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610.00 Ecosystems and
landscapes

An ecosystem is a biological community, or assem-
blage of living things, and its physical and chemical
environment. The interactions among the biotic and
abiotic components of ecosystems are intricate. Con-
servation of natural resources can be daunting when
the social, cultural, economic, and political realities of
our modern world and the complex, multidimensional
nature of ecosystems are considered.

Often fish, wildlife, and plants are dependent upon
several ecosystems within broader landscapes. For
example, migratory birds, butterflies, and salmon use
different ecosystems that traverse political boundaries
(often thousands of miles apart) during phases of their
life cycles. Conservation of these migratory species
creates land management challenges that can only be
adequately addressed at the landscape scale. Land-
scape ecology considers principles about the structure,
function, and changes of interacting ecosystems in
natural resource conservation and planning (Forman
and Godron 1986).

Dynamic processes occurring over multiple scales of
time and space determine the physical and biological
characteristics of our landscapes. These include:

e Geomorphological processes, such as erosion

e Natural disturbances, such as fires, floods, and
drought

e Human perturbations, such as land clearing and
urban development

e (Changes in the make-up of biological communi-
ties, from days to millions of years

To implement effective conservation practices that
take into consideration the often-extensive migratory
paths of species, think broader than the project site
and longer than the project time (fig. 610-1). Even a
cursory evaluation of landscape conditions and their
ecological and cultural history provides a valuable
context when considering fish and wildlife resource
concerns. This can lead to a better understanding of
how large-scale processes affect individual parcels of
land and the habitats they provide, and how actions on
small pieces of land can influence ecological pro-
cesses and biodiversity at broader scales.

Figure 610-1

Ecological principles for land management planners (from Dale et al. 2001)

|

Time Ecological processes function at many timescales, and ecosystems
change through time.

Species Individual species and assemblages of interacting species have key,
broad-scale ecosystem effects.

Place Local conditions (climate, geomorphology, soil quality, altitude) as
well as biological interactions affect ecological processes and the
abundance and distribution of species.

Disturbance The type, intensity, and duration of disturbances shape the character-
istics of populations, communities, and ecosystems.

Landscape The size, shape, and spatial relationships of land cover types influ-
ence the dynamics of populations, communities, and ecosystems

(190-VI-NBH, November 2004)
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610.01 Ecosystem
processes

(a) Energy flow

Energy flows through and fuels ecosystems and all
living things. Virtually all energy originates from the
sun. Organisms can be grouped into food chains, or
more complex food webs, according to the trophic

level that represents where they obtain energy from
their environment as shown in figures 610-2 and
610-3. From a habitat management standpoint, the
sources of available energy at each trophic level affect
the mix of species in an ecosystem, their populations,
and how they interact.

Green plants are autotrophs, or primary producers.
They use solar energy for photosynthesis, combining
atmospheric carbon dioxide and water into high-
energy carbohydrates, such as sugars, starches, and
cellulose (see section (¢) Carbon cycle).

Figure 610-2

Aquatic food web (from Stream Corridor Restoration: Principles, Processes, and Practices)
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Animals are heterotrophs; they derive their energy
from the carbohydrates stored within plants. Het-
erotrophs can be herbivores or carnivores. Herbivores,
or primary consumers, obtain their energy by directly
consuming plants. Carnivores, or secondary consum-
ers, derive their energy by consuming herbivores and
other carnivores. Animals that eat both plants and
other animals are referred to as omnivores. Food
chains or webs end with decomposers, usually bacte-
ria and fungi, that recycle nutrients from dead or dying
plants and animals of higher trophic levels.

The amount of energy available to organisms at differ-
ent trophic levels declines as it moves through an
ecosystem. Thus, more energy is available to support
plants than herbivores and even less to support carni-
vores. As a rule of thumb, only about 10 percent of the
energy that flows into a trophic level is available for
use by species in the next higher level.

For example, if green plants are able to convert 10,000
units of energy from the sun, only about 1,000 units are
available to support herbivores and only about 100 to
support carnivores. Energy is lost primarily in the form
of heat along the food chain.

Figure 610-3 Terrestrial food chain
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(b) Water and nutrient cycles

Water and elements, such as carbon, nitrogen, and
phosphorus, are critical to life. Unlike energy that
flows through an ecosystem, these materials are
cycled and reused repeatedly. In river systems, nutri-
ents are said to spiral rather than cycle as they do on
land.

Nutrient spiraling is a concept that explains the
directional transport of nutrients in streams and rivers,
rather than closed nutrient cycles associated with
terrestrial ecosystems. All of these important pro-
cesses provide elements that are essential to all living
things, and all are powered by energy. Thus, human
actions that disrupt or alter energy flow in ecosystems
also affect water and nutrient dynamics in those
systems.

The water, or hydrologic cycle (fig. 610—4), has two
phases: the uphill phase driven by solar energy, and
the downhill phase, which supports ecosystems.

Most rainfall comes from water evaporated from the
sea by solar energy (uphill phase). In fact, about a
third of the solar energy reaching the Earth’s surface is
dissipated in driving the hydrologic cycle.

Approximately 80 percent of rainfall recharges surface
and groundwater reservoirs and only 20 percent re-
turns directly to the sea. As water moves through
ecosystems (downhill phase), it shapes the physical
structure of the landscape through erosion and deposi-
tion. It also affects the distribution and abundance of
living things as it regulates availability of nutrients in
soil that must be dissolved by water to be utilized by
plants. Soil is thus an essential component in the water
cycle.

The water cycle links the land to aquatic ecosystems
where the flow rate and nutrient levels determine the
make-up of their biological communities. Carbon
dioxide (CO,) in the Earth’s atmosphere, and that
which is dissolved in water, serves as the reservoir of
inorganic carbon from which most carbon compounds
used by living things are derived. During photosynthe-
sis, plants use CO, to manufacture carbon compounds
such as glucose and lignin, thus beginning the carbon
cycle.

(190-VI-NBH, November 2004) 610-3
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Figure 6104

Hydrologic cycle (from Stream Corridor Restoration—Principles, Processes, and Practices)
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During plant respiration, some CO, is released back
into the atmosphere, but much is stored, or seques-
tered, in both live and dead plant tissues (fig. 610-5).
The majority of climate researchers believe that hu-

plants is available to plant-eating heterotrophs. As
animals die or are consumed by other organisms, the
nitrogen eventually enters the soil where denitrifica-
tion returns it to the atmosphere (fig. 610-7).

man activities, including the burning of fossil fuels and
clearing of forests, have increased the amount of CO,,
in the atmosphere (Houghton et al. 2001). A green-
house effect results as CO, increases the amount of

Figure 610-6 Nitrogen cycle
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Figure 610-5
|

Carbon cycle and its effect on the Earth's atmosphere
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In the phosphorus cycle, plants and bacteria take up
phosphorus from soil. Phosphorus is required for
energy transformations within the cells of organisms.
Animals obtain it from plants and other animals. Phos-
phorus returns to an ecosystem’s reservoir through
excretion and decomposing organic tissue of both
plants and animals.

Figure 610-7 Nitrogen pathways on working lands
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610.02 Ecosystem struc-
ture and its relation to
ecosystem function

The physical structure of ecosystems varies according
to climatic patterns, soil types, soil qualities, distur-
bance patterns, geologic events, biological interac-
tions, and human perturbations. Individual ecosystems
of a landscape can be thought of as patches or corri-
dors within a matrix where flow of energy, materials,
and species occurs (fig. 610-8). The components of
ecosystems, such as animals, plants, biomass, heat
energy, water, and mineral nutrients, are heteroge-
neously distributed among patches or corridors that
vary in size, shape, number, type, and configuration.

Figure 610-8
—

Landscape elements: patch, matrix, and
corridor (photo courtesy lowa NRCS)
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610.03 Ecosystem changes
and disturbance

(a) Stability in ecosystems

Many of the familiar ecosystems have changed dra-
matically over the last 10,000 years. For example,
following the last glacial period, North America be-
came more arid and deserts now occupy areas that
were once coniferous forests. Ecosystems and their
processes may appear static because the frame-of-
reference is typically limited to the perspective of a
human life span.

In reality, ecosystems are in a constant state of flux.
The stability and health of ecosystems are human
concerns. This stability is measured by the resilience
to natural disturbances or human perturbations. Natu-
ral disturbances, although temporarily disruptive, are
important for maintaining many ecosystem processes
and thus biological communities. They can also wreak
havoc on infrastructure and human economies. On the
other hand, human-induced perturbations that cause a
departure from normal ecosystem processes may
disrupt ecosystem sustainability and the associated
production of goods and services.

Natural disturbances, such as fire, floods, hurricanes,
and tornadoes, all affect and change ecosystems. They
may significantly alter the existing community of
plants and animals, making conditions favorable to
other species, including alien invasive species. The
community progresses through a series of overlapping,
successive steps that provide habitat for different
species. Over time, succession may lead back to an
ecosystem similar to the original. However, if there
have been climatic changes or new species have
moved into the area, the biological community may be
significantly different. Fire is one of the most impor-
tant natural disturbances because of its high frequency
and the extent of area it affects. Where fire is frequent,
plants and animals have adapted to it. In fact, the
seeds of many plant species lie dormant in the soil
waiting for a fire event to release nutrients and pro-
vide sunlight that was once blocked by the previous
canopy of vegetation. Fire and other natural distur-
bances create a diversity of habitats within the land-
scape.

In river and stream ecosystems, recurring floods are
critical to sustained production of fisheries, flood plain
forests, wetlands, and riparian habitat. Rivers and
streams derive most of their biomass from within the
flood plain and their biological communities are de-
pendent on lateral exchanges of water, sediment, and
nutrients among the flood plain, the riparian area, and
river channel (fig. 610-9).

Aquatic species move into the flood plain at rising and
high water levels because of feeding and spawning
opportunities; terrestrial animals along the rivers then
exploit the available food sources that result from
receding water. Dams, dikes, and extensive revet-
ments along rivers have significantly reduced the
function of flooding in sustaining ecosystem processes
in large rivers (fig. 610-10).

Figure 610-9 Flood pulse concept

Flood Pulse Concept

Flood plain

Figure 610-10 Rock and timber revetment on the
meeeesssssms  Willamette River, Oregon (photo
courtesy Kathryn Boyer, USDA NRCS)
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Ecosystems are dynamic, and change is the normal
course of events. Change in vegetation structure often
creates a more diverse or heterogeneous array of
habitats for terrestrial wildlife. Many past management
decisions, such as fire suppression and flood preven-
tion, have been undertaken to minimize the dynamic
nature of some ecosystem processes to protect and
promote human interests. From a fish and wildlife
standpoint, this has tended to simplify habitats, dis-
connect the flow of nutrients, and isolate populations.

610.04 Biological
diversity

(a) Hierarchy of diversity

Biological diversity or biodiversity is the variety and
variability among living organisms and the ecological
complexes in which they occur.

Biodiversity is organized hierarchically, beginning with
the genetic diversity of individual organisms and
ending with the diversity of ecosystems available in
landscapes (Noss 1990) (table 610-1). It includes the
full range of species, from viruses to plants and ani-
mals, the genetic diversity within a species, and the
diversity of ecosystems in which a community of
species exists. Land management goals that include
conservation of biodiversity require that decisions be
made over spatial scales that are much larger than
individual parcels of land.

A species is a group of individuals that are morphologi-
cally, physiologically, or biochemically distinct. In
addition, they have the potential to breed among
themselves and do not normally breed with individuals
of other groups. Species that range over wide geo-
graphical areas often are divided into subspecies if
their morphological characteristics vary enough to
make them distinctive.

A population is a group of individuals of the same
species that share a common gene pool. This means
they are in close enough proximity to each other to
potentially interbreed, although they often do not.
Populations of many species have wide distributions
and to a greater or lesser extent are geographically
isolated from each other by physical barriers or dis-
tance. A population of frogs in a small pond is isolated
from a population of frogs in another pond many miles
away. The probability that the two populations will
interbreed is low.

A metapopulation is the collective group of discrete
populations of a species across a landscape upon
which the species’ continued existence depends. For
example, a natural disturbance, such as fire, may
cause local extermination of an amphibian species
population. The existence of other populations in a

610-8 (190-VI-NBH, November 2004)
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Table 610-1 Indicators of biodiversity at four levels of organization (Noss 1990)
I

Organizational level

Compositional factors

Structural indicators

Functional indicators

Regional landscape

Community ecosystem

Population species

Genetic

Identity, distribution,
richness, and proportions
of patch (habitat) types,
collective patterns of
species distributions
(richness, endemism)

Identity, relative abund-
ance, frequency, richness,
evenness, and diversity of
species and guilds; propor-
tions of endemic, exotic,
threatened, and endan-
gered species

Absolute or relative abund-
ance, frequency, import-
ance or cover value, bio-
mass, density

Allelic diversity, presence
of particular rare alleles,
deleterious recessives, or
karyotypic variants

Heterogeneity, connectivity,
spatial linkage, patchiness,
porosity, degree of frag-
mentation, juxtaposition,
perimeter-area ratio,
pattern of habitat layer
distribution

Substrate and soil variables,
slope and aspect, vegetation
biomass and physiognomy,
foliage density and layering,
horizontal patchiness,
canopy openness and gap
proportions, abundance,
density, and distribution of
key physical features, water
and resource availability

Dispersion, population
structure (sex ratio, age
ratio), habitat variables
(see community-
eco-system structure,
above)

Effective population size,
heterozygosity, chromo-
somal or phenotypic poly-
morphism, generation
overlap, heritability

Disturbance processes,
nutrient cycling rates,
energy flow rates, patch
persistence and turnover
rates, rates of erosion
and deposition, human
land-use trends

Biomass and resource
productivity, herbivory,
parasitism, predation
rates, colonization and
local extinction rates,
patch dynamics (fine-scale
disturbance processes),
nutrient cycling rates,
human intrusion rates and
intensities

Demographic processes
(fecundity, recruitment
rate, survivorship, mortal-
ity), metapopulation
dynamics, population
genetics (see below),
population fluctuations,
physiology, life history,
growth rate (of individu-
als), adaptation

Inbreeding depression,
outbreeding rate, rate of
genetic drift, gene flow,
mutation rate, selection
intensity

(190-VI-NBH, November 2004)
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landscape that allows their dispersal increases the
chances that the species will eventually recolonize the
burned area as it recovers.

Genetic diversity among individuals of a population
allows for greater flexibility of a species to adapt to
changing environmental conditions. For example,
genes of one population may offer resistance to a
disease that members of another population do not
have. If the disease eliminated the other population(s),
the resistant group serves as a source for reestablish-
ment of populations in other areas.

Some populations may go extinct on a local scale, and
new populations may become established on nearby
suitable sites. The close proximity of another popula-
tion of the same species allows colonization of a
disturbed site following natural disturbance or human
perturbation. For example, draining and converting a
wetland basin to agriculture results in loss of wetland-
associated species from the site. However, where
wetlands are restored, dispersal of plant seeds and
emigration of animals from nearby wetlands provide a
ready means of recolonization.

A biological community is an assemblage of popula-
tions of many species. Within the biological commu-
nity each species uses resources that constitute its
niche. For example, a niche for a bird includes where
it nests, what it feeds on, how it obtains water, where
it migrates, and even its daily time of activity.

When managing for a single species, it is important to
understand its role in the biological community and
how it interacts with the assemblage of other species
that are part of its ecosystem. Community composition
is often affected by predator-prey interactions and
competition among species. Predators can dramati-
cally reduce the numbers of herbivore species. This
alters the trophic structure of the entire community.
Reduction in one herbivore species lessens consump-
tion of specific plants within the community and may
allow another species to use the resource and increase
its population size.

Predators can also increase the biological diversity
and individual species numbers of an area. For ex-
ample, coyotes control mid-size predators, such as
foxes and cats that prey on songbird populations. A
reduction in foxes and cats allows songbird numbers
and diversity to increase.

610-10

(b) Species interactions

Within biological communities, thousands of organism
species interact. Some species may be considered
more valuable because their presence is critical to the
ability of other species to persist in the community.

Keystone species are those that have an ecological
function on which other species and components of
the ecosystem depend. The black-tailed prairie dog
(fig. 610-11) is an example of an organism considered
by many to be a keystone species of the shortgrass
prairie ecosystem.

Indicator species are species whose presence indi-
cates a particular state or condition of an ecosystem.
For example, stream conditions are often assessed by
monitoring the presence of aquatic insects, such as
mayflies, stoneflies, and caddisflies. In stream ecosys-
tems these species serve as indicators of water quality
and good coldwater habitat.

Figure 610-11 Black-tailed prairie dog
e (photo courtesy US FWS)

(190-VI-NBH, November 2004)
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|
610.05 Applying ecologi-
cal principles to habitat
conservation, restoration,
and management

The loss and fragmentation of natural habitats have
reduced biological diversity and resulted in consider-
able loss of fish and wildlife resources important to
society. Land use changes are not the only culprit,
however. Another factor affecting the loss of biologi-
cal diversity and decline of species important to
ecosystems is the introduction or invasion of alien
species.

Nearly half of the imperiled species in the United
States may be threatened directly or indirectly by alien
species (Wilcove et al. 1998). Considering these
threats, the following topics are important issues
when working with fish and wildlife habitat and
should be considered during planning activities.

(a) Area of management actions

The number of individuals and species an area can
support is related to its size and the life histories and
dynamics of the biotic community it supports. In some
ecosystems, such as grasslands, areas smaller than
250 acres may not be able to withstand significant
perturbations without the loss of many species of
vertebrate animals and plants (Crooks and Soule
1999).

Small areas of habitat are usually insufficient to sup-
port larger species. Therefore, conservation and
restoration efforts should consider project size and
connectivity potential to the extent possible. In addi-
tion, efforts should be made to work with adjacent
landowners to build contiguous blocks of habitat and
link isolated patches of both terrestrial and aquatic
habitats.

(190-VI-NBH, November 2004)

(b) Edge effects

The ratio of edge to habitat interior increases geo-
metrically as fragment size decreases. Edge occurs
when habitat meets a road, crop field, land use change,
or other feature, such as a stream. Wildlife manage-
ment has historically focused on creating edge habitat
for the benefit of specific species. However, increased
edge can adversely affect many species. These adverse
effects are:

e Greater rates of habitat desiccation and loss of
native vegetation

e Greater frequency and increased severity of fire

e Greater rates of predation by native and exotic
predators (e.g., house cats, foxes, crows, blue
jays)

e Higher probability of nest parasitism

e Greater windfall damage

e Greater intensities of browsing, grazing, and
other forms of disturbance that favor the growth
and spread of weedy and alien invasive species,
both plants and animals (Wilcove et al. 1986,
Noss and Cooperrider 1994)

Roads are the most frequent source of new edge and
may facilitate the movement of weeds and pests. They
also cause erosion, stream sedimentation, pollution,
and increases in mortality rates of wildlife from colli-
sions (Noss 1992). Especially in situations where area-
sensitive species needs are considered, habitat conser-
vation, restoration, and management efforts should
reduce edge and minimize roads to the greatest extent
possible.

(c¢) Disturbance effects

Natural disturbances, such as fire, storms, floods, and
disease outbreaks, can increase the mosaic of habitat
and increase biological diversity within a large habitat
area. They can also overwhelm small habitat patches.
Small areas are more likely to burn completely, result-
ing in loss or degradation of the community. These
factors require careful management and control of
disturbance in smaller habitat patches.

610-11
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(d) Isolation and distance
effects

Fragmentation is the alteration of natural patterns of
landscapes or ecosystems, creating smaller patches or
disrupting the continuity or connectivity of corridors
and networks. As habitat patches become isolated and
the distance between patches increases, it is harder
for many species to disperse and migrate between
them. Life cycles of the organisms that make up a
biological community are dependent upon the ability
of the organism to safely disperse or migrate. Lower
dispersal and migration rates increase the likelihood a
species will be extirpated from the area, and possibly
become threatened or endangered in the long term.

Habitat conservation should focus on maintaining
habitat connectivity and linking isolated patches.
Maintaining connections on land and in streams and
rivers is critical to the long-term survival of fish, wild-
life, and all of the ecological components on which
they depend.

(e) Habitat heterogeneity

Heterogeneity is the complexity or variation in physi-
cal structure of habitats. For example, in streams,
water depth, velocity, substrate, wood, and pool/riffle
complexes add to the heterogeneity of the habitat.
Increased heterogeneity creates a variation in habitats
for terrestrial and aquatic organisms and supports a
greater diversity of species. It also provides more
flexibility for species as they seek different types of
habitats during different stages of their life cycles.

The complexity of interactions within and among
species in ecosystems often defies our capacity to
understand how to effectively manage natural re-
sources. Actions and practices that maintain habitat
and nutrient linkages, allow dispersal and migration,
and sustain the processes that support the biological
community as a whole are likely to be more effective
at enhancing habitat for all dependent species, includ-
ing those featured in specific management objectives.
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610.07 Glossary

Anthropogenic—Caused by humans.

Autotrophs—Primary producers, such as green
plants, that use solar energy for photosynthesis, com-
bining atmospheric carbon dioxide and water into
high-energy carbohydrates, such as sugars, starches,
and cellulose.

Biological diversity (biodiversity)—Variety and
variability among living organisms and the communi-
ties, ecosystems, and landscapes in which they occur.

Community—An assemblage of populations of many
species living and interacting in close proximity to
each other.

Decomposers—Organisms, such as bacteria and
fungi, that are found at the bottom of the food chain.
They recycle nutrients from dead or dying plants and
animals of higher trophic levels.

Ecosystem—A conceptual unit of living organisms
and all the environmental factors that affect them; a
biological community or assemblage of living things,
and its physical and chemical environment.

Genetic diversity—Array of different genes available
in a population’s gene pool. Genetic diversity is needed
among individuals of a population to allow for greater
flexibility of a species to adapt to changing environ-
mental conditions.

Heterogeneity—Complexity or variation in physical
structure of a habitat.

Heterogeneous habitat—Diverse or consisting of
many different structural components, substrates,
types of vegetation, climates, etc.

Heterotrophs—Animals that derive their energy from
the carbohydrates stored within plants. Heteroptrophs
can be herbivores or carnivores.

Indicator species—Those species whose presence
indicate a particular state or condition of an ecosys-
tem.
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Keystone species—Species that have an ecological
function on which other species and components of an
ecosystem depend.

Landscape—(1) An area of land consisting of a num-
ber of ecosystems; (2) A heterogeneous land area
consisting of three fundamental elements: patches,
corridors, and a matrix. A paich is generally a plant
and animal community that is surrounded by areas
with different community structure. A corridor is a
linear patch that differs from its surroundings. A
matrix is the background within which patches and
corridors exist and which defines the flow of energy,
matter, and organisms.

Landscape ecology—Study of the spatial and tempo-
ral relationships of interacting ecosystems, especially
their structure, function, and ecological processes.

Natural disturbance—Any relatively discrete event
in nature that disrupts ecosystem, community, or
population structure and changes resources, habitat
availability, or the physical environment. Natural
disturbances include floods, wildfire, earthquakes,
volcanic eruptions, tornadoes, hurricanes, and tidal
waves.

Metapopulations—Collective group of discrete
populations of a species across a landscape upon
which the species' continued existence depends.

Niche—All of an organism's interactions with its
environment.

Nutrient spiraling—Directional transport of nutri-
ents in streams and rivers, rather than closed nutrient
cycles associated with terrestrial ecosystems.

Omnivores—Animals that eat both plants and other
animals.

Perturbations—A departure from the normal state,
behavior, or trajectory of an ecosystem; alteration of
ecosystem processes as a result of human actions,
such as land use. Examples of perturbations include
disruption of natural flow regimes with dam construc-
tion or changes in groundwater hydrology caused by
poor livestock management or wetland drainage.

Population—A group of individuals of the same
species that share a common gene pool. They are
close enough to each other to potentially interbreed,
although they often do not.

Primary consumers—Organisms that eat green
plants, or herbivores.

Secondary consumers—Organisms that eat herbi-
vores, Oor carnivores.

Species—A group of individuals that are morphologi-
cally, physiologically, or biochemically distinct.

Subspecies—Division of species into subcategories
that best describe the relationships of their morpho-
logical characteristics.

Trophic level—An organism's position in a food chain
or food web.
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611.00 Imtegrating fish
and wildlife into
cooperator's objectives

The point when a conservation planner generally
establishes an effective relationship with a cooperator
starts when the cooperator (used interchangeably with
landowner, land manager, producer, farmer, or
rancher) makes a phone call to a USDA Service Cen-
ter, walks into an NRCS field office, or follows a refer-
ral from the Farm Services Agency, RC&D coordina-
tor, or the Soil and Water Conservation District. Often
this contact is made because the cooperator has a
concern or a problem that requires technical assis-
tance with resource concerns on a piece of working
land.

During the introductory stages of the relationship with
the cooperator, the planner begins to assess the situa-
tion in the area where the resource concern exists.
Like anything new, there is a level of excitement as the
process begins of working with the cooperator to
develop the conservation plan, assist with the imple-
mentation of the plan, then continue to support the
assessment and monitoring of the effectiveness of the
conservation activities.

Hugh Hammond Bennett, the first Chief of the Soil
Conservation Service, in his text, Elements of Soil
Conservation, stated that "consideration of the land's
relationship to the entire farm, ranch, or watershed"
is the key principle of conservation planning. While the
planner is comfortable with his or her general knowl-
edge of most of the natural resources encountered on
the cooperator's land, he or she is not likely to be
equally knowledgeable about all of the planning ele-
ments—soil, water, air, plants, and animals (SWAPA)
—that occur on the land.

The purpose of this handbook is to assist the planner
who does not have extensive knowledge or experience
with fish and wildlife resources, or biological re-
sources, to more effectively integrate considerations
of these resources into the development and imple-
mentation of the conservation plan.

Hugh Hammond Bennett's vision of natural resource
planning included some key attributes of conservation-
ists who are effective planners.

An effective planner

e Considers the needs and the capability of
each acre. Conservation planning is not an
overnight process. It is an accumulation of
knowledge, skills, and abilities acquired relative
to natural resources. It requires an understanding
of soil surveys, ability to read maps, and ability
to understand human history of the area. The
ability to read the landscape is needed. Many
landscapes in North America are in some need of
restoration. In other words, they have been used
hard, but they could flourish and become more
sustainable than they are under current land use
regimes.

e Is cognizant of the cooperator's situation.
An effective planner understands the conse-
quences of proposed actions and helps the coop-
erator clearly understand his or her impact on
and off the parcel of land for which they are
concerned. The cooperator has economic, social,
political, and cultural constraints. The conserva-
tion planner needs to be aware of various coop-
erator issues.

e Incorporates the cooperator's aptitude to
change. Change is difficult for some, easy for
others. Planners need to help people understand
why a change in management may be needed for
good conservation on the ground.

e Considers land surroundings and relation-
ships. An effective planner recognizes the inter-
connections between a site and the surrounding
landscape. The adjacent property, subwatershed,
river basin, watershed, state, and the region of
the country should be considered. The planner
must understand the land’s location and its
relationship to surrounding property. If a prop-
erty is eroding severely, then not only is soil lost
from that particular property, but water quality
damage can occur in aquatic ecosystems down-
stream because of the sediment that originated
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on that piece of property. Water quality can also
be used as a starting point for discussions related
to integrated pest management (IPM) aimed at
reducing pesticide use. Implementation of IPM
may have significant wildlife ramifications when
related to habitat and water quality enhance-
ment.

Other considerations for an effective conservation
planner:

e Respect the cooperator's rights and responsibili-
ties.

e Recognize the need for resource sustainability.
Keep current on new technology by reading
scientific literature and attending resource
conferences and workshops.

e (Consider short-term, long-term, and cumulative
effects of actions. Most of the landscapes did not
degrade overnight. NRCS assistance is for the
long term. Conservation is a process that takes
time and care to get the land back to some level
of sustainability and productivity.

e Consider economic needs and goals. What will it
cost and how much time does the cooperator
have to invest in the action?

e Work with cooperator to consider alternative
enterprises and their interactions with the site
and its surroundings.

e Help the cooperator develop and articulate the
desired future conditions for the planning area.
What would he or she like the property to look
like? Encourage new ideas, provide relevant and
timely information, and offer sound conservation
advice.

e (Collaborate with other natural resource profes-
sionals and volunteers when collecting, assem-
bling, and evaluating data. Use resources and
expertise of others. Interact and work with
people who may have a different perspective
about the resource concerns being considered.

611.01 Fish and wildlife/
biological resources:
different meanings for
different people

A common vocabulary is important when discussing
fish and wildlife or any biological resource with a
cooperator. For many cooperators, the more familiar
and visible fish and wildlife (e.g., white-tailed deer,
mallards, black bass, raccoons, crows, rainbow trout,
or prairie dogs) represent the significant biological
resources on their land. A purpose of this handbook is
to broaden how the planner, and thus the cooperator,
thinks of the fish, wildlife, and biological communities
that occur or could occur on a piece of working land.
While conversions with the cooperator about the full
range of biological resources on a particular property
may not be possible, a general understanding of those
resources by the planner can translate into an in-
creased awareness of their values by the cooperator.

The most favorable time to incorporate biological
resources into the plan discussion is during the initial
conversations with the cooperator. As the planner
probes the cooperator for information about their
operation, it is always appropriate to ascertain the
level of interest in their biological resources. Does the
cooperator consider those resources to be part of the
land’s production capability where an economic gain is
realized? How does the cooperator feel about the
presence or absence of those resources on the land?
Are they seeing more or less fish and wildlife than they
would like to see? Do fish and wildlife contribute to
the quality of their experience of working and living on
the land? Is the cooperator willing to adjust how they
operate their enterprise or manage their land to ac-
commodate biological resources?

While it is preferable to integrate biological resource
needs into the early conversations with a cooperator,
it is never too late to discuss those needs with a coop-
erator seeking technical assistance. An experienced
planner, who has not fully discussed the inclusion of
the biological resources of a planning area, should
make an effort to do so at any time during the planning
or implementation process. Remember, all lands and
most landscape features provide habitat for biological
resources, and the quality of that habitat varies.
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611.02 Planning to meet
life history needs of fish
and wildlife

Most planners know that the basic life history require-
ments for fish and wildlife resources can be broadly
grouped into three categories: water, food, and space
(including cover and special habitat areas). When
planning for an individual species or group of species,
the planner must provide the cooperator with more
specific information about life history needs. Always
consider the specific biological needs for water, food,
and space by fish and wildlife (fig. 611-1 and 611-2).

(a) Water

Some species, such as snakes, tortoises, desert mam-
mals, and many insects, obtain all of their water re-
quirements from the foods they eat. To support most
wildlife, and obviously all fish species, a reliable free
water supply is necessary. Virtually every type of
uncontaminated surface water source is used by a
variety of fish and wildlife species. A complete inven-
tory of those sources should be a fundamental element
to any conservation plan.

(b) Food

Food habits for fish and wildlife are variable through-
out the year. Feeding behavior and habits help broadly
define groups of animals. Common examples are
grazers (elk, prairie dogs, grasshoppers), browsers
(deer, beaver), carnivores (snakes, hawks, bobcats),
omnivores (black bears, coyotes, crows), and para-
sites (lampreys, many insects, cowbirds).

Food requirements vary with time of year. For specific
information for any particular species, numerous
technical references provide food habit information
(see subpart C, part 620).

(e) Space

The space in which an organism lives provides protec-
tion, or cover. Cover types include structural elements
in a species’ habitat that provide a means of escape
from danger (escape cover), provide refuge from
temperature changes (thermal cover), protect young
(nesting, fawning, or brood cover), provide resting
areas (loafing or refugia cover), or helps the specie
hide from predators (hiding cover). A space can also
be a large area where several animals or biological
resources come together for breeding (lekking, breed-
ing, spawning areas), feeding, loafing, or staging for
group migrations.

Figure 611-1
—

Fish and wildlife require water, food, and
space (photos courtesy Wendell Gilgert, USDA
NRCS)

A landowner and NRCS conservationist
discuss plantings that provide wildlife
food and cover (photo courtesy Lynn Betts,
USDA NRCS)

Figure 611-2
—
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611.03 National conserva-
tion practice standards
specific to fish and
wildlife resources

Currently, the National Handbook of Conservation
Practices lists more than 160 practices. Virtually every
conservation practice impacts fish and wildlife re-
sources. The following 16 practices are specifically
related to fish and wildlife resources. These 16 prac-
tices will, if properly implemented and/or managed,
positively affect biological resources; however, the
challenge to the planner may be the integration of
those resources into the other conservation practices.

Aquaculture Ponds (397)—A water impoundment
constructed and managed for commercial aquaculture
production. To provide suitable aquatic environment
for producing, growing, and harvesting commercial
aquaculture products.

Constructed Wetland (656)—A wetland constructed
for the primary purpose of water quality improvement;
i.e., treatment of wastewater, sewage, surface runoff,
milk-house wastewater, silage leachate, and mine
drainage. Practice treats wastewater by the biological
and mechanical activities of the constructed wetland.

Early Successional Habitat Development/Manage-
ment (647)—Manage early plant succession to benefit
desired wildlife or natural communities. Increase plant
community diversity, provide wildlife habitat for early
successional species and provide habitat for declining
species.

Field Border (386)—A strip of perennial grass or
shrubs established at or around the edge of a field.
Field borders provide productive habitat for wildlife
that favor early successional habitats on agricultural
landscapes.

Fish Passage (396)—Features to eliminate or mitigate
natural or artificial barriers to fish movement, such as
dams or cross-channel structures, to allow unimpeded
movement for fish past stream barriers.

Fishpond Management (399)—Developing or im-
proving impounded water to produce fish for domestic
use or recreation. To provide suitable aquatic environ-
ment for producing, growing, and harvesting fish or
other aquatic organisms for recreational or domestic
uses.

Restoration and Management of Declining Habi-
tats (643)—Restoring and conserving rare or declining
native vegetated communities and associated wildlife
species to restore and manage habitats degraded by
human activity, increase native plant community
diversity, or manage unique or declining native habi-
tats.

Riparian Herbaceous Cover (390)—Consists of
grasses, grass-like plants, and forbs at the fringe of the
water along watercourses. Provides habitat for aquatic
and terrestrial organisms, improves and protects water
quality, stabilizes the channel bed and streambanks,
establishes corridors to provide landscape linkages
among existing habitats, and fosters management of
existing riparian herbaceous habitat to improve or
maintain desired plant communities.

Shallow Water Management for Wildlife (646)—
Managing shallow water on agricultural lands and
moist soil areas for wildlife habitat. Areas provide
open water areas to facilitate waterfowl resting and
feeding, and habitat for amphibians and reptiles that
serve as important prey species for other wildlife.

Stream Habitat Improvement and Management
(395)—Create, restore, maintain, or enhance physical,
chemical, and biological functions of a stream system
to provide desired quality and quantity of water, fish,
and wildlife habitat, channel morphology and stability,
and aesthetics and recreation opportunities.

Upland Wildlife Habitat Management (645)—
Creating, restoring, maintaining, or enhancing areas
for food, cover, and water for upland wildlife and
species that use upland habitat for part of their life
cycle. Provide all of the habitat elements in the proper
amounts and distribution, and manage the species to
achieve a viable wildlife population within the species
home range.
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Wetland Creation (6568)—A wetland created on a site
location that historically was not a wetland or was a
wetland but with a different hydrology, vegetation
type, or function than naturally occurred on the site.
Create wetlands that have wetland hydrology, hydro-
phytic plant communities, hydric soil conditions, and
wetland functions and/or values.

Wetland Enhancement (659)—The modification or
rehabilitation of an existing or degraded wetland
where specific function and/or values are improved for
the purpose of meeting specific project objectives. For
example, managing site hydrology for waterfowl or
amphibian use, or managing plant community compo-
sition for native wetland hay production.

Wetland Restoration (657)—A rehabilitation of a
degraded wetland where soils, hydrology, vegetative
community, and biological habitat are returned to the

original condition to the extent practicable. To restore
wetland conditions and functions that occurred on the
disturbed wetland site prior to modification to the
extent practicable.

Wetland Wildlife Habitat Management (644)—
Retaining, developing, or managing habitat for wetland
wildlife. To maintain, develop, or improve habitat for
waterfowl, furbearers, or other wetland-associated
wildlife.

Wildlife Watering Facility (648)—Constructing,
improving, or modifying watering facilities or places
for wildlife to obtain drinking water.

Table 611-1 gives examples of broad fish and wildlife
groupings and lists conservation practices that directly
or indirectly impact the particular group.

Table 611-1
—

Biological groupings and relevant conservation practices

Biological group

Relevant practices

Invertebrates

Aquatic—crayfish, snails,
stoneflies, mayflies,
riffle beetles
(Photo courtesy
Paul Fusco, USDA NRCS)

Terrestrial (Edaphic fauna)—earthworms,
nematodes, dung beetles

Pollinators—Integrating all
types of flowering plants into
vegetation enhances most
areas for pollinators: bees,

butterflies, moths, birds
(Photo courtesy
Gary Kramer, USDA NRCS)

Integrated pest management species—lady beetles,
spiders, wasps

Stream Habitat Improvement and Management (395),
Riparian Forest Buffer (391A), Wetland Restoration
(657)

Conservation Cover (327), Forest Stand Improvement
(666), Prescribed Grazing (528)

Alley Cropping (311), Conservation Crop Rotation
(328), Tree/Shrub Establishment (612), Early
Successional Habitat Development/Management (647)

Pest Management (595), Residue Management, Mulch
Till (329B), Riparian Herbaceous Cover (390)
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Biological group Relevant practices

Vertebrates

Fish:

Cold-water—trout, salmon, grayling, whitefish Nutrient Management (590), Irrigation Water

Cool-water—pike, pickerel, walleye, suckers Management (449), Riparian Forest Buffer (391),

Warm-water—catfish, black bass, carp, bluegill, Stream Habitat Improvement and Management (395),

minnows Wetland Restoration (657), Fish Passage (396)

Amphibians—salamanders and newts, toads, frogs Pond (378), Stream Habitat Improvement and Manage-
ment (395), Wetland Restoration (657)

Reptiles—snakes, turtles, lizards, skinks Wetland Wildlife Habitat Management (644), Wetland
Restoration (657), Restoration and Management of
Declining Habitats (643)

Birds:

Songbirds (resident and neotropical migratory) Early Successional Habitat Development/Management
(647), Hedgerow Planting (422), Prescribed Burning
(338)

Waterfowl—ducks, geese,
swans

Wetland Wildlife Habitat Management (644), Shallow
Water Management for Wildlife (646), Prescribed

(photo courtesy Grazing (528)

Wendell Gilgert, USDA NRCS)

Shorebirds—sandpipers,
plovers, stilts, avocets,

Irrigation Water Management (449), Restoration and
Management of Declining Habitats (643), Wetland

dowitchers Restoration (657)
(photo courtesy
Don Poggensee, USDA NRCS)
Raptors—hawks, falcons, eagles, owls Field Border (386), Residue Management, No-Till and
Strip Till (329A), Windbreak/Shelterbelt Establishment
(380)
Colonial nesting birds—egrets, herons Wetland Restoration (657), Riparian Forest Buffer

(391), Filter Strip (393)

611-6 (190-VI-NBH, November 2004)



Subpart B Conservation Planning National Biology Handbook

Part 611 Conservation Planning for Integrating Aquatic and Terrestrial Habitat Resources
Biological Resources

Table 611-1  Biological groupings and relevant conservation practices—Continued
|

Biological group Relevant practices

Game birds—grouse, quail,
turkey, pheasants

Forest Harvest Management (511), Field Border (386),
Residue Management, No-Till and Strip Till (329A)

(photo courtesy
Gary Kramer, USDA NRCS)

Mammals

Large herbivores—elk, deer,
pronghorn

Brush Management (314), Prescribed Grazing (528),

Wildlife Watering Facility (648), Fence (382)
(photo courtesy
Gary Kramer, USDA NRCS)

Large predators—cougar, bear, wolf Forest Stand Improvement (666), Riparian Forest
Buffer (391), Tree/Shrub Establishment (612)

Mesopredators—raccoon,
bobcat, skunk

Conservation Cover (327), Stream Habitat Improve-
ment and Management (395), Windbreak/Shelterbelt

Establishment (380)
(photo courtesy
Gary Kramer, USDA NRCS)
Small mammals—mice, beaver, prairie dogs Early Successional Habitat Development and

Management (647), Prescribed Grazing (528),
Structure for Water Control (5687)

Bats—resident and migratory Mine Shaft & Adit Closing (457), Forest Harvest
Management (511), Pond (378)
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611.04 Elements of the
planning process

Step 1 Identify problems and opportunities
Field office planners are required to consider soil,
water, air, plants, and animals when developing a
conservation plan. Concern for fish and wildlife re-
sources is typically not the primary motivation for
producers to contact NRCS conservationists for assis-
tance. That fact should not prevent the conservationist
from including fish and wildlife resources early in the
process of identifying resource problems and opportu-
nities. Explore as many aspects as the cooperator's
interest and the conservationist's time allow.

Example: When a rancher contacts the conservation-
ist with questions about grazing management, ques-
tions about native grazers should be interspersed into
conversations that are intended to obtain information
on livestock type, class, and herd size. Specifically, the
conservationist should work with the rancher to
answer these questions:

e What native grazers (e.g., rabbits, prairie dogs,
elk) must rely on the same resources as domestic
livestock?

e What are their life history requirements?

e How will those requirements be integrated into
the grazing plan?

Subsequent conversations could include changing
pasture size or configuration, which would involve
discussion of fences, water, and salt or mineral distri-
bution. With every element of the grazing plan, oppor-
tunities allow the planner to raise questions regarding
the rancher's attitude toward and aptitude for the
integration of fish and wildlife resources on the prop-
erty. Does wildlife currently move freely on the ranch?
If not, would the rancher be open to changing the
fence configuration and wire placement to facilitate
nonobstructed movement of deer, elk, moose, or
pronghorn? Do the livestock stand in the stream, seep,
or spring where they water? If so, could it be more
efficient and improve herd health if the watering areas
were fenced and the water piped into a storage tank
for distribution to multiple troughs (with design provi-
sions for wildlife access and egress)?

611-8

Step 2 Determine goals and objectives

A producer's motivation to initiate and work through
the process of developing and then implementing a
conservation plan can come from a concern and/or
multiple concerns about the resources on their land or
on lands affecting their operation. The step to assist
the producer in determining the desired products of a
plan may not be as simple as it sounds. It may take
time to establish trust between the producer and the
conservationist, which can entail many separate visits
with the producer, especially if the conservation of the
fish and wildlife resources was or is not a primary
motivation for the conservation plan.

The planner can help the producer break down the
conservation goals into three parts: productivity,
quality of life, and the landscape. A discussion of
production goals on their land is probably the most
difficult and delicate topic of the three. A discussion of
land, herd, or crop size with a producer is tantamount
to a discussion of bank accounts or wills. Yet, unless
the planner has a clear understanding of what the
producer needs to produce, an honest conversation
about the conservation elements that can be applied to
the land is difficult. Armed with the productivity
information, the planner can do a more complete job
of formulating alternatives that can more fully inte-
grate biological resources.

Example: A row crop and orchard producer in Cali-
fornia was using up to 10 annual pesticide applications
on his crops each year. Since more than 15 species of
insect feeding bats are in his region, the planner sug-
gested that the strategic placement of bat boxes could
increase the local bat population to a level where crop
insect pests could be controlled. Several years and bat
boxes later, the producer's pesticide applications were
reduced by more than two-thirds by the integrated
pest management provided largely by the bats. This is
an example of a previously unrecognized resource that
enhanced habitat quality for the bats and other farm
wildlife, improved water and soil quality on and off the
farm, and reduced expensive inputs that allowed the
producer more management flexibility.

The other elements of the overall plan goal are the
quality of life and the landscape goal. Those goals are
critical to understanding what motivates a producer to
stay involved in a business that is often marginally
productive. What is it that motivates the cooperator to
face each day on the land? Is it the smell of newly
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swathed hay? Is it the sounds of resident or seasonal
wildlife, the elk herd passing through on the way to
winter or summer range? Is it the sound of the brook
trout breaking water chasing a mayfly near the stream
edge? Or is it the yearly proliferation of butterflies at
the field's edge as they follow the nectar corridor? If it
were entirely within the cooperator's ability, would the
land have more trees, more open expanses, lush ripar-
ian areas, more songbirds, or more water?

Within the context of working with the cooperator to
articulate his or her goals, the planner, through prob-
ing and timely questions, finds that the cooperator has
or can have a much broader role for fish and wildlife
resources on their land.

Step 3 Inventory resources

For the planner, the resource inventory is often one of
the more eagerly anticipated steps of the planning
process. During this process the planner is fully en-
gaged with the cooperator to explore extensive infor-
mation and gain an understanding of the cooperator's
land and those lands that surround it. Numerous tools
can assist the planner with this inventory. The follow-
ing are considered essential for a thorough field inven-

tory:
e Series of maps to locate the property in the
proper landscape context

71/2 minute quadrangle topographic map
aerial photos
soils maps
habitat maps
various layers of geographic information
system (GIS) maps
e (Camera
e Binoculars
e Notebook
e Field guides, soil survey
e Hand lens
e Safety kit
e Soil knife
e Daypack to keep materials in one location

Investigating and analyzing the resources gathered
from the land can be as exhaustive as time allows. The
planner must walk or ride with the cooperator to read
the landscape, and should take legible notes their

discussions. A comprehensive resource assessment
may, therefore, require several visits to the property,
which allows additional conservation opportunities
with every trip. This, too, is an opportunity to locate
specific and critical habitat elements for the fish and
wildlife using the property. Water features are espe-
cially critical not only because of their relationship to
biological resources, but because they are often indi-
cators of wetland and cultural resource locations.

During the inventory process, it is critical to think
beyond the property boundary in terms of both space
and time. Some spatial scales that can be useful are
the hemispheric, regional, watershed or subwatershed
scale, and a field or tract level. A description of each
follows.

Hemispheric scale—This scale is important for
wildlife and fish that migrate long distances, such as
salmon, waterfowl, neotropical migratory birds, bats,
and various insects. Virtually all lands planned by
NRCS conservationists are visited by transitory or
migratory fish or wildlife at least once a year. Whether
the animal spends a few days or an entire season on
the cooperator’s land, it is an important component for
that species’ overall life history and should be accom-
modated.

Regional scale—Steelhead, salmon, and other migra-
tory fish; wide-ranging mammals including wolverines,
jaguars, and elk; and many other species use a smaller,
but critical, subset of a region in which the coopera-
tor's land is located.

Watershed or subwatershed scale—Some species
of fish and/or wildlife live their entire life cycles in
discrete areas where cooperation and coordination
among land managers are critical to their sustainabil-
ity. These species include endemic species that are
found only in a particular watershed or field office
area. Also, local species are those that live their entire
lives on individual farms or ranches. Typical examples
include northern bobwhite, ring-neck pheasant, east-
ern cottontail, chickadees, titmice, and cardinals.

Field or tract level—This spatial scale is important
for dispersal-sensitive species, such as frogs, chip-
munks, native fish, or insects, that may never move
past the boundary of a field or tract within a farm or
ranch.

(190-VI-NBH, November 2004) 611-9



Subpart B
Part 611

Conservation Planning
Conservation Planning for Integrating
Biological Resources

National Biology Hanbook
Aquatic and Terrestrial Habitat Resources

Time scales, or temporal scales, are also important
considerations for fish and wildlife and their habitats.
For example, the intervals of time between distur-
bance events, such as floods, fires, or hurricanes,
affect species and their habitats. Some questions to
ask:

e [sit a 2-year, 5-year, or 10-year flood that will
most likely create the sediment point bar that
will allow for a new generation of cottonwood
seedlings to germinate in the riparian zone?

e Will a prescribed burn in brush cover cause a
water release that will benefit the local amphib-
ian population and at the same time favor early
successional forbs for the migratory pollinators?

e How long will the effects last?

Step 4 Analyze resource data

The field office technical guide (FOTG) offers a tem-
plate for organizing resource concerns. Many effective
tools for analyzing data are available in the NRCS
office or from wildlife agencies if you do not have
appropriate wildlife habitat evaluation protocols
readily available. The conservationist should work
with State, Federal, or non-governmental fish and
wildlife organizations to secure as much information
as possible. Exhibit M in subpart C, part 630 is an
example of a habitat evaluation from Utah. Every state
has species habitat evaluations or habitat evaluations.
In addition, the U.S. Fish and Wildlife Service has
Habitat Suitability Index (HSI) models for many fish
and wildlife species. The guides are relatively compre-
hensive and examine various aspects of habitat for a
variety of fish and wildlife. Different habitat evaluation
guides are available in each state or territory.

Step 5 Formulate alternatives

Develop alternatives that include a spectrum of con-
servation practices to use on the cooperator's land.
These practices, when implemented, should achieve
cooperator's objectives, solve identified problems,
take advantage of opportunities, and prevent addi-
tional problems.

Achieve cooperator's objectives—Virtually all of
the practices used to address the broad range of natu-
ral resource issues and concerns that producers en-
counter are in the FOTG and the nearly 160 conserva-
tion practices standards. Of these standards, only 16
are strictly fish and wildlife practices. Of the remain-
ing practices, virtually all have the potential to address

the needs of fish, wildlife, and other biological re-
sources. For all practical purposes, every practice and
management action taken on the land has some effect
on biological resources. The conservationist's creativ-
ity, experience, education, and training can provide an
opportunity to engage other people's expertise for
incorporating fish and wildlife into the planning pro-
cess. The planner must ensure that the natural re-
source conservation objectives of the cooperator are
met. While working with the cooperator, conservation
planners are uniquely positioned to inform them of the
effects of various management alternatives on terres-
trial and aquatic species and the opportunities to
effectively integrate fish and wildlife objectives into
the conservation planning process.

Solve identified problems—By now the problems
that initiated development of the conservation plan in
the first place should be clearly spelled out. During
this step, the conservationist can explain how the
resource problem more than likely began. The coop-
erator will begin to realize the consequences of vari-
ous management actions on the land and the surround-
ing landscape. It is during this process of conservation
planning and application that the planner can help the
cooperator more fully understand stewardship obliga-
tions to the land.

Take advantage of opportunities—When it comes
to economics, most cooperators are receptive to and
qualify for cost-share programs or related assistance,
such as grants, building materials, labor, or other
resources needed to apply the necessary conservation
practices (fig. 611-3). The planner needs to be aware

Figure 611-3

This fishway was funded in part by the
NRCS-WHIP program to provide passage
to spawning habitat for migratory fish
(photo courtesy Paul Fusco, USDA NRCS)
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of the array of technical and financial resources avail-
able to the cooperator. The cooperator may indicate a
sincere desire to apply a conservation practice, but
lack the resources to do so. At that point, the planner
can offer cost-share programs, grants, and assistance
from partner groups. The planner must facilitate
development of partnerships (see subpart A, part 601,
Conservation Partnerships) to help the cooperator
take advantage of all available opportunities.

Prevent additional problems—Many tools are
available to assist the planner with motivating the
cooperator to think about alternative management or
business practices that avoid generation of new natu-
ral resource management problems.

Example: A hay operator chooses to explore equip-
ment modifications, such as a flush bar, to move
nesting ducks, pheasants, or songbirds out of the
swather or mover path so they are not destroyed
during hay harvest activities. Perhaps harvest actions
can be delayed for a couple of weeks to allow the
nesting birds time to fledge their young and move out
of the field. Think creatively and help the cooperator
to think of ways to apply different cultural practices
relating to agriculture, and, for example, the habits of
migratory shorebirds. During the shorebird migration,
the birds may be onsite for only a few days. In some
cases the shorebirds may stay and nest. The coopera-
tor can alter irrigation management practices by
providing additional soil moisture or altering planting
dates and can benefit these species by providing soil
foraging resources through this process.

Step 6 Evaluate alternatives

The planner should provide sufficient information
about each alternative or combination of alternatives
so that the cooperator can make decisions that work
towards the stated goals. Potential positive as well as
negative outcomes should be discussed. Each step of
conservation planning is critical. In step 6, it is critical
to display the alternatives in a way that is clear and
sensible.

Clear communication and understanding between the
planner and the cooperator regarding the range of
alternatives and the effects of implementing them
must exist. In turn, this leads to intelligent choices
that provide long-lasting benefits to biological re-
sources.

Step 7 Make decisions

Decisions are the prerogative of the cooperator. The
planner should provide sufficient information to assist
and influence acceptable choices by the cooperator.
Conservation planning is dynamic; it is an ongoing and
likely lifelong process for the cooperator. On occasion,
the cooperator takes a conservative approach to the
plan that can lead to disappointment for the planner.
Resist the urge to influence the cooperator to act
outside of his or her comfort zone. Remember, it is his
or her decision.

Example: A producer contacts the NRCS conserva-
tionist to request assistance on improving irrigation
efficiency. The producer replaces an open ditch with a
pipeline and engages in irrigation water management.
From a wildlife perspective, there seems to be little
benefit. However, the planner has a foot in the door
and has planted the conservation seed. Perhaps the
next logical step is the inclusion of a tailwater return
system. The design of the sump for that system could
benefit waterbirds, perhaps fish, and if adjacent cover
is provided, small mammals.

Step 8 Implement the plan

The planner should work with the cooperator to adopt
new ideas and concepts with the goal of finally imple-
menting those ideas or practices on the land. Once the
practices are applied to the land, the client will require
support to ensure proper installation and management
of the conservation practices. If cost-share programs
are involved, the practice must be certified as meeting
standards and specifications. All subsequent visits with
the cooperator provide an opportunity to make adjust-
ments relative to the management of the particular
practice on the land.

Step 9 Monitor and evaluate

Monitoring and evaluation are another critical step in
conservation planning. However, this step is one of the
most neglected phases of the process. Monitoring must
be integrated so that the cooperator and the planner
know that the desired conditions are occurring on the
land. Many cost and time effective monitoring tools are
available.

One source is Inventory and Monitoring of Wildlife
Habitat compiled by Allen Cooperrider, Raymond J.
Boyd, and Hanson R. Stuart, available through the U.S.
Department of Interior, Bureau of Land Management
(September 1986). The reference has inventory and
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monitoring protocols for most major habitat types and
for all vertebrate fish and wildlife species.

Example: One straightforward monitoring technique
is photo monitoring. Cameras are inexpensive and
easy to use. A date-back camera (where the date is
printed on the photo image) is preferred. While a
photo may not be quantitative data, it can contain a
wealth of information. To assure that the responsible
person can go back to the same locations, previous
photographs must be in the planner’s or cooperator’s
possession. Use of a 7.5-minute topographic map or
global positioning system (GPS) ensures continuity of
photo point location through time. Marking with rebar
or flagging can also help ensure relocating fixed photo
points.

Monitoring allows replanning—Like construction
of a building from a blueprint, a conservation plan
must invariably be modified. As the cooperator learns
and acquires a more thorough understanding of the
consequences of various management activities on the
land, the natural progression is that the plan needs to
be modified. It is a dynamic process. The application
of the plan begins with the establishment and manage-
ment of the array of conservation practices on the
land. As the cooperator recognizes what is and is not
effective, then modifications of both management and
practices are often necessary.

611.05 Summary

The conservation plan enables the planner to engage
cooperators, their beliefs, values, and attitudes relative
to natural resource conservation. The planner then
works with the cooperator to move toward a conserva-
tion ethic. However, the planner cannot be available at
every step.

At some point, the cooperator will hopefully embrace
a conservation ethic so that when the conservationist
moves or retires, the cooperator will have the conser-
vation ethic embedded as a way of life. Whatever
conservation measures are applied to the land will
benefit the land. That is the true value of the conserva-
tion plan and that is what the planner can expect as
the ultimate outcome.

There are two ways to apply conservation to
land. One is to superimpose some particular
practice upon the pre-existing system of land-
use, without regard to how it fits or what it does
to or for other interests involved. The other is to
reorganize and gear up the farming, forestry,
game cropping, erosion control, scenery, or
whatever values may be involved so that they
collectively comprise a harmonious balanced
system of land use.
Aldo Leopold
Coon Valley: An adventure in
Cooperative Conservation
(1935)

e
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Figure 613-1

Conservation corridors plants on this farm include  613-1
field borders,vegetated terraces, grasssed waterways,
windbreaks, and forested riparian buffers, which are
carefully linked to make this farm a haven for wildlife

Figure 613-2

Little remains of the prairie and wetlands that once 613-8

existed in this fragmented landscape

Figure 613-3

These small Pennsylvania fields have been 613-9
integrated with patches of nontillable land,
providing habitat for wildlife

Figure 613-4

Large fields of row crops dominate this North 613-9
Carolina landscape, leaving little habitat for quail
or other species

Figure 613-5

Wildlife are often crowded, stressed, and subject ~ 613-10
to high levels of predation when only disconnected

remnants of habitat remain in a watershed

Figure 613-6

The fragmented landscape on the left has less 613-11
interior habitat and over 50 percent more edge
than the block of habitat on the right

Figure 613-7
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Figure 613-8 Recently restored riparian corridor is reconnecting 613-12
the structural elements in an lowa watershed

Figure 613-9 The three elements of landscape structure—patch, 613-13
corridor, and matrix—are clearly evident in this
photograph

Figure 613-10 Environmental corridor 613-14

Figure 613-11 Remnant corridor 613-14

Figure 613-12 Introduced corridors 613-14

Figure 613-13 Disturbance corridor 613-15

Figure 613-14 Regenerated corridor 613-15

Figure 613-15 Corridor structure characteristics 613-16

Figure 613-16 The overstory, middlestory, and understory 613-17
vegetation of this woodlot provide niches for
wildlife

Figure 613-17 Entrenched stream no longer supports riparian 613-18
vegetation (wildlife habitat) that lines its upper
banks

Figure 613-18a Riparian corridor in poor condition because of 613-18
improper grazing management

Figure 613-18b The same riparian corridor after 10 years of 613-18
proper grazing management

Figure 613-19 Woody debris in stream channel provides critical ~ 613-25
habitat for native trout and dampens erosion of
the streambank

Figure 613-20 The windbreak captures snow, which increases 613-26
soil moisture in adjacent fields and provides
critical winter wildlife habitat

Figure 613-21 Many large mammals use traditional migration 613-27
corridors between summer and winter range

Figure 613-22 Many birds rely on riparian habitats for food and  613-27
cover
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Figure 613-23 Generations of woodpeckers, flickers, and 613-28
bluebirds have been reared in this windbreak snag

Figure 613-24 Unmowed grassed waterway offers habitat 613-28
for ground-dwelling bird species

Figure 613-25 Pheasants are primary beneficiaries of quality 613-29
roadside habitat

Figure 613-26 Lower end of riparian corridor is wide enough 613-29
to provide habitat for interior-dwelling species

Figure 613-27 Parallel windbreaks in this Missouri landscape 613-30
provide wildlife alternative routes from upland
patches to the riparian corridor

Figure 613-28 Network of interconnected riparian and upland 613-30
corridors provides for greater wildlife diversity

Figure 613-29 Diverse vegetation types, heights, and spacing 613-31
make this corridor a rich habitat for many species

Figure 613-30 Walkers enjoy a cool spring afternoon in an urban  613-32
greenway

Figure 613-31 Three friends enjoy a hunt in quality habitat 613-32

Figure 613-32 Fish and aquatic insects caught here will be used  613-33
in a class discussion on the aquatic food chain

Figure 613-33 The view from this trail helps the observer 613-33
understand that agriculture and the natural
landscape can co-exist in harmony

Figure 613-34 Broad expanse of river, flood plain, bluffs, and 613-34
prairie make Minnesota Valley National Wildlife
Refuge a visual reference for Twin City residents

Figure 613-35 Ruins of pre-historic Native American community 613-35
near Verde River flood plain in Arizona

Figure 613-36  Windbreaks surrounding rural subdivision reduce 613-36
energy consumption during the winter and lower
snow removal costs

Figure 613-37 Increased value of homes in Utah subdivision 613-36
attributed to proximity to the open-space corridor
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Figure 613-39 Cottonwood planting cut by beaver 613-38
Figure 613-40 Ubiquitous tumbleweed uses roadside corridor 613-38
to spread into adjacent desert grassland matrix
Figure 613-41 Riparian corridor severely impacted by anglers 613-39
and other recreationists
Figure 613-42 Boulder Creek in Boulder, Colorado, is a model 613-40
of integrated riparian corridor resource planning
Figure 613-43  Core reserves, buffer zones, and linkages 613-47
Figure 613-44  Principles 61348
Figure 613-45  Scales used for corridor planning 613-53
Figure 613-46 Regional vegetation analysis maps provide an 613-54
excellent base for regional corridor planning
efforts
Figure 613-47 USGS 7.5 minute quad maps are frequently used 613-57
for watershed scale corridor planning
Figure 613-48 NRCS soil maps provide a base for conservation 613-57
plan and practice scale planning
Figure 613-49  Effective corridor width for wildlife movement 613-60
as related to human domination of the matrix,
corridor length, and animal body size
Figure 613-50 Windbreak orientations 613-61
Figure 613-51  Cross section of a three-zone riparian forest buffer 613-63
Figure 613-52  Areawide planning process 613-67
Figure 613-53 Base map made using GIS 613-73
Figure 613-54 Base map showing problems and opportunities 613-76
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Figure 613-57 Completed function plan map 613-85
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Figure 613-58 Base map with layer showing resource 613-86
recommendations

Figure 613-59 Base map with layer showing potential habitat 613-87
and new wildlife plantings

Figure 613-60 Final map with combined information from the 613-89
three layers

Figure 613-61 Map showing results of no-action plan alternative = 613-91

Figure 613-62 Base map showing planning boundary and 613-108
100-year flood plain

Figure 613-63 Base map with existing conditions layer 613-109

Figure 613-64  Analysis of current features 613-112

Figure 613-65 Example of map overlays or layers 613-115

Figure 613-66 Map showing all proposed practices 613-117

Figure 613-67 Map showing practices used to preserve, 613-118
enhance, or restore patches, corridors, or
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Figure 613-68 Before and after streamside/riparian plantings 613-119
to convert area into habitat

Figure 613-69 Proposed practices and potential habitats 613-120

Figure 613-70 The synthesis map shows all existing features 613-121
and the proposed practices

Figure 613-71 Computer simulations 613-124
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(Part 613 was originally distributed in August 1999 as Part 614.4 National Biology Handbook. It is
revised and reformatted to fit within the format of this issue of the handbook.)

613.00 Imtroduction

(a) Background

Conservation corridors are linear strips of vegetation
that differ from the adjacent surroundings and func-
tion to conserve soil, water, plants, wildlife, or fish
resources. Natural corridors of woody and herbaceous
riparian vegetation occurring along the edges of
streams, rivers, and lakes, are visually dominant in
many landscapes. Windbreaks, field borders, road-
sides, contour buffer strips, and grassed waterways
are introduced (planted) corridors in agricultural
landscapes (fig. 613-1). Corridors may also be created

by disturbance; for example, a cleared powerline right-
of-way. Both natural and planted corridors can be an
ecological and aesthetic resource if properly managed
and can yield significant benefits (value) to the land-
owner and society.

Corridors preserved or planted for soil and water
conservation provide wildlife habitat for a variety of
species. Riparian corridors are used by over 70 per-
cent of all terrestrial wildlife species during some part
of their life cycle, including many threatened and
endangered (T&E) species. Corridors provide food and
nesting, brooding, loafing, and protective cover for
game and nongame wildlife. They also afford wildlife
relatively safe access to adjacent resources and serve
as travel ways for species dispersal and migration in
our increasingly fragmented landscape.

Figure 613-1
—

Conservation corridors plants on this farm include field borders,vegetated terraces, grasssed waterways,
windbreaks, and forested riparian buffers, which are carefully linked to make this farm a haven for wildlife
(photo courtesy Lynn Betts, USDA NRCS)
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Many birds and bats that either nest or roost in corri-
dors are insectivorous, consuming thousands of in-
sects that could damage crops and pester livestock.
Others are important game species providing recre-
ational opportunities and generating revenues that
supplement rural economies.

(b) The problem

The quality and quantity of our Nation’s conservation
corridors have declined for the last several decades.
Natural corridors are frequently squeezed by adjacent
land uses or severed by roads, utilities, dams, or other
types of human development. Narrow and segmented
corridors are less effective as travel lanes for wildlife
dispersal and other ecological functions. Hundreds of
miles of fence rows, windbreaks, and other planted
corridors are removed annually to accommodate
changing agricultural practices and suburban sprawl.
Long neglected shelterbelts and windbreaks planted in
the 1930s are dying out; few have been replaced. Many
contour buffer strips, grassed waterways, and road-
sides are planted in one species of grass. Single-spe-
cies stands of introduced grass provide few wildlife
benefits and are of little value as winter cover. Un-
timely mowing, heavy grazing, repeated burning, and
spraying further reduce their habitat value.

While corridors decline, remnant fragments or patches
of relatively large undisturbed habitat are also becom-
ing less common, smaller, and increasingly isolated. In
some cases they are no longer capable of supporting
viable populations of native plants or wildlife. The
resulting threat to plant and wildlife species diversity
in all regions of the country has become a national
concern. Many ecologists believe that connecting
remnant habitat patches with corridors should be one
part of a comprehensive plan to address this growing
problem.

(c¢) Planning areawide solutions

The Natural Resources Conservation Service (NRCS)
is committed to assisting in the revitalization and
linkage of the Nation’s landscape corridors. The
Agency is actively promoting the preservation, en-
hancement, restoration, and reclamation and new
plantings of conservation corridors at the watershed

scale. NRCS encourages establishment of conservation
corridors for the following reasons:

e (Corridors are a valuable resource to both the
landowner and the public.

e The benefits of conservation corridors for wild-
life habitat in particular are optimized when
corridor systems are planned and established at
a landscape or watershed scale.

e Corridors function most effectively when used in
conjunction with other soil and water conserva-
tion measures in a conservation plan.

e Both ecological and economic principles must be
applied to corridor planning, design, establish-
ment, and management to optimize benefits and
reduce negative impacts.

How corridors are arranged and connected within the
larger landscape context determine their wildlife
value. This principle provides land managers with a
tool to manage wildlife species diversity effectively.
The cumulative effect of corridor arrangement influ-
ences wildlife population dynamics. Designing corri-
dor systems is a task of creating strategic configura-
tions across ownerships and land uses. The objective
is to restore targeted ecological functions at water-
shed scales.

Opportunities exist in every state to plan, design, and
manage corridors, optimizing their multiple benefits.
Thousands of acres of potential high quality habitat
exist in roadsides, windbreaks, riparian areas, grassed
waterways, and other types of corridors.

Implementing a successful system of integrated corri-
dors requires the cooperation of private landowners,
local governments, private nonprofit conservation
organizations, and State and Federal agencies working
at both landscape and site-specific scales.

The NRCS is the USDA agency charged with providing
technical assistance to private landowners who volun-
tarily wish to initiate an areawide plan. NRCS conser-
vationists play a key role in promoting areawide plan-
ning and facilitating the planning process once it is
initiated. Landowners, farmers, ranchers, partnering
agency personnel, and other proponents all share in
the work. The NRCS National Planning Procedures
Handbook provides a structure within which these
tasks can be completed in an orderly and efficient
way.
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(1) A planning tool

Part 613 of the National Biology Handbook was de-
signed for NRCS conservationists and other partners
as a complement to the National Planning Procedures
Handbook. It is a source of information about conser-
vation corridors and their benefits and a reference for
use in the field. Part 613 emphasizes planning, design-
ing, and managing corridors to optimize wildlife habi-
tat. In addition, it includes general plant community
guidelines to enhance the habitat value of each NRCS
corridor-type conservation practice.

The material in part 613 provides the conservationist
with
e areview of the causes and consequences of
habitat fragmentation,

e an overview of the types and ecological functions
of corridors,

e a summary of the benefits corridors provide
landowners, communities, and the environment,

e watershed-scale wildlife corridor planning prin-
ciples,

e examples and case studies documenting the
importance of planning systems of conservation
corridors for wildlife at watershed scales, and

e illustrations and case studies showing how an
individual farm, ranch, or community conserva-
tion corridor project can be knitted into an
areawide plan.

In addition, part 613 provides the conservationist with
tools that facilitate conservation corridor planning at
the areawide, farm, ranch, and community scales. As a
field reference, it includes information for planning
and implementation.

Strategic planning:

e Strategies for organizing an areawide planning
team, establishing goals, and allocating responsi-
bilities

e Procedures for preparing base maps

e A diagram of the National Planning Procedure
process with emphasis on planning for wildlife

e Detailed descriptions of how to include wildlife
conservation in each step of the planning process

e An areawide inventory checklist that emphasizes
wildlife habitat information

e A step-by-step description (with illustrations) of
how to prepare plan alternatives

e Procedures to integrate individual farm, ranch,
or community conservation corridor projects
within an areawide plan

e Lists of sources of watershed resource informa-
tion

Technical tools:

e Worksheets for evaluating the habitat condition
of existing corridors

e (Criteria for locating conservation corridors to
optimize their habitat function

e (riteria for designing plant community structure
for each conservation corridor type to enhance
habitat value

e Procedures for evaluating the impact of conser-
vation practices on wildlife populations

Partnerships are at the heart of all conservation initia-
tives linking land and people. They foster a coopera-
tive environment promoting those factors necessary
for success:

e Exchanging information, experience, and exper-
tise

e Sharing responsibilities and tasks

¢ Involving a cross-section of community residents

e Planning and implementing projects across
mixed ownership and jurisdictions

e Leveraging resources
e Building a sense of shared community

(2) Trust, cooperation, and implementation
Fundamentally, areawide plans are templates delineat-
ing an integrated system of conservation corridors and
practices at scales larger than an individual farm or
corridor. They are seldom large, single projects com-
pleted quickly. Rather, they are implemented incre-
mentally one farm, ranch, or community open space at
a time. The resulting cumulative effect contributes to
the sustainability of the land and wildlife populations.
Indeed many areawide plans originated with an indi-
vidual landowner or community that volunteered to
work with a conservationist to plan, design, and install
conservation corridors and employ conservation
practices. Neighboring farmers or communities liked
the conservation corridor projects they saw, sought
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NRCS assistance, and over time a system of conserva-
tion corridors spread across the watershed.

Building trust with landowners and community groups
by working one-on-one is the traditional role of the
conservationist and must remain at the very heart of
the conservation corridor effort if it is to succeed.

Corridors are only one piece of the conservation
puzzle. The other important pieces are the various land
management practices applied by farmers, ranchers,
and communities to the natural resources on their
land. The long-term value of corridors is highly
dependent on the health of the adjacent land-
scape and large patches of native vegetation.
Landowners and communities participating in land and
water conservation programs using sustainable agri-
cultural and other land use practices enhance habitat
quality and quantity. The puzzle can be completed
through public and private landowner partnerships,
passing on to future generations the rich wildlife and
scenic heritage our Nation has come to cherish.

(d) Case study

The following case study, Possible Futures for the
Muddy Creek Watershed, illustrate two corridor plan-
ning principles—maintaining or restoring natural
connectivity and managing the matrix with wildlife in
mind.
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Case Study:

PoOsSSIBLE FUTURES FOR THE MUDDY
CREEK WATERSHED

Corridor Planning Principles described in section 613.04 that are exhibited by
this case study include:

NATURAL CoONNECTIVITY SHOULD BE
MAINTAINED OR RESTORED.

MANAGE THE MATRIX WITH

WiLpLIFE IN MIND.
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This case study illustrates a process for planning
at a watershed scale and the role that landowners
and communities can play in developing alternative
plans for land conservation and development.

This report documents a two year case study
research endeavor exploring how human
population growth and land use change in the
Muddy Creek watershed of Benton County, Oregon
may influence biodiversity and water quality. The
case study illustrates a framework for helping local
communities create alternative scenarios for land
conservation and development. The project
employed previously existing information and relied
on the regular participation of local stakeholders
to produce a series of mapped possible future
scenarios depicting land use in the watershed in
the year 2025 (Figure 1). The possible futures
were evaluated for their effects on biodiversity and
water quality using best available information,
ecological and hydrological effect models.

The biodiversity evaluative model measured the
change in potential habitat area for each of the
234 breeding species, in each future scenario and
the past, by calculating the ratio of future or past
habitat area to the present habitat area. The water
quality evaluative model, a non-point pollutant
source/geographic information system model,

simulated a series of five storm events to calculate
the mean pollutant load for each of the five possible
futures, present and past. The model assessed
volume of surface flows and levels of total
suspended solids, phosphorus and nitrate, using
field data collected from base line flows and two
storm event flows monitored in 1996.

Results from the biodiversity model show that all
native species have at least some habitat in all
future land use scenarios. However, if land use
trends in the watershed continue unchanged (Plan
Trend Future) or become more highly developed
over the next 30 years (Moderate and High
Development Futures), there will be an increased
risk to the abundance of the 212 existing species,
particularly birds, mammals, and amphibians. Of
the 220 species native to the watershed throughout
its recent history, 26 species have lost more than
half of their habitat since 1850. Under the High
Development Future, 12 species are estimated to
lose more than half of their present habitat in the
next 30 years. Only 2 species — the California
condor and marbled murrelet —are common to both
lists. This acceleration and shifting of risk from
one set of species to another suggests that the
kinds of habitat changes from past to present are
different than those envisioned in the possible
futures (Figure 2).

High Moderate
Development
2025 2025

T E Plan Trend
Development 2025

Moderate High
Conservation Conservation
2025 2025

Figure 1: Five mapped possible future scenarios depicting land use in the watershed in the year 2025.
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Benton County, Oregon

Changs In Habitat Area From Present to Future or Past
for Mative Spaciss - Muddy Cresk Study Arsa

Biodiversity

Figure 2: An assessment of the possible impacts of future
scenarios on biodiversity.

Results from the water quality model show in-
creases in volume of surface water runoff and to-
tal suspended solids under the Moderate and High
Development Futures in sub-basins undergoing
significantly increased residential development or
having a high percentage of area in erosive soils
on steep slopes (Figure 3). Crops located on steep
slopes were the greatest contributors of total sus-
pended solids and total phosphorus in the agricul-
tural lowlands. Land uses on gentle slopes or in
natural vegetation were the lowest contributors of
total suspended solids and total

phosphorus.

In summary, if the residents of the
Muddy Creek watershed desire a
future presenting no greater risk
to biodiversity and water quality
than the present pattern of land
use, then they should plan toward
a future with a land use pattern be-
tween the Plan Trend Future and
the Moderate Conservation Future
for biodiversity protection, and be-
tween the Moderate Conservation
and the High Conservation Future
for water quality protection.

Percent Increase or
Decrease Relative to 1990

Figure 3: An assessment of the possible
impacts of future scenarios on water
quality.

Water Quality

Ad(ditional information can be
obtained via the Internet at
http://ise.uoregon.edu

This case study was prepared by David
Hulse', Joe Eilers?, Kathryn Freemark?,
Denis White* and has been included in this

document with their permission.

Institute for a Sustainable Environment,
University of Oregon, Eugene, OR 97403

’E and S Environmental Chemistry, 2161
NW Fillmore Ave., Corvallis, OR 97339

3Canadian Wildlife Service, Environment
Canada, Ottawa, Quebec, Canada K1A 0H3

4U.S. Environmental Protection Agency, 200
SW 35" Street, Corvallis, OR 97333

This work was funded by cooperative agreement CR822930
between the U.S. Environmental Protection Agency and
University of Oregon, cooperative research agreement PNW
92-0283 between the U.S. Forest Service and Oregon State
University, interagency agreement DW 12935631 between the
U.S. Environmental Protection Agency and the U.S. Forest
Service, and the U.S. Department of Defense Strategic
Environmental Research and Development Program Project
#241-EPA.

These graphics are not intended for detailed scrutiny. Detailed
information is available at the Internet address noted above.

< (mictric tns ha) by sub-basin and
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613.01 Habitat fragmenta-
tion

(a) Introduction

Fragmentation, the breaking up of large patches of
native vegetation into smaller and increasingly isolated
patches, is a process as old as civilization (fig. 613-2).
It intensified as hunter/gatherer societies settled in
permanent locations and began planting crops and
herding livestock. Research suggests that the initial
impacts on biodiversity were minimal, disturbed areas
were small and regenerated when no longer cropped
or grazed. But as human populations increased and
technology became more sophisticated, the effects of
fragmentation spread across the landscape. Archeo-
logical evidence suggests that many wildlife species
were displaced and local populations eliminated.

Fragmentation continues today, driven by an explod-
ing human population and growing demand to produce
more food and fiber from a finite land resource. The
contemporary rural landscape is the result of the
cumulative impacts of past and present human land
use practices including urbanization, agriculture,
ranching, and logging.

Fragmentation of a landscape reduces the area of
original habitat and increases the total lineal feet of
edge, favoring species that inhabit edges at the ex-
pense of interior species that require large continuous
patches. Ecologists, such as Wilcox and Murphy,
believe that habitat fragmentation is the most serious
threat to biological diversity and is the primary cause
of the present extinction crisis.

(b) Habitat fragmentation

Prior to the age of mechanized agriculture (circa
1890), rural American landscapes were fine grained.
Hedgerows often surrounded small fields of diverse
crops while wetlands, steep slopes, swales, and rocky
areas were left undisturbed (fig. 613-3). Fields of 40,
80, and 160 acres were common. With today’s mecha-
nized agriculture, fragmentation occurs at a much
coarser scale resulting in more homogenous land-
scapes (fig. 613-4). Small fields are combined to form
larger tracts of land to accommodate farming with
large machinery. Many fields are enlarged at the ex-
pense of windbreaks, fence rows, and other valuable
wildlife habitat. Several areas in the Midwest have lost
over 60 percent of their windbreaks because of the
declining health of windbreak trees, expanding field
size, and urban sprawl. The resultant loss of habitat
diversity in agricultural landscapes has adversely

Figure 613-2
I (photo courtesy Lynn Betts, USDA NRCS)

L - d- —

Little remains of the prairie and wetlands that once existed in this fragmented landscape
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impacted wildlife populations. Wildlife biologists For a species to survive in a landscape or watershed, it
studying bobwhite quail (Colinus virginianus) in must have access to habitat resources sufficient to
Nebraska discovered that a county with five times maintain a viable population. A minimum viable popu-
more acreage in hedgerows than a neighboring county lation (MVP) is the smallest number of individuals
also had an estimated population of quail almost four required to sustain a population for the long-term. A
times greater. projected MVP is based on estimates of a population

Figure 613-3 These small Pennsylvania fields have been integrated with patches
s  of nontillable land, providing habitat for wildlife
(photo courtesy Frank Lucas, USDA NRCS)

Figure 6134 Large fields of row crops dominate this North Carolina landscape,
meessssssmm  leaving little habitat for quail or other species (photo courtesy
North Carolina State University)
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size that can counter the negative effects of genetic
variation loss, population fluctuations, and environ-
mental changes.

Maintenance of an MVP is often dependent on func-
tioning metapopulations, wildlife populations that are
spatially separated but interact through the dispersal
of animals. Metapopulations in small patches can
"wink" on or off (experience local extinction) because
of local variation in sex ratios, disturbance (such as
fire), and other local factors. A metapopulation is more
likely to persist if immigration and colonization are
facilitated by corridors or "stepping stone" patches.
Linkage between patches is critical in sustaining
healthy metapopulations in highly fragmented land-
scapes (see the Louisiana Black Bear case study in
section 613.03, Corridors—an overview).

Habitat fragmentation diminishes the capacity of the
landscape to sustain healthy populations or
metapopulations in five primary ways:

e Loss of original habitat

e Reduced habitat patch size

¢ Increased edge

e Increased isolation of patches

e Modification of natural disturbance regimes

(1) Loss of original habitat

Perhaps the most significant adverse impact of frag-
mentation is simply the loss of original habitat. Re-
search findings suggest loss of habitat has a much
greater impact on wildlife populations than the change
in spatial arrangement of habitat areas.

Over 90 percent of the grasslands east of the Missis-
sippi River are gone, approximately 90 percent of
Iowa’s wetlands have been removed, and 80 percent of
Indiana’s forests have been eliminated (fig. 613-5).
Habitat losses of this magnitude will permanently
displace many species and dramatically depress the
population levels of others. It forces remaining species
into the few remnant patches available, increasing
competition, crowding, stress, and the potential for
disease outbreaks. The number of currently listed
federal and state threatened and endangered species
suggests that many populations are at or near MVP
levels.

Even in areas where fragmentation is not readily
apparent, subtle but equally devastating effects of

613-10

habitat loss can exist. A grassland invaded by exotic
grasses may look natural but be functionally frag-
mented. For example grasslands infested by
cheatgrass (Bromus tectorum) look similar to native
grass patches, but provide no habitat of value for
sensitive species, such as the pronghorn (Antilocapra
americana) and the greater prairie chicken
(Tympanuchus cupido).

(2) Reduced habitat patch size

Reduction in habitat patch size is a principal conse-
quence of fragmentation. Biologists MacArthur and
Wilson (1967) suggested that the rate of species ex-
tinction in an isolated patch of habitat is inversely
related to its size. As remnants of native habitats
become smaller, they are less likely to provide food,
cover, and the other resources necessary to support
the native wildlife community. Small patches are also

Figure 613-5
|

Wildlife are often crowded, stressed, and
subject to high levels of predation when
only disconnected remnants of habitat
remain in a watershed (photos courtesy
Craig Johnson, USDA NRCS;, and Kristen Rol)
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more susceptible to catastrophic disturbance events,
such as fire or severe weather that can decimate local
populations.

Fragmentation also decreases the area of interior
habitat (fig. 613-6). Interior habitat is the area far
enough from the edge to maintain communities of the
original larger habitat. For example, when large tracts
of sage/grassland are cleared and seeded into grasses
or alfalfa, sage/grassland patch size and interior habi-
tat are reduced. Not surprisingly, populations of an
interior-dwelling cold desert species that requires
large patches of sagebrush like the sage grouse
(Centrocercus urophasianus) are in serious decline.

(3) Increased edge

Although an increase in edge (the boundary between
two plant communities) caused by fragmentation may
benefit some species, some researchers believe that
increasing edge may be detrimental to the protection
of native biodiversity. Edges act as barriers, causing
some predators to travel along them. High predator
densities along edges can result in higher mortality for
edge dwelling prey species or species moving through
narrow corridors. Nest parasitism by brown-headed
cowbirds (Molothrus ater) also appears to be higher in
species nesting in edge habitat. Least bell’s vireo
(Vireo bellii pusillus) is an endangered species that
inhabits the edges of riparian corridors in southern
California. Parasitism by cowbirds appears to be as
significant as the loss of riparian habitat in the decline
of the least bell’s vireo on Camp Pendleton, California.

(4) Increased isolation

Fragmentation leads to increased isolation of patches
(fig. 613-7). Wildlife populations in isolated patches
can be sustained by immigration of species from
surrounding patches. However, as fragmentation
continues, distances between patches get longer and
dispersal and immigration rates decrease. The diver-
sity of species moving between patches also de-
creases; small species with limited mobility are par-
ticularly distance sensitive. As immigration rates
decrease, such factors as inbreeding and catastrophic
disturbances can cause the number of species in a
patch to decline to zero over a long enough period.

Biologists studying chaparral bird species extinction
rates in remnant patches in southern California found
that on average, less than one chaparral bird species
survived after 40 years of isolation in canyons less
than 125 acres.

(5) Modified disturbance regimes
Fragmentation and associated land management
activities, such as fire suppression, alter the flow of
natural disturbances. For example, fire, a disturbance
factor essential to the maintenance of tall grass prai-
ries, has virtually been eliminated in the Midwest.
Remnant prairie plant communities separated by miles
of row crops and protected from fire are being over-
taken by less fire-tolerant woody species. Wildlife
dependent on prairie ecosystems are being displaced.

Figure 613-6

—
Area: 640 acres Area: 640 acres

Edge: 38,620 lineal feet Edge: 21,120 lineal feet

The fragmented landscape on the left has
less interior habitat and over 50 percent
more edge than the block of habitat on
the right

Patch B is more isolated from the rem-
nants of patch A when A is fragmented,
limiting movement between A and B for
some wildlife species

Figure 613-7
——
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(6) Cumulative effects

The cumulative impact of habitat fragmentation re-
sults from the combined incremental effects of habitat
loss, reduced patch size, increased edge, and patch
isolation. The impacts are cumulative across scales
and over time affect populations of organisms as well
as individuals. These impacts are not related linearly
to the extent of original habitat. There are thresholds
where local extinction for a species may be imminent
even though only a small percentage of original habitat
has been lost. Unfortunately, understanding of these
thresholds is limited.

(7) Corridor connections

In many regions of the country, agriculture and urban-
ization are dominant forces in land conversion; most
land is in private ownership, habitat patches are small,
scarce, and often isolated. The probability of increas-
ing the size of existing patches or creating new
patches in these landscapes is remote. However, one
realistic opportunity to begin to rebuild functional
ecosystems and conserve biodiversity is to employ
natural and introduced corridors that knit the land-
scape back together (fig. 613-8). An integrated system
of conservation corridors not only benefits wildlife,
but also conserves soil, water, air, and plants.

Figure 613-8

Recently restored riparian corridor is reconnecting the structural elements in an lowa watershed
(photo courtesy Lynn Betts, USDA NRCS)
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613.02 Corridors—an
overview

(a) Introduction

Landscape ecologists Forman and Godron (1986)
suggest that a landscape is a heterogeneous land area
consisting of three fundamental elements: patches,
corridors, and a matrix (figure 613-9). They define
each element as follows:

Patch—Generally a plant and animal community that
is surrounded by areas with different community
structure; however, a patch may be devoid of life.

Corridor—A linear patch that differs from its sur-
roundings.

Matrix—The background within which patches and
corridors exist (the matrix defines the flow of energy,
matter, and organisms).

Patches, corridors, and the matrix interact in ecologi-
cally significant ways. Consequently, this conceptual

model is very useful in the study of function, structure,
change, and the conservation potential of corridors in
the landscape.

(b) Types of corridors

Corridors can be natural (a tree-lined stream channel)
or the result of human disturbance to the background
matrix (a strip of native prairie left unplowed between
two fields). Corridor structure may be narrow (line),
such as a hedgerow; wider than a line (strip), such as a
multi-row windbreak; or streamside vegetation (ripar-
ian). Corridors may be convex, taller than the sur-
rounding matrix like a shelterbelt between wheat
fields; or concave, lower than the surrounding vegeta-
tion, such as a grass strip between two woodlots. Line
or strip structure may be in many kinds of corridors.
Five commonly used categories of corridor origin are

e environmental corridors,
e remnant corridors,

¢ introduced corridors,

e disturbance corridors, and
® regenerated corridors.

Figure 613-9
|

Patch

(190-VI-NBH, November 2004)

The three elements of landscape structure—patch, corridor, and matrix—are clearly evident
in this photograph (photo courtesy Don Anderson, USFWS)

Patch
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In recent years, engineered corridors, such as over-
passes and underpasses, have been designed specifi-
cally to accommodate wildlife movement.

Environmental corridors—Environmental corridors
are the result of vegetation response to an environ-
mental resource, such as a stream, soil type, or geo-
logic formation. They are typically winding (curvilin-
ear) in configuration with widths that are highly
variable. Sinuous strands of riparian vegetation paral-
leling stream courses are prominent examples in all
regions of the country (fig. 613-10). Environmental
corridors are frequently the most important habitats in
the watershed.

Remnant corridors—Remnant corridors are the
most obvious products of disturbance to the adjacent
matrix (fig. 613-11). Strips of vegetation on sites too
steep, rocky, or wet to put into production are left as
remnants after land is cleared for agriculture or other
uses. Some remnants are line corridors left to identify
property boundaries. The width and configuration of
most remnant corridors vary considerably. Remnant
corridors often have the last assemblages of native
flora and fauna in a watershed.

Introduced corridors—Introduced (planted) corri-
dors date back to circa 5000 BC. More corridors may
have been planted between the 14th and 19th centu-

ries in England than at any other time or place in

history. Under the Statute of Merton, 1236, proprietors
were granted the right to enclose portions of wood-
land and pasture. Over the next 500 years, thousands
of miles of hedgerows were planted. Some of these
hedgerows persist to this day and are valued as na-
tional landscape treasures. In the United States, the
Shelterbelt Project of the 1930s was the largest conser-
vation project of the Depression Era; over 200 million
seedlings were planted into shelterbelts, and many
were maintained by Civilian Conservation Corps work
crews (fig. 613-12). In agriculturally dominated land-
scapes, introduced corridors are critical habitat for
many wildlife species.

Disturbance corridors—Disturbance corridors are
produced by land management activities that disturb
vegetation in a line or strip; a mowed roadside or
brush-hogged powerline right-of-way are examples
(fig. 613-13). Continued disturbance of the strip is
often required to maintain vegetation in the desired
successional stage. The widths of disturbance corri-
dors vary, but they tend to be more strip-like. Configu-
ration is typically straight line. They may be suffi-
ciently wide to constitute a barrier for some wildlife
species, splitting a population into two
metapopulations. Disturbance corridors are often
important habitats for native species that require early
successional habitat.

Figure 613-10
——

Environmental cor-
ridor (photo courtesy
Gary Bentrup, USU)

613-14

Figure 613-11 Remnant corridor
eessssssssssm  (photo courtesy Craig
Johnson, USU)

Figure 613-12 Introduced corridors

meessssssssss  (photo courtesy Lynn
Betts, NRCS)
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Regenerated corridors—Regenerated corridors
result when regrowth occurs in a disturbed line or
strip (fig. 613-14). Regrowth may be the product of
natural succession or revegetation via planting. Re-
growth in abandoned roadways, trails, and railroad
right-of-ways are examples. Corridor width and con-
figuration are dependent upon the nature of the previ-
ous disturbance. Regenerated corridor vegetation is
often dominated by aggressive weedy species during
the early stages of succession. East of the Mississippi

River, regenerated corridors occur as hedgerows along

fence lines and roadside ditches. They are less com-
mon in the West. In highly fragmented landscapes,
regenerated corridors are often important habitats for
small mammals and songbirds.

Figure 613-13 Disturbance corridor
seessssssssm—m (photo courtesy Craig
Johnson, USU)

Figure 613-14 Regenerated corridor
eeessssssssn  (photo courtesy USDA
NRCS)

(¢) Corridor function

Corridors perform important ecological functions
including habitat, conduit, filter/barrier, sink, and
source. These five functions operate simultaneously,
fluctuate with changes in seasons and weather, and
change over time. Their interactions are often complex
and in many cases are not well understood.

No—~ Habitat—A corridor may func-
UO tion as habitat or a component of
o— —~ habitat, particularly for those
Lo species with small home ranges
and limited mobility, ruffed
grouse (Bonasa umbellus) for example. For some
species, large mammals for instance, a corridor may
serve as transitional habitat during seasonal migra-
tions between patches. The habitat function of corri-
dors is described in detail in part 613.03.

Conduit—A corridor functions
as a conduit when it conveys
energy, water, nutrients, genes,
seeds, organisms, and other elements. Biologist
Michael Soule (1991) identified the following general
categories of animal need for the conduit function of
corridors:

+—>

e Periodic migration to breeding or birthing sites;
elk migration from wintering habitat to calving
grounds, for example.

e Movement between patches within the animal’s
home range to access food, cover, or other
resources.

e Some populations must receive immigrants if
they are to persist in isolated patches; for ex-
ample, male cougars migrating from one
metapopulation to another to breed.

4 Filter/barrier—A corridor
functions as a filter or barrier
when it intercepts wind, wind-
blown particles, surface/subsur-
face water, nutrients, genes, and
animals. Corridors may filter out sediments and agri-
cultural chemicals from runoff that originates in the
adjacent matrix. They may also act as barriers that
reduce wind velocity and decrease erosion. Some
artificial corridors like highways and canals are barri-
ers to wildlife movement and may genetically isolate
populations.

(190-VI-NBH, November 2004) 613-15
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1 Sink—A corridor functions as a population viability in highly developed landscapes.
* sink when it receives and retains Ecologist Richard Forman (1995) suggests that there is
—> (at least temporarily) objects value in maintaining several parallel connecting corri-
I and substances that originate in dors or patch "stepping stones" between large patches.

the matrix; soil, water, agricul-
tural chemicals, seeds, and animals for example.
Corridors can become sinks for wildlife when the rate
of mortality in the corridor from predation and other
causes creates a net loss in the population of either
corridor residents or migrant species.

4 Source—A corridor functions as
| a source when it releases ob-
» jects and substances into the
Z | adjacent matrix. Corridors may
| 4 v be sources of weeds and pest

species of wildlife. They may
also be sources of predatory insects and insect eating
birds that keep crop pests in check. High quality
corridors are often a source of wildlife; reproduction
in the corridor exceeds mortality and individuals are
added to the population.

(d) Corridor structure

The physical and biological characteristics of corri-
dors, such as width, connectivity, plant community,
structure (architecture), edge to interior ratio, length,
and configuration, determine how corridors function
(fig. 613-15). Corridor width, connectivity, and plant
community architecture are ecologically and visually
the most important of these characteristics.

All five corridor functions are enhanced by increased
width and connectivity. Corridors with the fewest
number of gaps have the highest levels of connectivity.
As gap width increases, the number of wildlife species
for which the corridor functions as a conduit de-
creases. Biologist Michael Soule (1991) emphasizes
the importance of connectivity for maintaining wildlife

Some ecologists caution that corridors can also be
conduits for diseases, predators, exotic species, and
fire, which can threaten populations. However, corri-
dors remain among the best options for maintaining
biodiversity in agricultural landscapes.

The vertical and horizontal structural characteristics
of vegetation within a corridor, its architecture, also
influence ecological function. The vegetative structure
of corridors may vary from a single layer in a grassed
waterway to four or more layers in a remnant woodlot
or riparian corridor. Vertical structure is a particularly
important habitat characteristic for some species of
birds. Horizontal structure within corridors also varies.
Patchiness (the density of patches of all types) is most
common in remnant and riparian corridors. Plant
spacing heterogeneity is related to bird species diver-
sity. In general, the greater the structural diversity
within a corridor, the greater the habitat value for an
array of species (fig. 613-16).

(e) Change

Plant communities change over time. Corridors typi-
cally have fewer plant species than larger patches, but
species diversity appears to increase with corridor
age. Disturbance and consequent succession are the
principal agents of change in corridor vegetation.
Disturbance may be natural, wildfire for example, or
induced by land management activities in or adjacent
to the corridor, such as mowing or grazing. Because
most corridors have a high edge-to-interior ratio, they
are particularly prone to the effects of disturbance in
the adjoining matrix. Human-induced disturbance has
the potential to push corridor vegetation beyond the
point where it can recover through natural processes.

Figure 613-15 Corridor structure characteristics
|

Low High Complex

LU

“——— | | ——>

Simple High Low

Edge to interior ratio

613-16

Plant community sturcture
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This may lead to degradation of the corridor ecosys-
tem and a successional path that differs significantly
from the norm.

Changes in plant community function and structure
because of plant succession significantly affect wild-
life. Both species composition and density may be
altered. However, mature corridors, with the excep-
tion of riparian corridors, seldom achieve the wildlife
species diversity of large patches.

Wildlife biologists advocate managing successional
change in corridors to meet a variety of outcomes.
Sensitivity to biodiversity is growing, however, even in
situations driven by single species management.

Figure 613-16 The overstory, middlestory, and under-

meeessss———  story vegetation of this woodlot provide
niches for wildlife (photo courtesy Craig
Johnson, USU)

Changes in plant community structure caused by
disturbance or succession also affect other corridor
functions. For example, windbreak efficiencies de-
cline dramatically when the shrub layer is removed, a
common occurrence when livestock are allowed to
graze unmanaged in windbreaks.

(f) Expanding perspective

NRCS project-scale conservation practices capitalize
on the function and structure of corridors. Wind-
breaks, grassed waterways, field borders, and other
conservation practices functioning as filters, barriers,
and sinks reduce soil erosion, improve water quality,
and increase crop and livestock production. Native
and introduced plants and wildlife are the indirect
beneficiaries of the habitats created by these prac-
tices.

Conservation corridors planned specifically for wild-
life can preserve and enhance biodiversity at a land-
scape scale. Land managers now realize that empha-
sizing wildlife planning at these larger scales can help
maintain within the landscape or watershed diverse
self-sustaining wildlife populations of native and
introduced species at population levels in harmony
with the resource base and local social and economic
values.

(g) Status of corridors

The limited information on the quantity and quality of
the Nation's corridors suggests three things:

¢ A decline in the number, length, and area of some
types of corridors,

e A significant degradation of the function and
structure of many types of corridors, especially
stream/riparian corridors, and

e A general reduction in the value of corridors for
human use and environmental services.

In 1992, the National Research Council completed an
extensive study of aquatic ecosystems including
stream corridors. They concluded that the function
and structure of many stream/riparian corridors have
been substantially altered and their ecological integrity
compromised. Agricultural chemicals, feedlot effluent,
urban runoff, and municipal sewage discharge were

(190-VI-NBH, November 2004) 613-17
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noted as major causes of water quality degradation.
Increased sediment loading from urbanization, agricul-
ture, grazing, and forestry and the construction of
dams, channelization, and water diversions have
further compounded the problem (National Research
Council 1992).

In addition, the separation of many flood plains from
their stream channels by levees, filling, and channel
entrenchment disrupted natural cycles of plant succes-
sion (fig. 613-17). These stresses reduced the value of

Figure 613-17 Entrenched stream no longer supports

meessssss———  riparian vegetation (wildlife habitat) that
lines its upper banks (photo courtesy Craig
Engelhard, USDA NRCS)

many corridors for wildlife habitat and for recreation
and other human activities. They also eliminated or
greatly curtailed the environmental services normally
associated with riparian corridors; particularly flood
management, pollution abatement, groundwater
recharge, and floodwater dispersal.

Of the estimated 3.2 million miles of rivers in the
United States, only 2 percent meet the rigorous criteria
for designation as a Wild and Scenic River. About 75
percent of the Nation’s streams are degraded to levels
where they can only support a low-level fishery; only 5
percent of the streams support a fishery of high qual-
ity. A 1995 National Biological Service report (Noss et
al. 1995) stated that 85 to 95 percent of southwestern
riparian forests have disappeared since the Spaniards
first settled the area (fig. 613—-18a). The lost scenic
values and recreation opportunities are striking.
However, these habitats can respond well to proper
land management (fig. 613-18b).

Researchers conducting the NRCS Natural Resource
Inventory (NRI) estimated there were approximately
160,000 miles of windbreaks in 1982. By 1992, the
figure had decreased to roughly 150,000 miles, a re-
duction of over 6 percent. During that same 10-year
period, the area in windbreaks was also reduced by
about 6 percent. Of equal concern is the decline in
windbreak quality, the result of old age, neglect, and
poor management practices. Grazing, herbicide dam-
age, and excessive competition from introduced

Figure 613-18a Riparian corridor in poor condition
s because of improper grazing manage-
ment (photo courtesy David Krueper, BLM)

Figure 613-18b The same riparian corridor after 10
eesssss———— yecars of proper grazing management
(photo courtesy David Krueper, BLM)
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grasses in shelterbelts can contribute to degradation.
Degraded shelterbelts are less efficient as filters,
barriers, sediment traps, nutrient sinks, and as habitat
for wildlife.

In addition to riparian buffers and windbreaks, NRCS
and others have long advocated the use of other types
of conservation corridors including contour buffers,
filter strips, field borders, and grassed waterways. No
national database is kept on these corridor types.
However, based on a survey of NRCS state and field
biologists in each region, a rough estimate of condi-
tions and trends was made.

Questionnaires were sent to NRCS state and field
biologists in each of the 50 states. Thirty usable ques-
tionnaires were returned; a return rate of 60 percent.
At least three questionnaires were returned from each
of the six NRCS regions. The results presented tables
613-1, 613-2, 613-3, and 613—4 estimate the general
status of the Nation's corridors.

The millions of miles of roadside corridors in the
United States represent a potentially rich habitat
resource. Many roadsides are dominated by a single
(often exotic) grass species that is of limited habitat
value. Roadside management practices further reduce
habitat value. Roadside mowing during the nesting
season is a common practice that destroys nests, kills
adult birds and small mammals, and degrades roadside
habitat. Roadsides that are disturbed frequently harbor
numerous large patches of noxious weeds.

Some states have initiated integrated vegetation man-
agement or roadside wildflower programs that empha-
size native plants and ecologically based management
practices. However, the habitat and aesthetic benefits
roadside corridors could provide generally go unreal-
ized. The status of powerline, pipeline, canal, and
railroad corridors is unknown. The quality of these
corridor types may be similar to those of roadsides.

Table 613-1 Estimated change in various conservation corridor types from 1988 to 1998 (data indicate number of states
— responding)
Type Increased  Same Decreased NA N
Riparian/stream corridors on 1st and 2nd order streams 4 9 16 0 29
Riparian/stream corridors on 3rd and higher order streams 4 13 13 0 30
Wetland, lake, and reservoir buffers 6 9 13 0 28
Field borders 7 3 18 2 30
Field buffers (in field) 11 10 7 2 30
Filter strips 21 4 5 0 30
Grassed waterways 18 11 1 0 30
Vegetated ditches 4 13 11 2 30
Grassed terraces and diversions 9 10 5 3 27
Windbreaks/shelterbelts 7 9 5 8 29
Hedgerows 1 8 16 3 29
NA = Not applicable
N = Number of states responding

(190-VI-NBH, November 2004) 613-19



Subpart B Conservation Planning National Biology Hanbook

Part 613 Conservation Corridor Planning at the Aquatic and Terrestrial Habitat Resources
Landscape Level—Managing for Wildlife
Habitat
Table 613-2 Estimated habitat value of various conservation corridor types (data indicate number of states responding)
——
Type Excellent  Good Fair Poor NA N

Riparian/stream corridors on 1st and 2nd order streams 2 10 11 6 0 29
Riparian/stream corridors on 3rd and higher order streams 2 8 13 7 0 30
Wetland, lake, and reservoir buffers 2 10 12 6 0 30
Field borders 0 5 12 13 0 30
Field buffers (in field) 0 2 9 14 5 30
Filter strips 0 7 10 12 0 29
Grassed waterways 0 2 10 14 4 30
Vegetated ditches 0 4 11 11 2 28
Grassed terraces and diversions 0 3 8 15 4 30
Windbreaks/shelterbelts 2 11 4 5 8 30
Hedgerows 2 8 9 4 10 29
NA = Not applicable
N = Number of states responding
Table 613-3 Estimated importance of four non-NRCS corridor types as habitat for wildlife (data indicate number of states
— responding)
Type Very Important ~ Somewhat Not Do not N

important important  important know
Roadside 4 11 10 3 1 29
Powerline ROW 4 6 12 4 2 28
Railroad ROW 1 10 15 2 1 29
Pipeline ROW 4 2 12 7 4 29

NA - Not Applicable
N - Total Number of States Responding
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(h) Summary

The Nation’s corridors are clearly in decline. Yet the
need for conservation corridors as part of an inte-
grated approach to conserving biodiversity has never
been greater. Why the apparent indifference to the loss
of some types of corridors? Biologist Allen
Cooperrider (1991) argues that the underlying causes
of indifference toward environmental decline in gen-
eral are perceptual and attitudinal. He suggests that
we must begin to see, think, and act more holistically
and reestablish an attachment to the land as an eco-
logical system, of which we are an integral part, if we
are to become good stewards.

The farmer identifies with the agricultural land-
scape, and this landscape represents the farmer. A
JSarmer's work is constantly on view, and the
Sarmer’s care of the land can be readily judged by
his peers. Consequently, the agricultural land-
scape becomes a display of the farmer's knowl-
edge, values, and work ethic. (Nassauer and
Westmacott, 1987)

Landscapes managed on cultural concepts of nature
that embrace neatness and productivity can be quite
different from those managed on scientific concepts of
ecological function and structure.

(i) Case study

The following case study, Louisiana Black Bear Use of
Corridors, illustrates two corridor-planning principles:

e Natural connectivity should be maintained or
restored.

e (Connected reserves/patches are better than
separated reserves/patches.

Table 613-4

— wildlife

Ranking of the overall importance of various corridor types for conservation of soil, water, air, plants, and

Relative Importance

Riparian/stream corridors on 1st and 2nd order streams
Riparian/stream corridors on 3rd and higher order streams
Wetland, lake, and reservoir buffers

Field borders

Field buffers (in field)

Filter strips

Grassed waterways

Vegetated ditches

Grassed terraces and diversions

Windbreaks/shelterbelts

Hedgerows

Number of states responding
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Case Study:

LOUISIANA BLACK BEAR USE OF
CORRIDORS

Corridor Planning Principles described in section 613.04 that are exhibited by
this case study include:

NATURAL CoONNECTIVITY SHOULD BE
MAINTAINED OR RESTORED.

CoNNECTED RESERVES / PATCHES . e
ARE BETTER THAN SEPARATED :) j} é ; ) | 6-—" &
= @ | TE»

RESERVES / PATCHES.
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Case Study: Louisiana Black Bear Use of Corridors

This case study illustrates the importance of
conservation corridors in maintaining viable
populations of large mammals in fragmented
landscapes.

The Louisiana black bear (Ursus americanus
luteolus) was once abundant in east Texas,
southern Mississippi and all of Louisiana. Habitat
loss and fragmentation have diminished the range
of the black bear by 90 to 95%. In January 1992,
the U.S. Fish and Wildlife Service designated the
Louisiana black bear as threatened under authority
of the Endangered Species Act.

In 1994, wildlife biologists at the University of
Tennessee initiated a study of corridor use and
feeding ecology of black bears in the Tensas River
Basin in northern Louisiana. The 350 km? privately
owned study area contained four major isolated
hardwood patches, some linked by wooded
corridors. The patches were surrounded by
agricultural fields of corn, soybeans, cotton, wheat,
and other small grains.

Corridors in the study area are rivers, bayous, and i s Tk
ditches bordered by wooded strips 5 to 75 m wide. H' Loy :
The corridors are typically linked to wooded tracts. { E."i "l '-l&.‘,
Four major corridors in the study area ranged from — :
50 to 73 m in width. The height and density of Figure 1: This cub will use corridors to access food resources
vegetation in most corridors was sufficient to outside of the wooded patches.

conceal bear movements.

Don Anberson

Radio collars were placed on 19 Louisiana
black bears, 6 males and 13 females and their
movement was tracked over 18 months.
Analysis of the telemetry data indicates that
the bears were located in forested patches
and corridors more than expected in
proportion to their occurrence in the
landscape. All 6 male bears in the study
moved to a wooded patch other than the patch
they were originally captured in; only 3 females
moved to another patch. Fifty-two percent of
the male bear patch-to-patch movement and
100% of all female bear movement were
between patches connected by corridors.
Adult male bears used the corridors most
i intensively in June and July, the breeding
Figure 2: Wooded corridors become important conduits for bear season. Sub-adult bears used the corridors

movement between wooded patches, particularly during the mating ~ for dispersal from their natal home range.
season. Bears also used the corridors to access food

resources outside wooded patches.
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Tensas River Basin, Louisiana

Researchers concluded that:

. Bears preferred corridors to agricultural
fields when outside of a forest tract.

e  Corridors allowed bears to move farther
away from forested tracts.

. Bear movement between wooded
patches connected by corridors was more
frequent than between patches that were

not connected.
=
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Figure 3: The importance of wooded corridors in linking
wooded patches in Louisiana is clearly illustrated in this
diagram.

613-24

This study demonstrates that wooded corridors
between forested tracts were used by both male
and female bears. Long-term management should
include maintenance and enhancement of wooded
corridors that link substantial forested patches and
construction of new corridors.

Numerous research projects report black bears
require large unbroken tracts of suitable habitat to
sustain a population. This study suggests that
corridors may be vital to the survival of Louisiana
black bear in highly fragmented landscapes.

The material for this case study was abstracted with permission
from Anderson, D.R. 1997, Corridor use, feeding ecology, and
habitat relationships of black bears in a fragmented landscape
in Louisiana, Masters thesis, University of Tennessee,
Knoxuville.
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613.03 Corridor benefits

(a) Introduction

As habitats continue to be lost to various types of
development and landscapes are increasingly frag-
mented, land managers are relying on the ecological
functions of corridors to conserve soil, water, fish, and
wildlife. Conservation of these basic resources pro-
vides benefits for individual landowners and the larger
community. The benefits associated with corridors can
be grouped into three categories: environmental,
social, and economic.

The potential adverse impacts that also can be associ-
ated with corridors are described in section 613.03(e).

(b) Environmental benefits

The environmental benefits of corridors come from
those functions that improve the condition of the
watershed. Two general environmental benefits pro-
vided by corridors are environmental services and
habitat.

(1) Environmental services
Environmental services include

e reduced flooding,

¢ reduced soil erosion,

e improved water quality,

¢ increased water quantity,
e groundwater recharge,

e bank stabilization, and

e improved air quality.

Stream/riparian corridors and attendant wetlands in
flood plains provide floodwater storage, desynchronize
flood flows, and slow flood velocities. Downstream
flooding and the potential for flood damage are dimin-
ished when floodwater volume and velocity are re-
duced. Streambanks stabilized by the roots of riparian
vegetation reduce bank erosion, a major source of
sedimentation in some streams.

(190-VI-NBH, November 2004)

Stream corridors also function as sponges, retaining
soil moisture and in some locations recharging ground
water supplies. Water stored in soil is released slowly
back into rivers and streams, which helps maintain
streamflows and sustain aquatic life during dry sea-
sons.

During the growing season, healthy riparian vegetation
intercepts most of the sediment and agricultural
chemicals in sheet and shallow subsurface flow origi-
nating in fields and pastures before they can reach
streams or rivers. This filter function of riparian buff-
ers protects many wetlands, lakes, and streams at a
critical time when they are nutrient stressed and prone
to eutrophication. In the fall some of the nutrients
produced in riparian corridors are released when
leaves, grass, needles, and limbs fall or are washed
into streams and rivers. This cycling of nutrients
supplies the food energy required to support diverse
populations of aquatic organisms throughout the
stream system. Forested stream corridors are also an
important source of woody debris for fish habitat,
bank armouring, and as natural grade control struc-
tures (fig. 613-19).

Continuously vegetated riparian corridors are more
effective at maintaining surface and subsurface water

Figure 613-19 Woody debris in stream channel provides

messsssssss—m critical habitat for native trout and
dampens erosion of the streambank
(photo courtesy Gary Bentrup, USU)
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quality than those that are discontinuous. Water qual-
ity is strongly influenced by water temperature. A
slight increase in water temperatures above 59 de-
grees Fahrenheit produces a substantial increase in
the release of sedimentary phosphorus, which can
result in eutrophication. Thus, a leafy canopy provided
by woody riparian vegetation can reduce the adverse
affects of pollutants. In addition, cool water, which has
higher oxygen content, is necessary to support popula-
tions of many game fish, particularly trout and salmon.
A cool, moist microclimate is also a requisite for many
terrestrial species. For a more detailed description of
the environmental services provided by stream/ripar-
ian corridors, see Stream Corridor Restoration:
Principles, Processes, and Practices available at

www.usda.gov/agency/stream_restoration/

Introduced upland conservation corridors generally
are designed to function as barriers, filters, and sinks.
They reduce soil erosion caused by wind and water,
conserve soil moisture, trap sediment, and absorb
agricultural chemicals. Shelterbelts reduce wind
velocity for a distance of 8 to 10 times their height on
the lee side.

When wind velocity is diminished, it has less energy to
dry out soil and plants and to dislodge and transport
soil particles. Continuous windbreaks eliminate the
problem of airflow through gaps or around the ends of
windbreaks, which can significantly diminish their
effectiveness. A continuous windbreak or remnant
corridor is also effective at capturing and retaining
snow in the field. Captured snow can represent over
20 percent of the annual soil moisture in north-central
agricultural areas (fig. 613-20).

Field barriers of tall wheatgrass can reduce potential
wind erosion to nearly 7 percent of open field erosion.
When the volume of airborne soil particles in the
watershed is reduced, air quality is enhanced.

Windbreaks, buffer strips, field borders, grassed water-
ways, and roadsides, like riparian corridors, are effec-
tive sediment traps and nutrient sinks. For example,
an estimated 95 percent of sediment from row crop
fields was trapped in gra