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MODEL EVALUATION FORM

Habitat models are designed for a wide variety of planning applica­
tions where habitat information is an important consideration in the
decision process. However, it is impossible to develop a model that
performs equally well in all situations. Assistance from users and
researchers is an important part of the model improvement process. Each
model is published individually to facilitate updating and reprinting as
new i nformat i on becomes avail ab1e. User feedback on mode 1 performance
will assist in improving habitat models for future applications. Please
complete this form following application or review of the model. Feel
free to include additional information that may be of use to either a
model developer or model user. We also would appreciate information on
model testing, modification, and application, as well as copies of modified
models or test results. Please return this form to:

Habitat Evaluation Procedures Group
U.S. Fish and Wildlife Service
2627 Redwing Road, Creekside One
Fort Collins, CO 80526-2899

Thank you for your assi stance.
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PREFACE

This document is part of the Habitat Suitability Index (HSI) Model Series
[Biological Report 82(10)J, which provides habitat information useful for
impact assessment and habitat management. Several types of habitat information
are provided. The Habitat Use Information section is largely constrained to
those data that can be used to derive quantitative relationships between key
environmental variables and habitat su t t.abi l i ty . This information provides
the foundation for the HSI model and may be useful in the development of other
models more appropriate to specific assessment or evaluation needs.

The following HSI model is a revision of the gray squirrel model published
in 1982 (FWS/OBS-82/10.19). The variable percent shrub crown cover has been
eliminated from the determination of a cover/reproduction value based in part
on the findings of recent research (Brown and Batzli 1984) and the assumption
that under most circumstances winter food and den site availabil ity are the
most limiting characteristics of gray squirrel habitat.

The HSI Model section documents the habitat model and includes information
pertinent to its application. The model synthesizes the habitat use informa­
t i on into a framework appropri ate for fi e1d app1i cat i on and is sca 1ed to
produce an index value between 0.0 (unsuitable habitat) and 1.0 (optimum
habitat). The HSI Model section includes information about the geographic
range and seasonal application of the model, its current verification status,
and a list of the model variables with recommended measurement techniques for
each variable.

The model is a formalized synthesis of biological and habitat information
published in the scientific literature and may include unpublished information
reflecting the opinions of identified experts. Habitat information about
wi 1dl i fe speci es frequently is represented by scattered data sets co11 ected
during different seasons and years and from different sites throughout the
range of a species. The model presents this broad data base in a formal,
logical, and simpl ified manner. The assumptions necessary for organizing and
synthesizing the species-habitat information into the model are discussed.
The model should be regarded as a hypothesis of species-habitat relationships
and not as a statement of proven cause and effect relationships. The model
may have merit in planning wildlife habitat research studies about a species,
as well as in providing an estimate of the relative suitability of habitat for
that speci es. User feedback concerni ng model improvements and other sugges­
t ions that may increase the uti 1ity and effectiveness of thi s habi tat-based
approach to fish and wildlife planning are encouraged. Please send suggestions
to:

National Ecology Center
U.S. Fish and Wildlife Service
2627 Redwing Road
Ft. Collins, CO 80526-2899
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GRAY SQUIRREL (Sciurus carolinensis)

HABITAT USE INFORMATION

General

The gray squirrel (Sciurus carolinensis) inhabits deciduous and mixed
deciduous-coniferous forests (Uhlig 1955; Golley 1962). Although they may
occur in a variety of forested habitats, large, densely forested areas are
preferred (Taylor 1974).

Food

Tree seed, or mast, is the most important food of gray squirrels (Gurnell
1983). Fruits, floral parts, buds, bark, roots, fungi, and animal matter are
seasonally important foods. The annual diet of the gray squirrel in Missouri
included 97 plant and 47 animal foods (Korschgen 1981). Eighteen of the plant
items contributed 86.8% of the total food volume. Mast was the principal food
consumed during winter. Hickory (Carya spp.), pecan (C. illinoensis), black
walnut (Juglans nigra), and red mulberry (Morus rubraf were used to a much
greater extent than indicated by their percentage of the forest composition.
Hickory mast was selected most often by squirrels in Ohio (Nixon et al. 1968).

Availability of mast is highly correlated with adult and juvenile gray
squirrel survival (Heaney 1984). Mast is generally high in digestible energy
and provides an energy-rich diet during the critical fall and winter period
(Gurnell 1983; Reynolds 1985). Availability of mast has a direct influence on
the length of the gray squirrel's breeding season, the number of adults and
juveniles that produce litters, the number of adults that produce more than
one litter, and litter size (Gurnell 1983). Decreased availability or failure
of mast crops results in increased emigration and intensified social stress
due to competition for limited resources (Nixon and McClain 1969). Survival
of summer-born squirrels was drastically reduced when the mast crop fell below
145.7 kg of sound seed per hectare due to increased competition for mast from
older, dominant squirrels and other wildlife species (Nixon et al. 1975).
Mast production >168 kg/ha was believed to be necessary to sustain reasonably
high squirrel densities. Approximately 8.5 m2 of basal area of trees in seed
producing size [~25.4 cm diameter at breast height (dbh)J was believed
sufficient to produce this amount of seed.

The density and species composition of trees of mast-bearing age has a
major influence on long-term squirrel densities (Gurnell 1983). An increased
diversity of mast producing trees will result in a more stable food supply due
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to the fact that mast failures typically do not occur concurrently in all
species. Nixon et al. (1975) recommended that a variety of mast producing
tree species should be present over a range of sites to minimize the effect of
mast crop failure on squirrel populations. Because time of flowering, (there­
fore susceptibility to frost) varies between species, weather is less likely
to have a major impact on seed production in a stand or forest that contains
several species of mast producing trees (Spurr and Barnes 1980). The amount
of mast produced by trees varies by species, age or vigor of individual trees,
and site conditions. Large, dominant trees with exposed, sunlit crowns are
the primary seed producers. Smaller trees with shaded, overtopped crowns will
produce few, if any, seeds.

Water

Eastern gray squirrels can satisfy water needs from free water or
succulent plant materials (U.S. Forest Service 1971; Flyger and Gates 1982).
Pregnant and lactating females, however, often use free water (F.S. Barkalow,
Jr., Department of Zoology and Forestry, North Carolina State University;
letter dated October 10, 1981). Therefore, surface water should be available
within the normal home range.

Cover

Gray squirrels are primarily associated with extensive, mature hardwood
forests that provi de an abundance of potential den sites (tree cavi ties) and
contain dense understory vegetation (Flyger and Gates 1982). Optimum gray
squirrel habitat in Illinois was characterized as a closed canopy forest with
a well developed understory (Nixon et al. 1978). The squirrels were most
often associated with extensive, ungrazed forests with a predominance of trees
in the sawtimber size class (dbh ~22.8 cm). Important tree species were sugar
maple (Acer saccharum), white oak (Quercus alba), elm (Ulmus spp.), and black
oak (Q.~utina). These species indicate-cTTmax, or near climax, conditions
on upland sites in Illinois. Gray squirrels were absent from forests in early
successional stages containing tree species such as osage orange (Maclura
pomifera), shagbark hickory (f. ovata), common hackberry (Celtis occidentalis),
and hawthorn (Crataegus spp.).

Tree cavities are almost always used by gray squirrels for rearing their
winter litters (Barkalow, unpubl.). Although leaf nests are often used by fox
squirrels (~. niger), they are seldom used by gray squirrels (C.M. Nixon,
Illinois Institute of Natural Resources, letter dated October 2, 1981). The
most critical need for dens is for rearing litters and winter-shelter (Nixon
et al. 1968). At least one den per 0.8 ha was recommended to provide enough
winter shelter for gray squirrels (Sanderson 1975). Two to five den trees per
0.4 ha is optimum (Brown and Yeager 1945; U.S. Forest Service 1971). Forest
stands occupied by gray squirrels in Illinois never average <6 cavities/ha
(Nixon et al. 1978). The average number of cavities was twice the number
available in stands that were not occupied by gray squirrels.
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Ash (Fraxinus spp.), elm, oak, hickory, beech (Fagus spp.), ba1dcypress
(Taxodium distichum), sycamore (Platanus occidenta1is), sassafras (Sassafras
a1bidum), and basswood (Ti1ia spp.) are most often used as den trees by gray
squirrels in the eastern United States (Goodrum 1938; Nixon et al. 1968).
B1ackgum tupelo (Nyssa sy1vatica), beech, and maple (Acer spp.) produced most
of the cavities suitable for gray squirrels in Georgi~a1though oaks, which
are more common, may be the most important trees in terms of providing shelter
(Golley 1962). Sassafras, elm, beech, and sugar maple in Illinois contained
more cavities than expected based on their relative abundance (Nixon et a1.
1980). White oak and black walnut contained significantly fewer cavities than
expected.

Gray squirrels in West Virginia usually denned in live trees with a dbh
of at 1east 40.0 cm (Sanderson et a 1. 1975). Ei ghty-ei ght percent of gray
squirrel dens in eastern Texas were in trees with a dbh of at least 30.5 cm
(Baker 1944).

Gray squi rre 1 abundance in unmanaged, low qual i ty forests in Tennessee
was influenced more by the availability of hard mast than by the density and
availability of suitable den trees (i .e., those containing suitable cavities)
(Huntley 1983). The availability of suitable den sites appeared to have
little impact on large fluctuations in gray squirrel density. The author
concluded that 1imited production of hard mast constrained gray squirrel
product i on and that management actions that wou1 d increase mast production
would increase the squirrel population.

Even-aged stands of hardwoods less than 30 to 40 years old do not produce
sufficient mast or cavities to support gray squirrel populations (U.S. Forest
Service 1971). Hardwood stands more than 60 years old are potentially optimum
gray squirrel habitat.

Several authors have reported that gray squirrels prefer forests with a
well-developed understory (Madson 1964; Taylor 1974; Nixon et a1. 1978; F1yger
and Gates 1982). Forests in Illinois that contained gray squirrels had a mean
percentage of woody canopy be low 1.5 min hei ght of 52.9%, whereas forests
devoid of gray squirrels had 34.2~6 woody cover in this height class (Nixon
et al. 1978). In midstory (1.5 - 9.0 m), the percentage of woody cover was
83.5% where gray squirrels were absent and 90.4% in forests containing the
species. Brown and Batz1i (1984) concluded that the density of understory
trees was not important in determination of gray squirrel distribution and
that the relationship between the presence of the species and understory cover
may be correlated with forest size. The authors speculated that small forested
areas, characteristically unsuitable gray squirrel habitat, are more likely to
be subj ect to grazi ng that e 1imi nates understory cover. Conversely, 1arge
tracts of forest cover generally receive less grazing pressure and typically
have well developed understory cover. Therefore, the size of the forested
area may have an important influence on gray squirrel distribution and the
presence of understory cover may be correlated with the size of the contiguous
forested cover type. Brown and Batz1i (1984) were of the opinion that
encouragement of undergrowth in forested stands wi th the intention of ma i n­
taining or enhancing gray squirrel populations may be less beneficial than
management techniques that maintain larger patches of forest.
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Reproduction

The reproductive requirements of the gray squirrel are assumed to be
synonymous with the cover requirements described above.

Interspersion

The proportion of forest cover in an area may be the most important
factor influencing gray squirrel distribution (Brown and Batz1i 1984). Nixon
et a1. (1978) conc1 uded that 1andscapes in northern and central III i noi s must
be ~20% forested in order to support at least a minimal gray squirrel popula­
tion.

Factors that influence the size of a gray squirrel's home range include
availability of food, population density, habitat quality, sex, and age (Cordes
and Barka low 1972; F1yger and Gates 1982). Ma 1es genera lly have 1arger home
ranges than do fema1es, and thei r home range often overl aps with those of
other adult squirrels (Bakken 1959; Cordes and Barkalow 1972; Doebel and
McGinnes 1974). Breeding females defend their territory against other female
gray squirrels (Nixon et a1. 1975) and are more sedentary than are adult males
and subadults (Nixon et a1. 1980). Therefore, they are more susceptible to
changes in habitat conditions that influence availability of denning sites and
food.

The average annual home range for adult gray squirrels in North Carolina
was 0.72 ha (Cordes and Barkalow 1972). Home range size for subadults and
juveniles averaged 1.09 ha and 1.01 ha, respectively. Overall population
density was <3 squirre1s/0.4 ha. The average home range for gray squirrels in
Virginia was <6 ha (Doebel 1967). The home range for adult male and female
gray squirrels was 0.8 ha and 0.5 ha in Maryland (Flyger 1960). Larger home
ranges can be expected to be associ ated with low qua 1i ty habi tats, whereas
smaller home ranges correspond with higher population densities (Flyger and
Gates 1982).

Special Considerations

The ranges of fox and gray squirrels overlap through most of the eastern
United States (Bakken 1952, cited by Taylor 1974). Coexistence of the two
speci es occurs mostly in the western and northern portions of the ranges of
both species. Although the two species may inhabit the same general area,
they tend to concentrate in slightly different habitats. Gray squirrels
prefer 1arge dense stands of hardwoods with a dense understory, whereas fox
squirrels generally prefer open woodland habitats with little understory
vegetation (Taylor 1974). Gray squirrels are generally more abundant in
extensive, mature forest stands, whereas fox squirrel s are more common in
small woodlots, fencerows, and less dense forest stands (F1yger and Gates
1982). Gray squirrels in Texas were more common in poorly drained lowland
areas, while fox squirrels were more frequent in upland and well drained
bottomland habitats (Goodrum 1938). Differences in habitat preference and
foraging behavior are reflected in the foods eaten. Fox squirrels in Missouri
commonly i nhabi t open forests, forest edges, woodlots, and fencerows where
oak-hickory mast (52.2% of the annual diet) is supplemented with corn and
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other foods associated with these habitats (Korschgen 1981). Gray squirrels
occupy dense forests with nearly closed canopies and abundant ground cover,
and rely more on oak-hickory mast (73.3% of the annual diet).

HABITAT SUITABILITY INDEX (HSI) MODEL

Model Applicability

Geographic area. This HSI model has been developed for application
throughout the range of the gray squirrel (Figure 1).

Season. This HSI model was developed to evaluate the potential quality
of year-round habitat for the gray squirrel.

Cover types. This model was developed to evaluate the quality of gray
squirrel habitat in the following cover types (terminology follows that of
U.S. Fish and Wildlife Service 1981 and Cowardin et al. 1979): Deciduous
Forest (DF) and Palustrine Forested Wetland (PFO).

Figure 1. Approximate distribution of the gray squirrel in North America
(adapted from Flyger and Gates 1982).
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Minimum habitat area. Minimum habitat area is defined as the mt m mum
amount of contiguous habitat that is required before an area will be occupied
by a species. Information pertaining to the minimum habitat area for gray
squirrels was not located in the literature. The mean minimum home range for
the gray squirrel is at least 0.49 ha. For the purposes of this model, it is
assumed that an area of <0.4 ha is unsuitable, and the HSI will equal O.

Verification level. This HSI model provides habitat information useful
for impact assessment and habi tat management. The mode1 is a hypothes is of
species-habitat relationships and does not reflect proven cause and effect
relationships. Earlier drafts of this model were reviewed by F.S. Barkalow,
North Carolina State University, and C.M. Nixon, Illinois Institute of Natural
Resources. Improvements suggested by these revi ewers were incorporated into
the mode1.

Model Description

Overvi ew. All habitat requi rements of the gray squi rre 1 potentially can
be satisfied within deciduous forests and deciduous forested wetlands. This
model is based on the assumption that the availability of suitable winter food
(hard mast) and den sites provided by tree cavities are the most limiting
components of year-round gray squirrel habitat. Foods utilized by gray
squirrels during spring and summer are variable and, due to their diversity
and relative abundance, are assumed to be less limiting than is the avail­
ability of hard mast. The cover and reproductive habitat requirements are
assumed to be synonymous in that tree cavities provide sites for parturition
and litter rearing as well as shelter throughout the year.

The availability and distribution of surface water is assumed to be less
limiting in the definition of habitat quality for gray squirrels than are
wi nter food and cover/reproduction requi rements. Therefore, the presence of
surface water is not addressed in this model.

Gray squirrels have been reported to prefer forests with well developed
understory vegetation. This model, however, is based on the assumption that
the density of understory vegetation is of less importance in the definition
of habitat quality for gray squirrels than are the availability of winter food
and cover/reproduction habi tat requi rements. It is assumed that if sui tabl e
winter food and den sites are available then the evaluation area will be
suitable habitat for gray squirrels regardless of understory density. There­
fore, understory vegetation is not addressed in this model.

Index values derived through the application of this model are assumed to
be indicative of the relative abundance of gray squirrels that can be supported
within the evaluation area on a long-term basis. Areas with low HSI values
are assumed to be unsuitable-to-poor habitat as a result of inadequate den
sites or insufficient availability of winter food and are assumed to support
few gray squirrels on a long-term basis. The potential for an area to support
greater numbers of gray squirrels is assumed to correspond to increasing HSI
values.
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The following sections provide documentation of the logic and assumptions
used to translate habitat information for the gray squirrel to the variables
and equations used in the HSI model. Specifically, these sections identify
important habitat variables, define and justify the suitability levels of each
variable, and describe assumed relationships between variables and life
requisites.

Winter food component. The availability of a winter food source, e.g.,
hard mast, for gray squirrels is assumed to be a function of the abundance and
diversity of mast producing trees and the total canopy closure of the stand.
Cover types that do not produce hard mast are assumed to be representative of
marginal year-round gray squirrel habitat due to the absence of high qual ity
winter food. For the purposes of this model, the availability of hard mast is
assumed to be a function of the canopy cover of hard mast trees that are
~25 cm dbh, the number of hard mast producing tree species, and percent tree
canopy cover (Figure 2).

Figure 2a illustrates the assumed relationships between the proportion of
the total tree canopy cover that is hard mast producing trees >25 cm dbh and
the quality of winter food for the gray squirrel. Maximum availability of
hard mast is assumed to occur when the forest canopy is totally composed of
trees that produce hard mast. The size constraint, 25 cm, has been incorpo­
rated into the measure of canopy closure of hard mast trees with the assumption
that trees ~25 cm dbh represent mature trees that produce seed crops. Depend­
ing on site conditions, however, trees in smaller or larger size classes may
be the primary seed producers in a stand. Users of this model may wish to
modify the size constraint in Figure 2a based on regional knowledge or data,
to more accurately reflect local conditions.

Forest stands composed of several species of trees that produce hard mast
are assumed to have greater potential for providing consistent and dependable
wi nter food for gray squi rre 1s. Because the time of fl oweri ng vari es by
species, adverse weather that eliminates flower/seed production is less likely
to result in total failure in stands composed of several species than in
monotypic stands or stands with mi nimum diversity of hard mast producing
species. Figure 2b displays the assumed relationship between the number of
species of trees that produce hard mast and winter food qual ity for gray
squirrels. Stands containing ~4 species of hard mast producing trees are
assumed to represent maximum dependabil ity of mast production and optimum
conditions in terms of winter food quality for gray squirrels. As the number
of hard mast producing species present decreases the probability of the
production of consistent mast crops is assumed to decrease. A minimal value
has been assigned to stands devoid of mast producing trees with the assumption
that other foods may be available to support gray squirrels through the winter.
This may be particularly true in areas of relatively low elevation or latitude
with comparatively long growing seasons.

The total percent tree canopy cover is assumed to influence mast
production and the availability of winter food for gray sqUirrels. Large,
dominant trees with well exposed sunlit crowns are the primary seed producers
in forest stands (Spurr and Barnes 1980). Conversely, overtopped, shaded, and
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Figure 2. Relationships between percent canopy cover of hard mast trees
~25 cm dbh, the number of hard mast tree species, and percent canopy cover
of trees to winter food habitat quality for the gray squirrel.
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suppressed trees generally produce minimal seed crops. This model is based on
the assumption that forest stands that range from 40% to 75% canopy cover are
representative of stands where maximum seed production can be expected to
occur, resulting in assumed optimum winter food conditions for gray squirrels
(Figure 2c). Stands with >75~~ tree canopy cover are assumed to represent
decreased potential for maximum seed production due to the closed nature of
the canopy. It is assumed, however, that sign ifi cant seed production will
occur in the crowns of dominant and codominant trees, resulting in only slight­
ly 1ess than ideal ava i 1abi 1i ty of wi nter food. Forest stands wi th <40%
canopy cover of trees are assumed to represent less suitable availability of
winter food due to the open nature of the stand.

The values obtained from the curves in Figure 2 are combined in equation 1
to calculate the winter food index (SIWF) for the gray squirrel.

SIWF = (SIV1 x ~IV2)1/2 x SIV3 (1)

Equation 1 is based on the following assumptions. The index values for propor­
tion of the total tree canopy cover that is hard mast producing species ~25 cm
dbh (SIV1) and number of hard mast tree species (SIV2) are assumed to have
equal value in the definition of gray squirrel winter food quality. The
variables are assumed to be compensatory in that a low value for one variable
will be offset by a higher value for the remaining variable. Optimum condi­
tions are assumed to occur when a stand is totally composed of ~4 species of
hard mast producing trees. Winter food index values of <1.0 will be obtained
if <4 speci es of hard mast trees are present or i f <100~~ of the stand is
composed of these species. The index value for percent canopy cover of trees
(SIV3) is assumed to directly modify the value calculated for SIV1 and SIV2.
When percent canopy cover of trees is <40%, a winter food index value of <1.0
will be obtained regardless of the proportion of the canopy composed of hard
mast trees or the number of mast producing species that are present. Optimum
winter food availability (SIWF=1.0) is assumed to occur when tree canopy cover
ranges from 40% to 75~6, and the stand is totally composed of ~4 speci es of
hard mast producing trees.

Cover/reproduct i on component. Densely forested stands domi nated by
comparatively large, mature to overmature trees are assumed to represent
conditions that are suitable for the development of tree cavities, which are
required to meet the gray squirrel's cover and reproductive habitat require­
ments. Cover quality is assumed to be a function of the percent canopy cover
of trees and the mean dbh of overstory trees (Figure 3).

Gray squirrels are primarily associated with densely forested cover
types. Optimum conditions in terms of stand density are assumed to occur when
tree canopy cover ranges from 40~~ to 100~6 (Fi gure 3a). Forested cover types
with <40% canopy cover of trees are assumed to be too open to provide suitable
conditions for the species and are assumed to be indicative of lower cover/
reproductive habitat quality.

9
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Figure 3. Relationships between canopy cover of trees and mean dbh of
overstory trees to gray squirrel cover/reproduction habitat quality.

Gray squirrels are believed to be almost entirely dependent on tree
cavities for cover and litter rearing. Forest stands with overstories domi­
nated by mature to overmature trees are assumed to provide conditions suitable
for the formation of tree cavities. Nixon et al. (1978) recommended that a
minimum of six tree cavities per hectare be maintained to meet the gray
squirrel's denning requirements. Admittedly, precise counts of the number of
tree cavities existing in a stand, or given area, would provide a more accurate
indication of cover/reproduction quality than does a generalized characteriza­
tion of a stand's structural composition. This model, however, is based on
the assumption that users will typically not have the time or resources to
conduct intensive surveys to locate and count the number of tree cavities in a
stand. It is possible that counting the number of cavities may result in an
underestimation of those actually present. Conversely, all cavities located
may not be suitable for gray squirrel use, resulting in a possible over­
estimation of cover/reproduction habitat quality.

The cover/reproduction component of this model is based on the assumption
that the probability of the existence of tree cavities in a stand will increase
as the stand approaches maturi ty. Large mature trees are assumed to have a
greater likelihood of containing cavities suitable for gray squirrel use than
do young or small trees. Simi1arly, as the number of 1arge, mature trees
increases in a stand, it is assumed that the number of tree cavities also will
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increase. Forested cover types with overstories dominated by mature to over­
mature trees are assumed to provide an adequate number and density of cavities
to meet gray squirrel cover requirements. For the purposes of this model, a
stand composed of dominant trees with a mean dbh ~38.1 cm is assumed to
represent optimum cover/reproduction conditions for the species (Figure 3b).
Stands comprised of overstory trees with a mean dbh <38.1 cm are assumed to be
indicative of younger-aged stands, a lower abundance of cavities, and therefore
less than ideal cover conditions for gray squirrels. Forest stands dominated
by trees with a mean dbh of <12.7 cm are assumed to be indicative of stands of
1nsufficient maturity to meet gray squirrel cover requirements.

The values obtained from the curves in Figure 3 are combined in equation
2 to calculate the cover/reproduction index (SICR) for the gray squirrel.

SICR = (SIV4 x SIV5)1/2 (2)

Equation 2 is based on the following assumptions. The index values
derived from Figure 3 are assumed to have equal value in determination of the
cover/reproduction index. Percent canopy cover of trees (SIV4) and the mean
dbh of overstory trees (SIV5) are assumed to be compensatory. A low value for
one variable will be offset by a higher value for the other. Optimum value
for cover/reproduction wi 11 be obtained when percent canopy cover of trees is
~40% and the mean dbh of overstory trees is ~38.1 cm. In stands where tree
canopy cover is <40% or the mean dbh of overstory trees is <38.1 cm, a SICR of
<1.0 will be obtained.

HSI determination. The calculation of an HSI for the gray squirrel
considers life requisite values for winter food (SIWF) and cover/reproduction
(SICR). These life requisite values are assumed to be equal in their
importance in the definition of gray squirrel habitat quality. Therefore, the
HSI value is equal to the lowest value calculated for either life requisite.

This model may be used to determine HSI values for individual forest
stands or for a number of stands that make up the total forest cover type
being evaluated. Stands are an aggregation of trees, occupying a specific
area that are sufficiently uniform in composition, age, size, or condition as
to be distinguishable from the growth on adjoining sites. Therefore, HSI
values may be quite different between adjacent stands. In situations where
two or more stands are present, an overall weighted HSI (weighted by area) can
be determined by performing the following steps.

1. Stratify the forested area into individual stands.

2. Determine the area of each stand and the total area of the forest
cover type.

3. Determine an HSI value for each stand using equations 1 and 2.
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4. Multiply the area of each stand by its respective HSI value.

5. Add all products calculated in step 4 and divide the sum by the
total area of all stands to obtain a weighted HSI value.

The steps outlined above are expressed by the following equation:

where n = number of stands

ASI i = HSI of stand i

A. = area of stand i
1

Application of the Model

Summary of model variables. The relationships between habitat variables,
cover types, life requisites, and HSI are summarized in Figure 4. Definitions
for the variables used in the gray squirrel model and suggested measurement
techniques are provided in Figure 5 (Hays et al. 1981).

Variable Cover types Life requisite

Proportion of the total------DF,PFO
tree canopy cover that is
hard mast producing trees
~25 cm dbh ~------ Wi nter food

HSI

Cover!
reproduction

Number of hard mast tree ----- OF, PFO
species

Percent canopy cover of------ DF,PFOJ
trees

~-------

Mean dbh of overstory trees ---- OF, PFO

Figure 4. Relationships of habitat variables, cover types, life
requisites, and HSI in the gray squirrel HSI model.
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Variable (definition)

Proportion of the total tree
canopy that is hard mast
producing trees ~25 cm dbh
[the canopy cover of hard
mast producing trees (e.g.,
oak) that are >25 cm (10
inches) dbh divided by the
total canopy cover of all
trees].

Number of hard mast tree
species (the number of
tree species present in
the stand or sample site
that produce hard mast).

Percent canopy cover of trees
[the percent of the ground
surface that is shaded by a
vertical projection of the
canopies of all woody
vegetation >6.0 m (20 ft)
tall].

Mean dbh of overstory trees
[the mean diameter at breast
height (1.4 m; 4.5 ft) of
those trees that are ~80% of
the height of the tallest
tree in the stand].

Cover types

DF,PFO

DF,PFO

DF,PFO

DF,PFO

Suggested technique

Transect, quadrat

Transect, quadrat,
tally

Transect, line inter­
cept, quadrat, remote
sensing

Cruise for tallest
tree, sample with
optical range finder
and Biltmore stick on
strip quadrat

Figure 5. Definitions of variables and suggested measurement techniques.

Model assumptions. The gray squirrel model has been constructed based on
the following major assumptions.

1. Winter food and den sites (specifically tree cavities) are assumed
to be the most limiting characteristics of habitat quality for gray
squirrels.

2. The availability of winter food is assumed to be directly related to
the abundance of hard mast producing trees of seed bearing size and
the diversity of these species within an individual stand.
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3. The size of the dominant trees ina stand is assumed to provi de a
surrogate measure of the potential existence of tree cavities. The
presence of tree cavities is assumed to be greater in mature to
overmature stands than in young and intermediate age class stands.

SOURCES OF OTHER MODELS

No other habitat models for the gray squirrel were located in the
literature.

REFERENCES

Baker, R.H. 1944. An ecological study of tree squirrels in eastern Texas.
J. Mammal. 25(1):8-24.

Bakken, A. 1952. Interrelationships of Sciurus carolinensis (Gmelin) and
Sciurus niger (Linneaus) in mixed populations. Ph.D. Dissertation.
University of Wisconsin, Madison. 188 pp. Cited by Taylor (1974).

1959. Behavior of gray squirrels. Proc. Annu. Conf. Southeast.
Assoc. Game Fish Comm. 13:393-407.

Brown, L.G., and L.E. Yeager. 1945. Fox squirrels and gray squirrels in
Illinois. Illinois Nat. Hist. Surv. Bull. 23(5):449-536.

Brown, B.W., and G.O. Batzli. 1984. Habitat selection by fox and gray
squirrels: a multivariate analysis. J. Wildl. Manage. 48(2):616-621.

Cordes, C.L., and F.S. Barkalow. 1972. Home range and dispersal in a North
Carolina gray squirrel population. Proc. Annu. Conf. Southeast. Assoc. Game
Fish Comm. 26:124-135.

Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979. Classification
of wetlands and deepwater habitats of the United States. U.S. Fish Wildl.
Servo FWS/OBS-79/31. 131 pp.

Doebel, J.H. 1967. Home range and activity of the gray squirrel in a south-
west Virginia woodlot. M.S. Thesis. Virginia Polytechnic Institute,
Blacksburg. 90 pp.

Doebel, J.H., and B.S. McGinnes. 1974. Home range and activity of a gray
squirrel population. J. Wildl. Manage. 38(4):860-867.

Flyger, V. 1960. Movements and home range of the gray squirrel, Sciurus
carolinensis, in two Maryland woodlots. Ecology 41:365-369.

Flyger, V., and J.E. Gates. 1982. Fox and gray squirrels. Pages 209-229 in
J.A. Chapman and G.A. Feldhammer, eds. Wild mammals of North Americ~
Johns Hopkins University Press, Baltimore, MD.

14



Go 11 ey , F.B.
functional
218 pp.

1962. Mammals of Georgia, a study of their distribution and
role in the ecosystem. University of Georgia Press, Athens.

Goodrum, P. 1938. Notes on gray and fox squirrels of eastern Texas. Trans.
N. Am. Wildl. Conf. 2:449-504.

Gurnell, J. 1983. Squirrel numbers and the abundance of tree seeds. Mammal.
Rev. 13(2/3/4):133-148.

Hays, R.L., C.S. Summers, and W. Seitz. 1981. Estimating wildlife habitat
variables. U.S. Fish Wildl. Servo FWS/OBS-81/47. 173 pp.

Heaney, L.R. 1984. Climatic influences on life-history tactics and behavior
of North American tree squirrels. Pages 43-78 in J.O. Murie and G.R.
Michener, eds. The biology of ground-dwelling squirrels. University of
Nebraska Press, Lincoln.

Huntley, J.C. 1983. Squirrel den tree management: reducing incompatibility
with timber production in upland hardwoods. Pages 488-495 in E.P. Jones,
Jr., ed. Proceedings of the 2nd Biennial Southern Silvicultural Resources
Conference. USA Gen. Tech. Rep. SE-24.

Korschgen, L.J. 1981. Foods of fox and gray squirrels in Missouri. J.
Wildl. Manage. 45(1):260-266.

Madson, J. 1964. Gray and fox squirrels. Olin Mathieson Chemical Corp.,
East Alton, IL. 112 pp. Cited by Nixon et al. (1978).

Nixon, C.M., and M.W. McClain. 1969. Squirrel population decline following a
late spring frost. J. Wildl. Manage. 33(2):353-357.

Nixon, C.M., S.P. Havera, and R.E. Greenberg. 1978. Distribution and abun-
dance of the gray squirrel in Illinois. Illinois Nat. Hist. Surv. Biol.
Notes 105. 55 pp.

Nixon, C.M., S.P. Havera, and L.P. Hansen. 1980. Initial response of
squirrels to forest changes associated with selection cutting. Wildl. Soc.
Bull. 8(4):298-306.

Nixon, C.M., M.W. McClain, and R.W. Donohoe. 1975. Effects of hunting and
mast crops on a squirrel population. J. Wildl. Manage. 39(1):1-25.

Nixon, C.M., D.M. Worley, and M.W. McClain. 1968. Food habits of squirrels
in southeast Ohio. J. Wildl. Manage. 32(2):294-304.

Reynolds, J.C. 1985. Autumn-winter energetics of Holarctic tree squirrels:
a review. Mammal Rev. 15(3):137-150.

Sanderson, H.R. 1975. Den-tree management for tree squirrels. Wildl. Soc.
Bull. 3(3):125-131.

15



Sanderson, H.R., W.M. Healy, J.C. Polk, J.D. Gill, and J.W. Thomas. 1975.
Gray squirrel habitat and nest-tree preference. Proc. Annu. Conf. Southeast.
Assoc. Game Fish Comm. 29:609-616.

Spurr, S.H., and B.V. Barnes. 1980. Forest ecology. John Wiley and Sons,
New York. 687 pp.

Taylor, G.J. 1974. Present status and habitat survey of the Delmarva fox
squirrel (Sciurus niger cinereus) with a discussion of reasons for its
decline. Proc. Annu. Conf. Southeast. Assoc. Game Fish Comm. 27:278-289.

Uhlig, H.G. 1955. The gray squirrel, its life history, ecology, and popula­
tion characteristics in West Virginia. West Virginia Conserv. Comm. 182 pp.

U.S. Fish and Wildlife Service. 1981. Standards for the development of
habitat suitability index models. 103 ESM. n.p.

U.S. Forest Service.
2609.23R. n.p.

1971. Wildlife habitat management handbook.

16

FSH



.502n·101
REPORT DOCUMENTATION 11. REPORT NO. 1

2•

PAGE IBiological Report 82(10.135)
4. Tltl••nd Subtltl.

ItHabitat Suitability Index Models: Gray Squirrel

7. Author(s)
Arthur W. Allen

9. Performln. O,..nlz.tlon N.m••nd Addr... Nal:l ona I tCO logy l,enter
U.S. Fish and Wildlife Service
Drake Creekside One Bldg.
2627 Redwing Road
Fort Collins, CO 80526-2899

12. Sponsorln. O,..niz.tlon N.m••nd Addr.s. Na tiona 1 Eco logy Center
Research and Development
Fish and Wildlife Service
Department of the Interior
Washinatnn DC 20240

15. Suppl.m.nt.ry Not..

First printed as: FWSjOBS-82j10.19, July 1982.

II. Abstrect (Limit: 200 words)

3. Rec:lpl.m"s Acc.sslon No.

So R.port D.t.

July 1987 Revised

a. Performln. O,..nlzetlon R.pt. No.

10. ProiectlT.sk/Work Unit No.

11. Contrect(C) or Gr.nt(Gj No.

(C)

(G)

13. Type of R.port & Period Cov.red

14.

A review and synthesis of existing information were used to develop a Habitat
Suitability Index (HSI) model for the gray squirrel (Sciurus carolinensis). The model
consolidates habitat use information into a framework appropr"iate for field application,
and is scaled to produce an index between 0.0 (unsuitable habitat) and 1.0 (optimum
habitat). HSI models are designed to be used with Habitat Evaluation Procedures

IV previously developed by U.S. Fish and Wildlife Service.

17. Oocument An.lysls •. Dncriptors

Squirrels
Wildlife
Habitabil ity
Mathematical models
b. Identlfl.rs/Open·Ended T.rm.

Gray squirrel
Sciurus carolinensis
Habitat suitabilifY-

Co COSATI FI.ld/Group

AVIlII.blllty St.t.m.nt

Release unlimited

ISMANSI-Z39.18)

19. Security CI... (This Report)

Unclassified
20. Security cr.ss (Thl. P.I.)

Unclassifieds.. Instruction. on R....r••

21. No. of P....

16
22. Pric.

OPTIONAL FOAM 2n (4-77)
(Form.rly NTI~35)

Dep.rtm.nt of Comm.rc.



Take Pride in America
Preserve Our Natural Resources

DEPARTMENT OF THE INTERIOR
u.s. FISH AND WILDLIFE SERVICE

As the Nation's principal conservation agency, the Department of the Interior has respon­
sibility for most of our .nat ionally owned public lands and natural resources. This includes
fostering the wisest use of our land and water resources, protecting our fish and wildlife,
preserving the-environmental and cuttural'values of our national parks and historical places,
and providing for the enjoyment of life through outdoor recreation. The Department as­
sesses our energy and mineral resources and works to assure that their development is in
the best interests of all our people. The Department also has a major responsibility for
American Indian reservation communities and for people who live in island territories under
U.S. administration.




