlands of the Lower Mississippi Alluvial Plain. 
l North Carolina’s pocosins. 

In the Southeast, 86% of the forested wetlands are in the coastal plain Cransey and Cost 1990). 
III the last 10 years, 16% of the area has been converted to nonwetlands through changes in species or 
hydrology, including barvesting. Large lossesof forested wetlands in the Lower Mississippi Valley have 
occurred with the conversion of bottomland hardwood forests to cropland. Of the 11.8 million ac of 
bottomland hardwood forest in 1937, only 5.2 million ac remain, including 60% in seasonally flooded 
basins or flats and 40% in wooded and shrub swamps. These decreasesin acreage were matched by 
increases in croplands, principally soybeans, and wrresponded to the completion of major Corps of 
Engineers flood control projects and smaller watershed projects. Indirect effects of these projects 
(clearing by landowners in anticipation of flood protection) exceeded losses to direct construction. The 
rate of loss continues to increase in Louisiana. 

Shrub wetland losses are greatest in North Carolina owing to the conversion of powsins to 
cropland and pine plantations and their mining for peat. The drainage of inland marshes is greatest for 
the Florida Everglades. Indeed, the modifications to the water drainage patterns beginning in the 
headwaters of Kissimmee basin through Lake Okeechobee to the Everglades are some of the most 
extensive in the country. Additional lossesof mucky bottomlands, marshes, and dunes acrossthe coastaI 
plain have decreased duck populations, flood control, and water supply. More than 50% of Texas 
wetlands (ictuding bottomland hardwoods and coastal marshes) have been lost (Loftis 1991). In the Gulf 
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Prairies and Marshes region, much of cordgrass marshes are drained and barrier islands overgrazed 

coastal environments. 
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resulting in severe soil erosion. 

Aauatic Svstems 

Approximately 24 million ac of water area are contained .in the lower Mississippi River and 
tributaries, the lake-sand waterways of the Mississippi Delta, the large number of small and large lakes 
in Florida, the numerous large water impoundments, the small ponds and streams, and the Atlantic and 
Gulf coastal waters (one-fifth of this area) of the SoutheasternForests and Croplandr. The many unique 
aquatic habitats make this region the most diverse in the nation. 

The marine systems in the Southeastare exceptional and include the unique coral reefs of Florida. 
A 5year study on the Florida Keys coral reef by University of Georgia and Florida Institute of 
Oceanography indicates a IO 5%per year decline in some parts of the reef and predicts possibly irreversible 
endangerment in the next decade (Keating 1991). Threats include pollution (especially nutrients from 
sewage and agriculture that stimulate algae overgrowing), sedimentation (from erosion via forest and 
shoreline conversion that smothers corals), diseases(possibly aggravated by water quality stresses), and 
weather (including global warming). 

Activities and Impacts Affecting Habitats 

The major sources impacting habitats in the Southeastern Forests and Crop& include 
residential, industrial, and commercial developments, logging and silviculture practices, agricultural 
activities, mining practices, and interstate highway or expressway construction. These activities have 
produced adverse impacts on speciespopulations and their behavior, as well as on ecosystem processes 
such as energy flow and nutrient cycling. They have also contributed to the proliferation of nuisance 
plants and animals. In its comparative risk analysis for the mid-Atlantic states, EPA Region 3 (1988) 
ranked adverse effects on ecosystemsas high from siiviculture, coal mining, and conversion to urban uses 
through residential construction; as moderate from agriculture, mineral mining, second homes 
development, dam construction, and recreation; and as low from oil and gas development, bridge 
construction, and water use. In the more southern states, timber harvesting and agriculture have even 
greater impacts on habitats. In the Gulf Coast States, oil and gas production is a major activity degrading 
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Land Conversion 

Historically, land conversion of both uplands and wetlands has profoundly affected the natural 
communities in the Southeast. In recent years, the boom of population growth has caused increased 
conversion of natural areas to industrial and residential development. Rapidly growing areas in Florida 
and certain SunBelt cities are suffering intense “spin-off development” associated with highway 
development, a process that is rapidly expanding into previously rural areas. This increased road 
construction is causing severe fragmentation of sensitive environments such as the North Carolina 
pocosins and the Florida sandpine scrub. The sum of this massive habitat alteration in areas such as south 
Florida has been a dramatic reduction in not only large mammals and birds but also reptiles and 
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amphibians (Crowder 1974). Conversion of bottomland hardwoods to agriculture continues to be a 
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significant cause of habitat loss that has detrimental effects on the waterfowl of the Mississippi Flyway. 

Amicultural and Grazing m 

The use of agricultural land in the Southeast poses additional stresses to habitats through 
cultivation practices (NRC 1982). The use of fertilizers and pesticides, .irrigation and drainage, double 
cropping, and increased field size all contribute to increased pollutant loads and severe impacts on 
habitats. Agricultural chemicais are toxic to many species and can negatively affect population levels, 
community composition, and ecosystem dynamics. Other intensive cultivation practices directly reduce 
important hedgerow and riparian habitat and usually produce severeoffsite impacts. Grazing has a lesser 
impact on the region as a whole but is increasing in the south Florida prairies and oak hammocks west 
of the Everglades. 

Timber Harvesting 

Timber harvesting activities are another major cause of habitat loss in the Southeustem Forests 
und Croplandr, affecting many sensitive forest types. For example, the southeasternmixed forest and 
the Ozark forests are being converted to pine monocultures. Logging also continues in the southern 
Appalachian subalpine forest and some bottomland hardwood forests. These impacts affect 90% of the 
total bird, amphibian, and fish species and 80% of mammal and reptile species that utilize forest 
ecosystems (U.S. Forest Service 1989). 

In addition to the direct destruction of forests through land conversion, timber harvesting activities 
can fragment, simplify, and degrade forest habitats. The faunal communities inhabiting forests vary with 
the successional, or seral, stage. Becausethe principal impact of timbering practices is to convert forest 
stands from latter to earlier seral stages, logging has a major impact on resident animal as well as plant 
species. Timber harvesting telescopesplant succession, shortens rotations, compressesseral stages, and 
decreasesthe proportion of old growth. The conversion of hardwoods to conifers creates structurally 
simplified plantations that reduce structural diversity and wildlife. This has produced a trend away from 
declining habitat types and toward common habitat types. Management for monotypic even-aged stands 
causes increases in forest pest damage that can result in large-scale spraying and the accompanying 
impacts. Logging activities also impact nearby aquatic systems through erosion and sediment transport. 

Logging in the national forests of Texas relied exclusively on clearcutting and its variations until 
1988. The general practice was to convert the natural complex forest systems (tall pines with oak, ash, 
and hickory underneath in diverse groves of 100 broadleaf tree and shrub species) into single-species 
loblolly pine plantations. Site preparation (including the clearing of all vegetation, concomitant removal 
of topsoil, application of herbicides, and burning) was conducted to eliminate competition with phmted 
species. This homogenization threatened the long-term health and productivity of the forest by reducing 
the quaiity of the gene pool. Becauseof the susceptibility of monocultures to insect infestation, additional 
clearcutting was conducted to provide buffer areas around the pine plantations. Between 1978 and 1988, 
the number of colonies of the endangeredred-cockaded woodpecker fell from 455 to 174. Recent wurt 
decisions and enlightened foresters are moving away from clearcutting and instituting selective timber 
harvesting in national forests containing the red-cockaded woodpecker: Texas, Louisiana, Alabama, 
Mississippi, South Carolina, North Carolina, and Kentucky (Larmer 1989). 



Unlike the Pacific Northwest, little research has been conducted on mature eastern hardwood 
forest (virtually no old growth remains). However, results do show correlations between older forest and 
the abundance of several species, including great homed and barred owls, pileated and red-cockaded 
woodpeckers, and common ravens. Declines in other species have been attributed to brood parasitism 
(by brown-headed cowbirds) and nest predation (by common crows, striped skunks, opossums, black 
racers, and rat snakes) that occurs along clear-cut edges and in thinned stands. These edge effects are 
a prominent impact of forest fragmentation. Fragmentation is second only to the decreasein old-growth 
species as a.major impact of timber harvesting activities. The faunal significance of this fragmentation 
includes discrimination against large-bodied species (e.g., Florida panther, red wolves, mink), genetic 
swamping by invading species, inbreeding through isolation of populations, and ecological release of 
middle-sized omnivores. 

In addition, there has been the general decline in neotropical migrants that breed in eastern 
hardwood forests. Although the situation is complicated by losses of wintering habitats for long-distance 
migrants in Latin America, results indicate that species stil1 present in large blocks of forest are absent 
from small patches (Bobbins et al. 1989). Fragmentation of forest habitat from timber harvesting and 
from land conversions, especially for transportation, appears to be the major cause of these declines 
(Terborgh 1989) and has been especially severe in southeasternbottomland forests. 

The greatest single threat to terrestrial habitat in West Virginia and Kentucky is coal mining, 
projected to increase from 2.4 million ac to 3.4 million ac (4% of total land area) by the year 2000 
(McComb et al. 1991). The profitability of timber harvesting will be increased by the transportation 
infrastructure built for coal mining and tbe fact that large acreageshave reached sawtimber age. This 
transition sets the stage for an unprecedented combination of cumulative impacts in the central 
Appalachians in the next 20 to 30 years. Surface mining will be conducted on ridge tops and side slopes; 
development of single-family housing will occur in valley bottoms; and mature hardwood will be 
harvested in midslopes and coves. In addition to the direct destruction of forests, the potential for severe 
soil erosion and offsite impacts is great. 

Oil and gas extraction is important on the Gulf coast but rare in other parts of this region. Gold 
mining is currently causing habitat degradation in South Carolina. 

Water Mw 

Historically, water management activities such as damming and diversion of rivers have had a 
major impact on the habitats of the TennesseeValley, the Mississippi River floodplain, and other regions 
of the Southeast. For example, man’s efforts to control the Mississippi River’s flooding regime, enhance 
its navigation, and extract its minerals have led to a rapid deterioration of Louisiana’s coastal 
environment. Wetland loss in Louisiana is more than 400,000 ac since 1900; only 45% of the original 
forested wetlands in Louisiana remain. The primary causal factor in this loss is subsidenceof wetlands 
that are receiving inadequate amounts of sediment ftom the Mississippi. An accretion deficit results when 
levee systems and control structures transport sediments to deep Gulf waters. 

In the Mississippi Basin (mid-south Alabama, Tennessee, eastern Texas, and Oklahoma), 
considerable acreages of bottomland hardwoods were lost to reservoir development between 1962 and 
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1985 (Gosseliuk and Lee 1987). Dam construction in general changes water flow patterns, causes 
flooding, and changes salinity patterns; this kills tree seedlings and can convert forest to salt marsh. 
Water diversion, another activity degrading southeasternhabitats, is severely impacting the Everglades. 
This diversion stems from the competition for water by agriculture and urban expansion. 

Militarv Activities 

The large number of military training areas located in the southeasterncoastal plain results in 
significant impacts on old-growth pine forest. Both a reduction in vegetative ground cover and changes 
in species composition can result from routine operations and military training activities. Concerns for 
the impacts of tracked vehicle activity and artillery and aircraft noise on the red-cockaded woodpecker 
recently prompted a Department of Defense conference on the management of this endangered species 
(Doug Ripley, personal communication). 

Mitigatiolis of Impacts 

The conservation of habitats requires consideration of mitigations for the major activities 
impacting habitats of concern. In the Southtastern Forests and Crop&&, the primary habitat impacts 
are caused by the following: 

l Timber harvesting of old-growth or mature forests. 
l Land conversion of scrub, coastal, and wetland habitats. 
l Fragmentation of contiguous forest. 
l Mining and acidification of Appalachian forest. 

Timber Harvesting 

At a minimum, the production of commercial wood products from an area must not exceed the 
sustainable level if the ecological integrity of a forested area is to be maintained. Where sensitive forest 
types exist, logging may be completely prohibited or constrained to specific methods to prevent habitat 
loss or degradation. In other areas, more extreme harvesting methods may be allowed or prescribed to 
establish or maintain desired forest conditions. Acceptable methods will vary according to local forest 
ecology and the desired future condition of the site. Analysis of harvesting techniques must be based 
upon an analysis of the structure and diversity of the forest canopy, midstory, and understory. 

A recent directive of the Chief of the U.S. Forest Service acknowledge-sthis fact and points out 
that clear cutting is acceptable only when needed to replicate natural ecological processes. Selective 
cutting can preserve forest structural diversity, the primary determinant of wildlife habitat (Harris et al. 
1979). However, it can reduce horizontal diversity (NRC 1982). The harvesting technique employed 
must be based upon sound silvicultural prescriptions and demonstrate its capability to maintain vertical 
diversity (foliage height diversity), horizontal diversity (interspersion, edge, juxtaposition, patchiness), 
and a mixture of live and dead wood. Specific timber harvesting operations should be designed to 
preserve the structure and diversity of the natural forest habitat. 

An important component of selective cutting should be the preservation of standing dead trees. 
Many species of birds nest, roost, or forage for invertebrates in standing trees with decayed wood. These 
cull trees are usually the first focus of forest thinning operations to the detriment of the birds. Breeding 
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bird abundance declines rapidly following a clear cut, and the species composition continues to change 
for 10 to 15 years (DeGraaf 1991). However, if trees with cavities are saved, many of these species can 
sUccessfully forage on sound boles. .About one large cavity or den tree per 2 ha is required for 
populations of large species such as wood ducks; this requires harvest rotations of 100 to 125 years 
(although rotations of 65 years produce trees large enough for smaller cavity species). 

Timber harvesting practices modified to reduce the impacts of simplification must also address 
fragmentation. As an example, fragmentation has been especially severe in sot&eastern bottomland 
forests (Gosselink and Lee 1987). In this case, the setting aside of undisturbed tracts will not suffice to 
achieve viable populations of the larger, wider-ranging species. Not only do some species require 
specific habitat conditions (such as forest-interior species like Bachman’s warbler), but others require 
particular arrangements of several communities. Therefore, a successful faunal conservation strategy 
must emphasizethe landscapeconfiguration, not just the structural content of the communities themselves. 

Responding to the “biodiversity crisis,” the U.S. Forest Service is moving toward an ecosystem 
approach to forest management (Bob Szaro, personal communication). Recent forest managementplans 
have incorporated tenets of the “New Forestry” espoused by Jerry Franklin. These progressive plans 
require the rigorous implementation of ecological management practices to maintain forest productivity 
and preserve the functioning of sensitive forest components such as old-growth or late-successional 
forests. Effective mitigations for habitat conservation in forest managementrequire specific management 
me.asureSat the site, watershed, and landscape levels. For example, the location and size of timber 
harvests should be planned to rninimh reduction of core area of mature forest (e.g., harvest only 
alternate basins until regrowth). Maintenance of mature-forest stands in managed landscape can be 
achieved by extending rotation (beyond 80) to 150 to 200 years, by leaving some stands unharvested for 
old growth, and by linking stands. Landscape-scaleconsiderations include the provision of buffer zones 
and habitat corridors as discussed in the introduction of this document. Management measures 
recommended for conserving habitat within managed forests include the following: 

l Minimize the construction of new roads and close roads not in use either permanently or 
seasonally. 

l Use best managementpractices (BMF%) such as filter strips to minimize erosion during 
harvesting or road construction. 

l Maintain 1004 riparian zones with adjacent feathered transition zones to buffer edge 
effects. 

l Restrict harvesting operations to periods when the ground is either dry or frozen. 

0 Maintain site productivity by retaining large woody material and minimizing mineral soil 
exposure and compaction during harvesting. 

l Manage for natural disturbance patterns to maintain natural openings and successional-
stage composition. 

l Maintain connections between blocks of interior forest, especially old growth. 



l Provide for the protection of specialareas, inchiding cliffs, caves,taluses,riparian areas, 
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and old-growth stands. 

l Maintain the structural integrity and the native variety of the forest by managing for the 
natural composit ion of the following components:  vegetative types, seral stages, tree 
types and sixes, standing dead trees and down material, tree snags,and cavity trees. 

Land Conversion 

Effective m itigation of land conversion activities can somet imes be obtained only by avoiding 
impacts on rare or unusual  habitat types. Rarely, if ever, is restoration or compensat ionan adequate 
m itigation for the loss of these habitats. In these cases,m itigation is a siting issue, where construction 
and degrading activities are located at a distancefrom the habitats of concern. The habitat is adequately 
preservedif all possible impact scenariosare accountedfor. Barring this solution, effective management  
measuresmust be implemented to ensure the protection of the habitats of concern. 

In the caseof unique scrub habitats or coastal systems,hydrological and contaminationconcerns 
are especial ly important. Construction or resource managementactivities require the use of sediment 
filter strips and other means of intercepting offsite wntaminants. Road building and structural 
“improvements” must not result in altered hydrological regimes. Where rare plant types exist or where 
habitats are unstable (e.g., bogs and sand dunes), recreational accessassociatedwith nearby development 
may  have to be lim ited. 

Amelioration of impacts from land conversion to transportation uses requires special m itigation 
measures. As with all land conversion, the wnstmction of h ighways and power-l ine corridors is 
primarily a siting issue. Avoidance of sensit ive habitats may  be accompl ishedby modifications to the 
route design, and the extent of disturbancecan be lim ited by ’careful construction practices. However, 
fragmentation of the larger area is unavoidable in the caseof land conversion to transportationcorridors. 
Many  structural m itigation strategies can be used to lessen the impact on animal movement  across 
transportation routes. Primarily, these include the construction of fences and underpasses.The goal of 
thesestructural measuresshould be to m imic the natural movementand m igration patternsof the affected 
species. 

M ining 

M itigation of m ining impacts involves siting issues, technological solutions to eliminate 
contamination, and restoration programs. The major m itigations for oil and gas extraction and production 
are the proper sitings of rigs, reserve pits, processingfacilities, and roads where they will have m inimal 
impacts on habitats of concern. Most important for coal and m ineral m ining is the siting. of m ining 
operations and tailing ponds to avoid habitats of concern, wetlands, riparian areas, and recharge areas. 
Specific m itigation measuresdependon the type of m ining and the specific processcausing impacts. It 
is generally best to m inimize the area affected as it is unlikely that even the disrupted soils and sediments 
can be restored. In addit ion to m inimizing the area disturbed, activities should be timed  to avoid 
disturbing nearby plants and animals during crucial periods of their life cycle. Possible m itigation 
measuresfor m ining operations include the following (SAIC 1991a, 1 W  lb): 
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Design of m ine entrancesand workings to m inimize future m ine drainage. 

Runon and runoff control measuressuch as berms and ditches. 

Adequate depth and lining of pits for containment of muds  and leachate. 

Elimination of fluid m igration through casingsand dewatering. 

Separationof wastesand wntaminated soils with proper disposal. 

Treatment of leach heapsand neutral or acidic wastewatersto reducethe load of cyanide, 
nitrates, and heavy metals. 

Closure planning that addresses hydrology, geochemical  controls, treatment, and 
restoration. 

Nets or other covers over process ponds. 

Maintenanceof an anaerobicenvironment in the tailing pile during periods of inactivity. 

Secondary wntaimnent of tanks and cont ingency plans for sudden or catastrophic 
releases. 

Backfil l ing and sealing of the m ine workings during m ine reclsmationklosure. 

Recycl ing of processwater, smelter slag, and air pollution control dust. 

Monitoring and elimination of dischargesto surface water, groundwater, soils, and air. 

Replenishmentof surface and ground waters with treated effluents. 

Road closure and reckmation (following recontouring) with revegetation of native 
species. 

Although the reclamation of m ined lands is often unsatisfactory for ecological habitat restoration, 
reforestation with native trees has been demonstrated (Plass 1973) and would serve to reduce the 
abundanceof nest parasitic brown-headedcowbirds and restrict their accessto mature forest. 

M ilitarv Activities 

M itigation of the impacts of m ilitary activities on habitats has only recently received attention. 
The Army Corps of Engineers’Construction Engineering ResearchLaboratory in Champaign, IL, is 
developing a Land Condit ion-Trend Analysis (LCTA) Program (Diersing et al. 1992) as a comprehensive 
means of matching m ilitary training m ission objectives with effective natural resource management.  If 
such a plan is instituted, it is likely that careful coordination of the siting and tim ing of training operations 
will dramatically reduce habitat impacts. An awarenessof the ecological consequencesof specific 
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activities is essential to effective mitigation. The following general mitigation measures apply to the 
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primary impacts of military activity: 

l Timing and siting of operations - The noise and disturbance associated with aircraft 
flights and large troop maneuvers cannot be eliminated. However, sensitive 
environments can be avoided and operations can be timed to avoid critical nesting and 
migratory periods. 

l Calculation of allowable use for tracked vehicles - Tracked vehicle movements are a 
major cause of habitat degradation, Vegetation destruction and soil erosion and 
compaction are the primary impacts. Precise equations can be developed that estimate 
sustainedtracked vehicle use based on physical properties of the environment, vegetative 
cover, and changes in vegetative cover caused by the passageof tracked vehicles. For 
example, tracked vehicle use should be restricted to all-weather roads when possible. 

l Fire suppression during artillery practice - Fires created by artillery pose a major 
problem in certain environments. Rapid identification and suppressionby helicopter can 
virtually eliminate the spread of large-scale fires. 

Guidelines for Reviewers 

Reviewers of environmental impact assessmentswill find this document useful if they follow the 
steps laid out in the introduction: 

1. Review the status and trends of habitats in the region. 

2. Identify the habitats of concern. 

3. Link the activities involved with impacts to these habitats of wncern. 

4. Devise appropriate mitigations for the impacts. 

Each reviewer can then determine the adequacy of the environmental impact assessmentin question and 
recommend modifications to enhance its effectiveness. 

In identifying the habitats of concern, the reviewer should supplement the information in this 
document with detailed locational information on the abundance and distribution of habitats within the 
region of interest, and with any historical information on the extent and quality of these habitats. Most 
important, the reviewer should characterize the habitats in terms of their ecological values (e.g., use of 
wooded wetlands by migratory waterfowl). 

In considering the links between activities and habitats, the reviewer should look beyond direct 
impacts to indirect and subtle effects, including cumulative impacts, interactive and synergistic impacts, 
and scale-dependent impacts (e.g., effects of fragmentation on ecosystem integrity and species home 
ranges}. 
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In devising possible mitigations, the reviewer should follow the seven principles for habitat 
mitigation repeated below. The reviewer should also determine whether adequateassuranceshave been 
given that the mitigations proposed wiu’be completed. 

1. Base mitigation goals and objectives on a landscape-scaleanalysis that considers the needs 
of the region. 

2. Mimic natural processes and promote native species. 

3. Protect rare and ecologically important species and wmmunities. 

4. Minimize fragmentation of habitat and promote connectivity of natural areas. 

5. Maintain structural diversity of habitats and, where appropriate, species diversity to 
promote the natural variety of the area. 

6. Tailor management to site-specific enviromnental conditions and to the unique impacts 
of the specific degrading activity. 

7. Monitor for habitat impacts and revise mitigation plans as necessary. 

Finally, the reviewer shouid consider the proposed activities and mitigations in the ‘context of 
relevant regional program goals and objectives (e.g., whether the outcome of the project will be in 
accordance with principles set out by regional planning commissions such as those established for the 
ChesapeakeBay and the Gulf of Mexico). 

Contacts and Information Smrcm 

When considering habitat conservation issues in an environmental impact assessmentfor the 
Southeastern Forests and CroplandF, the reviewer should consult the following organizations and 
individuals for information on habitat impacts and mitigations: 

State Natural Heritage Programs 
U.S. Fish and Wildlife Service, Regional and Area Offices 
State Fish and Game Departments 
University and Research Programs 
Herbaria and Museums 

Dorothy Allard, Regional Ecologist, The Nature Conservancy 
W.T. OIds, Associate Regional Director, Fish and WildlifeEnhancement, U.S. Fish and Wildlife 
Service 



Great Plains Habitat Region: Great Plains and prairies 

Geographical Description of the Region 
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The Great Plains Habitat Region, Grm Pkzins and Prairies, contains parts of 10 states. The 
region includes parts of North Dakota, South Dakota, Montana, Wyoming, Colorado, Nebraska, Kansas, 
Oklahoma, New Mexico, and Texas. Parts of EPA Regions 6,7, and 8 are included. The accompanying 
map indicates the boundaries of this habitat region and the states it comprises. 

The Great Plains a& prairies comprises 14 ecoregions (Omemik 1987). The vegetation of the 
region includes a range of grama, needlegrass, wheatgrass, Nebraska sand hills prairie, bluestem, buffalo 
grass, indiangrass, bluestem prairie (blue&em, panic, indiangrass), cross timbers (oak, bluestem), mosaic 
(bluestem, oak, hickory), Blackland prairies of wheatgrass, fescue, sandsage, juniper, oak savanna, 
mesquite acacia, and savanna bristlegrass. The land use patterns comprise croplands, croplands with 
grazing lands, cropland with pastures, subhumid grasslands, and semi-arid grazing lands, irrigated 
agriculture, woodlands, forests, and open woodlands grazed. 



Habitats of Concern 

The Great Plains and Prairies tintains many habitats of wncem, of which the most obvious fall 
into four general categories: riparian habitats, prairies, brushland, and wetlands. The principal habitats 
of concern most at risk in the Great Plains and Prairies are listed below. 

1, Riparian habitats 
l hardwood draws .’ 

2. Prairies 
l tallgrass prairie remnants in Kansas 
l short and midgrass prairie (North Dakota, South Dakota, 

Colorado, Nebraska,’Kansas) 
l Texas blackfa@ prairie and.&her Q&es: 

3.SouthTexaslxti&n& 
: 

4, w&p&& ‘-. ‘,l. ::: ..-:. .. ., ,,,,.‘, .: 
l prairie pothoks@fcmtana, North Dakota, South Dakota) 

Habitat Values and Trends 

The term “rangeland” describes the lands with climate or soil conditions unsuitable for tree 
growth. Rangeland comprises nearly a billion ac (34% of land area) in the United States, including some 
of the world’s most productive rangeland (Box 1989). 

Grasslands 

The Great Pidins und prairies contain 78 million ac of rangeland (USDA Forest Service 1989), 
including both the true prairie (tallgrass) and plains grassland (shortgrass). Tallgrass prairie is dominated 
by bluestem grasses and includes prairie potholes important for waterfowl breeding. Most of the original 
tallgrass prairie was plowed under, and the remaining areas were invaded by trees following fire 
suppression. The largest existing area of tallgrass prairie (1.5 million ha) covers the Flints Hills of 
Kansas and the Osage Hill of Oklahoma. Plains grassland is dominated by short warm-season grasses 
of blue grama and buffalo grass and supports pronghom, mule deer, white-tailed deer, jackrabbit, prairie 
dog, greater prairie chicken, and sharptailed grouse. The decline of the long-billed curlew is associated 
with the decrease in this habitat. 

About 84% of mammal species and 74% of avian species are associated with rangeland 
ecosystemsduring at least part of the year. Thirty-eight percent of the nation’s fish species and 58 % of 
the amphibians are represented in the relatively arid rangeland ecosystems (Flather and Hoekstra 1979). 
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Based on 1984 maps, the average number of endangeredand threatened species per county is 3.3 for the 
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Great Piizins and prairies. Perhaps the most important habitat for animals in the Grear Plains and 
prairies are riparian areas where the juxtaposition of terrestrial and wetland or aquatic systemsenhances 
the value of the habitat. 

By the beginning of the 20th century, the American range was generally overgrazed and depleted. 
Severe droughts also contributed to the deterioration of rangeland. Although the total area of rangeland 
has remained relatively constant, the condition of the range ecosystems has varied considerably with 
competition by livestock for forage and other factors. Cattle, sheep, and wild horses and burros have 
contributed to reduced forage and to changes in vegetation composition on the majority of U.S. 
rangelands. Many native prairie types have been lost to overgrazing or agricultural conversion. The 
loss of grassland habitat has been responsible for declines in many bird populations. The mixed prairie 
or shortgrass prairie is subject to drought, grasshoppers and jackrabbit attacks, and cacti invasion. 
However, native shortgrassesare outstanding in their resistanceto grazing (perhapsdeveloped in response 
to grazing by bison) and have shown remarkable improvement in certain areas. An increase in rangeland 
area in the Great Plains of 11 million ac is predicted for the next 50 years as a result of the natural 
succession of agricultural land in the Conservation Reserve Program (Joyce 1989). Rangeland in Texas 
and Oklahoma will likely increase by 14 million ac or 1196 during this period. 

Texas Habitats 

Within the Great Piizins und Prairies, Texas contains a greater variety of habitats than any other 
state. However, virtually all of the blackland and tallgrass prairie, coastal bottomlands, and low hills in 
Texas have been converted to farms, cities, and suburbs (Loftis 1991). Less than 1% of blackland prairie 
remains in north-central Texas. In the Lower Rio Grande Valley, there remains less than 2% of the 
native scrubby, hot delta that once was nearly as rich in wildlife as the Everglades. In particular, duck 
populations have declined, bird variety in the valley has decreased, and the ancient gene pools of 
blackland prairie plants are being lost. Brushlands in south Texas still support endangered cats 
(jaguarundi and ocelot) and numerous subtropical bird species. Past brush clearing activities have greatly 
impacted this habitat, although the U.S. Fish and Wildlife Service is currently preserving and restoring 
brush habitat in the Lower Rio Grand Valley. 

Within Texas the greatest loss of natural vegetation has occurred in the state’s High Plains and 
Blackland Prairies’regions. The following describes the status of the natural regions of Texas within the 
Great Plains and Prairies (L&is 1991): 

0 High Plains - Lost the buffalo and pronghom with conversion to cattle and crops. 
Damming of rivers has eliminated the willow and cottonwood and replaced them with the 
Old World exotics, salt cedar, and Russian olive. 

a Rolling Plains - Low hills and broad flats with headwaters of major rivers. Native 
grasses have been cleared and replaced with mesquite, snakeweed, and prickly pear. 

l Edwards Plateau - Limestone hills, springs, and rivers support endangered wildlife; 
ranches and big cities compete with wildlife for ground water. 



l Cross-Timbers and Prairies -
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Strips of prairie crossedby oak forests have been changed 
by farming and urban devetopment.  

l Blackland Prairies - Originally 12 m illion ac, the tallgrasses,big bluestem, Indiangrass, 
little bluestemand gammagrasSare near extinction at 5,000 ac. 

. Post Oak Savannah- Nearly all of original grasslandshave beenplowed under or invaded: 
by thickets. 

l Rio Grande Plain - Open grasslandshave been convertedto thorn forest by overgrazing, 
and less than 1% of the natural habitat remains. 

Riuarian Areas 

Riparian areas in the Great Plains and Pr&+es constitute perhaps the region’s most important 
habitat type. Although they represent only 2% to 4% of the land area in the United States, they make 
up 80% of the wildlife habitat. It has been demonstratedthat most endangeredspeciesrequire riparian 
areas(Johnson 1989). Many  neotropical m igrants also rely on western riparian areasas critical nesting 
sites. The value of riparian habitat extends at least 0.25 m iles into adjacent areas and can support a 
density of pairs of breeding birds up to 1,000 per 100 ac (Carothers and Johnson 1975). 

Riparian areas provide habitat for more species of birds than ah other western. rangeland 
vegetationtypes combined (Chaneyet al. 1990). Although riparian areascover lessthan 1I of the West,  
they also serve important ewsystem functions (Gillis 1991). They keep watershedshealthy by storing 
and releasing water from spring runoff of snowmelt  and summer storms, and by providing watering holes 
for wildlife as well as  cattle. They filter sediment and aid floodplain development,  improve floodwater 
retention and groundwater recharge,developplant root massesthat stabilize streambanks,developchannel  
characteristicsthat provide appropriate habitat for fish, and support greater biodiversity. 

The linear nature of riparian areascontributes to their value (Gregory et al. 1991). River val leys 
connect montane headwaterswith lowland habitats, and provide for the transfer of water, nutrients, 
sediment,particulate organic matter, and organisms. Riparian areastransfer thesematerials laterally onto 
f loodplains and create complex mosaics of landforms and heterogeneousecosystems. W ildlife utilize 
riparian areasfor food, cover, nesting, and rearing of young. Riparian habitats are frequently used by 
wildlife as m igration routes (Thomas et al. 1978). The greater heterogeneityof vegetation in unaltered 
riparian habitat increasesthe available ecological niches and increasesthe number of speciesthat can be 
supported. 

Johnson(1978) estimatesthat only 10% of the original riparian habitat in United Statesremains, 
and that 6% is lost annually. In the Great Plains, less than 1% of land is riparian vegetation (Crouch 
1978). Major losses resulted from drainage for conversion to agriculture; other causes include 
channelizationfor navigation and flood control, f looding causedby dam construction, and diversion of 
streamflow for irrigation. Alterations include grazing, timber harvesting, road construction, m ining, and 
other impacts. 



wetlands 

Specific national wetland problem areas identified by Tmer (1984) in the Great Plains and 
prairies include the following: 

0 The emergent wetlands of the Prairie Pothole Region. 

0 Wetlands of the Nebraska Sandhills and Rainwater Basin. 

The drainage of inland marshes for range and agriculture has been the greatest in the prairies of 
the Dakotas and Minnesota, the sandhills of Nebraska, and the Florida Everglades. In Texas, wetlands 
covering 8.4 million ac or 52% of the original extent have been lost. One-third loss of this loss (296,132 
ac) has been in the playa lake wmplexes that are especially important for waterfowl and migratory 
species. In general, emergent wetlands have high priority in this region owing to their functional 
importance and the constant threat of degradation. 

Activities and Impacts Afkthg Habitats 

lMl!AmS ‘ON lXAB~&TS.OF CQ&CJllUi TN TH33 GREAT PLUA’Sm Pl?AZl?ZES 
.‘:I$.&.‘: ..:,i. :.:‘:,:::..;:~.~‘,...-I-I:“~:,i.:.: $&.&:.~~ -:;g-& :., :‘,.w.& ‘. .: ., ,,, 

.:‘: ,,:,. d4a;;ersi& :. :I::. .:~j:ii”:-,:.:i.::.-::‘:‘:W ..,I.., : . . . . ‘.
M&&gem&t 

Riparian.hahitats Rcsidmtial development and Minor SeVlX Impacts of daaming 
construction of pipeline and overgrazing and water diversions 
t.mqmmion corridors and physical 

habitat 
degradation 

Prairies Conversion to agriculhm. NOIN SCVMC Moderate 
overgrazing 

BNshlands Conversion to urban uses None Minor Minor 

Wetlands Conversion to agriculture and None Minor Major 
urbanuses 

The Great Pibins and Prairies rangeland areas are at risk principally from grazing and water 
management projects. Dam construction in the Platte River area has also been a major source of 
modification to terrestrial habitat in that area. Of special concern are the remnants of the tallgrass prairie 
ecosystem, which has suffered extensive conversion. The rarest of all North America’s major biomes, 
only 10% of the original 142 million ac of tallgrass remains. Much of the 10% represents fragments of 
old railway rights-of-way, pioneer cemeteries, and various preserves. This prairie habitat is at risk from 
human encroachment and cattle grazing. 

This region is experiencing rapid population growth as part of the westward migration. Highway 
construction, in particular, has expanded and is creating substantial cumulative impacts on natural areas. 
The Texas hill country is being rapidly converted to urban uses. Riparian areas are being degraded 
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through overgrazing, and prairie potholes are being converted to agriculture. Ahhough the region has 

produce severe offsite impacts. 
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a relatively small population, urban areas such as Denver, CO, and central Texas are experiencing rapid 
growth while second-home and time-share development is occurring in previously pristine areas (e.g., 
Montana, Flathead Mountains in Wyoming, and Colorado prairie river systems). 

Grazing and water projects especially threaten riparian environments throughout the region. For 
example, overgrazing and phreatophyte control are destroying riparian vegetation. Water diversions have 
caused major losses of riparian and wetland habitats and are contributing to the declines of waterfowl 
along the Mississippi Flyway. 

Land Conversion 

To date, the most fertile soils within the Great Plains ami Prairies have been converted to 
croplands; these same areas have historically supported the greatest abtmdanceof wildlife (Mayer and 
Laudenslayer 1988). In addition, urban development has been a major source of rangeland conversions. 
Pressure on local governments to convert open space to residential, commercial, and industrial uses to 
accommodate growth has been intense, and will continue to destroy rangeland habitats where population 
growth is most pronounced. 

Conversion of rangelands to cropland will increase *ith the availability of ground water for 
irrigation (USDA Forest Service 1989). In particular, sandy rangeland in Texas, Colorado, New Mexico, 
and Nebraska has been wnverted to farmland (Sheridan 1981). Abandonment of these farms can lead 
to desertification if the ground water has been depleted. Areas of concern for desertification include 
Kiowa and Crowley Counties in Colorado. In these semiarid lands, land conversion to agriculture, 
grazing, and water management can cause groundwater overdraft, salinixation of topsoil and water, 
reduction of surface water, high soil erosion, and destruction of native vegetation. 

As with forest habitats, the spatial pattern and fragmentation of rangeland vegetation can 
negatively affect native fauna and ecosystem health. The loss of grassland habitat to agriculture is 
responsible for the decline in prairie birds, especially those requiring large wntinuous habitats, and is 
analogous to the reduction in old-growth forests and the decline in its obligate species. The upland 
sandpiper, bobolink, dickcissel, grasshopper sparrow, Savannahsparrow, and Henslow’s sparrow all 
declined by 90% between the 2950s and 1970s (Graber and Graber 1983). 

Agricultural Imuacts 

The intensive use of agricultural land in certain areas of the Great P&ins and Prairies pose 
additional stresses to habitats through cultivation and irrigation practices (NRC 1982). The use of 
fertilizers and pesticides, irrigation and drainage, double cropping and increased field size all contribute 
to increased pollutant loads and severe impacts on habitats. Agricultural chemicals are toxic to many 
species and can negatively affect population levels, wmmunity wmposition, and ecosystem dynamics. 
Other intensive cultivation practices directly reduce important hedgerow and riparian habitat and usually 



Widespread devastation of rangeland resulted from unwntrolled overgrazing between 1880 and 
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1935, and the damage was amplified by the drought years of the 1930s (Branson 1985). The enactment 
of the Taylor Grazing Act of 1934 reduced grazing pressure at that time. With the advancementof range 
management science and the moist years following 1960, considerable improvement occurred in range 
vegetation. However, the USDA Forest Service (1989) reports that 21% of its rangelands are still in 
“unsatisfactory” condition. The Bureau of Land Management (1989) reports that BLM rangeland 
condition is 33 % good or better, 38% fair, and 1396poor. 

The managementof public land grazing is shared between the land management agency and the 
grazing permittee. Grazing permits are issued, and allotments are inspected for use, condition, and 
compliance by the management agency; actual management of the livestock and maintenance of 
improvements is the responsibility of the permittee. Attempts to reduce grazing allotments in national 
forests to allow improvements on lands in poor or fair condition has caused resentment among graxiers. 
However, federal permit fees are only one-fifth the rate for private lands. As private grasslandscontinue 
to decline in acreage as a result of urban and agricultural conversion, there will be increased pressure on 
public lands. 

Grazing poses the following threats to rangeland habitats (Cooperrider 1990): 

l Competition with ungulates and small herbivores (e.g., desert tortoise) and limits on the 
populations of free-roaming pronghom antelope, mule deer, elk, and bighorn sheep. 

l Transmission of disease (e.g., dramatic diebacks in bighorn sheep with domestic sheep 
gr=w . 

0 Loss of cover for birds. 

l Spread of exotics and noxious weeds. 

l Desertification, or serious degradation. 

a The conversion of lands with sagebrush and pinyon-juniper to reseeded grassland for 
more forage. 

The most severe impact in terms of supporting healthy ecosystems and native’faunas on 
rangelands has been the loss of 70% to 90% of riparian areas to human activities (Ohmart and Anderson 
1986). Losses of riparian areas have caused the endangerment of habitat-dependent species and likely 
will cause the extirpation of many species if the last remaining areas of individual habitat types are lost 
(e.g., 10 species may go extinct if the cottonwood-willow association disappears). Johnson (1978) 
estimates that 6% of riparian areas continue to be lost annually through water management activity, 
grazing, sand and gravel extraction, and devetopment activities. 



On average, the riparian zone is only 2% of a grazing allotment, but it produces 20% of the 

eliminated . 
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forage, and the cattIe wnsume 80% of their forage from these riparian areas. Stream bottoms are natural 
concentration areas for livestock seeking succulent forage, shade, reliable water supply, and favorable 
microclimate. only when access is limited by steep slopes are livestock absent from unfenced riparian 
areas. Grazing impacts riparian areas both by removing vegetation and by trampling. By affecting the 
spacing of plants, width of the riparian corridor, seedling establishment, and speciescomposition, floristic 
diversity ‘is often lower in grazed areas. Trampling increases soil compaction, erodes streambanks, 
decreaseswater quality, widens and shallows channels, and physically destroys vegetation (Kauffman and 
Krueger 1984). Riparian degradation causes accelerated runoff and erosion of downcut streambeds, 
lowered water tables, and desertification of the land. It has a negative impact on wildlife habitats and 
leads to declines in willows and native grasses. In addition, degraded riparian areasare more susceptible 
to upland inputs as healthy riparian areas can filter out upland degradation. While the condition of all 
rangelands has improved since 1980, riparian areas are in their worst historical condition. 

Although the values and functions of riparian areas have been widely and severely impacted by 
cultivation, road building, mining, urbanization, logging, and d amming of rivers, grazing has causedthe 
most geographically extensive impacts (Chaney et al. 1990). Impacts of grazing on riparian areas include 
the following: 

l Little vegetation to stabilize streambank and shade stream. 
l Lowered water table and subsurface water storage. 
l Reduced or absent summer flow. 
l Warm water in summer and icing in winter. 
l Poor habitat for fish and aquatics. 
l Poor habitat for wildlife. 
l Reduced amount and quality of forage. 

Water Management 

The regulation and damming of streams are often performed to control flooding and drain land, 
resulting in the impoverishment of riparian vegetation (Szaro 1991). Dams and water diversion 
significantly change downstream flow regimes, levels of winter floodwater, dry-season flow rates, and 
riparian-zone soil moisture. Downstream areaslose pulse-stimulated responses,while upstream areasare 
affected by water impoundment and salt accumulation. Native riparian plants are usually unable to 
colonize the shore of reservoirs becauseof the altered hydrologic regime. For example, high water levels 
are maintained much longer in reservoirs than in rivers and streams; changes in the level are more 
drastic; and the large winter/spring floods required for alluvial seedbeds (e.g., cottonwood) are 



Mitigations of Impacts 

The conservation of habitats requires consideration of mitigations for the major activities 
impacting habitats of concern. In the Great Pibins and Prairies, the primary habitat impacts are caused 
by the following: 

0 Land conversion of riparian and wetland habitats. 
0 Grazing of riparian areas. 
a Water management impacts of diversion and damming on riparian and wetland areas. 

It is likely that certain areas will see additional conversions to cropland or pasture, and that more open 
ranges will be fenced and thus restrict winter grazing by native ungulates. Increased irrigation will likely 
follow higher demand for water and adversely affect water tables and stream flow on rangelands. These 
and other activities will pose a complex of interrelated effects on habitats of concern and will require a 
holistic, ecosystem-level approach to mitigation. The effects of future management and mitigations on 
riparian areas will have the greatest impact on wildlife and native ecosystem health (NRC 1982). 

Land Conversion 

Effective mitigation of land conversion activities can sometimes be obtained only by avoiding 
impacts on rare or unusual habitat types. Rarely, if ever, is restoration or compensation an adequate 
mitigation for the loss of these habitats. In these cases, mitigation is a siting issue, where construction 
and degrading activities are located a distance from the habitats of concern. The habitat is adequately 
preserved if all possible impact scenarios are accounted for. Barring this solution, effective management 
measures must be implemented to ensure the protection of the habitats of concern. 

In the case of unique riparian or wetland habitats, hydrological and contamination concerns are 
especially important. Construction or resource management activities require the use of sediment filter 
strips and other means of intercepting off& contaminants. Road building and structural “improvements” 
must not result in altered hydrological regimes. Where rare plant types exist or where habitats are 
unstable, recreational access may have to be limited. These mitigations can be best implemented by 
creation of a regional land-use plan (through a coordinating council like the Waterfowl Flyway Council) 
and landowner incentives (like the Conservation Reserve Program). 

Conversion to agricultural land is a special concern in rangelands with increasing irrigation 
potential. Land conversion. to agriculture can cause groundwater overdraft, salinization of topsoil and 
water, reduction of surface water, high soil erosion, and destruction of native vegetation. Mitigations 
include more conservative irrigation techniques and improved drainage systems. Soil conservation 
techniques vary from windbreaks to contour plowing, stripcropping, rotation of crops, conversion to 
grass, and/or minimum tillage. 

Grazing 

Future management of grazing on rangelands will determine whether range conditions worsen or 
improve from their currently degraded state (NRC 1982). In the past, range condition has been estimated 
by (1) forage production relative to a mythical average, and (2) production of livestock. Recently, some 
range managers have begun to base condition estimates on deviation from an ideal range or ecological 
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climax. These and other improvements in range science provide for consideration of objectives beyond 

wrnmunities. 
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livestock production. For example, the widely used model of E.J. Dyksterhuis (1949) is based on 
reversible and gradual community change and is now viewed as inaccurate, as it does not incorporate 
threshold wmmunity shifts (Jabn 1991). The problem for habitat conservation is’that the proportion of 
rangeland climax habitats has greatly decreased, similar to the case with old-growth forest. Although 
there remain disagreements over proper management methods, it is anticipated that more effective use 
of ecological analyses of range wndition will improve the managementof rangelands. 

Specific methods of mitigating grazing impacts on rangelands include the following (Branson 
1985): 

l Proper intensity and seasonof grazing. 
l Practices that improve livestock distribution. 
l Control of undesirable species using fire or other appropriate methods. 
l Land-surface modification to retain soil moisture for forage production. 
l J3-ologically based management plans for each site using adequate field data. 

Proper grazing management can restore the long-term productivity of most rangelands, but 
obstacles are grazing tradition, the geographical extent of problem, and the difference between short-term 
costs and long-term benefits. Successful management requires that traditional intensive measures to 
increase forage be replaced by different management practices. For example, rest-rotation grazing can 
improve range conditions, while intensified chemical use and mechanical brush removal to imp&e forage 
wiI1 likely further degrade range habitats. Certainly, sucwssful rangeland mitigation requires time, 
flexibility, commitment by graziers, and monitoring and evaluation. 

Improvements in the condition of riparian areas will provide the greatest proportional benefit to 
rangeland integrity and functioning. Sxaro (1991) argues strongly for an overall ecosystem approach to 
research and management of riparian areas. This includes the use of reference sites, a watershed 
(ecosystem) scale approach, and long time scale considerations (greater than 5 years). Mitigation must 
consider the following factors: 

a Riparian floristic (plant species)diversity should take precedenceover structural diversity 
(vegetation layers and patches) as descriptors of the habitat. 

l Wildlife species depend both on floristic composition and on the relationship of riparian 
areas to animal movement patterns and migratory pathways. 

0 The distribution of riparian vegetative wmmunities varies with topography and depends 
principally on elevation. 

l Flooding and other natural disturbances are important to riparian systems. They 
contribute to their status as distinct and highly integrated pockets within other 



Successful riparian management requires unique solutions to the specific condition at each site (Chaney 
et.al. 1990). However, general principles include the following: 

0 Include riparian areas in separatepastures with separate objectives and strategies. 

0 Fence or herd stock out of riparian areas to let vegetation recover. 

l Control the timing of grazing (1) to keep the stock off streambanks that are most 
vulnerable to erosion, and (2) to coincide with the physiological needs of plants. 

l Provide more rest to the grazing cycle to increase plant vigor or to encourage more 
desirable species. 

l Limit grazing intensity. 

l Change from cattle to sheep to get better animal distribution through herding. 

0 Permanently exclude livestock from high-risk and poor recovery areas. 

wetlands 

Mitigation of wetlands destruction and degradation is the subject of a growing literature (Kusler 
and Kentula 1989). Restoration and mitigation banking concepts are still being evaluated as effective 
mitigation measures for direct wetlands alterations. 

Guidelines for Reviewers 

Reviewers of environmental impact assessmentswill find this document useful if they follow the 
steps laid out in the introduction: 

1. Review the status and trends of habitats in the region. 

2. Identify the habitats of concern. 

3. Link the activities involved with impacts to these habitats of concern. 

4. Devise appropriate mitigations for the impacts. 

Each reviewer can then determine the adequacy of the environmental impact assessmentin question and 
recommend modifications to enhance its effectiveness. 

In identifying the habitats of concern, the reviewer should supplement the information in this 
document with detailed locational information on the abundance and distribution of habitats within the 
region of interest, and with any historical information on the extent and quality of these habitats. Most 
important, the reviewer should characterize the habitats in terms of their ecological values (e.g., use of 
wooded wetlands by migratory waterfowl). 
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In considering the links between activities and habitats, the reviewer should look beyond direct 
impacts to indirect and subtle effects, including cumuiative impacts, interactive and synergistic impacts, 
and scale-dependent impacts (e.g., effects of fragmentation on ecosystem integrity and species home 
ranges). 

In devising possible mitigations, the reviewer should follow the seven principles for habitat 
mitigation mpeated below. The reviewer should also determine whether adequateassuranceshave been 
given that the mitigations proposed will be completed. 

1. Base mitigation goals and objectives on a landscape-scaleanalysis that considers the needs 
of the region. 

2. Mimic natural processesand promote native species. 

3. Protect rare and ecologically important species and communities. 

4. Minimize fragmentation of habitat and promote connectivity of natural areas. 

5. Maintain structural diversity of habitats and, where appropriate, species diversity to 
promote the natural variety of the area. 

6. Tailor management to site-specific environmental conditions and to the unique impacts 
of the specific degrading activity. 

7. Monitor for habitat impacts and revise mitigation plans as necessary. 

Finally, the reviewer should consider the proposed activities and mitigations in the context of 
relevant regional program goals and objectives (e.g., whether the outcome of the project will be in 
accordance with principles set out by regional planning commissions). 

Contacts and Information So-

When considering habitat conservation issuesin an environmental impact assessmentfor the Great 
Ptim and Prairies, the reviewer should consult the following organizations and individuals for 
information on habitat impacts and mitigations: 

State Natural Heritage Programs 
U.S. Fish and Wildlife Service, Regional and Ares Gfiices 
State Fish and Game Departments 
University and Research Programs 
Herbaria and Museums 

Patrick Bourgeron, Regional Ecologist, The Nature Conservancy 
Robert Jacobsen, Regional Associate Director, Fish and Wildlife Enhancement, U.S. Fish and 

Wildlife Service 
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western Rangelands Habitat Region: Western Deserts and Grasslands 

Geographical Description of the Region 

The Western Rangelands Habitat Region, Western Deserts und Grassland, contains parts of 12 
states. The region includes parts of Texas, New Mexico, Ariina, California, Nevada, Utah, Colorado, 
Wyoming, Idaho, Montana, Oregon, and Washington. Parts of EPA Regions 6, 8, 9, and 10 are 
included. The accompanying map indicates the boundaries of this habitat region and the states it 
comprises. 

The Western Deserts and GTUS&Z&Scomprises 11 ecoregions (Omemik, 1987). The natural 
vegetation included in the Region consists of a variety of sagebrushsteppe (sagebrush and wheatgrass), 
saltbush, greasewood, creosote bush, bur sage, needlegrassshrub steppe, juniper, pinyon woodlands, 
blackbush, Great Basin sagebrush, grama, tobosa shrub steppe, Trans-Pecos shrub savanna (tarbush, 
creosote), chaparral (manzanita, ceanothus, chamise), and tule marshes (bulrush and cattails). The land 
use pattern is mostly desert shrublands both grazed and ungrazed, irrigated agriculture, open woodlands 
grazed, subhumid. grasslands, semi-arid grazing lands, forests and woodlands mostly ungrazed, and 
croplands with grazing land. 
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The Western Deserts culci Grar’ 

Habitats of Concern 

76 

slandr contains many habitats of concern, of which the most 
obvious fall into five general categories: riparian habitats, wetlands, desert complexes and scrub habitats, 
grasslands, and forested habitats. The principal habitats of concern most at risk in the Western Deserts 
and Grassy are listed below. 

1. Riparian habitats 1. Riparian habitats 

2. W&ands 2. W&ands : : 
a a shallow etnerpt wetlands .&I pluvial lakqsius shallow etnerpt wetlands .&I pluvial lakqsius
0 0 cold desert and stepRe ‘iri Great$asim ar& .&-regions cold desert and stepRe‘iri Great$asim ar& .&-regions 
a a Mj-.w&& :. ” I?.’ :.::.,, ,’ Mj-.w&& :. ” I?.’ :.::.,, ,’ 

1: :. 1: :. 
3. Desmtcamplexes and scr&+bitats 3. Desmtcamplexes and scr&+bitats :.....i’. .: :.....i’..: 

a a So~r~and’Mojaved~~~~~~~ties~~ So~r~and’Mojaved~~~~~~~ties~~ 
: ‘. : ‘. 

4. Grassiands 4. Grassiands 
-a -a mixed prairie or *ortgrasa prairie mixed prairie or *ortgrasa prairie 
l l calihmia grassm. calihmia grassm. 

a a Palouse graasland.of the Northwest Palouse graasland.of the Northwest 
a a soufifyat semidegert soufifyat semidegert grassld :...‘. . grassld :...‘. . 

5. Forested h&ii 5. Forested h&ii
p@q@$&p~ .I... p@q@$&p~ .I...a a 
pouderMapineb~~. ,, . . . . . pouderMapineb~~. ,, .. .. . 

. . . ; . . . ; :. :. 

Habitat Values and Treads 

The term “rangeland” describes the lands with climate or soil conditions unsuitable for tree 
growth. Rangelands encompassnearly a billion ac (34% of land area) in the United States, including 
some of the world’s most productive rangeland (Box 1989). Western Deserts and Grarslands habitats 
traverse the entire range of life zones from the alpine communities of high mountains to the subtropical 
Sonoran Desert scrub plains and valley of the lower Gila and Colorado Rivers. In the Rocky Mountain 
region, rangelands (including pinyon-juniper and chaparral-mountain scrub forests) comprise about 336 
million ac. Sagebrush alone constitutes the second largest habitat type in United Stateswith 105 million 
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ac, while other habitats include southwestern shrubsteppe, desert shrub, mountain grasslands, mountain 
meadows, desert grasslands, and plains grasslands. Rangelands in the Pacific States total 68 million ac 
with 23 million ac in grassland and 45 million ac in shrubland (USDA Forest Service 1989). 

By the beginning of the 20th century the American range was generally overgrazed and depleted. 
Severe droughts also contributed to the deterioration of rangeland. The majority of rangeland is in the 
West, where declines in area have been miner-4% in the Rocky Mountains and 5% in the Pacific States 
(USDA For&t Service 1989). Although the total area of rangeland has remained relatively constant, the 
condition of the range ecosystemshas varied considerably with competition by livestock for forage and 
other factors. Cattle, sheep, and wild horses and burros have contributed to reduced forage and to 
changes in vegetation composition on the majority of U.S. rangelands. Many native prairie types have 
been lost to overgrazing or agricultural conversion. Grazing and ftre suppression have allowed brush 
species to replace many of the grass forage species on 200 million ac of the Southwest (National 
Association of ConservationDistricts 1979), negatively impacting bighorn sheep,pronghom, sagegrouse, 
masked bobwhite quail, and northern aplomado falcon. At the same time, range management activities 
(such as pinyon-juniper removal, exotic species plantings, predator and native ungulate control) and 
development along valteys and lower slopes have affected wildlife community composition and critical 
winter range for wild ungulates. The loss of grassland habitat has been responsible for declines in many 
bird populations. 

No data exist on the extent of areal changes, but the range of pinyon-juniper has certainly 
increased since settlement as a result of overgrazing, tie suppression, and climate changes. Projections 
for the next 50 years indicate that rangeland area will increase by 7 million ac in the Rocky Mountains 
and 3 million ac in the Pacific States as a result of conversion of agricultural lands through the 
Conservation Reserve Program (USDA Forest Service 1989). However, even where there have been 
increases in total area, the condition of these rangelands has been severely degraded. The majority of 
rangeland on nonfederal and Bureau of Land Management lands is in fair to poor condition (Joyce 1989). 
In the 11 western states, range conditions on public lands are rated as 2% excellent, 29% good, 42% fair, 
and 26% poor (Wald and Alberswerth 1989). 

Klopatek et al. (1979) demonstrated that the tule marsh ecosystem in California, Nevada, and 
Utah has suffered the greatest loss of any habitat since presettlement times (89%), primarily owing to 
agricultural conversion. However, in general, vegetation in the western United Stateshas exhibited the 
least losses due to land conversion and suffer primarily from degradation. Alpine meadows and barrens 
have undergone the least change becauseof their rugged topographical setting. In contrast, riparian areas 
are especially important to wildlife, and lossesof this type of vegetation to human activities are estimated 
at 70% to 90% (Swift and Barclay 1980). In Texas, important rangelands include the rocky landscape 
along the Big Bend in the Trans Pecos Region and the extremely diverse Mountains and Basins Region, 
where overgrazing has damaged most of the desert grasslands and small streams (Loftis 1991). 

About 84% of mammal species and 74% of avian species are associated with rangeland 
ecosystems during at least part of the year, and 38% of the nation’s fish species and 58% of the 
amphibians are represented in the relatively arid rangeland ecosystems (Flather and Hoekstra 1989). 
Based on 1984 maps, the average number of endangered and threatened speciesper county is 6.1 for the 
Western Deserts and Grussl&tds, the highest in the nation. Although most of the value placed on 
rangeland habitats centers on the grass and shrub vegetation existing under different climatic conditions, 
and the grazing fauna they support, many other values such as reclusive reptile species and the 
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characteristic cryptogamic crusts of the desert are being recognized. Perhapsmost important are riparian 
areas where the juxtaposition of terrestrial and wetland or aquatic systems enhances the value of the 
habitat. 

Woodland and Shrubland 

Pinyon-juniper woodland is a widely distributed vegetation type that supportsmule deer, mountain 
lion, coyote; bobcat, jackrabbit, and numerous birds. Pinyon-woodland has invaded grassland areas 
owing to lack of fire, seed spread by livestock, overgrazing and reduced competition from grasses, and 
shifts in climate (Branson 1985). Woodland invasion of big sagebrushhas occurred more slowly, usually 
where pinyon-juniper is often adjacent to sagebrushon the dissections of western basins and mountains. 
Fire management in now being used to encourage the reestablishment of natural vegetation and native 
diversity in these areas. 

In Arizona and California, chaparral vegetation consists of dense stands of evergreen shrubby 
vegetation. In California, the sparse herbaceons understory of chaparral is less affected by livestock 
grazing than grasslands, but alien herbaceous species have largely replaced native perennials in both 
systems (Branson 1985). Areas in Arizona with high grass were wnverted to dense chaparral with 
intensive grazing following mineral prospecting in 1890; other chaparral in the Sierra Nevada is a 
subclimax of forest maintained by frequent fires. This habitat provides watershed protection and critical 
habitat for the California condor. 

Grasslands 

Mountain grasslands provide critical winter range for big game. These mountain meadows are 
sensitive to abuse, as some-are destroyed by roads and camping as well as grazing. Desert grasslands 
consist of blue and black grama grasses and invading shrubs resulting from increased livestock grazing, 
climatic change, increased competition among plant species, rabbits and rodents, and fire control. They 
support pronghom and collared peccary. 

The mixed prairie or shortgrass prairie is subject to drought, grasshopperand jackrabbit attack, 
and cacti invasion. Native shortgrasse!sare outstanding in their resistance to grazing (perhaps developed 
in response to grazing by bison) and have shown remarkable improvement in certain areas. 

Nowhere else in the West has the native vegetation been as completely replaced as in the 30-
million-ac extent of grasslands in California (Branson 1985). Native perennials were largely replaced by 
introduced Mediterranean annuaJsby the 186Os, so that now less than 5% of the current species are 
perennials. This has been attributed to past overgrazing or perhaps fire. Most of the open grassland in 
the Sacramento and San Joaquin Valleys is now cultivated or in urban or industrial use. Adjacent grass-
woodland and chaparral are grazed by livestock, 

The Palouse grassland of the Northwest is dominated by bluebunch wheatgrasson 12 million ha 
of the Columbia Basin Province of Oregon, Washington, and Montana. Because few ungulates were 
present before the introduction of domestic stock, native grass species were not resistent to grazing and 
were strongly impacted by livestock grazing and the invasion of Mediterranean armuaJs(Branson 1985). 
The most fertile areas have been cultivated, including some drier lands now irrigated. Grazing is now 
much reduced in the Palouse grassland, and some improvement in range conditions has occurred. 
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The widespread change of southwestern semidesert grassland to shrubland is one of the greatest 
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modifications of vegetation on western rangelands. Cited causesinclude excessive use by domestic stock 
and the reduction of range fires; the 10s of topsoil may prevent ever restoring the original grasslands 
(Branson 1985). Over the last 100 years, mesquite, creosote bush, and tarbush have expanded to cover 
the entire range. 

Deserts 

Four major deserts occur in the western United States: the Sonoran, Mojave, Chihuahuan, and 
Great Basin Deserts. Among desert habitats, the desert riparian and palm oasis habitats support the 
greatest number and densities of bird species (Mayer and Laudenslayer 1988). The Sonoran and Mojave 
Deserts, in particular, support unusual plant and animal communities that are threatened by increased 
human activities in these regions. Cold desert types of the Great Basin support mule deer, pronghom, 
coyote, collared peccary, and feral horses. Hot desert shrublands support desert mule deer, collared 
peccary, antelope, and desert bighornsheep. 

Both decreased rainfall in this century and effects of grazing have impacted the widely spaced 
woody plants and cacti of the Sonoran Desert, including the cessation of reproduction in saguaro cactus. 
The Mojave Desert is suffering degradation from offroad vehicles, which resulted in the cessation of the 
annual Barstow to Vegas motorcross (The Washington Post 1990). Desert habitats in general support 
many populations of unique and endangered species, including the desert tortoise. Unique 
geomorphological features such as desert buttes and the Utah salt flats are also facing t&eats from 
recreational activity, air pollution, and water withdrawal (Lancaster 1991). 

The sagebrushhabitat type is unusually susceptible to change when grazed. Many bunchgrasses 
in the sagebrush type lack resistance, and the historical responsehas been the following: (I) an increase 
in native shrubs undesirable for browsing, (2) reduction in grassesand forbs, and (3) exploitation of voids 
by alien annual weeds adapted to heavy grazing. A history of grazing and cultivation has led to 
encroachment and takeover by annual grasses, primarily cheatgrass. Mitigation includes burning of 
annuals but is effective only where there is sufficient annual precipitation. The successof cheatgrasshas 
facilitated the successful introduction of exotic chukar partridge and supports the majority of wild horse 
and burro herds. The sagebrushtypes also support sage grouse, pronghom, and mule deer. It is likely 
that the original sagebrush habitat can never be restored to pristine conditions even with removal of 
domestic animals (Branson 1985). 

‘Ike salt desert shrub type is often called the shadescalezone becauseof its sparse vegetation and 
usually widely spacedshrubs with essentially no understory or interstitial species. In general, where there 
is an under-story (such as black sage), historical overgrazing has reduced grasses and promoted shrub 
growth and invasion by the exotics halogeton and Russian thistle. 

Riuarian Areas 

Riparian areas in the West constitute perhaps the region’s most important habitat type. Although 
they represent only 2% to 4% of the land area in the United States, they make up 80% of the wildlife 
habitat. It has been demonstrated that most endangered species require riparian areas (Johnson 1989). 
Many neotropical migrants also rely on western riparian areas as critical nesting sites. The value of 



development activities. 
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riparian habitat extends at least 0.25 miles into adjacent areas and can support a density of pairs of 
breeding birds up to 1,000 per 100 ac (Carothers and Johnson 1975). 

Riparian areas provide habitat for more species of birds than all other western rangeland 
vegetation types combined (Chancy et al. 1990). Within the Great Basin of southeasternOregon and in 
southeastern Wyoming, more than 75% of terrestrial wildlife species depend on riparian systems. In 
Arizona and New Mexico, 80% of all vertebrates use them for at least half of their. life cycle and more 
than 40% of the speciesare totally dependent on riparian areas. Although riparian areas cover less than 
1% of the West, they also serve important ecosystem functions (Gillis 1991). They keep watersheds 
healthy by storing and releasing water from spring runoff of snowmelt and summer storms and by 
providing watering holes for wildlife as well as cattle. They filter sediment and aid floodplain 
development, improve floodwater retention and groundwater recharge, develop plant root massesthat 
stabilize streambanks, develop channel characteristics that provide appropriate habitat for fish, and 
support greater biodiversity. 

The linear nature of riparian areascontributes to their value (Gregory et al. 1991). River valleys 
connect montane headwaters with lowland habitats, and provide for the transfer of water, nutrients, 
sediment, particulate organic matter, and organisms. Riparian areastransfer thesematerials laterally onto 
floodplains and create complex mosaics of landforms and heterogeneousecosystems. Wildlife utiIize 
riparian areas for food, cover, nesting, and rearing of young. Rip&an habitats are frequently used by 
wildlife as migration routes (‘Ihomas et al. 1978). The greater heterogeneity of vegetation in unaitered 
riparian habitat increasesthe available ecological niches and increasesthe number of speciesthat can be 
supported. 

Of the 175 million ac of floodplains along streams and rivers in the wnterminous United States, 
20% are considered to be rangeland (Johnson 1978). Valley trenching starting in the 1880s resulted in 
the loss of many riparian meadows through massive sheet and till erosion. ‘Ihe introduction and spread 
of &cedar, or tamarisk, became wmmon in most drainages in the Southwest after 1920. Saltcedar 
displm native vegetation upon which certain species depend; it reduces the diversity of native shrubs 
and cottonwoods and transpires large quantities of water. Attempts to increasewater yields by reduction 
of phreatophytes (such as saltcedar) have included root plows, dozer blades, various mowers and 
choppers, and chemical spraying. These treatments have declined significantly in recent years as a resuh 
of concerns about their efficacy and environmental impact. 

Johnson (1978) estimatesthat only 10% of the original riparian habitat in United Statesremains, 
and that 6% is lost annually. Major losses resulted from drainage for conversion to agriculture; other 
causesinclude channelization for navigation and flood control, flooding causedby dam construction, and 
diversion of streamflow for irrigation. Alterations include grazing, timbering, road construction, mining, 
and other impacts. In Arizona, 95% of the woody riparian habitat has been lost or degraded since pre-
settlement. In Utah, settlement patterns saw riparian areasconverted to farmland, frequently hay fields. 
They continue to be threatened by water managementactivity, grazing, sand and gravel extraction, and 



wetlands 
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Specific western wetland problem areas identified by Tiner (1984) include the following: 

0 Estuari.newetlands of the U.S. Coastal Zone. 
l Western riparian wetlands. 

Wetlands in the Western Great Basin and Intermountain regions include riparian wetlands and shallow 
wetlands in pluvial lake basins. These shallow wetlands are often saline or alkaline as a result of high 
evaporation. Important large wetlands include the Bear River Marshes, UT, Malheur Lake Marshes, 
OR, Stillwater Marsh in the Carson Sink, NV, Tule-Klamatb Basin in CA and OR, and the marsh 
systems of the California central valleys. Nesting habitat for Canada geesehas been lost as much of the 
marshlands of the Great Salt Lake have heen inundated with rising lake level (Thomas 1990). Important 
coastal estuary habitats include the large Gulf of California estuary and the fringing marshes along San 
Diego and Tomales Bays. 

Aauatic Svstems 

The water area in Western GrassM &Deserts is generally restricted to large bodies of water 
such as the Great Salt Lake (one-third of all water in tbe region), and the upper Missouri, Snake, and 
Colorado River systems. 

Activities and Ixnpacts Affehtg Habitats 

Tbe Western Deserts and Grarslond has suffered extensive degradation and loss of rangelands 
through conversion to cropland; urban expansion; domestic and feral equine competition with indigenous 
populations for range resources; grazing-pressure effects from the introduction of shrub species to 
grasslands; and range managementactivities, including the use of herbicides and the exclusion of natural 
inhabitants (U.S. Forest Service 1989). Other activities negatively affecting rangelands include water 
managementprojects that dam or divert water supplies, mining impacts, and tbe use of remote rangelands 
as targets for waste disposal. 

For example, in California more than 17 million ac of natural habitat have heen lost through 
conversion to urban and agricultural land, including nearly 90 96of riparian habitats in the Central Valley 
(California DFFP 1988). Major habitats tbat have lost significant acreagesin tbe last 30 years include 
grasslands and coastal scrub. Tbe use of grasslands for grazing also results in habitat loss and 
fragmentation, including excessive surface soil erosion on nearly 25 46 of western rangelands. 

Grazing and water projects especially threaten riparian environments throughout the region. For 
example, overgrazing and phreatophyte control are destroying riparian vegetation in Arizona and New 
Mexico. Water diversions in the Central Valley and elsewhere have caused major lossesof riparian and 
wetland hahitats and are contributing to tbe declines of waterfowl along the Pacific Flyway. 

Recreational use of off-road vehicles and military maneuversare also degrading arid environments 
such as tbe Mojave. By one calculation, more than a half million ac have been disturbed by motor 
vehicles in California (California DFFP 1988). Fragile coastal dune habitats have also been damagedand 
eliminated by development, recreation, and introduced species. 



The following activities result in the major impacts on habitats of concern in the Western 
Grasslands and Deserts. 

IMPACTSON EABmAT§ OF CONCERN lN TEE lV!E%tEM GVMANDDWRIS 

olllzing i-g.’ water’ 
COIlVCf8i~ M8nageme& 

Ripluiambabitats Residential Degradation Moderate HiSt0fiC.d Recreational 
development and ihm domestic impact of use 
cxMlsmction of and feral impoundments 
pipelineand ungulates and water 
transportation diversions 
corridors 

Wedands Agricultural 
conversion 

MOderatt Moderate HiStOrical Minor 
impact of 
impoundments 
and water 
div&olls 

Urban expansion Degradation Mod@ Major impact off-road 
from domestic of water vehkle use 
and feral diversions 
wda-

Agricuiti 
conversion 

DCgdatiOll Millor Minor Minor 
from domestic 
and feral 
ungulates 

woodlaEldsand 
&rubhds 

Urban expansion Moderate hdinor Minor Moderate 

d Conversion 

To date, the most fertile soils within the Western Grasslands and Deserts have been converted 
to croplands; these same areas have historically supported the greatest abundance of wildlife (Mayer and 
Laudenslayer 1988). In addition, urban development has been a major source of rangeland conversions, 
reaching the highest urban densities at lower elevations with the majority of cities of 10,008 in population 
occupying areas formerly in grassland or scrub vegetation. 

Urban and suburban expansion have converted large areas around the Los Angeles metropolitan 
area. In addition, some of California’s fastest growing areas are in rural counties, including those with 
significant range resources. Rapid growth from the Sunbelt migration is now occurring around Las Vegas 
and other desert cities. In the Las Vegas area, the expansion of housing development has been facilitated 
by land trades with the Bureau of Land Management. Riparian areas in particular are under heavy 
pressure from development in New Mexico, Arizona, and Nevada. Pressure upon the land and local 
governments to convert open spaceto residential, commercial, and industrial usesto accommodate growth 
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has been intense, and will continue to destroy rangeland habitats where population growth is most 
pronounced. 

Conversion of rangelands to cropland will increase with the availability of ground water for 
irrigation (USDA Forest Service 1989). For example, sandy rangeland in Texas, Colorado, New 
Mexico, and Nebraska has already heen converted to farmland (Sheridan 1981). Abandonment of these 
farms can lead to desertification if the ground water has been depleted. Areas of wncem for 
desertificatidn include the Challis Planning Unit in Idaho, the San Jaoquin Basin in California, the Glla, 
Santa Crux, and San Pedro River Basins in Arizona, and the Sonoran and Chihuahuan Deserts in 
Southwest. In these arid and semiarid lands, land conversion to agriculture, grazing, and water 
management can cause groundwater overdraft, salinization of topsoil and water, reduction of surface 
water, high soil erosion, and destruction of native vegetation. Irrigation can also have adverse impacts 
on rangelands when poor drainage leads to waterlogged areas. 

As with forest habitats, the spatial pattern and fragmentation of rangeland vegetation can 
negatively affect native fauna and ecosystem health. The loss of grassland habitat to agriculture is 
responsible for the decline in prairie birds, especialiy those requiring large continuous habitats, and is 
analogousto the reduction in old-growth forests and its obligate species. The upland sandpiper, bobolink, 
dickcissel, grasshopper sparrow, Savannahsparrow, and Henslow’s sparrow all declined by 90% between 
the 1950s and 1970s (Graber and Graber 1983). 

mcultural Imoacts 

The intensive use of agricultural land in certain areas of the Western GrasslandF and Deserts 
poses additional stressesto habitats through cultivation and irrigation practices (NRC 1982). The use of 
fertilizers and pesticides, irrigation and drainage, double cropping, and increased field size all contribute 
to increased polIutant loads and severe impacts on habitats. Agricultural chemicals are toxic to many 
species and can negatively affect population levels, wmmunity composition, and ecosystem dynamics. 
Intensive cultivation practices (e.g., cotton agriculture in deserts) usually produce severe offsite impacts. 

Widespread devastation of rangeland resulted from uncontrolled overgrazing between 1880 and 
1935, and the damage was undoubtedly amplified by the drought years of the 1930s(Branson 1985). The 
enactment of the Taylor Grazing Act of 1934 reduced grazing pressure at that time. With the 
advancementof range managementscienceand the moist years following 1960, considerable improvement 
occurred in range vegetation; However, the USDA Forest Service (1989) reports 21% of its rangelands 
were still in “unsatisfactory” condition. The Bureau of Land Management (1989) reports that rangeland 
condition is 33% good or better, 38% fair, and 13% poor. 

Overstocking and overgrazing have historically resulted in severe degradation.and catastrophic 
flooding of rangelands. Undesirable and irreversible changes include replacement of grassland with 
creosote bush in the arid Southwest; replacement of native perennial bunchgrasses by Mediterranean 
annuals in California grasslands; and conversion of native vegetation in the Great Basin to an artificial 
balance of grasses and shrubs. Many national forest lands now contain different rangeland communities 
(e.g., invasion by Utah juniper into grass-shrub and replacement of grasses by big sagebrush). 
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The management of public land grazing is shared between the land managementagency and the 
grazing permittee. Grazing permits are issued and allotments inspected for use, condition, and 
compliance by the management agency; actual management of the livestock and maintenance of 
improvements is the responsibility of the permittee. Attempts to reduce grazing allotments in national 
forests to allow improvements on lands in poor or fair condition has causedresentment among graziers. 
However, federal permit fees are only one-fifth the rate for private lands. As the acreage of private 
grasslands continues to decline with urban and agricultural conversion, there will be increased pressure: 
on public lauds. 

Grazing poses the following threats to rangeland habitats (Cooperrider 1990): 

0 Competition with ungulates and small herbivores (e.g., desert tortoise) and limits on the 
populations of free-roaming prongborn antelope, mule deer, elk, and bighorn sheep. 

0 Transmission of disease (e.g., dramatic diebacks iu bighorn sheep with domestic sheep 
gr=N9. 

0 Loss of cover for birds. 

l Spread of exotics and noxious weeds. 

. Desertification, or serious degradation. 

a The conversion of lands with sagebrush and pinyon-juniper to reseeded grassland for 
more forage. 

The most severe impact in terms of supporting healthy ecosystems and native faunas on 
rangelands has been the loss of 70% to 90% of riparian areas to human activities (Ohmart and Anderson 
1986). Losses of riparian areas have caused the endangerment of habitat-dependentspecies such as the 
Least Bell’s vireo and likely will cause the extirpation of many species if the last remaining areas of 
individual types are lost (e.g., 10 species may become extinct if the cottonwood-willow association 
disappears). Johnson (1978) estimatesthat 6% of ripariau areascontinues to be lost armually. Historical 
loss estimates include 98% of ripariau habitats in the Sacramento Valley of California, 95% in Ariina, 
and 90 to 95% in the Rocky ~otmtains Region. In Utah, settlement patterns saw riparian areasconverted 
to farmland, frequently hay fields. They continue to be threatened by water management activity, 
grazing, sand and gravel extraction, and development activities. 

Grazing is so ubiquitous in riparian ecosystemsof tbe Southwest that only a few ungrazed sites 
exist (Szaro 1991). On average, the riparian zone is only 2% of a grazing allotment, but it produces 20% 
of the forage, and the cattle consume 80% of their forage from these riparian areas. Stream bottoms are 
natural concentration areas for livestock seeking succulent forage, shade, reliable water supply, and 
favorable microclimate. Only when accessis limited by steep slopes are I&stock absent from unfenced 
riparian areas. Grazing impacts riparian areas both by removing vegetation and by trampling. By 
affecting the spacing of plants, width of the riparian corridor, seediing establishment, and species 
composition, floristic diversity is often Iower in grazed areas. Trampling increases soil compaction, 



erodes streambanks, decreases water quality, widens and shallows channels, and physically destroys 
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vegetation (Kauffman and Krueger 1984). Riparian degradation causesaccelerated runoff and erosion, 
downcut streambeds, lowered water tables, and desertification of tbe land. It has a negative impact on 
wildlife habitats and leads to declines in willows and native grasses. In addition, degraded riparian areas 
are more susceptible to upland inputs as healthy riparian areas can filter out upland degradation. While 
the condition of all rangelands has improved since 1980, riparian areas are in their worst historical 
condition. 

Although the values and functions of riparian areas have been widely and severely impacted by 
cultivation, road building, mining, urbanization, logging, and damming of rivers, grazing has causedthe 
most geographically extensive impacts (Chancy et al. 1990). Impacts of grazing on riparian areas include 
tbe following: 

0 Little vegetation to stabilize streambank and shade stream. 
0 Lowered water table and subsurface water storage. 
l Reduced or absent summer flow. 
0 Warm water in summer and icing in winter. 
0 Poor habitat for fish and aquatics. 
l Poor habitat for wildlife. 
0 Reduced amount and quality of forage. 

Mining 

Surface mining has severely degraded large areasof tbe Western Grassti and Deserts. Surface 
deposits of minerals are extracted by removing successive layers of the terrestrial environment. 
Reclamation efforts have increased, but true restoration success is especially difficult in arid habitats. 
Establishment of vegetation is problematic even with fast growing normative species. Oil and gas 
development also pose severe risks to tbe pristine natural areas of the West. Exploration and production 
of both land and off-shore oil reserves are in direct conflict with many wildlife requirements. Tbe 
substantial infrastructure required by mining activities also contributes to habitat degradation. 

Water Management 

The regulation and damming of streams are often performed to control flooding and drain land, 
resulting in the impoverishment of riparian vegetation (Szaro 1991). Dams and water diversion 
significantly change downstream flow regimes, levels of winter floodwater, dry-season flow rates, and 
riparian-zone soil moisture. Downstream areaslose pulse-stimulated responseswhile upstream areas are 
affected by water impoundment and salt accumulation. Native riparian plants are usually unable to 
colonize the shore of reservoirs becauseof the altered hydrologic regime. For example, high water levels 
are maintained much longer in reservoirs than in rivers and streams; changes in the level are more 
drastic; and the large winter/spring floods required for alluvial seedbeds (e.g., cottonwood) are 
eliminated. 

Recreational Activities 

The characteristics of riparian areasthat attract wildlife and livestock also attract human recreation 
such as birdwatching, biking, fishing, camping, bunting, trapping, picnicking, floating, boating, and river 



running (Carothers and Johnson 1975). These activities are increasing as leisure time, personal income, 

of range condition will likely improve the management of rangelands. 

Habitat Evaluation 86 W estem Rangelands 

mobility, and pollution levels increase in the western United States. This will place even greater stress 
on these rare and abused ecosystems. 

The large number of military training areaslocated in the Western G~~~sLzr+,sand Deserts results 
in major impacts on arid land environments. Roth a reduction in vegetative ground cover and changes 
in species composition result from tracked vehicle activity and troop maneuvers (Diersing et al. 1992). 
There is a major shift from perennial warm-season grass (blue grama) to invading annual cool-season 
grassesfollowing disturbance by tracked vehicles. TzIis activity can also reduce densities of shrubs, trees, 
and succulent plants; the loss of juniper can exceed its ability to regrow. 

Mitigatious of Impacts 

The conservation of habitats requires consideration of mitigations for the major activities 
impacting habitats of concern. In the WeszemDeserts rmd Grasslandr, the primary habitat impacts are 
caused by the following: 

a Grazing of riparian areas. 
l Land conversion of riparian and wetland habitats. 
l Urban conversion of desert and shrubland habitats. 
l Mining impacts on arid lands. 
l Water management impacts of diversion and damming on riparian and wetland areas. 

It is likely that certain areas will see additional conversions to cropland or pasture, and that more open 
ranges will be fenced and thus restrict winter grazing by native ungulates. Increased irrigation wiIl likely 
follow higher demand for water and adversely affect water tables and stream flow on rangelands. These 
and other activities will pose a complex of interrelated effects on habitats of concern and will require a 
holistic, ecosystem-level approach to mitigation. The effects of future management and mitigations on 
riparian areas will have the greatest impact on wildlife and native ecosystem health (NRC 1982). 

Grazing 

Future managementof grazing on rangelands will determine whether range conditions worsen or 
improve from their currently degraded state (NRC 1982). In the past, range condition has been estimated 
by (1) forage production relative to a mythical average, and (2) production of livestock. Recently, some 
range managers have begun to base range condition on deviation from an ideal range or ecological 
climax. This and other improvements in range science provide for consideration of objectives beyond 
livestock production. For example, the widely used model of E.J. Dyksterhuis (1949) is based on 
reversible and gradual community change and is now viewed as inaccurate, as it does not incorporate 
threshold community shifts (J&n 1991). The problem for habitat conservation is that the proportion of 
rangeland climax habitats has greatly decreased, similar to the case with old-growth forest. Although 
there remain disagreementsover proper managementmethods, more effective use of ecological analyses 



Specific methods of mitigating grazing impacts on rangelands include the following (Branson 
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1985): 

l Proper intensity ar .;essonof grazing. 
l Practices that improve livestock distribution. 
l Control of undesirable species using fire or other appropriate methods. 
l Land-surface modification to retain soil moisture for forage production. 
l Ecologically based managementplans for each site using adequate field data. 

Proper grazing management can restore the long-term productivity of most rangelands, but 
obstacles are grazing tradition, geographical extent of problem, and the difference between short-term 
costs and long-term benefits. Successful management requires that traditional intensive measures to 
increase forage be replaced by different management practices. For example, rest-rotation grazing can 
improve range conditions, while intensified chemical use and mechanical brush removal to improve forage 
will likely further degrade range habitats. In addition, fire can be used as a management tool to return 
pinyon-juniper areas to their previous Savannahcondition. As a rule, conversion to cattle from sheep 
requires more managementas cattle use bottomland more intensely than sheep. Therefore, summer cattle 
use of desert ranges in an undesirable practice. Successful rangeland mitigation requires time, flexibility, 
commitment by graziers, and monitoring and evaluation. 

Improvements in the condition of riparian areas will provide the greatest proportional benefit to 
rangeland integrity and functioning. The Bureau of Land Management (BLM) has plans for.restoring 
180,000 stream miles within 270 million ac of BLM lands to improve the functioning and status of 23.7 
million ac of riparian/wetland systemsto meet demandsfor protecting watersheds, restoring water quality, 
and enhancing conditions for fish, wildlife, livestock, and outdoor recreation (Jahn 1991). 

Szaro (199 1) argues strongly for an overall ecosystem approach to research and managementof 
riparian areas, This includes the use of reference sites, a watershed (ecosystem) scale approach, and 
long time scale considerations (greater than 5 years). Mitigation of impacts to riparian areas should 
consider the following factors: 

a Riparian floristic (plant species)diversity should take precedenceover structural diversity 
(vegetation layers and patches) as descriptors of the habitat. 

l Wildlife species depend both on floristic composition and on the relationship of riparian 
areas to animal movement patterns and migratory pathways. 

l The distribution of riparian vegetative communi ’ttes varies with topography and depends 
principally on elevation. 

l Flooding and other natural disturbances are important to riparian systems. They 
contribute to their status as distinct and highly integrated Rockets within other 
communities. 

Successful riparian management requires unique solutions to the specific condition at each site (Chancy 
et al. 1990). However, general principles include the following: 



88 

l Include riparian areasin separatepastureswith separateobjectives and strategies. 

l Fence or herd stock out-of riparian areasto let vegetation recover. 

l Control the tim ing of grazing (1) to keep the stock off s t reambanksthey are most 
vulnerable to erosion, and (2) to coincide with the physiological needsof plants. 

l Provide more rest to the grazing cycle to increase plant vigor or encourage more 
desirable species. 

l Limit grazing intensity. 

0 Change from cattle to sheepto get better animal distribution through herding. 

l Permanently exclude l ivestock from high-risk and poor-recovery areas. 

d Conversion 

Effective m itigation of land conversion activities can somet imeshe obtained only by avoiding 
impacts on rare or unusual  habitat types. Rarely, if ever, is restoration or compensat ionan adequate 
m itigation for the loss of these habitats. In these cases,m itigation is a siting issue, where construction 
and degrading activities are located a distancefrom the habitats of concern. The habitat is adequately 
preservedif all possible impact scenariosare accountedfor. Barring this solution, effective management  
measuresmust be implemented to ensure the protection of the habitats of concern. 

In the caseof unique riparian or wetland habitats, hydrological and contamination concernsare 
especial ly important. Construction or resourcemanagementactivities require the use of sediment filter 
strips and other meansof intercepting offsite contaminants. Road building and structural “improvements” 
must not result in altered hydrological regimes. Desert habitats are especial ly vulnerable to mechanical  
disruption by vehicles and machinery. Where rare plant types exist or where habitats are unstable(e.g., 
sand dunes), recreational accessmay have to be lim ited. These m itigations can be best implementedby 
creation of a regional land-useplan (through a coordinating council  like the W a  terfowl Flyway Council) 
and landowner incentives like the Conservat ionReserveProgram. 

Conversion to agricultural land is a special concern in rangelands with increasing irrigation 
potential. Land conversion to agriculture can causegroundwater overdraft, salinization of topsoil and 
water, reduction of surface water, high soil erosion, and destruction of native vegetation. M itigations 
incIude more conservat ive irrigation techniques and improved drainage systems. Soil conservat ion 
techniquesvary from windbreaks to contour plowing, stripcropping, rotation of crops, conversion to 
grass, and/or m inimum tillage. 

Amelioration of impacts from land conversionto transportation usesrequires special m itigation 
measures. As with all land conversion, the construction of h ighways and power-l ine corridors is 
primarily a siting issue. Avoidance of sensit ive habitats may  be accompl ishedby modifications to the 
route design, and the extent of disturbancecan be lim ited by careful construction practices. However, 
fragmentation of the larger area is unavoidablein the caseof land conversionto transportation corridors. 
Many  structural m itigation measurescan be used to lessen the impact on animal movement  across 
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transportation routes. Primarily, these include the construction of fences and underpasses. The goal of 

l Monitoring and elimination of discharges to surface water, groundwater, soils, and air. 
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these structural measures should be to mimic the natural movement and migration patterns of the affected 
species. 

Mining 

Mitigation of mining impacts involves siting issues, technological solutions to eliminate 
contamination, and restoration programs. The major mitigations for oil and gas extraction and production 
are the proper sitings of rigs, reserve pits, processing facilities, and roads where they will have minimal 
impacts on habitats of concern. Most important for coal and mineral mining is the siting of mining 
operations and tailing ponds to avoid habitats of concern, wetlands, riparian areas, and recharge areas. 
Specific mitigation measures depend on the type of mining and the specific process causing impacts. It 
is generally best to minimize the area affected as it is unlikely that even the disrupted soils and sediments 
can be restored. In addition to minimizing the area disturbed, activities should be timed to avoid 
disturbing nearby plants and animals during crucial periods of their life cycle. 

Possible mitigation measuresfor mining operations include the following (SAIC 1991a, 1991b): 

l 

l 

l 

l 

l 

l 

l 

l 

l 

Design of mine entrances and workings to minimhe future mine drainage. 

Runon and runoff control measures such as berms and ditches. 

Adequate depth and lining of pits for wntaimnent of muds and leachate. 

Elimination of migration of fluids through casings and dewatering. 

Separation of wastes and wntaminatecl soils with proper disposal. 

Treatment of leach heapsand neutral or acidic wastewaters to reduce the load of cyanide, 
nitrates, and heavy metals. 

Closure planning that addresses hydrology, geochemical controls, treatment, and 
restoration. 

Nets or other covers over process ponds. 

Maintenance of an anaerobic environment in the tailing pile during periods of inactivity. 

Secondary wntainment of tanks and contingency plans for sudden or catastrophic 
releases. 

Backfilling and sealing of the mine workings during mine reclamation/closure. 

Recycling of process water, smelter slag, and air pollution control dust. 



l 

virtually eliminate the spread of large-scalefires. 
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Replenishmentof surface and ground waters with treated effluents, 

l Road closure and reolamation (following recontouring) with revegetation of native 
species. 

Although the reclamation of m ined Iands is often unsatisfactory for ecological habitat restoration, 
reforestation with native trees has been demonstrated (Plass 1975) and would serve to reduce the 
abundanceof nest parasitic brown-headedcowbirds and restrict their accessto mature forest. 

wetlands 

M itigation of wetlands destruction and degradationis the subject of a growing body of iiterature 
(Kusler and Kentula 1989). Restoration and m itigation banking concepts are still being evaluated as 
effective m itigation measuresfor direct wetlands alterations. 

M ilitarv Activities 

M itigation of the impacts of m ilitary activities on habitats has only recently received attention. 
The Army Corps of Engineers’Construction Engineering ResearchLaboratory in Champaign, IL, is 
developing a Land Condit ion-Trend Analysis (LCTA) Program (Diersing et al. 1992) as a comprehensive 
meansof matching m ilitary training m ission objectives with effective natural resource management.  If 
such a plan is instituted, it is likely that careful coordination of the siting and tim ing of training operations 
will dramatically reduce habitat impacts. An awarenessof the ecological consequencesof specific 
activities is essentialto effective m itigation. The following generalm itigation measuresapply the primary 
impacts of m ilitary activity. 

l T iming and siting of operations - The noise and disturbance associatedwith aircraft 
flights and large troop maneuvers cannot be eliminated. However, sensit ive 
environments can be avoided, and operations can be timed  to avoid critical nesting and 
m igratory periods. 

l Calculation of al lowable use for tracked vehicles - Tracked vehicle movements  are a 
major cause of habitat degradation. Vegetation destruction and soil erosion and 
compact ion are the primary impacts. Precise equat ionscan be developedthat estimate 
sustainedtracked vehicle use basedon physical properties of the environment, vegetative 
cover, and changesin vegetative cover causedby the passageof tracked vehicles. For 
example, tracked vehicle use should be restricted to all-weather roads when possible. 

l Fire suppression during artillery practice - Fires created by artillery pose a major 
problem in arid environments. Rapid identification and suppressionby helicopter can 



Guidelines for Reviewers 

Reviewers of environmental impact assessmentswill find this document useful if they follow the 
steps laid out in the introduction: 

1. Review the status and trends of habitats in the region. 

2. Identify the habitats of concern. 

3. Link the activities involved with impacts to these habitats of concern. 

4. Devise appropriate mitigations for the impacts. 

Bach reviewer can then determine the adequacy of the environmental impact assessmentin question and 
recommend modifications to enhance its effectiveness. 

In identifying the habitats of concern, the reviewer should supplement the information in this 
document with detailed locational information on the abundance and distribution of habitats within the 
region of interest, and with any historical information on the extent and quality of these habitats. Most 
important, the reviewer should characterize the habitats in terms of their ecological values (e.g., use of 
wooded wetlands by migratory waterfowl). 

In considering the links between activities and habitats, the reviewer should look beyond direct 
impacts to indirect and subtle effects, including cumulative impacts, interactive and synergistic impacts, 
and scale-dependent impacts (e.g., effects of fragmentation on ecosystem integrity and species home 
ranges). 

In devising possible mitigations, the reviewer should follow the seven principles for habitat 
mitigation repeated below. The reviewer should also determine whether adequate assuranceshave been 
given that the mitigations proposed will be completed. 

1. Base mitigation goals and objectives on a landscape-scaleanalysis that considers the needs 
of the region, 

2. Mimic natural processes and promote native species. 

3. Protect rare and ecologically important species and communities. 

4. Minimize fragmentation of habitat and promote connectivity of natural areas. 

5. Maintain structural diversity of habitats and, where appropriate, species diversity to 
promote the natural variety of the area. 

6. Tailor management to site-specific environmental conditions and to the unique impacts 
of the specific degrading activity. 

7. Monitor for habitat impacts and revise mitigation plans as necessary. 
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R. Langley, Associate Director, Fish and Wildlife Enhancement, U.S. Fish and Wildlife Service 
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Finally, the reviewer should consider the proposed activities and mitigations in the context of 
relevant regional program goals and objectives (e.g., whether the outcome of the project will be in 
accordance with principles set out by ‘regional planning commissions such as those established for 
southern California). 

Contacts and Information !hurces 

When considering habitat conservation issues in an environmental impact assessmentfor the 
Western Deserts Md Grasslands, the reviewer should consult the following organizations and individuals 
for information on habitat impacts and mitigations: 

State Natural Heritage Programs 
U.S. Fish and Wildlife Service, Regional and Area Offices 
State Fish and Game Departments 
University and Research Programs 
Herbaria and Museums 

Patrick Bourgeron, Regional Ecologist, The Nature Conservancy 



Western Forests Habitat Region: Western Forests 

Geographical Description of Region 
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The Western Forests Habitat Region, Western Forests, contains parts of 11 states. The region 
includes parts of Washington, Oregon, California, Arizona, New Mexico, Colorado, Wyoming. Utah, 
Nevada, Montana, and Idaho. Parts of EPA Regions 6, 8,9, and 10 are included. The accompanying 
map indicates the boundaries of this habitat region and the states it comprises. 

The Western Forests comprises 12 ecoregions (Omernik, 1987). The vegetation of the Western 
Forests includes a wide range of forest types, including spruce, cedar, hemlock, cedar hemlock, Douglas 
fir, redwood, silver-fir, western spruce, mixed conifer forest (fir, pine, Douglas fir), red fir, lodgepole, 
subalpine forest, western ponderosa pine, grand-fir, alpine meadows (bent grass, sedge, fescue, 
needlegrass), Arizona pine, pinyon woodland, Southwestern spruce, and a mosaic of Oregon oakwoods. 
The land use pattern is predominantly forest and woodlands that are grazed and ungrazed, pasture 
croplands, and croplands with some interspersion of pasture, woodlands, and forests. 



Habitats of Concern 

The WesternForestscontainsmany habitatsof concern; the most obviousfall into four general 
categories:old-growth conifer forests,remnanthardwoodforests,alpine communities,and riparianand 
aquaticsystems. The principal habitatsof concern most at risk in the WesternForestsarelisted below. 

PRINCIPAL HABITATS OF CONCERN 
IN THE WESTERN FORESTS 

1. Old growth conifer forests 
l Douglasfir of Pacific Northwest 
l ponderosa pine east of the Cascades 
l ponderosa pine in Arizona and New Mexico 
l redwoodforest in California 
l old growth in northern Rocky Mountains 

2. Remnant hardwood forests 
l California oak woodlands 
l Oregon oakwoods 

2. Alpine communities 
l montane grasslands 
l alpine talusand barrens 

3. Riparian,wetland, and aquaticsystems 
l riparian forest 
l salmonfishery habitat 

Habitat Values and Trends 

The western United States contains a large area of forested land, including the last substantial 
areas of virgin forest (excluding Alaska). Timber harvesting came to the West with the settlement era 
after most of the East had already been logged. The three major regions of western forests are the Rocky 
Mountains, California, and the Pacific Northwest. 

Rocky Mountain Forest 

In the Middle and Southern Rocky Mountains, intensive exploitation of forest timber began when 
railroads opened up the region, producing lumber mills in 1870 (Barrett 1980). Fire also played an 
important role in this region, promoting lodgepole pine at the expense of Douglas fir. Logging came 
later to the Northern Rocky Mountains, where the forests of Idaho and western Montana represent the 
largest area of contiguous forest in the United States with more than 80% of the land forested. 
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Agricuhmd settlementincreasedrapidly after the Civil War, reachinginto the fertile grasslandsandopen
tiderod fouthilIs. Farmlandextensionis currentlyslow but continuinginto the forest area. About half 
oftheforestareaisgra2zd. 

brat forestry efforts are direc&d at the conversionof old-growth and high-gradedatan& to 
commercialtimber hanesting. Akhougb white pinesforestswere intensivelyloggedbetween1910and 
1925, old-growthforestsstill predominateover muchof the NorthernRocky MountainRegion. A total 
of 138 million ac of forest occur in the Rocky Mountain Region,most in pinyon-&niper woodland(47
million ac of dry plnteausandbroke0tablelands),Douglas-fir (18 million ac), fir-spruce (16 milJionac),
ponderosapine (16 million ac), and lodgepolepine (15 million ac) (USDA Forest Service 1989). In 
Mt decades,a modest,steadydeclinein forest areahas occurredas a result of clearing for roads, 
urban development,powerlinerightsof-way, and surfacemining. Substantialareas-inMontana,Idaho, 
and Colorado have hen convertal to homesites. Data indicatethat forest ecosystemtypes that have 
declinedsince 1963include westernwhite pine (89%), larch (35%), lodgepolepine (29%), ponderosa
pine (27%). and westernhardwood(19%). In the future, forest area is expectedto remain stableas 
timber harvestinglandsdecreaseand conversionsto urban usesincrease. 

Tbe Rocky Mountain region is a highly dissectedseries of peaksand ridges containingboth 
forests and rangeland(see WesternRang&u& Habitat Region). Even within forested areas, many
unusual habitats exist, including old-growth spruce/skunk cabbage, acid shale ponderosa pine
wmxnunities,intermountainbunchgrass,andvarious alpineand subalpinewmmunities. Many of these 
are unwmmon and isolatal, representingespeciallyvulnerablehabitatsin this region. 

Celifornia is secondonly to Alaskain total forest area;forest areawnstitutes 40% of the state, 
or 40 million ac (Barrett 1980). Since 1953,the total wmrnercial forest ltea in California hasdecreased 
by about 1 million ac becauseof grazingdevelopment,roads,constructionof reservoirsandpower lines, 
urban expansion,and park and wifdemws dedication. The six major habitat types include redwood, 
mixed conifer, true fir, ponderosapine, California oak woodland,and California chaparral. Although
the statehas a long history of industrialuseof forest, efforts are under way to restrict timber harvesting
throughoutthe state. 

Lossesof forestsand woodlandshave beenlessthan I % per year over the last decadeand are 
causedprincipally by urb-on andconstructionof roadsandreservoirs(USDA ForestService1989).
However, the wndition of forestshas beengreatly afkted by logging, which has reducedthe number 
of tras by 55% and changedopen standsof large trees to dense standsof small trees. Forest 
compositionhas changed;hardwoodshave replacedcoastalconifers, while white fir and incensedar 
have replacedpine in the interior. Originally 74% of forest was matureor old growth and 13% was in 
saphngor saw timber stages. Now nearly 40% of maturestandshavebeen cut and are in the sapling 
stage. Predictionsare that about 11% of timberlandwill be reservedfor maturestands(Raphaelet al. 
1988). Aii pollution, both acid depositionand smog, alsohavecausedextensivedamageto theseforest 
ecosystem&especiallyto the susceptiblegdtic water&adsand SouthernCalifornia forests(California 
Depamnentof Forestry and Fire Protection1988). 



The Pacific Strtes, excluding Cmlifomia, compriseaboutSOmillion ac of forest. Major types 
includewesternhemlock-sitkaspruce,coastalDouglasfir, tnre fir-mountainhemlock,mixedconifersof 
southwestemOregon,mixedpi#-fir of wstam bgon andWashington,andnorthwesternponderosapine
(USDA Forestservice 1989). Since 1963, many forest ~yrtun typeshavedsclined: westernwhite 
pine (99%). rsdwoctd(31%). pondausa pine (26%). Douglasfir (20%), snd lodg.epolepine (17%). 

‘he PacificNorthwestraiufom @riociprlly spruce,hemlock,andfir) constitutesoneof the most 
productive forestregionsin the world. ‘l’he westernareasof Washingtonand Oregonare 80% foresti, 
8nd the astem pmions of ti sZatesare 35% to 40% firested. Large-scaleset&ment beganin the 
Pacific Northwestduring the middle of the 19thcentury. Agriculture was r-es&&d to river valleysand 
the steppevegeutioo of the Etst, but adjacentforested wcfc usedextensivelyfor grazingof both 
sheepand cattle. Timber w incrursd with the adventof the California Gold Rush and has 
wntimed to be a major industry ever since. Forest use west of the Cascade startedalong waterways
and progressedinland onto stcqer slopes8s logging tschnologiesimproved. Virgin timber is still being 
cut on the higher slopesof tbe Olympics and westernslopesof the Cascades,but the ageclassesof the 
mwnd forest follow the original, regional pattern of hanmting. Clearcut logging has been almost 
universalwest of the &c&s with pmtirl cut logging usedto the east(Buna 1980). 

‘Ihe Olympic Penins& of Washingtoncontainsone of the best examplesof old-growth forests 
remainingin the United States. Of the 390,000ac of old growth existingin 1940,only 94,ooOremair& 
in 1988(MO&on 1990). Although sitka spruceand westernhemlockcovera! more than 1 million ac 
beforeEuropeansettlement,logging andhumancausedfires havereducedthe areaby 97%. Additiona’ 
ecologicalzonesincludeDouglasfir, pacific silver fir, mountainhemlock, subalpinefir, and alpine. In 
both Oregonand Washington,the most obvious changein fonst cover over the last 10 yearshas been 
the reduction in area of old-growth fixuts by logging. Major impactsin both stateshave beendear 
cutting, road building, edgeeffects,fragmentation,audhumanfins, aswell asdiseaseandpestmortality 
in easternWashington. 

Morrison (1988) assessedthe amountand conditionof ecologicalold-growth conifer forest’that 
still exists on 6 of the 12 westsidenational forests in the wastal region of Oregon, Washington,and 
northern California and estimatedthe amountof old growth that will remainin 5 yearsif presentpolicy
continues. The results predict that old growth coversless ~TC;BanlJis being lost more rapidly than is 
claimed by the U.S. ForestServict. Factorswntributing to the vulnerability of old-growth forest in the 
Northwest includethe kllowing: 

l Nearly all of the old gnwtb on private landsin the Pacific Northwesthasbeen logged.
0 Only3196 ofthe remainhg old growth is in designatajwilderness areas. 

Bat@ on 1984 maps (Flather and Hoekstra 1989), the averagenumber of endangeredand 
threatenedspeciesper county is 5.6 for the Western Forests, amongthe highest in the nation. The 
following listing of PacificNorthwestforesttypesillusuxtessomeof their characteristicecologicalvalues: 

Douglas-fir - denseoverstoryforest of ancienttreessupportsimportantplantssuchas epiphytes 
and yew, and rare speciessuch as spottedowl and marbledmunelet; forest openingsand uuly 
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reral stagessupportelk, grizzly bear, moose,blue andruffed grouse,mammalianprahmn such 

Habitat Evaluation 97 Western Forests 

as mountainlions and bobcats,and endangeredAmericanperegrinefalcon. 

Fir-tpruce andhemlockSi& spruce*densecanopyforestwith little understorybut interspersed
with m&ows or Ltrutm bottomswith willows and aspens;supportmoose,elk, wolverine, lynx,
black bear, mountainlion, and sow grizzly bear. 

Ponderosapine - historically, fire kept habitatopenandpark-like with ground wver of grasses,
aedges,and forbs; supportsblack bear, mule deer, elk, and mountainlion. 

Lcodgepolepine - supportsmoose,elk, wolverine, lynx, black bear, mountainlion, coyote, and 
somegrizzly bear. 

Redwood- denseoventory forest of smallgeographicextentin California andOregon;supports 
elk, mountainlion, bobcat,and black bear. 

Westernhardwoods- 50% or more of wast live oak, canyonlive oak, blue oak, valley oak, 
interior live oak, or aspen;in California supportsmule deer, California quail, mountainquail,
skunk, and endangeredSanJoaquinkit fox. 

Pinyon-juniper- often adjacentto ragebrushon dissectionof western basins and mountains; 
supportsmule deer, mountainlion coyote, bobcat,jackrabbit, numerousbirds. 

Alpine - above timberline in Rocky Mountain and Pacific Coastregions; wnsists of grasses,
grasslikespeciesand forbs; includeslakesand pondswith endemictrout; supportspika, pocku 
gopher, yellow-belliedmarmot, mule deer, elk, mountainsheep,and ptarmigan. 

&parian and Wetlpnd Areas 

The original amountof wetlandareain the Rocky MountainRegionhas beendecreasedby one-
third since widespreadsettlementbegan (Windell et al. 1986). ‘Jhe Rocky Mountains comprise-a 
relatively small areaof wetlands,but a wide variety of wetlandtypes, rangingfrom intennountainbasins 
to alpine tundra. Much of the impactresultsfrom the concentrationof &man populationwithin certain 
Rocky Mountain areas. Populationtends to be sparsein the high plains, heavy along the junction 
between the plains and mountains, and moderatein the mountainsalong narrow”vaJleyfloodplain
corridors. The heaviestdevelopmentis concentratedalong water courses. 

Developmentalong water courseshas dramaticallyreducedthe areaof wetlandsin the Pacific 
States. As in the RockyMountainRegion,manyPacific Stateswetlandsoccur in rangelandenvironments 
rather than forests. However, many wetlandsdo occur in the Western Forests, including the large
estuariesof SanFranciscoand PugetSoundandthe forest wetlandsalongthe aorth coastof Washington.
Perhapsof evengreaterimportancein the WesternForests areriparianareas. Theseforest zonesprovide
essentialhabitat for many forest species,connect forest to wetland areas, and provide filtering and 
transport of nutrientsfor aquatic systems. The traditional use of riparian areas.for accessto timber 
harvestingand traaspon of logs has severelydegradedriparian areasin the Western Forcsrs. 
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Approximady 6 million 8c Of-*a@r UtB occur in the vast Rocky Mountains. About 4 million 
ac.of water arcs occur in the Pacific States,iDcludhg coastalwaterwaysau& as Puga Soundand Strait 
of Juande Fuca, CraterLake, and rivers urcb 8sthe ColumbiaandW illamette. lnwmparable salmonid 
fisherieswere oncecharaaerktic of the Wrttcm Fomtir. Timber harvestingpracticesurd development 
on major rivers, especiallydammingfor hydropowa andirrigationdiversion,have.dramaticallyreduced 
fishery habitatand salmonidabundance. 

The major sources of degradationand 10~~to terrestrialenvironmentsin the Western Forerrs are 
timber hrntcsting practicesand miniug. Land conversionand water managementactivities also affect 
both terrestrial and aquaticsystems. Tbe ecologicallyrich old-groti forestsof the Pacific Northwest 
are under intenselogging pressureas private old-growth lands are eliminamd. 7Be total area of old 
growth has declinedby 80%. and the remainingforestsare being fragmentedand degraded. This issue 
representsone of the country’s most in wnfkts of natural area preservation and rez+ource 
exploitation. 

In addition to timber hmcsting, mining and oil and gasdevelopmentposerisks to the pristine
namral areasof the Northwest. Gold mining is causinghabitat degradationin Washington. Pressure 
upon local govemmentsto oonvcrt open space to residential, commercial, and industrial uses co 
accommodategrow& have beenintense,and have also beenresponsiblefor the loss of wildlife habitat 
in the area. Losseshave beenmost revere wherethe effectsof urbanizationand populationgrowth are 
most pronounced. California habitatsthat have lost significant acreagesin the last 30 years include 
foothill oak woodland,closed-conepinocyprcss, andredwoodforests. Much of the developmentin the 
next decadewill occur on hardwoodforest landsof California. 



?hCfOllOWiBg~~itk~ result in the major impactson habitatsof concernin the WestcnlFor&s. 

IMPACTS ON 3ABITAm OF CONCERN IN THE - PO-

Lad. ‘,’ 

Old-growth Minor aearcuningmd h40dt-m~ Minor 
forest 
fragmentation 

Runnanr Urban development Moderate Minor Minor 
hardwood 

Alpine Resortand recreational 
commeties development 

Minor MOdWatc Minor 

Riparian, .i Residentialdevelopment Major impacts Major Major impactsof 
wetland, ml : inriverbottoms of erosionand dammingand 
aquaticsystems and coIlstnlctioIlof aedimezrtion water diversion 

pipeline and 
transportationcorridors 

Timber Harva 

Old-growth forestsare of specialcon for habitatconservation. Not only do thesesensitive 
terrestrial environmentscontain unique assemblagesof speciesbut they are also under intensetimber 
harvestingpressure. The only significantremainingareaof old-growthforest is the conifer forest of the 
Pacific Northwest. Less than 5 million ac of the original 15 million ac of old growth in western 
Washingtonand westernOregonremain. Someview the alteredlandscapeof the Olympic Peninsulain 
westernWashingtondue to timber cutting as.themost drastic ecologicaldisturbanceof the last 10,ooO 
years (Morrison, 1990). Lessthan 20% of the original old growth on the peninsularemains,and entire 
ecologicalassociationsof plantsand animalsthat oncedominatedlower elevationson the peninsulaare 
now rare. Ancient forestsof the Pacific Northwesthavebeenso fragmentedby roadsand logging that 
the viability of tbe old-growth ecosystemis in question. 

Forests me many important ecosystemfunctions that can be lost or degradedby timber 
harvestingpractices(Norse 199Oa).For example,forestsare naturallyefficient regulatorsof water-flow 
levels through the retentionof surfacerunoff during high precipitationperiodsand the maintenanceof 
moisture levels during low precipitation periods. Forest stabilizationof soils prevents increasesin 
sedimentloadsandmaintainswaterpurity for aquatichabitatandhumanuses. In the KlamatbMountains 
of southwesternOregon, erosion rates in roadedareasaveragedmore than 100 tunes higher than on 
undisturbedsites, and erosioncausedby logging alone averaged6.8 times higher than on undisturbed 
sites (Dymess 1975). In northern California over a g-year period, stra sedimentin a developed 

HabitatEvaluation 99 WesternForests 



l 

Habitat Evaluation 100 WesternForests 

watershedwasmore than 80% higher with rod building and275% higher with logging and roadsthan 
in a similar, undisturbedwatched. Forestt also lQve tD retain nutrientswithin the ecosystemby a 
amqdex processof litter accumulationAd decomposition.Logging often destroysthe nutrientraention 
ability of the soils and hasbsm hpliukd h fiilureS to rbkve forest Bon. 

F-on of habitatis lllotfier revetr impactof timber harvestingon forests. As roadsand 
clwcuu arc placed in virgin forest, Irabupe fragmentationincrw and theenaturalbuffering of 
extremesin tempcramrc,drought, anowpack, and wind d-es. As a result,blowdowns,fires, insect 
and diseaseinfestations,anagaxtting, aud salvagelogging inmase. Approximately60 ac of old growth 
ue destroyedor alteredfor eachnew 25-accl-cut in unfragmentalold growth asa resultof deleterious 
edgeeffects;for everymile of road built in unfngmenti old growth, approximately97 ac of old-growth
forest are alteredby edgeeffkcts (Morrison 1988). 

d Conv& 

Land conversionin the Western Forests hasthe greatestimpacton the remnantwoodlandsat the 
edge of urban centersand on the forest valleys along river courses. The U.S. Forest Service(1989)
projectionsover the next 50 yr indicatea loss in forest areaof 8 million ac with the conversionto urban 
anddevelopedusesin the Seattle-Tacomaareas,numerousareasin California, lad tbe mixed forest-urban 
zones of Oregon. Conversionof both uplands lad wetlandshas a profound effect on the natural 
communitiesin the West. In recent years, Be expansionof populationsinto formerly pristine m is 
fragmentingforest through industrial and residentialdevelopment. Rural areasare ho ruffering from 
‘spi114f development”associatedwith highway development. 

In addition to the conversionof lands along water courses,riparian and wetland areasof the 
Weszcm Forests face threatsfrom other offsite and onsiteactivities. The primary impactsto wetlands 
include the following: 

l Recreationand other development(especiallyvacationhousesand resort factiities). 

l Drainageand filling for buildup and parking areas(iipact of cumulativeeffects). 

a Dewatering,diversion, aud irrigation (therearemanytransbasindiversionsystemsin tbe 
Rocky Mounuins). 

l Forestclear-cuttingand channelhtion (causingerosion,fastersnowmelt,reducedwater 
retention,and nutrient loading downstream). 

l Mineral mining (aquifer draw down, chanaelizafion,streamdiversion, acid and alkaline 
mine drainage,wastedisposalrites and tailing areas,erosionand sedimentation). 

Sandand gravel mining (expectedto triple or quadrupleby the year 2000). 



l Road and railroad Icass (constnrctionof roads,villages, and towns along mediumto 
large strems). 

l Damsandreservoirs(decreasingthe acreageof riverine, riparian, andwetlandsystems). 

Aquaticresources,especiallythe anadromousfisheriesof the PacificNorthwest,arealsosufkring 
severedeclines. Tbe complexof damson tbe ColumbiaRiver kill approximately93% of young salmon 
andhave contributedto the listing of the sockeyeandchinooksalmonasthreatened.Recoveryplansfor 
theseandotherfish specieswill havehug&e ramificationson watermanagementandhumanindustry 
planning for the region (Weisskopf1991). 

zbmig8tiOusof xnpcts 

The conservationof habitats requires considerationof m itigations for the major activities 
impactinghabitatsof concern. In the Western Forerfr, the primary habitat impactsare causedby the 
following: 

a Timber harvestingand fragmentationof old-growthforests. 
l Land conversionof remnanthardwoodforestsand alpine communities. 
l M ining impactson forest5and quatic systems. 
l Wamr managementimpactsof diversionand dammingon rivers. 

Managementof the combinedeffectof theseactivitieson sensitiveh&tats requiresa holistic, ecosystem-
level approach.The new interagencyefforts to managethe GreaterYellowstoneEcosystemin Montana 
and Wyoming(approximately20 m illion ac, 69% publicly ownedby five federalagencies)is the premier
exampleof an integratedapproachto ecosystemmanagement(l&n 1991). ln particular, the approach 
paysspecialattentionto the noedsof wide-rangingspeciessuchaselk and gr&ly bears. It emphasizes 
the needto look at the landscapescale(not institutionalboundaries)for the implicationsof habitatvalue 
urd modification. 

At a m inimum, the productionof commercialwood productsfrom an area must not excctd the 
sustainablelevel if the ecologicalintegrity of a forestedareais to be maiutai.ned.Wheresensitiveforest 
typesexist, logging may be complaely prohibitedor wnstrainedto specificmethodsto preventhabitat 
lossor degradation. In other areas,more extremeharvestingmethodsmay be allowed or prescribedto 
cstablisbor maintaindesiredforest conditions. Acceptablemethodswill vary acuxding to local forest 
ealogy and the desiredfuture conditionof the site. Analysisof harvestingtechniquesmust be based 
upon au analysisof tbe structureand diversityof the forest canopy,m idstory,and understory. 

A recentdirectiveof the Fief of the U.S. ForestServiceacknowledgesthis fact md pointsout 
that clear cutting is acceptableonly when neededto replicatenatural ecological@xcsses. Selective 
cutting canpreserveforest smxtural diversity,the primary daerminantof wildlife habitat (Harris et al. 
1979). However, it can reducehorizontaldiversity (NRC 1982). The harvestingtechniqueemployed 
must be basedupon tiund silvicultural prescriptionsand demonstrateits capabilityto maintainvertical 
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diversity (foliageheight diversity), horizontal divar@ Cipersion, edge, juxttposjtion, pat&nws),
rad a mixture of live end dead wood. Specific timher harvestingoperationsshould be designedto 
preservethe stnrctureand diversity of the natural forest habitat. 

An importantcomponentof aektiv~ cutting shouldbe the preservationof standingdeadtrees. 
Many forestbirds nest, roost, or forrge for invut&raW in standingtrees with decayedwood. These 
cull treesareusuallythe first focus of forrst-thhtthg ~pentionsto the detrimentof.the birds. Breeding
bird abundancedeclinesrapidly following I clear cut, md the specieswmposition continuesto change
for10to15years(D&raafl!Bl). How~,ifaeeswitb~~vitiesueuvsd,manyofthesespeciesw 
successfullyforage on round boles. About onelarge avity or den tree per 2 ha is required for 
populationof large ape&s such as wood ducks; this f@res harvest rotationsof 100 to 125 years
(althoughrotationsof 65 yearsprodua trees large enoughfor speciesnestingin smallercavities). 

Timber harvestingpractices modified to reducethe impactsof simplification must also address 
fragmentation. The settingasideof undisturbal tractswill not achieveviable populationsof the larger,
wider-ranging species. Some species require specific b&tat conditions; others require particular 
arrangementsof several communities. Therefore, a successfulfaunaI conservationstrategy must 
emphasizethe landscapewnfiguntion, not just the structuralwntent of the wmxnunitiesthemselves. 

Respondingto the ‘biodiversity crisis,’ the U.S. ForestServiceis moving toward an ecosystem
approachto forest management (Bob Szaro,personalwmmuniwtion). Bwent forest managementplans
have incorporatedtenetsof the ‘New Forestry’espousedby Jerry Franklin. Theseprogressiveplans
require the rigorous implementationof a3Aogical managementpractice5to maintainforest productivity
and preservethe functioning of sensitive forest componentssuch as old-growth or late-succtssiona 
forests. Effective mitigationstir b&tat wmation in forestmanagementrequirespecificmanagement 
measuresat the site, water&al, and landscapelevels. For example,the location and size of timber 
harvests should he planned to rainink reduction of core area of mature forest (e.g., harvest only
alternatebasinsuntil regrowth). Maimena~ of mature-foreststands in managed landscapecm be 
achievedby extendingrotation (beyondSo) to 150to 200 years,by leavingsomestandsunharvestedfor 
old growth, md by linking stands. Land-e considerationsincludethe provisionof buffer zones 
and habitat corridors as discussedin tbe introduction to this document. Managementmursures 
recommendedfor conservinghabitatwithin managedforestsincludethe following: 

l Minim& the wnsmxtion of new roadsand closeroadsnot in useeitherpermanentlyor 
KasoMNy. 

a Use but managementpractice5(BMPs) such8s filter strips to minim& erosionduring
harvestingor road constru&on. 

0 Maintain 1004t riparian zoneswith adjawnt featheredtransition rows to buffer edge 
effects. 

0 Restrict harvestingoperationsto periodswhenthe groundis either dry or frozen. 

0 Maintain site productivity by retahing large woodymaterialandminimizing mineralsoil 
exposureand compactionduring barvesting. 
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0 Managefor naturaldisturbancepatternsto ma in& naturalopeningsand successional-
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stagewmposition. 

0 Ma  intainwmections tmwen blocksof iutcrior forest, especiallyold growth. 

l Providefor the protectionof specialareas,inchding cliffs, caves,taluses,riparhn areas, 
andold-growthstands. 

0 Ma  intainthe structuralintefity andthe nativevarietyof the forestby managingfor the 
namraIcomposit ionof the following components:vegetativetypes, seral stages,tree 
typesandsizes,standingdeadtreesanddown ma terial,tree snags,and cavity trees. 

The presmrtion of old-growthforest in the Pacific Northwesthasbeenthe focus of intensive 
scientificstudy. For example,the reportof The ScientificPanelon Late-SucassionalForestEcosystems
providesa model of ahemativesof forest managementfor preservationof ecosystemsand wildlife 
Qohnsonet al. 1991). Using tbe spottedowls as an indicatorspecies,the panelderivedthe following
recommendationsfor m itigatingthe impactof timber harvestingon late-successional/old-growthforest 
in the Northwest: 

a LstcSuccusionaVOld-Growtb(LS/OG)areasshouldbeprotectedashabitatconservation 
areas(HCAs). Blockssuitableto ma intain20 pairs of owl shouldbe not more than 12 
m iles apart. Areasbetweentheseblocksmustfollow the 50-l 140 rule: 50% of forest 
musthavean averagetree diamuerof 11 inchesandcanopyclosureof 40%. Areaswith 
additionalowls may be addedto the HCAs to meetthe goal of presemation. 

0 Provisionsfor watersbedsand fish includema jor rektions in road m ileageand road 
drainageimprovements,as well as extendedloggingrotations.‘Problem ”roadswould 
be improvedor removed,andunstablesoils would remainunroaded. 

0 Rip&an managementwill includeno-harvestareasof varying width (114m i to 50 II 
dependingon the value of the stream). 

In a seriesof aknatives (from high timber harvestto LS/OG andwatershed/fib emphasis),the Panel 
found that “cumnt forest plansdo not providea high level of assurancefor ma intaininghabitatfor old-
growth-dependentspecies.” No alternativeprovidesabundanttimber harvestand high levelsof habitat 
protectionfor speciesassociatedwith late-suwcssionalforests. 

Effective m itigation of land conversionactivitiescan sometimesbe obtainedonly by avoiding 
.Gmpacts on rare or unusualhabitattypes. Rarely, if ever, is restorationor compensationan adquate 
m itigation fdr the lossof thesehabitats. In these cases,m itigationis a siting issue,whereconstruction 
and degradingactivitiesarelocatedat a distancefrom the habitatsof wnccrn. The habitatis adequately
preservedif all possibleimpactscenariosareaccountedfor. Barringthis solution,effectivemanagement 
measuresmustbe implementedto ensurethe protectionof the habitatsof concern. 
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ln the caseof uniquewoodlandor watlad hrbiutsV~hydrologiwlandcontaminationwncems arc 
especiallyimportant, ConsUUCtiOn or rcsOurCemJJWemeJltWtivitks requirethe use of sedimentfilter 
tiips andothermeansof intercepting~ffbit~ wntattk~ts. Roadbuildingandstructural“improvements’ 
must.not result in altered bydrhgid w. Where rare plant types exist or where habitatsare 
unstable(e.g., riparian areas),recrwtional accessrwy haveto be limited. ‘Ike mitigationscanbe but 
implawntui by creationof a regionalland-Useplan (througha coordinatingwuncil like the Waterfowl 
Flyway Council) and landownerincentiveslike the CanservationReserveProgram, 

Mitigation of mining impacts ~IWO~VCSBiting issues, technological solutions to eliminate 
con-on, andrestorationprograms. ?be major mitigationsfor oil andgasextractionandproduction 
are the propersitingsof rigs, reServepits, proas~ing facilities, and roadswherethey will haveminimal 
impacts on habitatsof wwern. Most important for coal and mineral mining is the siting of mining 
operationsand tailing pondsto avoid habitatsof concern.wetlands,ripuian areas,and rechargeareas. 
Specific mitigation measuresdependon the type of mining and the specificprocesscausingimpacts. It 
is generallybut to minim& the areaaffoctul as it is unlikely that eventhe disruptedsoils andsediments 
can be restored. In addition to minimizing the area disturbed, activities should be timed to avoid 
disturbing nearbyplantsand animalsduring cmcial periodsof their life cycle. 

Possiblemitigationmeasurwfor mining operationsincludethe following (SAX 199la, 199lb): 

Designof mine wtranwswdworkingsto minimim future mine drainage. 

Runon and runoff control measuressuchas bermsand ditches. 

Adequatedepth and lining of pits for containmentof mudsand leachate. 

Elimination of migration of fluids throughcasingsand dewatering. 

Separationof wastesand wnta&ated soils with proper disposal. 

Treatmentof leachheapsandneutralor acidic wastewatersto reducethe loadof cyanide, 
nitratu, and heavy metals. 

Closure planning that addresseshydrology, geochemicalcontrols, treatment, and 
restoration. 

Nets or other coversover processponds. 

Maintenanceof an anaerobicenvironmentin tbe tailing pile during pniods of inactiviq. 

Secondarycontainmart of tanks and wntingency plans for sudden or catastrophic
releases. 

Backfilling and sealingof the mine workings during mine reclamation/closure. 



0 Recyclingof processwater, smelterslag, andair pollution control dust. 

l Monitoring anddimination nf Qchrges to surfacewater, groundwater,soils, andair. 

0 Replenishmentof surfaceandgroundwaterswith treatedeffluents. 

4 Road closure and reclamation(following recontouring)with revegetationof native 
species. 

Although the reclamationof m ined lands is often unsatisfactoryfor ecologicalhabitat restoration, 
reforestationwith native trees has been demonstmted(Plass 1975) and would seme to reducethe 
abundanceof nKt parasiticbrown-headedcowbirdsandrestricttheir accessto ma tureforest. 

M itigation of wetlandsdestructionanddegradationis tbe subjectof a growingbody of literature 
(Kusler and Kentula 1989). Restorationand m itigation bankingconceptsare still being evaluatedas 
effectivem itigationmeasuresfor direct wetlandsalterations. 

Guidehes for Reviewers 

Reviewersof environmentalimpactassessmentswill find this documentusefulif they‘follow the 
stepslaid out in the introduction: 

1. Reviewthe statusand trendsof habitatsin the region. 

2. IdentiQ the habitatsof concern. 

3. Link the activitiesinvolvedwith impactsto thesehabitatsof wncem. 

4. Deviseappropriatem itigationsfor the impacts. 

Eachreviewercanthen determinethe dquacy of the aGronmental impactassessmentin questionand 
recommendmodificationsto enhanceits effectiveness. 

In identifying the habitatsof wncmn, the reviewershouldsupplementthe information in this 
documentwitb detailedlocationalinformationon the abundanceand distributionof habitatswithin the 
region of intertst, and  with any historicalinformationon the extentandquality of thesehabitats. Most 
important, the reviewershouldcharacterizethe habitatsin terms of their ecologiUdVdUK (e.g., Use of 
woodedwetlandsby m igratorywaterfowl). 

In consideringthe links betweenactivitiK andhabitats,the reviewershouldlook beyonddirect 
impactsto indirect and subtleeffects,includingcumulativeimpacts,interactiveandsynergisticimpacts,
and scale-dependentimpacts(e.g., effectsof fragmentationon ecosystemintegrity and species home 
ranges). 
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In devising possiblemitigations, the reviewer should follow the KVM principles for habitat 

Jim Tee&r, AssociateDirector, Fisb and W ildlife Enhancement,U.S. Fish and W ildlife Service 
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mitigation npevsd below. ‘fhe review= rbould also &ermine whether dquate assuranceshavebeen 
given that the mitigationsproposedW ill he Wmpkd. 

1. Basemitigationgoalsandobjectives on a laadscaposcaleanalysisthat considerstheneeds 
of the region. 

2. Mimic naturalprocesseswd promotenativespecies. 

3. Protectrare and ewlogiully importantspeciesand wmmunitk 

4. Minimize fragmentationof habitatrad promotewnnectivity of naturalareas. 

5. Maintain smxtural diversity of habitats and, where appropriate,speciesdiversity to 
promotethe natural variay of the area. 

6. Tailor managementto rimpecific environmentalconditionsand to the unique impacts
of the specificdegradingactivity. 

7. Monitor for habitat impactsand revise mitigationplans as necessary. 

Finally, the reviewer should considerthe proposedactivities and mitigationsin the contextof 
relevant regional program goals and objectives (e.g., whether the outwme of the project will be in 
acwrdance with principles set out by regional planning commissionssuch as thoseestablishedfor the 
Columbia River Basin). 

Contacts md lnformntion Sources 

when consideringhabitat conservationissuesin an environmentalimpact assessmentfor the 
WcxfemForests, the reviewershouldconsultthe following organizationsandindividualsfor information 
on habitat impactsand mitigations: 

StateNatural HeritagePrograms
U.S. Fish and W ildlife Service,Regionaland Area offices 
StateFish and GameDepartments
University and Research Programs
Herbaria and Museums 

Patrick Bourgeron,RegionalEcologist,Ibe Nature Constancy 



AIASKA EABITAT REGION: /UASgA 

Habitat Evaluation 107 Aluka 

Geogrppllical Desaiption of the Region 

The Alaska Habitat Region consistsof the stateof Alash and is containedin EPA Region 10. 
Altbough only the single state is included,Maska constitutesone-third of tbe land area of the United 
States.Also, becauseit is separatedfrom the wntcxminousstates,Mush wntains a uniquesetof habitat 
VP-

Al&u comprises5 ecoregions(BaiIey 1980). The vegetationof Aask consistsof grasses,
sedges,lichenswith willow shruhJ,birch-lichenvoodiand, needleleafWest, cottongrass-tussock,dwarf 
shrubs, lichens, mosses,dwarf birch, Labrador-t+ cinquefoil, white sprucemixed with cottonwood, 
balsampoplar, willow rose, dogwood,berry bushes,dwarf arctic birch, crowberry, arctic willow, resin 
birch, dwarf biueberry,cottongrass,bluejoint, taiga, greenandthinleafalder, dogwood,sphagnum,bog 
rosemary,white mountain-avens,mosscampion,black oxytrope,arctic sandwort,alder thickets,devils 
club, mountainash, and alpinoazalea. 

Al&n is uniqueamongthe regionsof tbe United Statesin that it still possesseslarge arm of 
pristine landscape.‘Ibe scaleof the stateis vast, and changesto the landscapefrom different land use 
patterns,althoughincreasing,are still primarily restrictedto urbancenters,fishing ports, andoil andgas
produiing operations. 
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S’RINCJPAL HABITATS OF CONCERN 

Habitats of Caaaaa 

Akzskacontainsmanyhrbitas d ~00ean; the mostobviousfall into five generalcategories:old
growth forest,riparianwatershedsandfisheries,tundra,maritimeforest,andborealforest. The principal
habitatsof concernmost at risk in ti nl~ listed below. 

Habitat Values and Trrpds 

‘Ihe scaleandrangeof babitattypesthat occur in &as&a areunparalleledin the contiguousUnited 
SUtK. Large areas of &z&a are still without any ground inventoriesor meaningful ecological
descriptions. 

AZ&a umains 173 million ac of rangelandmostly in arctic and alpine tundra. By many
definitions, the tundra of A&Z&I is wetland and includesmany wetlandcomplexessuch as muskegand 
redge meadow. Theseareassupportlarge populationsof caribou, moose,and about 30,000 reindeer. 
Also presentare bears,wolves, coyotes,foxes, squirrels,and mice. Lichen is a primary groundcover 
in &ash, and it is critical to the survival of reindeer, Lichen habitathas beenseriouslydegradedby
overgrazing ind wildfires. In the arctic tundra and Bering tundra provinces, cottongrass-tussockis 
widespread;in the Brooks Range region, lower elevationsmay be vegetatedwitb sedgesand shrubs 
(USDA Forest Service 1989). 

Tundra provides critical habitat for waterfowl; it also supportsfisherieson the lowlandsand 
black-taileddeer on the uplands. In the North Slopefoothills, caribouuse the uplandsfor calving and 
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possessesthe world’s most productivesalmonfisheries. 

Habitat Evaluation 109 Alaska 

are seasonallydependenton tundra vegetation. The tundra and maritime grasslandsof the Aleutian 
systemprovide one of the outstandingpristine ecosystemsin the United States. 

A&s&ais lessthan40% forested. Today, Alaskanforestsconsistof 116miliion ac of fir-spruce 
md 11 million ac of hemlock-Sitkarpruce (USDA Forest Service 1989). More than 90% of the 
commercialcoastalforestsare still in old growth; however,in the interior more than 50% are in young
stands(Barrett 1980). Except in the immediatevicinity of villages, the native Indiansmadeno impact 
on tbe coastalforests. However, hotb &original and moderncultureshave alteredtbe interior forest 
through fire. 

7he mainlandof coastalAlaska and the island archipelagocontain one of the largest pristine
rainforest and shorelineecosystemsin the world. of this, 11,600,ooOba fall within the Tongassand 
CbugacbNational Forestsand the Glacier Bay National Park and Preserve. SoutheastAlaska is 46% 
forested,witb the remainderin alpine, permanentsnow and ice (includingbroadPiedmontglaciersat the 
northerntip), or hog (muskeg).This coastalforesttype (Sitkaspruce-westernbemlock)extendswestward 
acrosssouthcmual Alaska where the state is only 11% forested. Similar to the Pacific Northwest, 
Alaska old-growth forest is multi-agedwitb codominants200 to 250 years of age. However, Alaskan 
old-growth forest experiencesless frequentnatural perturbations(such as fire) and containsa greater 
percentageof total closedapy cover. Highly productiveold-growth forestsusually occur in smaller 
patchesthan in the Pacific Northwestand are increasinglyfragmentedtoward their northernrangelimit. 
In general,bowever, Alaskan old-growth forest is abundantowing to the relatively low frequencyof 
catastrophicdisturbance(Alaback and Juday 1989). CoastalAlaskanold growth supportsSitka btack
tailed deer and other wildlife species. 

ka CoasfpdPlain 

‘he AlaskaCoastalPiain is oneof the last intact arctic ecosystems.It supportscaribou,muskax, 
moose,Da!1sheep,wolf, arctic fox, brown hear, and22 96of thewesternarctic populationof lessersnow 
goose. This area is threatenedby oil and mineralsexplorationand development;in many casesland is 
being leasedto oil wmpaniw by native corporations(Frazier 1987). Oil drilling in PrudboeBay has 
causederosion,vehicle damage,heavydust-lo& from the roadsystem,md water dammingand tundra 
pending. 

About 16 million ac of Ahsku is in water area,principally tbe co&al waterways,tbe numerous 
large rivers of the Yukon system, and more than 3 million lakes more than 20 ac in size. Ala.& 



Mivititsd~Aftacfing~~ 

The following tivities result ifI the major impactson habitatsof concernin uosko. 

Ahdaz is experiencingrapid developmentof certain areas,especiallyaround Anchorageand 
Fairbanks(Mary Lynn Nation, personalwmmunication). ‘Ibis includesurban sprawl and the building
of infrastructurefor tourism. Considerableconflicts with wetIa.ndfills have arisenbecauseof the extent 
of tundra wetland. Land conversionsinclude areasfor ports and aitports in!Yastructure,and areasfor 
barhors and the shipping industry. Private fish hatcheriesand laddersare wnsuming land in the soutb
central region, and the fishing industry in Dutch Harbor has convertedland for processingand storage
operations. One of the greattst threatsis posedby transportationcorridors; a recentproposalis to open
tbe Dalton Highway (tbe hauling road to the North Slope)to recreation. 

Timbering of Alaska is principally confined to the coastalsoutheasternafc~ of productiveSitka 
spruce-bemlqck.It rankswith tourism, hebindoil productionandfisberics,asthe state’smajor industries 
(USDA Forest Service 1989). Considerablereswcb hasheenwnducted on timbering metbodsfor this 
area and w4Jl.likelyresult in both lessnationalforest areaking availablefor logging and more intensive 
timbering of the remaininglands. 7he increasein privately ownedforestwill likely result in loggingand 
a decreasedforest areain cettain locations. In particular, the lwing of land throughnativecorporations
has resultedin incrcasul logging. 
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Timberingactivitiesincludeclearcutsandconversionsfor roads,antennas,andotheroperational 
areas. Severeimpactsare also causedby log transfer, staging,and in-water storage. Negativeeffects 
includeerosionand si!!ationof salmon&hex-y habitatand loss of habitatfor black-taileddeer. 

In additionto timbering, mining and oil and gas developmentpose severerisks to the pristine
naturalareasof Ahrko. Explorationandproductionof oil reservesin Al&a are in direct conflict witb 
many wildlife requirements.In additionto the productionon the KenaiPeninsulaoil patchesandoffsbore 
oiI drilling in Cookinlet, considerablesmall-scaledrilling explorationis wnducted in undevelopedareas. 
Discoveryof oil in theseregionswould requiresubstantialinfrastructuredevelopment,includingpipelines
and tankering. New petroleumand liquid naturalgas (LNG) pipelinesare also proposed. 

Gold mining is anothercauseof habitatdegradationin A&&x This includesplacer mining and 
proposedwpper leacbatefacilities. Impactsinclude the effects of tailings and runoff, especiallythe 
contributionto erosionand sedimentationthat negativelyaffect salmonfisheries. 

. . . . . 
s 

Military operationsconstitute another activity degradingb&tats in &a&z. This is most 
importantin the pristineAleutianmaritimegrasslands;the fact that theseareasue generallyinaccessible 
has preventedvirtually all other degradation. Impactsincludetoxic releasesand bulldozing operations
causingerosion. 

lmigPtiom of Impac!s 

The conservationof habitats requires considerationof mitigations for the major activities 
impactinghabitatsof concern. In Alaska, tbe primary habitatimpactsare causedby the following: 

l Timbering of old-growth forestsin soutb~tern Alaska. 
a Mining impactson tundra and aquaticsystems. 
l Urban expansionand conversionof tundra environments. 
l Impactsof logging and developmenton riparisn areasand salmonfisheries. 

Managementof the combinedeffectof theseactivitieson sensitivehabitatsrquires a holistic, ccosystem
level approach. In particular, the approachpays specialattentionto tbe needsof wide-rangingspecies
such as wibou. It emphasizesthe needto look at the landscapescale(not institutionalboundaries)for 
the implicationsof habitatvalue and modification. 

At a minimum, the productionof commercialwood productsfrom an areamust not exceedthe 
sustainablelevel if the ecologicalintegrity of a forestedareais to he maintained. Where sensitiveforest 
typesexist, logging may he completelyprohibited or constrainedto specificmethodsto preventhabitat 
loss or degradation. In other areas,more extremeharvestingmethodsmay be allowed or prescribedto 
establishor maintaindesiredforest conditions. Acceptablemethodswill vary accordingto local forest 
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ecology and the desiredfuture condition of the site. mysis of hamsting tschniquesmust be bLEer 
upon an dysis of the stnmre and divarity of the forest canopy, mids0~, md LUUI~XS~OIY. 

A rewnt directive of the Chief of the U.S. ForestServiceacknowl~gu this f&t andpointsout 
that clear cutting is acceptableonly when neededto replicatenatural ScologicaJprocesses. Sektive 
cutting can preserveforest structunl diversity, the primary determinantof wildlife babitat(Harris a al. 
1979). However, it an reducehorizontal divasity (NRC 1982). ‘Ihe hirvesting.techniqucemployed
~bebrteduponliouods~viarlaurlprescriptionsraddemonstrrttits capabilitj,toma&ainvertical
diversity (foliage height diversity), horizontal diversity (iiterspersion,edge,juxtaposition,patchiness),
and a mixarre of live and dud wood. Specific timber hmesting operationsshould be designedto 
preservethe structureand diversity of the natur8Jforest habitat. 

An importantcomponentof sektive artting shouldbe the preservationof standingdeadtrees. 
Many birds nest,roost, or foragefor invertebratesin standingtreeswitb decayedwood. Thesecull trees 
are usually the tit focus of forest-thinningoperuions, to the detrimentof the birds. Breedingbird 
abundancedeclinesrapidly following a clear cut, andthe speciescompositioncontinuesto changefor 10 
to 15 years (DeGraaf 1991). However, if trees with cavities are saved, many of these speciescan 
successfullyforage on sound boles. About one large cavity or den tree per 2 ha is required for 
population of large speciessuch as wood ducks; this requiresharvest rotationsof 100 to 125 years
(althoughrotationsof 65 yaus producetrees large enoughfor speciesnestingin smallercavities). 

Responding to the ‘biodiversity crisis,’ the U.S. Forest Serviceis moving toward Cecosystem
approachto forest management(Bob Sufo, personalcommunication).Recentforest managementplans
have incorporatedtenetsof the ‘New Forestry”espousedby Jerry Franklin. Theseprogressiveplans
require the rigorous implemermtionof ecologicalmanagementpracticesto mlintain forest productivit
and to preservethe functioning of sensitiveforest components&b-as old-growth or late-successional 
forests. Effectivemitigationsfor habitatconservationin forest managementrequirespecificmanagement 
mwures at the site, watershed,and la&cape levels. For example,the location md size of timber 
harvestssbouldbe plannedto minimiz reductionof the core ares of matureforest (e.g., barvestonJy
alternatebasinsuntil regrowth). Maintenanceof -forest standsin managedlandscapecan be 
achievedby extendingrotation (beyondRI) to 150to 200 years,by leavingsomestandsunharvestedfor 
old growth, andby linking stands. ve considerationsincludethe provisionof buffer zones 
and habitat corridors as were discussedin the introductionof this document. Managementmeasures 
recommendedfor conservinghabitat within managedforestsincludethe following: 

a Minimize the constructionof new roadsandcloseroadsnot in useeither permanentlyor 
SUXMlly. 

0 Use best managementpractices(BMPs) such 8s filter strips to minirnia erosionduring
harvestingor road construction. 

0 Maintain 1004 riparian zoneswith adjacentfeatheredtransitionzonesto buffer edge 
effects. 

0 Restrictharvestingoperationsto periodswben the ground is either dry or frozen. 



0 Ma  intainsiteproductivityby raaining largewoodyma terialandm inim izingm ineralsoil 
exposureandcompactionduring batvesting. 

l Manage for naturaldisturba%zpaterns to mahtain naturalopeningsand successional-
sage composition. 

0 hfaintain colons betweenblocksof interior forest, especiallyold growth. 

l Providefor theprotectionof specialarea, includingcliffs, caves,taluses,riparianareas, 
andold-growthstands. 

0 Ma  intain tbe structuralintegriryandthe nativevarietyof the forest by managingfor the 
natural composit ionof tbe following components:vegetativetypes, seral stages,uee 
typesands&s, standingdeadtia anddown ma terial,tree snags,andcavity trees. 

The conservationof old-growth forest presentsa specialchallengethat is currently heii 
addressedin Ahh. In southeasternAlaska,the rainforestextendsSOQm iles long by 100 m iles wide 
acrossa mosaicof offshoreislands.The forestsupportsSitkaspruce200 feettall and400 yearsold with 
a lushundergrowthof evergreenplants,ferns, andmosses.Most of this rainforestis within the confines 
of tbe TongassNationalForestand is subjectto the mu ltiusemanagementandtimber barvestingof the 
U.S. ForestService. Forestserieswith late successionalwmponentsin the Tongass includeupland,
riparisn, andbeachSitkaspruce,Sitka spruce-westernhemlock,m ixedconifer, and subalpinemountain 
bemlock. An old-growth managementprescriptionfor the Tongasspte~aredby a recentWorkgroup
(Samsonet al. 1991)includedthe following requirements:(1) define ecologicalunits; (2) establisha 
provincesystemthat capturesrepresentativehabitatfor dependentspecies;and (3) recommendtbe size, 
shape,anddistributionof habitatsto ma intainviablepopulationsof @&es. The grouprecommendsthat 
at least one watershedwithin eachprovincehe left intact for wildlife. T imber and timber-wildlife 
emphasisalternativesweredescribed.The latterrequirestbat forestmanagementin tbe Tongassinclude 
the following: 

a Harvestareasfrom the peripheryinwardto ma intainlarge continuousblocks. 

l Harvest area.5so that they are *sloppy’with small patchesof green trees, brushy
openings,and snagsto increasetbe habitatavailablethroughtune. 

l Provideedgesthat are “feathered”to reducevulnerabilityto windtbrow. 

l Harvesthabitattypesin a mannerthat ensuresthe continuedexistenceof eachtype and 
relativeavailabilityof eachtype. 

l Use habitatmodelsfor indicatorspeciesto prioritize areasto be retainedas old-growth
wildlife habitat. 

Basedon populationmodelsof ermine, islandsof lessthan 2,000 ac of forest‘habitatshouldnot be 
logged. Alternatively,clustersof smallerislandsmay withstandtimbering if specieshaveappropriue
dispersalroutes. 
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Mitigation of mining imprc~*it~~lve~ Siting issues, tecbnologid solutions to eliminate 
m-on, andrestorationprograms. The major mitigationsfor oil andgasextractionandproduction 
are the proper ritiags of rigs, resm pits, pmshg facilities, androadswherethey will haveminimal 
impacts on habitatsof concern. Most imprt8Itt for coal and mineral mining is the siting of mining 
operations and tailing ponds to avoid habitats of concern, wehnds, riparian arcas,.andrechargeareas. 
Specific mitigationmeasures depend on the type of mining and the specific process causingimpacts. it 
is generdly but to minimirL the &maafkd 8s it is unlikely thateventhe disruptedsoils andsediments 
can be restored. In addition to minimizing tbe area disturbed, activities should be timed to avoid 
disturbing nearbyplantsand animalsduring aucial periodsof their life cycle. 

Possiblemitigation mcuures for min@ operuiom are listed below (SAIC 1991a,1991b): 

Designof mine entrancesand workings to minim& future mine drainage. 

Runonand runoff control measuressuch as bermsand ditches. 

Adequatedepthand Iining of pits for containmentof mudsand leachate. 

Eiimination of migration of fluids through casings and dewwing. 

Separationof wastesand co soils with proper disposal. 

Treatmentof leachheapsandneutralor acidicwastewatersto reducethe loadof cyanide,
nitrates,and heavy4s. 

Closure planning that addresseshydrology, gaochemicalcontrols, treatment, and 
restoration. 

Nets or other coversover processPonds. 

Maintenanceof an anaerobicenvironmentin the tailing pile during periodsof inactivity. 

Secondarywn’&ment of tanks and contingencyplans for sudden or catastrophic
releases. 

Backfilling and sealingof the mine workings during mine reclamation/closure. 

Recyclingof processwater, smelterslag, and air pollution wntroi dust. 

Monitoring and elimination of dischargesto surfacewater, groundwater,soils, and air. 

Replenishmentof surfaceand ground waterswith trearedefauents. 

Road closure and reclamation (following rbcontouring)with revegetationof native 
species. 



Although the reclamationof mid lands is often unsatisfactoryfor auological habitat restoration, 
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reforestationwith native trees has ban demonstrated(Piass 1975) and would m to reduce the 
abundanceof edgespeciesand restrict &air accessto matureforest. 

Effective mitigation of land conversionactivities can sometimesbe obtain& only by avoiding 
impactson rare or unusualhabitattypes. Rarely, if ever, is restorationor compensationan adequate
mitigation for the loss of thesehabitats. In thesecases,mitigation is a siting issue,where construction 
and degradingactivitiesare locatedat a distancefrom the habitatsof concern. The habitatis adequately
preservedif all possibleimpactscenariosareaccountedfor. Barring this solution,effectivemanagement 
measuresmust be implementedto ensure the protectionof the habitatsof concern. 

lo the cztseof uniquetundra habitats,hydrological and wntamination wnccrns are especially 
impxtant. Constructionor resourcemanagementactivities must take specialprecautionsto minimiz 
mechanicaldisturbanceof permafrostsoils. Roadbuilding andstructural“improvements”mustnot result 
in alteredhydrologicalregimes. Whererare plant typesexist or wberehabitatsareunstable,recreational 
accessmay haveto be limited. Thesemitigationscanbe best implementedby creationof a regionalland
use plan (througha coordinatingwuncil like the Waterfowl Flyway COIUIC~~)and landownerincentives 
like the ConservationReserveProgram. 

Mitigation of wetlandsdestructionanddegradationis the subjectof a growing body of literature 
(Kusler and Kentula 1989). Restorationand mitigation banking wacepts are still being evaluatedas 
effective mitigation mwurcs for direct wetlandsalterations. 

Guidelines for Reviewas 

Reviewersof environmentalimpactassessmentswill find this documentuseful if they fo!iow tbe 
&eps laid out in the introduction: 

1. Reviewthe statusand trendsof habitatsin the region. 

2. Identify the habitatsof concern. 

3. Lii the activities involved with impactsto thesehabitatsof wncun. 

4. Devise appropriatemitigationsfor the impacts. 

Each reviewercan then determinethe adequacyof the environmentalimpactassessmentin questionand 
recommend.modificationsto enhanceits effectiveness. 

In identifying the habitatsof concern,the reviewer should supplementthe information in this 
documentwitb detailedlocational information on the abundanceand distribution of habitatswithin the 
region of interest,and with any historical informationon the extentand quality of thesehabitats. Most 
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imporrant, the reviewershould churaaite w h8bhG bl Wms Of their ecologicalvalues(e.g., use of 
woodedwetla~I~by mig-ratorywrtafowl). 

In consideringthe links betwce~activitiesand habitats,the reviewershouldlook beyonddirect 
impactsto indirect and subtleeffects, including cumulativeimpacts,interactiveand ryaergistic impacts, 
and scalodependentimpacts (e.g., offecU Of fragmentationOn ecosystemintegrity and specieshome 
=W)* 

In devising possiblemitigations,-fbe reviewer aitould follow the sevenprinciples for habitat 
mitigation repeamdbelow. ?be reviewer also shoulddetcmine whetheradequateassuranceshavebeen 
given that the mitigationsproposed will be Completed. 

1. Basemitigationgoalsandobjectiveson a 1andscapHcaleanalysisthat considersthe needs 
of tbe region. 

2. Mimic naturalprocessesand promotenative species. 

3. Protectrare md scologica!lyimportant speciesand communities. 

4. Minimize fragmentationof habitat and promoteconnectivityof naturalarear. 

5. Maintain structural diversity of habitats and, where appropriate,speciesdiversity to 
promotethe natural variety of the area. 

6. Tailor managementto rite-specific environmentalconditionsand to the unique impacts
of the specific degradingactivity. 

7. Monitor for habitat impactsand revisemitigation plansas necessary. 

Finally, the reviewer should consider the proposedutivities lad mitigationsin the contextof 
relevant regional program goals and objectives (e.g., whether the outcomeof the project wil: be in 
accordancewith principlesset out by regional planning commissions). 

Contacts and Informptio;l SOW 

When consideringhabitatconservationissuesin an environmentalimpactassessmentfor A&AI, 
the reviewershouldconsultthe following organizationsandindividualsfor informationon habitatimpacts
and mitigations: 

StateNatural Heritage Programs
U.S; .Fishand Wildlife Service,Regionaland Area Offks 
StateFish and GameDepartments
University and ResearchRograms
Herbaria and Museums 

Gerry Tandc, RegionalEcologist, The Nature Conservancy
Mary Lynn Nation, Division of FederalActivities, U.S Fish and Wildlife Service, Alaska 



HAWAIX AND THE ISLAND TERRITORIES 

This sectionbriefly discussesHmwii rmd the JskzndTe~foties. They comprisea relativelysmall 
land area,but are sufficientlydistinctto requirediscussionseparatefrom the sevenmajor regionsof the 
united states. 

Gulgqhial Descriptioa 

The HawaiianIslandsand tbe Pacific Trust Territories of Guamand the Northern Marianasare 
all includedin EPA Region9. PuertoRico and the U.S. Virgin Islandsare includedin EPA Region2. 
Hawaii forms its own ecoregionin the Baileysystem(1980).a HighlandEcoregionwithin the Rainforest 
Division. The islandterritorieshavenot beenclassifiedintc ecoregionsby eitherthe Baileyor Omemik 
Bysums. 

Tbe vegetationof the HawaiianIslandscomprisestropical shrubs,denseneedleleafand broadleaf 
forests,bogs, and mosslichen communities. Becauseof its isolation, Hawaii containsmany endemic 
~pociu and possessesa fauna and flora unlike that fiund anywhereelse. Although the community
compositionsare different, the vegetationof the Pacific Trust Islandsmd Puerto Rico and the Virgin
Islandscontainsmanyof the sameelementsof tropical forestsand islandfloras. 

The diverseecosystemsof Hawaii canhe classifiedas existingon dry leewardor wet windward 
areas. Leewardlowlandsconsistmostly of introducedplantssuchaskiawe and baole koa in grassland 
or savannahabitats. Leeward uplandscontain evergreenscrublandsand forests with exotics such as 
guava,Javaplum, md Christmasberry. W indward evergreenrainforestsare dominatedby native ohia 
and koa, and constitute0.3 of the 1.7 million ac of foreston Hawaii. Above the rainforeston the highest
islandsof Maui andHawaii arezonesof mountainparklandsof koa andmamane,alpinescrub,andalpine
tundra (USDA Forest Service1989). 

Of the 150vegetationtypesin the Hawaii NaturalHeritageclassification,more than50% arerare 
and nearly all are endemic(SamGon, personalcommunication).Principalhabitatsof concerninclude 
the following: 

0 Brackishanchialinepools along rbe shore. 
l Coastaland lowland wetlands(below 3000ft). 
l Coastaland lowland forest and shrub ecosystems. 
l Upland hut types. 
l Wet bog ecosystemswithin forests. 
0 Subalpineand alpinezones. 

All the major ecologicalzonesare representedin the 6,500 sq mi of Hawaiianland mass. More 
than 10,000speciesof plants and animds are endemicto Hawaii. Extinctionsof native speciti Hogan 
with the arrival of Polynesians1,500yearsago and acceleratedwith the arrival of Europeansin the late 
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17OOs,reachingratesr&Wands of times the n8tur8l rite. Oftbe 140bird speciesnativeto Hawaii, 70 
havebecomeextinctand30 more areendangered.Currently,37 speciesof plantsin Hawaii arefederally
listed asendangeredand 152more areo%peUedto be listed in the next 2 yuvs (Hawaii StateDepartment
of I.&d and Natural ResourcesU al. 1991). 

‘Ike aboriginalHawaiianswn~erted mostof the land belowtbe 600-meterelevationto rgridmre 
on the eight main isiands. Today, #sly ~~-&irds of Hawaii’s original forest cover and 50% of the 
rainforesthave beenlost to hd amerhn for hkng, agriculture,and rraching. Ninety percentof 
the lowlandplainsdry forests,61% of the n&c forests,and42% of the wet forestshavebeendestroyed. 
‘Ibe last remnantsof Hawaiiancoastalplant communitiesare on the most remoteand arid shores. The 
unique -ial environmentsof Hawaii are also being degradedor lost due ra the logging of tropical
forests. Hawaii contains180 tamtrial SCO~~SWDS,of wbicb It least88 ecosystemswill be lost within 
20 yean unlesscurrent lossesof habitat are addressed(T’angky 1988). Similar historieshavebefallen 
tbe Pacific Trust Tenitories of Guam md the No&em Marianasand PuertoRico and the U.S. Virgin
Islands. For example,the lossof tropical rainforestto timberingandconversionto agricultureis a major
problem in PuertoRico. 

The invasionof non-nativespeciesrepresentsthe grmt threat to surviving native speciesand 
natural communitieson all the U.S. islands. ‘AX Hawaiianarchipelagohas lost more than 75% of its 
original endemicland bird faunaduough prehistoricand historic extiztions; the wmparabieGaiapagos
archipelagoas a whole is not known to have lost a single land bird species(Loopeet al. 1988). The 
absenceof native large mammalshasleft the native faunaand flora vulnerableto the browsing,rooting,
andtrampling of introducedpigs, goats,cattle, anddeer. On Hawaii’s 1.4 million ac of rangeland,most 
native plants have beenryhccd by introducedperennials. Native Hawaiianbirds have sufferal from 
avian malaria spreadby introducedmosquitos,and native plantshave beea smotheredby tie exotic 
bananapoka. Ln Guam, the introducedbrown tree snakehas wipeil.out 9 of the 11 speciesof native 
birds, and Hawaii is now threatenedby the repeatedreintroductionof this reptile. 

Activities md Impacts AR* &bit& 

The majority of forest land remainingin Hawaii is wntained within the stateforest reservesand 
conservationdistricts. Theselands are managedprincipally for watershedand aquifer protectionand 
allow little wmmercial wood harvesting. However, timbering of native koa and exotic e.ucalyptusdo 
occur, and logging continuesto impact private lands. 

A greaterthreat to forest ecosystemsin Hawaii is livestockgrazing. Substantialareasof forest 
wntinue to be clearedto promoteforagegrow& for cattle ranching(USDA ForestService1989). The 
current tax stnrcturein Hawaii encouragesclearing of forest for ranching. 

Conversionof landsfor urban and resortwnstnrction hasa major impacton coastaland lowland 
environments. In addition, growing commercialand residentialdevelopmentcontributesto the loss of 
dry areassubjectto fire. This problem is exacerbatedon military firing ranges. 

Agriculture has long beenan important industry on Hawaii, and it continuesto impactadjacent
terrestrial and aquatichabitatsthrough sedimentationand contaminationwith pesticides. 
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Tbe primnxy threat to BiauuGund Zhelrland Tetitoties is rlien spscics. Introducedspecies
contributingto habitatd&on includeherbivorousmammals,praiareousants,dogs, cars, mongoose,
alien arthropcxis,mollusks,and alien plants. Wet ecosystems,in particukr, arc threatenedby invading
non-nativeanimals(principally pigs, goats, deer) that disrupt the natural vegetationto the extent that 
naive speciesare replacui by non-nativeplants. ‘fbe invasionof combustiblenon-nativeweedshas 
muted a cycle of wildfires that often destroy rare dryland native plants (Hawaii StateDepartmentof Land 
andNatural Resourceset al. 1991). 

The decline and extinction of many endemic Hawaiian bird speciescan be attributed to the 
unprecedentedinvasion of exotic species. Among exotic birds, more i~troductiox~~(162) and 
Kti~ihlentS meen 45 and 67) have occurredin Hawaii than anywhereelse in the worid (Scottet 
al. 1986). Today, more than 80 introducedvascularplant speciescurrently posethreatsto the native 
biota in Hawaii. The inadequacyof detectionand control has resultedin continuinginvasions,and the 
problemof existingexoticsrequireswnstant managementor additionallosses will result. It is believed 
that biological methodsoffer the besthope of extensivelong control of the most aggressivealien 
plants in naturalsystems. 

Guiddinu for Rwiewrs 

Reviewersof environmentalimpact assessmentsfor Hmuii and the IsZundTetitorics shouldrefer 
to other regionaldiscussionsfor more detailedinformationon bahitatimpactsandtheir mitigations. The 
following sectionoutfines the considerationof habitatwnservation in the review process: 

1. Review the statusand trendsof habitatsin the region. 

2. Identify the habitatsof concern. 

3. Link the activities involved with impactsto thesehabitatsof wncem. 

4. Devise appropriatemitigationsfor the impacts. 

Each reviewer can then determinethe adequacyof the environmentalimpactassessmentin questionand 
recommendmodificationsto enhanceits effectiveness. 

In identifying the habitatsof concern,tbe reviewer should supplementthe information in this 
documentwith detailedlocational information on the abundanceand distribution of habitatswithin the 
region of interest,and with any historical informationon tbe extentand quality of these&ah&s. Most 
important,the reviewer shouldcharacterizethe habitatsin terms of their scologicxdvalues (e.g., use of 
woodedwetlandsby migratory waterfowl). 

In consideringthe lhks betweenactivities and habitats,tbe reviewershould look beyonddirect 
impactsto indirect and subtleeffects, including cumulativeimpacts, interactiveand synergisticimpacts,
and scaledependentimpacts (e.g., effects of fragmentationon ecosystemintegrity and species home 
rangts>. 
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In devising possible mitigaiot& the f~iever rbould follow the cevenprinciples for habitat 
mitigation repea&dbelow. The mimer abwld alaodaamine whetheradequateassuranceshavebeen 
g&n that the mitigationsproposedwilL* compfered. 

1. Basemitigationgoalsand objsctiveson a lamkqe-4 e analysisthat considersthe needs 
of the region. 

2. 

3. 

4. 

5. 

6. 

Mimic naturalprocuscs uxl promotenative species, 

Protectrare and ec01ogicJlyimpomt speciesand communities. 

Minimize fragmentationof habitatand promotewnnectivity of naturalareas. 

Maintain sauctural diversity of habitats and, where appropriate, speciesdiversity to 
promotethe naturalvariq of the am. 

Tailor managementto sittspecific environmentalconditionsand to the uniqueimpactsof 
the specific degradingactivity. 

7. Monitor for habitat impactsand revise mitigation plansas necessary. 

Finally, the reviewer should considerthe proposedwiviti~ and mitigationsin the contextof 
relevant regional program goals and objectives(e.g.. whether the outcomeof the project will be in 
accordancewith principlesset out by regionalplanningcommissions). 

Contacts and Infomaation !Soum~ 

When consideringhabitat conservationissues in an wvironmental impact assessmentfor the 
Hawii QRdthe Zslu& Tem ’tories, the reviewershouldconsult the following organizations andindividuals 
for information on habitat impactsand mitigations: 

StateNatural Heritage Rograms
U.S. Fish and W ildlife Service,Regionaland Area offices 
State Fish and GameDepartments
University and R~earcb Programs 

Herbaria and Museums 

Sam GOD,RegionalEcologist,Tbe Nature Conservw 
Jim Teeter, AssociateDirector, Fish and W ildlife Enhancement,U.S. Fish and W ildlife Service 
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