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THIS management guide is designed to
maintain populations of fox and gray squir-
rels (Sciurus niger and S. carolinensis) in the
forests of Illinois and adjacent states, an area
that includes the western portion of the cen-
tral hardwood forest region of the Ohio and
middle Mississippi river valleys. It is intended
for managers of public forests and for those
who provide technical assistance to the own-
ers of private forests.

The possibilities of continuous production
of forest products from trees of high market
value are not always perceived by woodland
owners, who often equate a “woodsy” condi-
tion with potential forest income regardless
of tree composition and condition. Managers
are further constrained by the requirements
of the current wood market and by institu-
tional or personal biases that limit timber
management prescriptions to some form of
selection cutting. For example, a recent fol-
lowup study of 23 timber sales on private
lands in southern Indiana revealed that
single-tree selection cutting (diameter limit
cutting) had left most of the stands seriously
understocked with high quality trees (Calla-
han & Fischer 1982). Single-tree selection cut-
ting often accelerates the successional trend
toward such shade-tolerant, moist-soil species
as sugar maple, a trend that is already occur-
ring in many oak-dominated forests
(Schlesinger 1976; Merritt 1979; Sawtelle
1984). We believe that private landowners
must be offered alternative management
plans for their woodlands and informed of
the consequences of those alternatives in
terms of the future production of wood prod-
ucts and the maintenance of wildlife. Al-

—though timber products are important
reasons for owning woodlands, many owners
appreciate the aesthetic and recreational
values of a diverse wildlife population and
are willing to forego financial gain to provide
wildlife habitat. Timber managers, therefore,
must consider recreational and residential
uses of woodlands as well as their market
value.

We also recognize that the management

" of tree crops may not be a viable alternative

on some public and private forest lands in
Illinois because of public opposition to timber
cutting or because intensive recreational use
precludes it. Often such forests are excellent
producers of squirrels. When hundng is
prohibited, these forests serve as refuges for
squirrels, thereby providing emigrants that
will disperse to adjacent forests and ultimately
help to maintain squirrel numbers within
heavily hunted public forests.

Scientific names for all trees mentioned
in the text are given in Appendix 1. Technical
terms used in the text are defined in the glos-

sary.
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Physiographic Divisions
of Illinois

Of the estimated 15.3 million acres of
forest present in Illinois in 1800, only about
4.1 million acres remain (USDA Forest Serv-
ice, unpublished data 1986). Based on
physiography and land use, Illinois can be
divided into the three regions shown in Fig-
ure 1: the Prairie Region (60 counties), the
Claypan Region (26 counties), and the South-
ern Region (16 counties). Squirrel habitats in
these regions differ in nature and extent.
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Prairie Region

Approximately 7.9 percent of the Prairie
Region was forested in 1985. The landscape
is nearly level, and the soils. derived trom
loess over calcareous glacial drift, have been
enriched over time by prairie vegetation.
Today this region is one of the world’s most
productive and intensively farmed areas, and
remnant forests are confined almost exclu-
sively to areas 100 rough or too poorly drained
to farm. Forests persist as small, scattered
wood lots or as narrow belts along rivers and
streams. Major forest types are oak-hickory
(49%), stands dominated by sugar maple
(33%), and bottomland hardwoods (14%)
(USDA Forest Service, unpublished data
1986).

Claypan Region

South of the Prairie Region on soils of
Illinoian age, the uplands are level with more
dissected stream courses. These soils of the
Claypan Region are more extensively leached
and not as fertile as those in the Prairie Re-
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:URE L. Physiographic regions of Illinois.

gion. Here the upland soils developed under
prairie vegetation; the bottomland soils de-
veloped under hardwood forests. Forests cov-
ered 15.4 percent of this region in 1985 and
are found primarily on rough slopes, in bot-
tomlands along creeks and rivers, and in
thousands of smail farm woodlands. Major
forest types include oak-hickory (55%), bot-
tomland hardwoods (20%), and stands domi-
nated by sugar maple (20%).

Southern Region

Some of the 16 southernmost counties of
Illinois were never glaciated. As a result,
forest types in the Southern Region are more
varied than those in the Prairie and Clavpan
regions because the rougher topography
creates a mix of sites that otfers variable soils
and microclimates that affect tree growth and
composition. Extensive pine plantings on
public lands have also created artificial and
naturally seeded pine stands. More bottom-
land sites are also located in the Southern
Region than in the other two regions. In 1985,
28.5 percent of the Southern Region was
forested. Forests dominated by oak-hickory
made up 46 percent ot the total forest: bot-
tomland forest types made up 25 percent;
types dominated by sugar maple contributed
21 percent; and pine forests, 6 percent
(USDA Forest Service, unpublished data
1986).

Forest Characteristics
and Ownership

Ninety percent of Illinois woodlands are
privately owned, principally by farmers (45%)
and homeowners whose incomes are not de-
rived from farms (38%) (Table 1). Most of
these forests have not been disturbed in re-
cent years (Table 2) and are approaching
cconomic maturity (Table 3). Recent trends
toward more mesic soils and microclimates
that followed the cessation of uncontrolled
wild fires and livestock pasturing have created
conditions under which such mesic species as
sugar maple have increased greatly through-
out the state (Table 3). The implications for
squirrels in the successional shift from oak-
hickory to more mesic forests are presently
unknown, but reduction in the production of
winter-storable foods will reduce squirrel
numbers.
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Forest Types and
Squirrel Populations

In Illinois, gray squirrels are most com-
mon in large (>100 acres) forested tracts
along rivers and streams where at least 20
percent of the area is forested, where a di-
verse woody understory is found, and where
at least two nesting cavities per acre can be
identified (Nixon et al. 1978). Such tracts are
scarce or absent over extended portions of
central and northern Illinois, where wood lots
are small (<100 acres) and scattered (Fig. 2).
Fox squirrels are found throughout the state
but prefer upland forests with sparse, woody
understories that offer abundant “edge” be-
tween field and forest.

Forest types that support significant num-
bers of squirrels in Illinois are listed in Table
4. At present, the uplands are dominated by
various oak types. Where site index exceeds
70, forests are usually mixtures of oak, maple,

FIGURE 2. Distribution of gray squirrels in [llinois.
Gray squirrels are scarce in or absent from un-
shaded areas.

tuliptree, basswood, and beech but are in-
creasingly dominated by sugar maple. These
sites occur on lower slopes, in coves, and on
many north- and east-facing middle slopes
where surface soils are relatively deep and
well drained. On average sites (site index 55—
70)—such as those found on most midslopes,
upper north slopes, lower south slopes, and

TaBLE |.—Ownership of Illinois forest land in
1985 (USDA Forest Service, unpublished data
1986).

Ownership Percent
Private
Farmers 45
Homeowners 38
Corporations 7
Subtotal 90
Public
Federal 7
Suate 2
City and county I
Subtotal 10

TasrLg 2.—Estimated percentages of dis-
turbed and nondisturbed forest land by owner-
ship, 1962-1985 (USDA Forest Service, unpub-
lished data 1986).

Home- Corpor-
Farmers owners ations
Nodisturbance 84 84 83
‘Timber sales 10 1t 7
Otherdisturbances
(fire, mining, etc.) 6 5 10

TasLr 3.— Estimated percentages of principal
forest types by size in Illinois in 1985 (USDA
Forest Service, unpublished data 1986).

QOak- Maple  Elm-Ash-
Size Hickory ‘Types Cottonwood
Sawtimber 72 47 67
(11 + inches dbh)
Pole 18 20 22
(5-10inchesdbh)
Saplings 10 33 11

(<5 inches dbh)
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TABLE 4.— Forest types in Illinois that support significant numbers of squirrels. Numbers in paren-
theses indicate forest-cover types of the Society of American Foresters (Eyre 1980). :

Forest Type

Description and Successional Trend

UPLAND TYPES

Northern hardwoods
Sugar maple—basswood (26)

Beech—sugar mapie (60)

Central hardwoods
Post oak-blackjack oak (40)

Buroak (42)

White oak-black oak—
N red oak (52)

White oak (53)

Black oak (110)

Northern red oak (55)

BOTTOMLAND TYPES

Central hardwoods

Silver maple- American
elm (62)

Pin oak — sweetgum (65)

Swamp chestnutcak—
cherrybark oak (91)

Hackberry—American elm—
greenash

Sycamore-sweetgum—
American elm (94)

Well-drained, moist soils and ravines throughout llinois. This type is in-
creasing as forest succession currently favors these shade- tolerant species.
Considered climax forest.

Moist, well-drained soils on north and east lower slopes and ravines in
southern and east-central Illinois. Considered climax forest.

Dry sites, upper south and west and ridges in southern [llinois; claypan
soils in south-central lllinois and sand soils in western Illinois. Climax type
on very dry sites.

Associated with many sites, including dry uplands and moist bottomiands
throughout Illinois. Not considered climax and succeeds to other oak types
(52,53, & 55).

The most abundant upland type in [llinois. found on both glaciated and
unglaciated soils throughout the state. Climax on dryer sites. Succeeds to
sugar maple, basswood, or beech-maple on mesic sites.

Moderately moist, well-drained soils throughout the state. Climax on dryer
sites. Succeeds to sugar maple, basswood, or beech-maple on mesic sites.

Moderately dry to dry sites, most common on sandy soils in central and
southern Illinois. Climax on dry sites.

Moist sites such as coves, north- and east-facing slopes in central and
southern lilinois. Succeeds to sugar maple, basswood, or beech maple.

Well-drained sites along floodplains throughout Illinois. Frequently flood-
ed sites are almost entirely silver maple. Dutch elm disease has reduced the
elm component. Succeeds itself where floods are frequent. Changesin
flood regimes and soil moisture will change tree composition to other types.

Pure pin oak is found on poorly drained sites on the Illinoian till plain in
south-central and southern Illinois. Found on clay soils where water ac-
cumulates during winter. An early successional type that succeeds to
swamp chestnut oak ~cherrybark oak as soils dry out.

Highest first bottom ridges on the best sandy loams in the bottoms along
the Ohio and Mississippi rivers and their tributaries in southern Hlinois.
Climax type.

Low ridges, flats, and sloughs in first bottoms along the major rivers in
southern linois. Succeeds to swamp chestnut oak —cherrybark oak or
sweetgum—willow oak.

River fronts in the first bottoms of major rivers, banks of smaller rivers, and
large creeks that flood. Rich soils with moderately good drainage in
southern Illinois. Succeeds to swamp chestnut oak —cherrybark oak or
sweetgum-—willow oak.
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many broad ridges with deep, well-drained
soils—oaks and hickories are dominant. Poor
sites (site index <55) are occupied almost ex-
clusively by oaks and hickories. These sites
are found on upper south slopes, dry rocky
ridges, and sandy, droughty soils in Illinois;
here post oak—blackjack oak or black oak—
blackjack oak frequently dominate the forest
overstory.

Flooding largely dictates species compo-
sition in bottomiand forests, but composition
at any site is also in part a product of past
history (fire, flood, grazing, and cutting inten-
sity), soil types, and natural succession. Cot-
tonwood-willow pioneer wherever sufficient
light and bare, moist soils are available. These
species in turn are succeeded by mixtures of
silver maple, elm, ash, sycamore, and -hack-
berry. As soil drainage improves, the compo-
sition changes to types that inciude various
oaks (Prairie and Claypan regions) and such
types as pin oak—sweetgum, pure pin oak, and
swamp chestnut oak—cherrybark oak (South-
ern Region). Because of past cutting practices,
silver maple—elm, or a variant thereof, domi-
nates many of the river bottoms of llinois.

How productive of squirrels are the forest
types listed in Table 47 We have compiled
information from live captures of squirrels in
mature stands for many of these types (Fig.
3). The key element for the production of

Silver maple—eim

Beech—sugar maple

Black oak

Osage orange hedge

Sugar maple~basswood

Post oak-blackjack

Northemn red oak

Sugar maple—basswood (with oaks)
Bur oak

White oak

White oak-black oak~red oak

Pin oak-sweetgum (with hickories)
' Beech-maple (with oaks)

squirrels appears to be abundance of winter-
storable foods (foods that can be stored either
above or below ground and retrieved in
sound condition as long as 6 months later).
Forest types that produce little or no winter-
storable food (silver maple—elm) or are inter-
mittent seed producers (beech-maple) sup-
port few squirrels. Forest types composed of
only a few species (for example, post oak—
blackjack oak or black oak types) typically sup-
port fewer squirrels than do stands of mixed
species. This low population may result from
the uncertain nature of seed yields where only
one or two tree species are present. The pres-
ence of oaks in stands dominated by beech-
maple and sugar maple-basswood greatly in-
creases the capacity of these stands to support
squirrels (Fig. 3).

Requirements of Gray
and Fox Squirrels

Managers who wish to use forest manage-
ment strategies to benefit gray and fox squir-
rels must be familiar with the life-history re-
quirements of the two species (Table 5). Be-
cause gray squirrels are more social (they toi-
erate one another better) than fox squirrels,
grays are more likely to increase in numbers
when resources (food and shelter) increase
(Nixon et al. 1984). Densities of one or two

2

O 4

4 6 8 10 12 14 16 18

Average number of squirrels per 10 acres

FIGURE 3. Average squirrel densities in fall found by live trapping in selected forest type- in the Midwest.
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squirrels per acre are commonly reported for
fox squirrels; higher densities are seldom
found (Baumgartner 1940; Allen 1943; Jor-
dan 1971; Adams 1973) and when they occur,
they represent temporary increases usually
observed only in the fall months. Gray squir-
rels, however, frequently exceed two per acre
on protected sites where food is abundant
(Flyger 1960; Mosby 1969).

Habitat Preferences

Each of the two species has habitat prefer-
ences not shared by the other. Gray squirrels
are usually found where forest understories
are quite dense, but fox squirrels are found

where forest understories are relatively open.
This difference in habitat preference means
that management activities that tend to in-
crease the density of the forest understory,
periodic selection cutting, for example, can
be expected to create a forest structure more
favorable to gray than to fox squirrels where
both species coexist (Nixon, Havera, and
Hansen 1980).

Food Habits

To maintain body weight in winter, both
gray and fox squirrels need to metabolize ap-
proximately 150 to 160 kilocalories of energy
per day per kilogram of body weight (Lud-

TaBLE 5.— Auributes of gray and fox squirrels.

Attribute Gray Fox
Agestructure? Hunted 52:48 Hunted 35:65
(adult:young) Protected 60:40 Protected 75:25
Annual survival®
Aduits Hunted:20-40%; protected:50-60% Same as gray
Young Hunted: <40%:; protected:20-30% Same as gray
Breeding period® December-September, peaksin Same as gray
December-January and May-June
Breeding age? Females: 10~12 months Hunted: same as gray
Males: 9-12 months Protected: males same as gray;
females < 40% at 10~12 months
Litter size® Winter: 2-3; summer: 3—-4 Same asgray

Food requirement!

Shelter requirements®

1-1.5 pounds/week (450680 grams)

‘Tree cavities: 2-3/acre
Nestboxes: 2—3/acre
Grapevines for leaf nests: 2-3/acre

Average home range” 2-20 acres, varies with size of wood lot
Average squirrel density 0.5—1/acre, occasionally up to

for mature stands' 6/acre in protected parks

Social structurel Males dominate females; adults

dominate young; both sexes
frequently den together; young may
or may notdisperse after weaning;
adult female may tolerate presence
of her young up to breeding age and
occasionally longer; breeding females
intolerant of one another.

1.5-2 pounds/week (680-900 grams)

Tree cavities: same as gray
Nest boxes: 1-2/acre
Grapevines for leaf nests: 3—+/acre

2-30 acres. varies with size of wood lot

1-2/acre

Males dominate females; adults
dominate young; adults largely
solitary throughout the year; adult
females intolerant of one another,

of their young, and of immigrants;
young usually disperse after weaning.

*Fouch 1961; Barkalow et al. 1970; Eveland 1974; Nixon et al. 1974; Nixon et al. 1975: Nixon et al. 1986.
bBarkalow et al. 1970; Eveland 1974; Nixon et al. 1975; Hansen et al. 1986. “Brown & Yeager [945; Nixon

& McClain 1975. YBrown & Yeager 1945; Nixon & McClain 1975; Nixon et al. 1986.

°Brown & Yeager

1945; Nixon & McClain 1975. Nixon et al. 1968; Short & Duke 1971; Havera & Smith 1979; Korschgen

1981. #Barkalow & Soots 1965; Sanderson et al. 1980; McComb & Noble 1981; Nixon et al. 1984.

"Geeslin

1970; Donohoe & Beal 1972; Adams 1973. {Baumgartner 1940; Flyger 1960; Mosby 1969; Eveland 1974;
Nixon et al. 1986. JBernard 1972; Benson 1975.
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wick et al. 1969; Husband 1976; Havera &
Smith 1979). To meet that requirement,
squirrels need to eat approximately the
number of acorns, hickory nuts, or black wal-
nuts per day shown in Table 6.

The seasonally important foods of both
species of squirrels are shown in Table 7. Be-
cause no substantial differences in food habits
between species have been observed, a single
list is given. Hickory nuts are the preferred
food in late summer, but acorns are the lead-
ing winter food, presumably because acorns
ripen later than hickory nuts, because oaks
are more abundant than hickories, and
perhaps because of the ease with which squir-
rels open acorns compared with hickory nuts,
a factor that may be important for energy
conservation in winter (Smith & Follmer
1972). These food habits indicate that forest
managers should provide mixtures of seed-
producing oaks and hickories. Although
squirrels eat the seeds of all oaks and hickories
native to lllinois, they tend to avoid those of
red oak and bitternut hickory unless these
are the only winter-storable foods available.

Seed production by trees is cyclic, with
good seed years followed by | or 2 years with
little or no seed production. The results of
28 years of continuous observations of the
seeding habits of many of the trees important
to squirrels in the Midwest are shown in Table
8. Oaks never produced a heavy crop during
that period, although black and red oaks were
somewhat better seed producers than white
oaks. Hickories, on the other hand, were

~J

more dependable producers than any of the
oaks, another indication that mixtures of oaks
and hickories are needed to sustain squirrels
from year to year.

The amount of winter-storable food
available for squirrels is the key to sustained
squirrel abundance. We feel that winter-
storable tree seed should exceed 150 pounds
per acre (Nixon et al. 1975) if the needs of
all wildlife species, including squirrels, are to
be met. Data from yield-measurement studies
suggest that increases in sound seed produc-
tion can be expected as diameter at breast
height (dbh) increases for the important oaks
and hickories and for black walnut in Illinois

TaBLE 6.— Number of nuts or acorns eaten per
day by gray and fox squirreis in winter when
feeding exclusively on a single species.*

Tree Species Gray® Fox
White oak 9 10¢
Black oak 18 20¢
Red oak 5 6°
Blackjack oak 18 20¢
Post oak 18 204
Buroak 3 3¢
Shagbark hickory 9 10¢
Mockernut hickory 9 10*
Black walnut 14 16*

*Developed from diets of captive squirrels.

®Gray squirrel data extrapolated from Short &
Duke 1971.

“Data extrapolated from Havera & Smith 1979.

4Data extrapolated from Short 1976.

TasLE 7.—Foods of gray and fox squirrels in Illinois in order of importance by season.

Spring Summer Fall Winter

Oak buds, flowers, and acorns Hickory nuts Acorns® Acorns

Black walnut flowers and nuts Acorns Hickory nuts* Black walnuts

Elm flowers, buds, and seeds Black walnuts Black walnuts* Osage orange seeds
- Hickory flowers and nuts Mulberries Osage orange seeds” Cornseed

Corn seed Grapes Grapes Hickory nuts

Maple buds, flowers, and seeds Fungi Corn seed Elm buds

Osage orange seeds Maple seeds Fungi Soybeans

Fungi Corn seed Maple seeds

Hackberry seed Dogwood seeds

* Winter-storable foods.




(Table 9). From these production figures and
from the number of seeds eaten by squirrels
per day during winter (Table 6), we have de-
veloped a crude stocking guide that would
provide squirrels with 80 percent of their an-
nual diet (30% oak, 40% hickory, 10% walnut)
(Table 10). We base this recommendation on
studies of food habits done in the Midwest
(Nixon et al. 1968; Korschgen 1981).

The stocking guide shown in Table 10
works as follows. The allowable maximum
number of trees of all species from, for exam-
ple. the 14-inch dbh class is 119 per acre; the
allowable minimum is 68. Forest managers,
therefore, may harvest down to 68 trees.
These trees should come from the three
categories shown in Table 10: oaks, hickories,
and black walnut. The oak requirement (30%
of the annual diet) may be filled at 14-inch
dbh by 4 white oaks or by the number given
in Table 10 for any of the other oak species.
The hickory requirement (40% of the annual
diet) may be filled by 18 shagbarks or 8 mock-
ernuts. One black walnut is required to fill
the final 10 percent. If these requirements
are met in each category, other trees in those
categories may be removed without threaten-
ing the diet we recommend for squirrels.

This stocking guide can be modified for
stands that are composed of only a few
species. If, for example, the seed-producing
trees in a given stand are composed solely of
white oak, the minimum number required to
meet the needs of squirrels will be higher than
that shown in Table 10. To calculate, for

TaBLE 9.—Seed production for species of oak

Illinois Department of Conservation Technical Bulletin 5 (1987)

example, the number of 10-inch white oaks
that would be required to provide 100 percent
of the annual diet, divide the number shown
in Table 10 (13) by the proportion of the
annual diet provided by oaks in oak-
dominated stands (30%). That number equals
the number of white oaks that would be
needed if they were to provide 100 percent
of the diet (13 + 0.30 = 43). When white oaks
are expected to provide less than 100 percent
of the diet but more than 30 percent, multipiy
the anticipated proportion by 43. If, for
exampie, 10-inch dbh white oaks were ex-
pected to provide 75% of the annual diet of
squirrels, 32 white oaks would be required
(43x0.75 = 32).

Tabie 8.—Relative seed production by trees
important to squirrels over a 28-year period in
the Midwest (Den Uyl 1961).

Number of Years

No Light Medium Heavv
T'ree Species Crop  Crop Crop  Crop
White oak 5 17 6 0
Red oak 1 19 8 0
Black oak 1 17 10 0
Hickories 0 20 4 4
Beech 6 14 5 1
Sugar maple 0 ) 9 8
White ash | 18 7 2
Elms 0 13 11 4
Basswood 0 10 12 6
Tuliptree 1 15 10 2

and hickory and for black walnut by dbh class.

Average Number of Sound Nuts or Acorns per Tree

Average " .
dbhg Oak Hickory Walnut
(inches)  White* Black® Red® Blackjack® Post® Shagbark® Mockernut®  Pignut® Black!
8 52 —° — — 454 16 12 — 478
10 278 260 40 40 626 45 56 48 830
12 505 405 200 746 778 88 155 139 1,181
14 742 550 510 1,107 907 132 254 230 1,533
16 968 695 900 1,492 1,102 176 350 319 1.884
18 1,195 840 1,310 1,876 1.253 220 449 411 2,236
20 1,421 985 1,560 2,187 1,426 264 548 502 2,584
22 1.658 1,130 1,540 2,599 1,578 307 646 592 2,939
24 1,885 1,275 1,400 2,983 1,728 351 744 683 _
*Goodrum et al. 1971. PDowns 1944. “Nixon, McClain, and Hansen 1980, dZargt:r 1946. °No infor-

mation.
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wick et al. 1969; Husband 1976; Havera &
Smith 1979). To meet that requirement,
squirrels need to eat approximately the
number of acorns, hickory nuts, or black wal-
nuts per day shown in Table 6.

The seasonally important foods of both
species of squirrels are shown in Table 7. Be-
cause no substantial differences in food habits
between species have been observed, a single
list is given. Hickory nuts are the preferred
food in late summer, but acorns are the lead-
ing winter food, presumably because acorns
ripen later than hickory nuts, because oaks
are more abundant than hickories, and
perhaps because of the ease with which squir-
rels open acorns compared with hickory nuts,
a factor that may be important for energy
conservation in winter (Smith & Follmer
1972). These food habits indicate that forest
managers should provide mixtures of seed-
producing oaks and hickories. Although
squirrels eat the seeds of all oaks and hickories
native to Illinois, they tend to avoid those of
red oak and bitternut hickory unless these
are the only winter-storable foods available.

Seed production by trees is cyclic, with
good seed years followed by | or 2 years with
little or no seed production. The resuits of
28 years of continuous observations of the
seeding habits of many of the trees important
to squirrels in the Midwest are shown in Table
8. Oaks never produced a heavy crop during
that period, although black and red oaks were
somewhat better seed producers than white
oaks. Hickories, on the other hand, were

~J

more dependable producers than any of the
oaks, another indication that mixtures of oaks
and hickories are needed to sustain squirrels
from year to year.

The amount of winter-storable food
available for squirrels is the key to sustained
squirrel abundance. We feel that winter-
storable tree seed should exceed 150 pounds
per acre (Nixon et al. 1975) if the needs of
all wildlife species, including squirrels, are to
be met. Data from yield-measurement studies
suggest that increases in sound seed produc-
tion can be expected as diameter at breast
height (dbh) increases for the important oaks
and hickories and for black walnut in Illinois

TAaBLE 6.— Number of nuts or acorns eaten per
day by gray and fox squirrels in winter when
feeding exclusively on a single species.*

Tree Species Gray® Fox
White oak 9 10¢
Black oak 18 20¢
Red oak 5 6°
Blackjack oak 8 204
Post oak 18 204
Buroak 3 3¢
Shagbark hickory 9 10¢
Mockernut hickory 9 10¢
Black walnut 14 16*

?Developed from diets of captive squirrels.

®Gray squirrel data extrapolated from Short &
Duke 1971.

¢Data extrapolated from Havera & Smith 1979.

4Data extrapolated from Short 1976,

TaBLE 7.—Foods of gray and fox squirrels in Illinois in order of importance by season.

Spring Summer

Fall Winter

Oak buds, flowers, and acorns Hickory nuts

Black walnut flowers and nuts Acorns

Elm flowers, buds, and seeds Black walnuts

Hickory flowers and nuts Mulberries

Corn seed Grapes

Maple buds, flowers, and seeds Fungi

Osage orange seeds Maple seeds

Fungi Cornseed
Hackberry seed

Acorns® Acorns

Hickory nuts® Black walnuts

Black walnuts* Osage orange seeds
Osage orange seeds* Cornseed

Grapes Hickory nuts

Corn seed Elmbuds

Fungi Soybeans

Maple seeds

Dogwood seeds

4 Winter-storable foods.




(Table 9). From these production figures and
from the number of seeds eaten by squirrels
per day during winter (Table 6), we have de-
veloped a crude stocking guide that would
provide squirrels with 80 percent of their an-
nual diet (30% oak, 40% hickory, 10% walnut)
(Table 10). We base this recommendation on
studies of food habits done in the Midwest
(Nixon et al. 1968; Korschgen 1981).

The stocking guide shown in Table 10
works as follows. The allowable maximum
number of trees of all species from, for exam-
ple. the 14-inch dbh class is 119 per acre: the
allowable minimum is 68. Forest managers,
therefore, may harvest down to 68 trees.
These trees should come from the three
categories shown in Table 10: oaks, hickories,
and black walnut. The oak requirement (30%
of the annual diet) may be filled at 14-inch
dbh by 4 white oaks or by the number given
in Table 10 for any of the other oak species.
The hickory requirement (40% of the annual
diet) may be filled by 18 shagbarks or 8 mock-
ernuts. One black walnut is required to fill
the final 10 percent. If these requirements
are met in each category, other trees in those
categories may be removed without threaten-
ing the diet we recommend for squirrels.

This stocking guide can be modified for
stands that are composed of only a few
species. If, for example, the seed-producing
trees in a given stand are composed solely of
white oak, the minimum number required to
meet the needs of squirrels will be higher than
that shown in Table 10. To calculate, for
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example, the number of 10-inch white oaks
that would be required to provide 100 percent
of the annual diet, divide the number shown
in Table 10 (13) by the proportion of the
annual diet provided by oaks in oak-
dominated stands (30%). That number equals
the number of white oaks that would be
needed if they were to provide 100 percent
of the diet (13 <~ 0.30 = 43). When white oaks
are expected to provide less than 100 percent
of the diet but more than 30 percent, multiply
the anticipated proportion by 43. If, for
example, 10-inch dbh white oaks were ex-
pected to provide 75% of the annual diet of
squirrels, 32 white oaks would be required
(43x%0.75 = 32).

TasLE 8. —Relative seed production by trees
important to squirrels over a 28-year period in
the Midwest (Den Uyl 1961).

Number of Years

-No Light  Medium Heavy
Tree Species Crop Crop Crop  Crop
White oak 5 17 6 0
Red oak | 19 8 0
Black oak 1 17 10 0
Hickories 0 20 4 4
Beech 6 14 5 I
Sugar maple 0 1 9 8
White ash 1 18 7 2
Elms 0 13 11 4
Basswood 0 10 12 6
Tuliptree I 15 10 2

TaBLE 9.—Seed production for species of oak and hickory and for black walnut by dbh class.

Average Number of Sound Nuts or Acorns per I'ree

szl;;‘ge (0713 Hickory Walnut

(inches) White* Black® Red® Blackiack’ Post* Shagbark® Mockernut®  Pignut® Blackd

8 52 —* — —_ 454 16 12 — 478

10 278 260 40 40 626 45 56 48 830

12 505 405 200 746 778 88 155 139 1.181

14 742 550 510 1,107 907 132 254 230 1,533

16 968 695 900 1,492 1,102 176 350 319 1.884

18 1,195 840 1,310 1,876 1,253 220 449 411 2,236

20 1,421 985 1,560 2,137 1,426 264 548 502 2.584

22 1,658 1.130 1,540 2,599 1.578 307 646 592 2,939
24 1,885 1,275 1,400 2,983 1.728 351 744 683 —_

2Goodrum et al. 1971. "Downs 1944. “Nixon, McClain, and Hansen 1980. YZarger 1946. °No infor-

mation.
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At present in Illinois, 74 percent of the
white oaks, 81 percent of the black oaks, and
94 percent of the hickories are <10 inches
dbh and therefore are not producing large
seed crops (Table 11).

Winter Feeding

No evidence indicates that the use of corn
to supplement the winter diet of squirrels is
necessary in mixed hardwood forests (Havera
& Nixon 1980); indeed, an exclusive diet of
corn causes weight loss in both gray and fox
squirrels (Havera & Smith 1979). However,
in forests composed of only one or two
species, for example, black oak on sandy up-
lands or pin oak in the bottoms, tree seed
failures are fairly common. In years of seed
failure, we suggest supplemental feeding with
a 70:30 mixture of shelled corn and shelled
soybeans. Soybeans provide a more balanced
diet; however, some squirrels will not eat
them initially (Havera & Smith 1979). Feeders
(roofed wooden boxes placed on legs) should
be spaced about one per 10 acres. Feeding
. should begin in late August and continue into
late March or April, or until spring foods be-
come abundant. Squirrels begin dispersing as
early as August when food crops fail and will
already have dispersed if feeding is delayed

9

until November or December. Managers
should note that in most winters feeding may
have limited value in reducing the emigration
of fox squirrels and in attracting immigrants.
Winter feeding, however, is more likely to
increase gray squirrel numbers.

Natural Shelters

Both fox and gray squirrels prefer tree
cavities over leaf nests for shelter. Preferred
cavities have entrance holes 2-4 inches in
diameter, are 12-20 inches deep, are situated
in the trunk of a tree or in a large limb, and
offer protection from wet and cold weather.
Fox squirrels are more likely to use leaf nests
in winter than are grays, although both
species use them in summer, presumably to
escape the heat and the parasites that build
up in tree cavities.

The importance of tree cavities to gray
squirrels is shown in our Illinois study of cav-
ity abundance and gray squirrel distribution
(Nixon et al. 1978). We found grays present
only where we found at least two tree cavities
suitable for all-weather sheiter per acre. We
examined 279 leaf nests in late February in
Vermilion County, Illinois, and found that
13 percent were occupied by fox squirrels.
No use of leaf nests by grays was observed,

TaBLE 10.—Number of trees required for stocking at levels A and B in oak-dominated stands
and the minimum number of dominant or co-dominant oaks, hickories, and black walnut needed
at level B to supply 80 percent of the annual squirrel diet (30% oak, 40% hickory, and 10%
walnut). Squirrel densities are assumed to average one per acre. Site index is ignored here because
the position of the tree canopy is more important to seed production than the quality of the site.

Number of Trees to Be Retained per Acre at B-level Stockingb

Average Treesper Acre’

dbh Level Level Oak Hickory Walnut
(inches) A B White Black Red Post Blackjack  Shagbark Mockernut  Black

8 308 177 73 — -— 9 — —_ —_ 3
10 212 122 13 16 29 7 19 97 79 2
12 155 88 5 10 5 5 5 26 14 2
14 119 68 4 6 3 5 3 18 8 1
16 93 53 4 4 2 3 2 9 5 1
18 75 43 2 3 2 3 2 7 4 i
20 63 35 1 3 2 3 1 6 3 I
22 52 30 1 2 1 3 1 5 3 1
24 45 25 1 2 1 3 1 5 2 1

*Gingrich 1967. A and B levels represent the range of tree stocking that will fully utilize an available growing
space. A-level stocking represents the upper limit of full utilization: B-level stocking represents the lower limit
of full utilization.

bCorrected for trees that do not produce seed.

“No Information.
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although they comprised about 15 percent of
the squirrel population. Radio-tracking stud-
ies in other states (Geeslin 1970; Donohoe &
Beal 1972; Adams 1973) showed that indi-
vidual squirrels of both species used up to
nine different shelters on an annual basis;
two or three of these were tree cavities offer-
ing all-weather shelter. On the basis of these
findings, at least two or three cavities that
provide all-weather shelter should be
available per acre if reasonably high squirrel
densities are to be sustained (Table 12). The
location of these cavities (trunk or limbs)
makes no difference if the entrance hole is
2-4 inches in diameter, thus excluding larger
predators.

In Illinois, unmanaged forest stands >50
years old usually contain an abundance of
cavities suitable for squirrels (Table 13).
Cavities are most abundant in trees =12
inches dbh. Figure 4 illustrates a typical distri-
bution of cavity trees by size. Black oak, sugar
maple, basswood, cottonwood, beech, elms,
ashes, and sycamore are more likely to form
one or more suitable cavities; hickories are
least likely to do so.

Leaf nests are usually built in or near
favored-food trees in late summer. On a study
area in Vermilion County, Ilinois, we found
that fox squirrels selected white oak and
beech as sites for leaf nests more often than
expected; black oak, the tight-bark hickories
(mockernut, pignut, and bitternut), sugar
maple, black walnut, ash, and red oak in pro-
portion to their abundance in the woods; and

shagbark hickory less often than expected.
Of the trees in which leaf nests were built,
white oak and beech contained more usable
(still weathertight when examined) nests than
expected on the basis of tree frequency; sugar
maple, red oak, the tight-bark hickories, and
shagbark hickory had expected numbers of
usable leaf nests; black oak, black walnut, and
ash had fewer usable nests than expected. No
significant relationship was found between
the longevity of usable leaf nests and tree
species. We also compared the number of leaf
nests built in trees 6—10 and 12-20 + inches
dbh and found that trees in the larger dbh
group had significantly more leaf nests than
expected on the basis of numbers of trees
present.

Of particular interest to forest managers
is the high proportion of leaf nests built in
trees supporting grapevines. Observations of
locations of 3,799 leaf nests on six study areas
in three states revealed that 35-85 percent
of the nests were anchored to grapevines
where <24 percent of the trees examined
supported grapevines (Sanderson et al. 1980).
As determined from average densities of leaf
nests, we recommend that gray squirrels have
access to two or three trees with grapevines
per acre; fox squirrels, because of their
greater use of leaf nests, should have access
to three or four trees with grapevines per
acre (Table 12). Although grapevines can be-
come a threat to tree growth in openings on
hardwood forest sites (Smith & Smithson
1975), we believe that leaving two to four

TaBLE 11.— Distribution by dbh class of principal producers of winter food for squirrels in IHlinois

(USDA Forest Service, unpublished data 1986).

Average Percent
dbh (inches) Black Walnut White Oaks* Black Oaks® Hickories®
<6 52 45 55 69
6 17 11 10 12
8 12 10 9 8
10 7 8 7 5
12 5 7 6 3
14 4 6 4 1
- - 16 2 4 3 <l
18+ 1 9 6 1

“White oaks = white, bur, chestnut, post, chinquapin, swamp white, and swamp chestnut.

PBlack oaks = scarlet, northern pin, pin, black, blackjack, Spanish, northern red. shingle, overcup. cher-
rybark, and willow.

“Hickories = shellbark, shagbark, mockernut, pecan, pignut, and bitternut.
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vines per acre poses no serious threat to tree
growth, particularly if the vines are allowed
to remain on trees of low commercial value.

Man-made Shelters

Nest structures are not regularly occupied
by squirrels in upland forest types <25 years
old, probably because of the scarcity of
winter-storable foods in such stands (Table
14). For stands >30 years old, with fewer than
two or three nesting cavities per acre, nest
structures can benefit squirrels (Table 12).

For gray squirrels, nest structures should
be placed 1820 feet high in trees without
cavities. The entrance should face away from

TasLE 12.—Shelter needs of gray and fox
squirrels in Illinois.

Sheiter Need Number

2-3 (upto 7 if other
cavity nestersare
present)

Tree cavities peracre?

2-3 for gray squirrels
1-2 for fox squirrcls

Neststructures per acre

2-3 for gray squirrels
3-4 for fox squirrels

Grapevines peracre
(for leaf nests)

*Entrance 2-4 inches in diameter, offering good
protection from weather.

the prevailing wind. McComb and Noble
(1981) recommended that the entrance face
the ground to maximize use by gray squirrels.
A density of two to four structures per acre
is adequate, and grays should begin to use
these structures almost immediately (Bar-
kalow & Soots 1965).

For maximum use by fox squirrels, par-
ticularly females, nest structures must be care-
fully placed. Structures are most likely 1o be
used when they are securely anchored well
up in the tree canopy. Use by adult females
will increase if nest structures are positioned
in trees close to a field edge. Ideally, a tree
limb should be located above the nest struc-
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FIGURE 4. Distribution by diameter at breast height
of all trees examined and of trees with cavities in
an oak-hickory forestin Vermilion County, Iilinois.

TABLE 13.—Numbers of tree cavities per acre suitable for nesting (all-weather shelter) and for
escape only for squirrels in selected unmanaged forests in central and northern Illinois.

Number Average Number Average Number of
of 26" x 130" of Nesting Cavities Escape-only Cavities
County Transects per Acre per Acre
Northern Illinois
DeKalb 34 6.0 1.3
Jo Daviess 50 4.2 6.4
Winnebago 31 1.0 0.6
Central Illinois
Edgar 79 0.8 0.9
Henderson 20 13.0 1.0
Livingston 19 8.0 1.5
Mason 40 6.3 2.3
Peoria 20 14.0 L5
Piatt 79 4.4 34
Schyler 40 8.7 7.3
Vermilion 35 5.5 3.0
Woodford 40 8.0 23
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ture (Nixon et al. 1984; McComb & Noble
1981). Sub-adults of both sexes and adult
males will use structures placed somewhat
below the canopy and away from the forest
edge because they are not as particular con-
cerning shelter characteristics as are adult
females. Structures should not be placed in
trees with existing cavities. We recommend
one or two properly placed structures per
acre for fox squirrels; additional structures
are unlikely to be used because of the intoler-
ant social behavior of adult female fox squir-
rels (Table 5). Although nest structures are
commonly made of wood, those made from
used rubber tires or old ammunition boxes
work well and are cheaper to construct. De-
signs for two nest structures are given in Ap-
pendix 2. -

The best management strategy is to pro-
vide man-made structures (two or three per
acre) along with natural cavities (two or three
per acre). This combination will accommo-
date the array of cavity nesters that inhabit
Illinois woodlands, particularly those species
that do not readily accept artificial struc-
tures—such as some woodpeckers and barred
owls (Strix varia). Additions of man-made
nesting structures may also reduce in-
terspecific competition for natural cavities.

Management for Squirrels
by Forest Type

Managers must develop the silvicultural
program that best meets a landowner’s objec-
tives tempered by present forest conditions

TABLE 14.— Production of food for squirrels
in less mature clear-cuts (<25 years) in forests
dominated by oak-hickory compared with pro-
duction in more mature clear-cuts (= 50 years).
All are medium sites (site index 55-70).

Percentof
“Total Food Production

Years after Clear-cutting

Food 7 15 20 50+
Acorns*® 0 12 52 97
Fungi 4 37 32 <1
Flowering dogwood seeds I 49 7 1
Blackberries 95 2 1] 0
Grapes 0 0 9 0

*Winter-storable foods.

and market demands. They should begin by
inventorying the vegetation in the woodland.
This inventory may be extensive—that is,
mapping existing stands into such broad
categories as oak-hickory and northern
hardwood, including age and general condi-
tion classes—or intensive, using plots of vari-
ous sizes to count woody vegetation. Intensive
surveys, however, will be needed before accu-
rate prescriptions for timber management
can be prepared, and guidelines for conduct-
ing such an inventory are presented in Ap-
pendix 3. When conducting an inventory and
preparing a management plan, managers
should always consult an Illinois Department
of Conservation (IDOC) service forester since
management plans must be approved by the
IDOC before landowners can qualify for fi-
nancial assistance in carrying them out.

General Management of Oak Types

Unmanaged Stands over 50 Years Old

The majority of oak-hickory stands in Il-
linois are approaching maturity (Table 3) and
usually support one or two squirrels per acre.
Winter-storable food and cavities for shelter
are usually abundant in these stands. In gen-
eral, if the number of trees is below level C
(Table 10 gives levels A and B. Level C rep-
resents the tree stocking necessary if a stand
is to reach level B in about 10 years.), the
stand should be cut using large-group selec-
tion or clear-cutting as soon as adequate ad-
vance reproduction of oaks and hickories
exists in the understory. If 80 percent or more
of the trees are of the desired diameter for
the site (Table 15), whether to cut depends
on the stocking level and on the adequacy of
oak and hickory reproduction. In stands with
60—-80 percent of full stocking, thinning
should not be scheduled because not enough
trees would be cut to benefit the stand.

Clear-cutting

On medium (site index 55-70) or poor
(site index <55) sites, the perpetuation of
oaks and hickories is not ditficult if sufficient
advance reproduction of oaks and hickories
has occurred before cutting is undertaken.
However, if numbers of young oaks and hick-
ories in the understory do not meet the stan-
dards defined above (see also Appendix 3),
harvest cutting should be delayed untl
adequate numbers are present. Unfortu-
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nately, the cultural techniques necessary to
ensure the successful reproduction of these
species are not completely understood; at
present, some form of shelterwood cutting
seems best. Ten or more years may be re-
quired before enough oak and hickory stems
reach a size and density that will permit large-
group selection or clear-cutting. Sander
(1977) recommends that overstory density be
kept at about 60 percent until oak and hickory
stems average 3 feet in height, that inter-
mediate and suppressed trees be removed,
and that holes in the canopy be kept small
and scattered. If a dense understory is pres-
ent, it will have to be removed or reduced to
allow adequate light to reach oak and hickory
seedlings. Techniques for the removal of
dense understories are not yet well doc-
umented, but cutting understory stems and
applying herbicide (IDOC foresters can rec-
ommend effective herbicides) to the cut
stump is apparently the most cost-effective
method and one that protects existing oak
and hickory seedlings (Mark Thomas, Uni-
versity of Missouri, personal communication
1986). With the shelterwood-system, the over-
story should be cut to 50 percent of full stock-
ing (full stocking =level A as shown in Table
10) when oak and hickory stems in the under-
story average 3 feet in height. This level of
stocking (50 %) should include the number of
trees needed for squirrel food production
(Table 10). Two or three suitable tree cavities
per acre shouid also be maintained.

When adequate advance reproduction of
oaks and hickories has occurred, total re-
moval of the shelterwood using even-aged sil-
viculture based on clear-cuts or large-group

selection cuts (at least two tree-heights in
width) are the recommended procedures
(Sander 1977); however, forest management
for squirrel populations places several con-
straints on this practice. Clear-cuts should be
less than 20 acres in size and less than 500
feet wide. Cuts should not be adjacent to one
another for at least 30 years or until the stand
cut earlier has begun to produce seed (Nixon,
McClain, and Donohoe 1980). Finally, from
40 to 60 percent of the total area under man-
agement should be retained in a seed-
producing stage.

On good sites (site index 70+), oak and
hickory stems have a difficult time keeping
up with intolerant species that spring up after
clear-cutting. We therefore recommend the
use of one or more of three options to ensure
that at least a few oaks and hickories reach
seed-bearing age in a co-dominate or domi-
nant crown position. (1) Either before or after
the merchantable timber is cut, 15-20 sup-
pressed hickory poles per acre (3—6 inches
dbh) should be selected for retention. About
half of these young trees die within 5 years,
but the remainder will have a good chance of
reaching seed-bearing size in at least a co-
dominant crown position (Nixon et al. 1983).
Vigorous young trees with intact, upright ter-
minal buds that show no obvious disease or
injury should be chosen. When young oaks
are scarce, a similar number of pole-sized oaks
should be retained. (2) Oaks and hickories
<2 inches in diameter found in openings
should be cut close to the ground during or
immediately after the logging operation.
These cut stems will sprout vigorously and
should be able to keep up with the growth of

TABLE 15.— Recommended intervals and tree diameters for harvest cutting of oak types in Illinois

(Sander 1977).

Site Tree Desired Average
Index Stocking Harvest Cutting Treedbh
{feet) per Acre?® Interval (years) (inches)
Poor
(40-54) 75-90 90-120 16-18
Average
(55-70) 45-60 75-90 20-24
Good
(70+) 40-45 60~75" 24-28

*Level-A stocking.

Y An interval of at least 70 years should be used for squirrel production.




14 [llinois Department of Conservation Technical Bulletin 5 (1987)

the shade-intolerant species that will domi-
nate the site after both group selection and

clear-cutting. (3) Vigorous seedlings of oaks,

black walnut, or shagbark hickory should be
planted on good sites (site index 70+). Such
plantings frequently prove successful when
seedlings are kept free of competition. If the
seedlings are not protected from competition,
planting is a waste of money. Planting is also
a good way to ensure that a few black walnut
trees will be present in the stand during the
next rotation. To improve the survival of

spring-planted stock, the procedures outlined -

for red oak seedlings by Johnson et al. (1986)
should be followed (root collars =0.5 inch in
diameter, root pruned 8 inches below the col-
lar, top pruned 8 inches above the collar).
When weed control is used on good sites, the
survival of oak and walnut seedlings for the
first 5 years or so can approach 50 percent
(Hilt 1977). :

Early weeding or crown-release cutting is
essential around oaks and hickories in open-
ings created by timber harvest. Cutover
stands should be entered when trees are about
10 years old. Crown-release cutting is dis-
cussed further in the section that follows.
Enough oaks or hickories should be selected
for crown release to provide the minimum
numbers of trees needed for the production
of squirrel food, that is, the minimum number
shown in Table 10 for each species availabie
plus an additional 10-20 percent to compen-
sate for mortality.
Thinning

Generally, oak-hickory stands should be
thinned to leave residual stands at about 60
percent of full stocking. If stands are thinned
when less than 20 years of age, however,
stocking should be reduced to 50 percent of
full stocking (Sander 1977). Stands should be
thinned from below, that is, intermediate and
suppressed trees of low vigor should be re-
moved. Thinning stands of seed-producing
age should be done in the fall. Trees that are
poor seed producers should be removed first.
The thinning of oak stands should be stopped
when trees are 60-70 years old on average
sites (site index 55-70) and 50-60 years on
good sites (site index 70+), or at about ¥ of
the rotation age for the site.

Cultural work may begin when stands are
as young as 10 years old. Mast-producing

trees should be thinned on a spacing of 15 to
20 feet (Table 16). This spacing should pro-
vide an acceptable stocking of crop trees by
the time tree diameters are large enough for
commercial thinning. Crowns of oaks and
hickories should be released whenever neces-
sary (Sander 1977), but release cutting should
allow light to only about ¥4 of the crown. Too
much light reduces height growth and allows
faster-growing intolerants (such as tuliptrees)
to outgrow the more shade-tolerant oaks and
hickories (Nixon et al. 1983). Stump sprout
clumps should be reduced to one or two
stems. The crowns of five to seven beeches,
two to four maples, and two to four elms per
acre should also be released if these species
are present.

Rotation Age and Cutting Schedules

A desirable distribution of trees by age
class is shown in Table 17. When this informa-
tion is combined with the information shown
in Figure 5 for oak-dominated forests, man-

TABLE 16.—Optimum spacing between seed-
producing trees for full udlization of the site.

Average
dbh Maximum  Minimum Average
(inches) (feet) (feet) (feet)
8 17 13 15
10 20 16 18
12 24 18 21
14 27 21 24
16 30 24 27

TaBLE 17.— Desirable distribution of trees by
age class in forests managed for squirrel popu-
lations and for forest products through large-
group selection cuts or clear-cuts (adapted from
the wildlife habitat management guide for the
Mark Twain National Forest, Missouri, mimeo).

Percentof Total Forest

Rotation in Each Age Class
Age When >50 30-50 11-29 <10
Cut(years) Yeurs Years Years Years
80 38 25 25 12
90 45 22 22 11
100 50 20 20 i0
110 55 18 18 9




*

Nixon and Hansen: Managing Forests for Squirrel Populations 15

agers can estimate the distribution of hunt-
able (forests supporting =4 squirrels per 10
acres provide good hunting) squirrel range
in a forest under management. For example,
about 38 percent of a forest with a rotation
age structure of 80 (Table 17) would typicaily
provide good hunting, 25 percent would pro-
vide variable hunting success from year to
year dependent on the abundance of food
and on squirrel reproduction, and about 37
percent of the forest would provide little or
no squirrel hunting.

For wood lots <100 acres in size, the pro-
portion of a stand that will support huntable
populations of squirrels (at least 4 squirrels
per 10 acres) depends strongly on the cutting
interval (Table 18). For example, under a 60-
year rotation, as little as 33 percent of a 60-
acre unit would contain huntable populations
compared with 67 percent under a 100-year
rotation (Fig. 6). These differences peak
when the age of the first cut equals the
minimum age at which a stand can support
a huntable squirrel population (40-50 years
as shown in Fig. 5) and remain constant there-
after. The size of the stand and the size of
the cut have minimal effects on the pro-
portion of the stand that supports huntable
squirrel populations during the first 40 years
and no effect thereafter (Fig. 7, 8). These
observations assume that cutting intervals
vary depending on cut size, length of rotation,
and stand size as outlined by Roach and Ging-
rich (1968).

Nearly optimal habitat conditions for
squirrels can be maintained if clear-cuts are
kept small and are surrounded by plots old
enough to support huntable squirrel popula-
tions. The optimal pattern for cutting a stand
or wood lot for squirrels, therefore, includes

well-dispersed cuttings (Fig. 9). Depending
on the size of the stand, the size of the cut,
and the length of rotation, even small clear-
cuts may have to be deferred once during
each rotation and only after 50 percent of the
stand has been cut in order to avoid creating
adjacent plots both of which would be less
than 40 years of age. Length of deferral can
be short where units are large, the length of
rotation is long, and the size of the cut is small
(Table 19). Table 18 can be used to determine
intervals for cutting the first 50 percent of
the stand. After 50 percent of the stand has
been cut over, the next cutting interval must
be deferred for the number of years shown
in Table 19, if cuts are not to be adjacent to
one another in less than 40 years. For exam-
ple, the cutting interval for a 20-acre wood-
land managed on a 60-year cutting rotation
using 2-acre clear-cuts, would be lengthened
by 16 years after 50 percent of the 20-acre
tract had been cut. Instead of the initial 6-year

-
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Age of stand (years)

Average number of squirrels per 10 acres
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FIGURE 3. Relationship between age of stand and
resident squirrel density in oak-dominated forests.

TasLE 18.-—Minimum clear-cutting intervals in years for various cut sizes, rotation lengths, and

— woodland acreages (modified from Roach & Gingrich 1968).

Rotation Length Rotation Length Rotation Length
(years) for (years) for (years) for
Size of 20—~acre Woodland 40-—acre Woodland 60—acre Woodland
Cut (acres) 60 80 100 60 80 100 60 80 100
2 6 8 10 3 4 5 2 2 3
3 9 12 15 4 6 7 3 4 5
4 12 16 20 6 8 10 4 5 6
5 15 20 25 7 10 12 5 6 8
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cutting interval (Table 18), the interval would
now be 22 years (Table 19). After a single
22-year cutting interval, the cutting schedule
would again revert to 6-year intervals.

Firewood and the Removal of Cull Trees

Managers should consider the tradeoffs
between the economic value of firewood and
the quality of wildlife habitat when consider-

Rotation interval
—— 100 years

]

:é 100 1-, ~--. 80 years
20 << 60 years
gg 80. .."o

83 ettt rverererones
2% 60+

g9

[ ]

RS 40

&2 .1
58 20 1

Sy m— : —
& 0 10 20 30 40 50 60

Number of years

FIGURE 6. Effect of rotation interval on percent
of stand that will support huntable populations of
squirrels over a 60-year period. If the rotation in-
terval remains constant, after 60 years no apprecia-
ble change will occur in the percent of a stand that
will support huntable populations of squirrels.
Stand size and cut size were held constant at 60
and 2 acres, respectively.

Size of stand
2
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[ se0as. 40 acres
22 «r - 20 acres
QE BO* "’a.
£x “
i
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2 .
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FIGURFE 7. Effect of size of stand on percent of
stand that will support huntable populations of
squirrels during an 80-year period. Cut size and
rotation length were held at 2 acres and 80 years,
respectively.

ing large-scale cuttings of dead, dying, cuil,
or injured trees. Some of the trees scheduled
for removal that are not commercially usable
should be killed in place and left for cavity
production and as a feeding area for birds
that consume bark-dwelling insects. As an aid
in selecting trees for firewood, Table 20 rates
the principal Illinois species in terms of their
value to wildlife and their value as firewood.

Selection Cutting

On privately owned woodlands, land-
owners are frequently reluctant to use clear-
cutting or large-group selection cuts to har-
vest trees. In that event, managers may
suggest that some type of selection cutting be
used, but the consequences of such cuttings
in terms of future tree quality (often the
poorer quality trees are left) and tree repro-
duction (increases in shade-tolerant sugar
maple) should be pointed out to the land-
owner. In general, selective cutting in stands
dominated by oak-hickory will not materially
reduce squirrel numbers provided that re-
movals total less than 40 percent of the mer-
chantable trees over 14 inches dbh and that
minimum densities of food-producing trees
(Table 10) remain after cutting (Nixon, Hav-
era, and Hansen 1980). When cutting re-
moves squirrel nest sites, these should be re-
placed with nest structures to maintain two
or three sites per acre. If cull-tree or firewood
removal is part of the recommended treat-

Size of cut

§ acres
rmeee 3 acres
« e+ +» 1acre

populations of squirrels
8

Percent of stand supporting huntable

0 20 40 60
Number of years

80

FIGURE 8. Effect of size of cut on percent of stand
that will support huntable populations of squirrels
during an 80-year period. Stand size and cutting
interval were held at 60 acres and 80 years, respec-
tively.
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ment during or following selection cutting,
up to seven cavity-prone trees per acre should
be retained.

Shelter

Because nest structures are expensive to
build, place, and service, they are not feasible
for large tracts. Their use in the small cuts
recommended for woodlands managed for
squirrels after age 30 does not require a large
outlay of money or time and can be promoted
as a service project for such organizations as
sportsmen’s clubs, scouts, and youth conser-
vation corps. To benefit a variety of cavity
nesters, structures in a range of sizes should
be used: large (about 24 X 12 x 12 inches),
medium (about 18 X 8 X 8 inches), small
(about 12 x 6 X 6 inches); entrances should
range from 2-5 inches in diameter (McComb
& Noble 1981).

In clear-cuts or large-group selection cuts,
up to seven cull trees per acre should be killed
and left in place to provide cavities for wildlife
during the early years of new stand develop-
ment. In previously clear-cut areas >30 years
old but <60 years old, two or three nest struc-
tures per acre should be erected. In addition,
trees killed in place around the outside of the
cut (two or three per 400 feet of edge) or nest
structures placed about every 200 feet around
the periphery of the cut, would increase the
use of openings by squirrels and help provide
squirrels to restock the new stand when seed
production allows them to locate there.

Trees likely to develop cavities are those
infected with heart-rot fungi. They may be
detected by observing (1) fungal-fruiting
bodies, (2) dead-branch stubs, (3) old wounds

or scars, (4) discolored or soft wood in incre-
ment borer corings, or (5) obvious dead por-
tions of the tree.

Studies of the incidence of rot associated
with branch death in midwestern forests indi-
cate that managers can increase the likelihood
of cavity formation by stub-pruning branches
that are 4-6 inches in diameter or slightly
larger (Toole 1961). Stubs 5-7 inches long
should be left to reduce the probability that
the wound wiil heal before rot begins to form
a suitable cavity (Sanderson 1975). Cull trees
or those of low commercial value should be
chosen for future den sites and retained dur-
ing all subsequent thinnings and cleanings. A
total of 10-20 branches pruned per acre for
future den sites is ample when such cavity-
prone species as sycamore, cottonwood.
basswood, black oak, elms, sugar maple, and

FIGURE 9. Cutting sequences to avoid adjacent
clear-cuts on square and rectangular units. The
cutting sequence is designated numerically.

TaBLE 19.—Deferred cutting interval in years required to avoid adjacent plots, both of which
are <40 years of age. The deferral is required only once during each rotation, after 50 percent
of the plots (none adjacent) in the unit have been cut. In all instances here, the shape of the cut

= is square and the shape of the unit is rectangular.

Rotation Length
(years) for

Rotation Length
(years) for
60—acre Woodland

Rotation Length
(years) for

20-~acre Woodland

40-acre Woodland

Sizeof
Cut (acres) 60 80 100 60 80 100 60 80 100
2 22 16 10 16 8 0 16 8 4
3 31 28 25 24 16 12 16 8 0
4 28 24 20 22 16 10 20 15 10
5 25 20 15 19 10 4 20 16 8
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TAaBLE 20.— Values of principal Illinois tree species to wildlife and as firewood (Carey & Gill 1980).
Scientific names are not provided.
Fur & Game
Mammals
All Game Including
Tree Wwildlife Songbirds  Birds Squirrels  Firewood Remarks
Oaks Excellent  Excellent  Excellent  Excellent  Excellent  Retaina variety of species.
Black Excellent  Excellent Good Good Good May have high timber vaiue
cherry when mature.
Apples Excellent  Good Good Good Excellent  Rare; attractive to grouse.
Pines Excellent  Excellent  Fair Good Fair Good as kindling.
Flowering Excellent  Excellent  Good Fair Excellent  High aesthetic qualities.
dogwood
Maples Good Good Fair Excellent  Excellent  High aesthetic qualities in fall.
American  Good Fair Fair Excellent  Excellent  High aesthetic qualities in the
- beech fall: importantto squirrels.
Alders Good Good Good Fair Good Locally important to songbirds
” and game birds.
Aspens Good Fair Good Excellent  Fair Especially attractive to grouse.
Birches Good Fair Good Good Excellent  Importantto wildlife in areas
north of [llinois.
Hackberry Fair Good Fair Fair Excellent  Important winter food for
songbirds.
Hickories  Fair Fair Fair Good Excellent  Especially auractive to squirrels.
Ashes Fair Fair Fair Fair Excellent  Supply mastin the fail.
American  Fair Fair Fair Fair Fair Good as kindling.
basswood
Black Fair Fair Fair Fair Excellent  May have high timber value
walnut when mature.
Black Fair Fair Fair Fair Fair Locally important to songbirds
tupelo and game birds.
Eastern Fair Fair Fair Fair Fair Good as kindling.
cottonwood
Elms Fair Fair Fair Good Fair High water content when green;
difficult to split: cutif diseased.
Black Fair Fair Fair Fair Excellent  Low value for wildlife, high for
locust firewood; a nitrogen-fixer.
Eastern Fair Good Fair Fair Fair Good as kindling; attractive to
red cedar songbirds.
Sassafras Fair Fair Fair Fair Good Berries eaten by insectivorous
birds.
Sweetgum  Fair Fair Fair Fair Fair High water content when green;
high aesthetic value.
Sycamore  Fair Fair Fair Fair Fair Aesthetic value: high water con-
tent when green: difficult to split.
Tuliptree Fair Fair Fair Fair Fair Good as kindling; aesthetic value.
Willows Fair Fair Fair Fair Fair Attractive to wildlife tn areas

north of [llinois.
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beech are selected. Stub pruning should be
done in stands <40 years old because up to
30 years may be required to produce a suit-
able nesting cavity (Baumgartner 1940).

Special Considerations for
Specific Oak Types

Mixed Oak Types

A mix of fall-germinating, same-year
fruiting (white oak) and spring-germinating,
following-year fruiting (black and red oaks)
species in oak woodlands means that squirrels
have a relatively dependable food supply.
Managers should try to obtain a 50:50 mix of
red/black and white oaks during thinnings
and during release cuttings undertaken after
clear—utting or group selection. In general,
the management of mixed oak types to main-
tain squirrel populations should follow the
recommendations previously made for oak
forests. We strongly recommend planting
"10-15 black wainuts per acre in clear-cuts on
good sites (site index 70+). Vigorous seed-
lings (oaks, black walnut, shagbark hickory)
should be planted in the spring and periodic
clearings undertaken to control competition.

Red Oak Type

The red oak type generally occurs only
on good sites (site index 70+) in Illinois.
When cut, this type tends to convert to a
mixed species stand with fewer oaks and hick-
ories. If the stand is <60-70 years old, man-
agers should release the crowns of white or
black oaks and hickories during thinnings to
increase the food supply of squirrels. If a
stand is approaching maturity, the manager
can do little to alter its composition. When a
stand is marked for cutting, 15-20 hickory
poles (3-6 inches dbh) and a few white oak
poles should be retained and preserved
through the next rotation. Adequate num-
bers of red oaks probably would derive from
stump sprouts. We also recommend planting
10-15 black walnuts per acre in this type,
again using vigorous seedlings planted in the
spring followed by measures to control com-
petition.

White and Bur Oak Types

Managing the white oak type is similar to
managing the red oak type except that more
trees of the black oak group are needed, and

those present in the stand should be crown
released during thinning. Managers should
try to increase the number of seed-bearing
black oaks and hickories to at least 20 percent
of a stand after intermediate cutting (thin-
nings) is initiated.

Bur oak tends to favor calcareous soils
(Fowells 1965) and often forms nearly pure
stands on poorly drained upland soils where
the culture of other oaks and hickories may
be difficult or impractical. Management prac-
tices that will help squirrels include releasing
crowns to encourage seed production, pro-
viding den sites where needed, and using
large-group (1-3 acres) selection tree cuts or
clear-cuts for regeneration. Because bur oak
sprouts readily after a fire, burning can pro-
vide it with a competitive advantage over such
species as sugar maple and basswood. Not
much is known, however, about how often
fires are needed to promote bur oak repro-
duction. Managers should monitor the re-
sponse after each fire and stop burning when
advance reproduction is adequate (Appendix
3). Early thinnings should also be used as
needed to release oaks or hickories from com-
petition.

Pdst, Blackjack, and Black Oak Types

Because post, blackjack, and black oak
types grow on poor sites (site index <53)
where competition from other trees is mini-
mal, they are often fairly easy to culture after
cutting. Group selection or small (1-2 acres)
clear-cuts will produce new stands from a
mixture of oak stump sprouts and seedlings.
If hickory poles are present, up to 15-20 per
acre should be retained during cuts in new
stands. Post oak responds to thinnings, but
the diameter growth rate is reported to be
slow (Dyksterhuis 1948). Because post and
blackjack oaks are slow to decay and slow to
produce suitable nest cavities, managers may
need to add up to three nesting structures
per acre after stands reach 30 years of age.

On the poorest sites (site index <45), man-
agers should consider these post, blackjack,
and black oak types as protection forests (pro-
tection of soil and water resources) with
lumber products as a bonus. Conversion of
these types to pines is not recommended
when wildlife production is an objective.
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The black oak type often lacks diversity
of species and therefore is not as valuable to
wildlife. The key to squirrel maintenance lies
in increasing the diversity of oaks and hick-
ories and thus the breadth and stability of the
food base. Retaining white or bur oaks and
hickories during thinnings (Table 10) in-
creases squirrel numbers, but pure stands of
black oak are not very productive of squirrels
(Fig. 3). This forest type can be reproduced
through group selection or clear-cuttings. In
addition, 15-20 hickory poles and a similar
number of white or bur oak poles should be
retained if present to ensure the presence of
these species in new stands. If only one thin-
ning is to be made, it should occur when the
stand is about 30 years old (Kurtz et al. 1981),
reducing basal area to 65-70 square feet.
However, where squirrels are important,
managers should enter new stands when trees
are about 10 years old and select hickories
and white or bur oaks for crown release.
Species diversity is an important management
objective if squirrel populations are to thrive
in black oak types.

Black oak readily forms cavities in trees
=60-70 years old, and stands of that age
should not require nest structures. In stands
from 30-60 years of age, up to three nest
structures per acre should be added. The
black oak type is susceptible to failures of tree-
seed crops, and supplemental feeding of
squirrels may occasionally be necessary in
winter.

Northern Hardwoods

Sugar maple-basswood and beech-mapie
types are the most common northern
hardwoods in Illinois and relative to other
forest types are becoming more extensive
(Table 3). Managers, therefore, should pro-
tect and enhance the canopy position of what-
ever oaks and hickories are found in these
northern hardwood types. If the retention of

—-_ _wildlife species that depend on acorns is an

important objective, oaks and hickories
should not be removed during a timber sale
unless they make up more than 20 percent
of the stand.

Clear-cutting

The problem of creating a mix of species
in northern hardwoods in Illinois is caused
by the combination of rapidly growing intol-

erant species (black cherry and tuliptree) and.
slowly growing tolerant species (oaks, hick-
ories, sugar maple, and beech) (Roach 1977).
The best solution seems to be the use of clear-
cutting to harvest these types. Cuts should be
small (2-5 acres). Managers should retain 10—
20 sugar maples, 10-20 beech, and any oaks
or hickories of pole size (3—6 inches dbh) that
are suppressed in the understory. The pole-
sized trees that are retained should be of good
vigor (at least moderate crowns and clean,
straight boles) to reduce the incidence of
epicormic branching (Marquis 1981).

Both before and after clear-cutting, dense
stands of sugar maple may spring up in the
understory, thereby reducing the opportu-
nity for other species to survive and grow.
These sugar maple understories should be
cut or mowed and the stumps treated with
herbicide to allow mixed species stands to
develop.

Thinning

Pole-sized stands should be thinned from
below to about 60 percent of full stocking if
they are <60 years old or to about 70 percent
of full stocking if they are older and previ-
ously unthinned (Roach 1977). Poor seed pro-
ducers should be removed, and crown de-
velopment around good seed producers en-
hanced by release cutting following the spac-
ing shown in Table 16. Whatever oaks and
hickories are present should be retained as
co-dominant trees. Unfortunately, red oak is
the common oak encountered in these types
and its acorns are not favored by squirrels.
Indeed, fox squirrels lose weight eating them
in winter (Havera & Smith 1979).

Planting

If a clear-cut site is suitable for black wal-
nut and white oak, the manager may consider
planting a few vigorous seedlings of these two
species to provide squirrels with an alternative
food source. If the objective is primarily to
feed wildlife, 10-20 seedlings per acre will
suffice. The planted seedlings must be kept
free of competition by using mulches or her-
bicides to control herbaceous and other
woody stems. A radius of 4 or 5 feet around
each seedling should be cleared and main-
tained free of competition until seedlings are
able to compete with the developing stand
(Hile 1977).
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Sheiter

The addition of two or three nest struc-
tures per acre to sugar maple-basswood
stands between 30 and 60 years old helps to
increase squirrel abundance. In Illinois these
stands are frequently occupied by gray squir-
rels that readily use nest boxes (Barkalow &
Soots 1965; Burger 1969). After 60 years, nat-
ural tree cavities should be abundant in this
forest type.

Managers should realize that squirrels will
be less abundant in northern hardwood types
than in types with higher complements of
oaks, hickories, or walnuts. Significantly in-
creasing the number of these species is expen-
sive and difficult, however, because this near-
climax forest type tends to exclude desirable
mast species if left unmanaged. On the basis
of information in Figure 3, an oak component
of =25 percent is necessary to promote a sig-
nificant increase in squirrel numbers in
northern hardwood types.

Bottomland Hardwoods

The several moist bottomland forest types
in Illinois (silver maple—elm, cottonwood,
hackberry—American elm-green ash, syca-
more-sweetgum—American elm) are often
grouped under the general elm-ash-cotton-
wood type and are similarly managed. They
occur throughout Illinois on alluvial soils that
are subject to periodic flooding along rivers
and other streams.

If stands of bottomland hardwoods are
<500 feet wide, adjacent to oak types, and
contain virtually no oaks or hickories, man-
agers should not attempt to manage them for
squirrels. The necessary release cuttings, the
retention of suppressed poles, the control of
a rank herbaceous understory, and other req-
uisite practices would mean a high cost for a
relatively low return in increased numbers of
squirrels. Sufficient diversity in topegraphic

—relief is usually found in stands wider than -

500 feet, and species that grow on better
drained sites—such as bottomland oaks
(swamp white, pin, shingle, cherrybark, and
overcup) and hickories (shellbark and pe-
can)—occur in fair numbers. These species
must be carefully cultured, however, both as
part of extant stands and as advanced repro-
duction in understories.

Clear-cutting .

When left alone and when a seed source
is present, bottomland hardwood types often
eventually convert to oak types if flooding is
infrequent and soils are well drained. If a
source of oaks and hickories is present in the
overstory but no seedlings are yet established,
stands should at most be cut very lightly so
that herbacious competition is not encour-
aged. Large-group selection or clear-cutting
is the recommended harvest method for bot-
tomland hardwood forest types when domi-
nant/co-dominant trees reach an average dbh
of 24 inches (Myers & Buchman 1984).

Thinning

Weeding and thinning of stands on bot-
tomland sites are needed to concentrate
growth on crop trees. Oaks and hickories
should be rigorously protected as crop trees

during these thinnings. A stocking guide for
bottomland sites is presented in Table 21.
Planting

When oaks and hickories are not present,
managers should consider planting them im-
mediately after a timber harvest on better-
drained sites that are not prone to flooding.
Sites for planting must be cleared of compet-
ing vegetation and debris and kept free of
competition for several years or until seed-
lings achieve dominance. Vigorous seedlings
(30—40 per acre) of pin, swamp white, or

TasLE 21.—Stocking guide for bottomland
hardwood types (Myers & Buchman 1984).

Number of Trees per Acre
Average Maximum Number Minimum Number
dbh to Utilize Site Fully  to Utilize Site Fully
(inches) Level A LevelB
. 6 475 202
T8 —— 375 160
10 202° 112
12 152 97
14 1e 71
16 100 60
18 71 49
20 60 42
22 49 36
24 45 33
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shingle oaks and similar numbers of pecans
or shellbark hickory should be used.

Shelter

Where the stocking of oaks and hickories
exceeds 20 percent of the total number of
dominant trees, nest structures (two or three
per acre) should be added to stands 25-50
years old. If these stockings total less than 20
percent of bottomland hardwood stands, the
addition of nest structures is unlikely to in-
crease squirrel numbers significantly. When
oaks and hickories are present, bottomland
forests can be very productive of squirrels, as
documented by live trapping in the Missis-
sippi valley, where stands often support two
or more squirrels per acre throughout the
year. ’

Pin Oak—Sweetgum and Pure Pin Oak Types

Pure pin oak stands are more common in
[Hinois than mixed pin oak—sweetgum stands.
Because of its physiology, pin oak persists on
shallow, often flooded, heavy-textured soils
(Fowells 1965). Because of their relatively
early decadence (at about 80 years), pin oak

stands are usually managed for regeneration -

before that age either by large-group selec-
tion cutting (cuts at least two tree-heights
wide) or by small clear-cuts (<5 acres). Be-
cause pin oaks sprout vigorously, stump
sprouts are abundant after cutting. On poorly
drained sites, pin oaks occur in nearly pure
stands, and managers should retain any other
seed-producing species that occur naturally
in these stands in an effort to diversify the
food supply for squirrels. Managers should
also consider planting seedlings if the soils

allow such species as swamp white oak and
pecan to grow. In immature stands (<35
years), stocking levels should be kept high
(basal area = 90 ft” per acre) after thinning in
order to maximize acorn production; sub-
sequent thinnings should be made every 10
years or so (McQuilkin & Musbach 1977).
Stands should be thinned in the fall, larger
trees should be retained at each thinning, and
trees that are not potential producers of seed
should be removed.

Food failures are relatively common in pin
oak-sweetgum and pure pin oak types, and
supplemental feeding is often desirable dur-
ing winter when drastic food-related declines
in squirrel numbers can be expected. Because
pin oaks do not form cavities readily, the ad-
dition of two or three nesting structures per
acre for stands >25 years of age is desirable.

Management for squirrel populations is
not appropriate in bottomland hardwood
forests that are managed as greentree reser-
voirs. The 3- to 4-month fall and winter flood-
ing prevents squirrels from storing or retriev-
ing nuts from the forest floor, and squirrels
produced in these flooded stands should be
considered a bonus.

On sites with better drainage, pin oak
exists in mixed stands, usually with sweetgum
but also in mixtures with other bottomland
hardwood species native to the region. On
better-drained sites, culture favoring mixed
stands produces high numbers of squirrels
(Fig. 3). Succession is toward more sweetgums
and fewer pin oaks: however, the number of
pin oaks or other oak species should remain
fairly high, at least 30 percent of the stand,
if squirrel populations are to be encouraged.
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Common and Scientific Names of Plants Mentioned in Text
(from Fowells 1965)

Common Name Scientific Name Common Name Scientific Name
Ash, green Fraxinus pennsyl- Oak, chinquapin Quercus muehlenbergii
vanica Oak, northern pin Quercus ellipsoidalis®
Ash, white Fraxinus americana (jack oak)
Basswood Tilia spp. Oak, northern red Quercus rubra
Beech, American Fagus grandifolia Oak, overcup Quercus lyrata
Blackberry Rubus spp. Oak, pin Quercus palustris
Blackgum Nyssa sylvatica Oak, post Quercus stellata
Cherry, black Prunus serotina Oak, scarlet Quercus coccinea
Cottonwood Populus deltoides Oak, shingle Quercus imbricaria
Dogwood, flowering  Cornus florida Oak, shumard Quercus shumardii
Elm, American Ulmus americana Oak, Spanish Quercus falcata
Grape Vitisspp.® - Oak, swamp Quercus michauxii
Hackberry Celtis occidentalis chestnut
Hickory, bitternut Carya cordiformis Oak, swamp white Quercus bicolor
Hickory, mockernut  Carya tomentosa Oak, white Quercus alba
Hickory, pignut Carya glabra Oak, willow Quercus phellos
Hickory, shagbark Carya ovata Osage orange Maclura pomifera®
Hickory, shellbark Carya laciniosa Pecan Carya illinoensis
Maple, silver Acer saccharinum Sweetgum Lﬂ}%nbm sty-
xz‘;:;i:gar ﬁ;‘;r:sa:':)h:rum Sycamore Platanus occidentalis
. Tuliptree Liriodendron tulipifera

Oak, black Quercus velutina i

. . Walnut, black Juglansnigra
Oak, blackjack Quercus marilandica . )

Willow Salix spp.

Oak, bur Quercus macrocarpa
Oak, chestnut Quercus prinus Scientific name as given in Gleason 1968.
Oak, cherrybark Quercus pagodaefolia
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Appendix 2

Construction Plans for Nesting Structures for Squirrels

Directions for two types of nesting struc-
tures are given below—box construction
(adapted from Barkalow & Soots 1965) and
tire nests (adapted from Maryland Game and
Inland Fish Commission 1966). Rot-resistant
wood such as redwood or cypress should be
used to construct a nesting box (Fig. A);
lumber that has been treated with creosote
should not be used. When completed. boxes
are attached to the tree with two nonferrous
(aluminum) nails, one inserted in the hole at
the top of the galvanized strip and the other

o

20-gauge
galvanized sheet
steel

hanger

FIGURE A. Plan for a nest box for squirrels.

V2" wire mesh

inserted in the niche at the bottom of the
wooden hanger. Finally, the box is positioned
firmly by encircling it and the tree with 12-
gauge wire as shown in the inset.

The steps in constructing a nest for squir-
rels from a tire are shown in the five photos
that make up Figure B. Begin by removing
the steel bead from the inner rim of the tire
(1); a saber saw will make the task easier. Cut
the tire in half (2); then cut a notch from each
side of the tire wall at one end (3). Cut a
3-inch slit at the center of each wall of the

N

hook
~
191 ( ° L— screw eye
3" dia. ~N
~
) 18"
g / N ~N ~
b \j * )
\:\‘1-»‘\\- ‘ N
KJ 912"
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tire (4). Cut another 3-inch slit to the left of
cach center slit (5). At the unnotched end of
the tire, cut a 3-inch slit parallel to the tread
(6). All of these cuts are shown in photo a.
Photo b shows the positions of the roofing
nails that are needed to shape the nest. Pierce
the tire with an ice pick at these positions.
Fold the tire at the center slits (photo c).
[nsert a roofing nail from the inside of the
tire to attach the two ends at position | on
the right and again at position | on the left.
Insert a nail through the three number-2 po-
sitions on one side of the center of the tire to
shape the base of the nest. Bend over the
excess nail on the outside of the tire. Repeat

FiGure B. Constructing a tire nest for squirrels.

this step for the number-2 positions on the
other side of the tire. Squeeze the top two
edges of the tire together, and attach by in-
serting nails at position 3 on the right and
again at position 3 on the left.

Make sure the upper side overlaps suffi-
ciently to keep out rain by attaching nails at
position 4 on the right and again on the left.
Photos cand d show all of these attachments.

[nsert a steel rod or heavy wire about 2v2
inches from the end of the tire and shape it
to form a hanger as shown in photos d and
e. Hang the tire nest at least 15 feet from the
ground. Make sure that the hanger encircles
the limb. Face the throat of the nest toward

the tree trunk.



26

Appendix 3

An Inventory for Evaluating the Probabilities
of Successful Reproduction of Oaks and Hickories in the Midwest
(Modified from Sander et al. 1984)

This inventory is based on the minimum
area—about 1/735 acre—required for good
growth by a tree that is approximately 20
years oid and has a diameter (dbh) of about
3 inches (Gingrich 1967). For the advance
reproduction of oaks to be adequate, oaks of
this size and age should equal or exceed 30
percent of the stems on an acre, or approxi-
mately 221 stems (735 x 0.30=221). For the
advance reproduction of hickories to be
adequate, hickories of this size and age should
equal or exceed 10 percent, or approximately
73 stems per acre (735 x 0.10=73). Sprouts
from stumps of overstory oaks and hickories,
however, can be used to compensate for de-
ficiencies in advance reproduction, and their
anticipated rate of success can be computed
when the inventory is complete. This number
of oaks and hickories can then be combined
with the expected number of successful
stump sprouts to determine if their combined
numbers will be adequate to replace the old
stand in 20 years.

Design a form similar to the one in Figure
A. Conduct the inventory as follows:

1. Complete columns 1-5 by tallying
oaks and hickories by species and grouping
all other species 1.6 inches dbh and larger on
10 or more 1/20-acre plots by crown position
(dominant, co-dominant, or suppressed) and
by diameter. Check each tree over 5 inches
dbh in each plot for tree cavities and record
this information in columns 6 and 7. Record
a cavity as all-weather when its entrance is
2-4 inches wide, when the cavity appears to
have a solid roof, and when its sides offer
good protection. All other cavities should be
recorded as offering squirrels escape cover
only.

If a species valuable as food for squirrels,
such as American beech, is present, it, like
the oaks, should be tallied separately. Such
species could be substituted for oaks or hick-

ories or cultured in addition to the oak-
hickory requirement. Managers should con-
sult silvicultural guidelines for these species.

2. Determine the totals per acre for col-
umns 1-7. In Figure A, therefore, totals have
been doubled because only ten 1/20-acre plots
were used.

3. Determine an average age for domin-
ant and co-dominant oaks and hickories and
compute the site index. Determine an average
age for lower story (suppressed) oaks and
hickories that are at least 1.6 inches dbh. Re-
cord this information in the appropriate
blanks at the top of the form. .

4. Select the number of 1/735-acre plots
(4.3 feet in radius) to be used in the inventory
from the following:

Number of
Stand size 1/735-acre plots
(acres) to be used
<10 25
10-30 40
31-50 60

The number of plots should be distributed
uniformly throughout the stand.

5. Measure the height and the diameter
at ground level of the tallest stem of advance
oak and hickory reproduction on each 1/735-
acre plot (columns 3 and 4 under Advance
Reproduction). Record these measurements
by height class (2-foot increments) and by
ground diameter class (Y2-inch increments)
as shown in Table A. Use a 6-inch caliper
graduated in tenth or in quarter inches for
measuring diameters at giouamd level Mea-
sure only trees 1.5 inches dbh or less; stems
larger than this have already been inven-
toried. If no oak or hickory advance repro-
duction is present, record zeros for height
and for diameter at ground level.
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6. Record the aspect of each plot by
quadrant (NE, SE, SW, or NW) and its slope
position (upper, middle, or lower third). For
plots on narrow ridge tops, record RI (ridge);
for plots on level topography (all slopes less
than 15%), record LE (level); for bottoms,
record BO under slope position and use the
stocking values (SV) shown in Table A for
southeast/northwest aspects. For RI, use the
values given for upper slope; for LE, use the
values given for middle slope; for BO, use
the values given for lower slope.

7. Record the SV for each plot by refer-
ring to Table A. For lack of comparable data,
use Table A for hickory also. Calculate the
average SV, rounding it off to the nearest
whole number. If the average SV for oaks is
230 percent, advance reproduction is ad-
equate. If the average SV is =10 percent for
hickory, advance reproduction is adequate.
No further calculations are necessary, and the
stand may be harvested.
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8. When the average SV is <30 percent
for oak and =10 percent for hickory, advance
reproduction is inadequate to reproduce the
stand. The stand, however, can still be cut if
enough stumps of overstory oaks and hick-
ories sprout after they are cut. To compute
the expected contribution to reproduction
stocking from stump sprouting, see Table B
for selected species; consult similar tables for
other species.

9. Referring to the hypothetical data re-
corded on the form in Figure A, note that
there are 26 black oaks 2—5 inches in diameter
per acre. Refer next to Table B. Because the
site index for the example in Figure A is 60
and the stand age is 80, approximately 42
percent of the stumps of black oaks (2-5
inches dbh) are likely to produce at least one
co-dominant stem at age 20. Going back to
Figure A, note that 11 (26 x 0.42=11) is the
number of stump sprouts likely to reach the
canopy by age 20. Calculate the anticipated

TABLEA.— Slc;cking value in percent for advance reproduction inventory plots (1/735 of an acre).*

Size of Tallest I'ree per Plot Southwest Aspect

Southeast/Northwest Aspect ~ Northeast Aspect

Height Ground Diameter

ClassinFeet  ClassinInches Upper Middle Lower Upper Middle Lower  Upper Middle Lower
(range) (range) Slope Slope Slope Slope Slope Slope Slope Slope Siope

=1 All 1 1 0 1 2 0 1 1 0

2 0.5(0.3-0.7) 5 6 1 8 9 2 4 5 1

(1.1-3.0) 1.0(0.8+) 14 17 3 22 26 6 13 15 3

4 0.5(0.3-0.7) 10 11 2 15 18 4 8 .10 2

(3.1-5.0) 1.0(0.8-1.2) 22 25 6 32 37 9 19 22 5

1.5(1.3+) 37 42 it 51 56 18 34 38 10

6 0.5(0.3-0.7) 19 22 5 28 32 8 16 19 4

(5.1-7.0) 1.0(0.8-1.2) 32 36 9 45 50 14 29 33 8

1.5(1.3+) 45 50 15 59 65 23 41 46 13

8 1.0(0.8-1.2) 44 49 14 59 64 22 40 45 12

(7.1-9.0) 1.5(1.3-1.7) 54 59 19 68 73 28 49 54 17

2.0(1.8+) 62 67 24 76 80 35 57 62 21

10 1.0(0.8-1.2) 58 63 22 72 77 32 54 59 14

9.1+) 1.5(1.3-1.7) 62 67 24 76 81 35 58 63 16

2.0(1.8-2.2) 66 71 27 79 84 38 61 66 19

2.5(2.3+) 69 74 29 82 86 41 64 69 21

*Stocking value (SV) is the projected contribution in percent of a single stem to stand stocking at age 20.
Numbers in the table, therefore, are probabilities that a stem will be co-dominant or dominant in the stand

at age 20.
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Num- |dbh class Black Qak | White Qak Red Oak Hickory Species cavities cavities Num- Slope Height Ground Level | Stocking Value
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FIGURE A. Inventory for calculating expected number of stump sprouts, advance reproduction, and tree cavities. The following abbreviations are used on this form:
D (dominant), C (co-dominant), and $ (suppressed). This inventory has been modified from Sander et al. 1984,
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number of stump sprouts for other oak
species in this fashion and combine the totals
for oaks. Repeat the process for hickories.

10. Determine from Table C the number
of oak stump sprouts that are required in
combination with advance reproduction
stocking to meet minimum stocking require-
ments. The stocking value of 25 that is shown
in Figure A, for example, will require 37
stump sprouts to make up the deficiency in
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advance reproduction of oaks. For hickories.
the stocking value of 6 shown in Figure A will
require 29 stump sprouts as shown in Table
C. In our example, the addition of stump
sprouts is adequate for oaks but is inadequate
for hickories.

11. Remember that suppressed and inter-
mediate oaks and hickories in the 2-5 inch
class may be younger than the stand domin-
ants. For example, if the 60 white oaks (2- to

TasLE B.—Expected proportion of stumps that will produce, at probability 0.8 or greater, at

least one co-dominant or larger stem at age 20.

Ageof Parent T'ree (years)

dbh
Site Class All
Species Index (inches) 40 60 80 100 Ages
Black oak?* 50 2-5 0.36 0.34 0.32 0.30 —
6-11 0.13 0.11 0.10 0.08 —_
12-16 0.06 0.05 0.04 0.03 -
17+ —_ 0.02 0.02 0.01 —_
60 2-5 0.47 0.45 0.42 0.40 —_
611 0.16 0.15 0.13 0.12 —
12-16 0.07 0.06 0.05 0.04 —
17+ — 0.03 0.02 0.02 —
70 2-5 0.61 0.59 0.56 0.54 -
6-11 0.21 0.19 0.17 0.16 —
12-16 0.10 0.08 0.07 0.06 -—
17+ — 0.05 0.04 0.03 —
White 0ak? 50 2-5 0.47 0.25 0.12 0.05 —
6-11 0.18 0.10 0.06 0.03 —
12-16 0.06 0.04 0.03 0.02 —
17 + —_ 0.02 0.01 0.01 —
60 2-5 0.63 0.38 0.19 0.08 —
6-11 0.26 0.16 0.09 0.05 —
12-16 0.09 0.07 0.05 0.03 —
17 + — 0.03 0.02 0.02 -
70 2-5 0.81 0.55 0.31 0.15 —
6-11 0.36 0.25 0.16 0.09 _
12-16 0.15 0.11 0.08 0.06 -—
17+ — 0.05 0.04 0.04 —_
Northern red oak?* 60+ 2-5 0.86 0.86 0.49 0.49 —_
6-11 0.86 0.86 0.46 0.46 -
12-16 0.86 0.86 0.38 0.38 —
17+ _— 0.86 0.24 0.24 —
Shagbark hickory® 50 + 2-5 — — - — T o0
6-11 — —_ — —_ 0.90
12-16 — — — - 0.50
17+ -— — — — 0.25

* Adapted from Sander et al. 1984,
"Adaplcd from Boisen & Newlin 1910.
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5-inches dbh) shown in Figure A had been
40 years old instead of 30, the number of
expected stump sprouts would be 38 per acre
(60 x 0.63 =37.8, as calculated from Table
B)—sufficient to compensate for the defi-
ciency in advance reproduction. Con-
sequently, the average age of lower-story oaks
and hickories should always be determined.

12. If the average SV is =30 percent for
oaks but <10 percent for hickories, the stand
may be harvested for oak and selectively har-
vested for hickory. Deficiencies in hickory re-
production can be made up by preserving
enough hickory poles (3—-6 inches dbh) per
acre to compensate for inadequate advance

TanLE C.— Number of stump sprouts required
per acre to compensate for stocking deticiencies
of advance reproduction of oaks and hickories.

Mean Stocking
Value for Plots

(1/735 of an acre) Oaks Hickories
230 0 -—
29 8 —_—
28 15 —
27 23 _
26 .30 —
25 37 —_
24 45 -—
23 52 —
22 59 —_
21 67 —
20 74 _—
19 81 —_—
18 89 —_
17 96 —_
16 103 —_
15 IRy —_
14 118 —
13 125 —_
12 133 —_—
11 140 —_
=10 148 0
9 155 7
- 8 162 15
- 7 170 22
6 177 29
5 184 36
4 192 44
3 199 51
2 206 58
1 214 66

221 73

-
=4

reproduction and insufficient stump sprouts.
Calculate the number of poles needed from
Table C. In the example in Figure A, 21 hick-
ory poles will be required: with the SV of 6,
29 poles would be required; however, 8 stump
sprouts are present, therefore, only 21 poles
are needed. Because about half of these poles
will die, that number should be doubled to
42 hickory poles (Nixon et al. 1983).

Trees can be selected for preservation
either before or after clear-cutting removes
the large trees and before clean-up crews cut
or kill stems >2 inches dbh. Hickories <160
feet from the uncut forest and growing on
lower slopes and in coves are most likely to
survive. Trees selected for preservation
should have an upright, actively growing ter-
minal leader and no obvious disease or injury
(Nixon et al. 1983).

13. Ac least 7 trees with all-weather
cavities are desirable per acre. Other trees
with cavities may be cut. In the example
shown in Figure A, 6 trees had cavities; there-
fore, none should be removed.
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Glossary of Terms

Definitions given here are adapted from Ford-
Robertson (1971).

advance reproduction Young trees that have be-
come established naturally before regeneration
cuttings are begun or a clear-cutting is made.

basal area A measure of tree density based on
the diameter of each tree at breast height. The
diameters for ail trees per acre provide the
basal area measurement, for example, 90 ft 2.

canopy The more or less continuous cover of
branches and foliage formed collectively by the
crowns of adjacent trees and other woody
growth. Layers of canopy mdy be distin-
guished.

clear-cutting Strictly, the removal of the entire
standing crop of trees.

climax forest A community that represents the
culminating stage of a natural forest succession
for a given locality.

co-dominant Species in a2 mixed crop that are
about equally numerous and vigorous.

crown release Removal of competing trees the
crowns of which shade the crowns of the crop
tree.

diameter limit cutting A selective cutting system
that removes only those trees that exceed a
stipulated diameter, usually 14 inches and
larger.

dominant Generally, an individual or species of
the upper layers of the canopy.

epicormic branching A shoot arising spontane-
ously from an adventitious or dormant bud on
the stem or on a branch of a woody plant.
ntree reservoir Wooded bottomlands that
are flooded each fall and drained each spring
to provide feeding areas for waterfowl.

intermediate cutting Removal of trees from a
regular crop or stand between the time of its
formation and the harvest cutting.

regeneration cutting Removal of trees intended
to assist regeneration already present or to
make regeneration possible.

rotationage The age when treesare large enough
to provide acceptable lumber products and
when growth rates begin to slow.

selection and group selection cutting Annual or
periodic removal of trees (particularly mature
trees), individually or in groups. The size of
the group may vary. Large-group selection
would cover an area approximately two tree-
heights wide: small-group selection would
cover a smaller area.

shelterwood cutting A partial removal of the tree
canopy using one or more cuttings, designed
to establish a new crop under the protection
(overhead or side) of the old.

site index A measure of site quality, taken as the
total height that a dominant tree of a given
species attains at a given age, usually 30 vears.
On good sites, trees exceed 70 feet; on average
sites, heights range from 55-70 feet; on poor
sites, tree heights are less than 55 feet after 50
years.

suppressed Trees that have their crowns in the
lower layers of the canopy. The leading shoots
are not free, and the trees grow very slowly.

stand A relatively uniform group of trees created
by a homogenous environment. including soils,
topography, aspect, and past treatment.

stocking Number of trees per unit of area, usu-
ally an acre or hectare (2.47 acres); a measure
of tree density. Full stocking refers to the
maximum number of trees that can most effi-
ciently utilize the space and is referred to as
A-level stocking. Fewer trees per unitare refer-
red to as a percent of full stocking or o a
specific density such as B- or C- level stocking.

thinning A felling made in an immacure stand
primarily to accelerate diameter increment but
also, by suitable selection, to improve the aver-
age form of the trees that remain without per-
manently breaking the canopy.

thinning from below Removing a varving pro-
portion of trees whose crowns are overtopped
by the dominant trees in the stand. This tvpe
of thinning particularly favors trees whose
crowns form the forest canopy or, in heavier
thinning grades, selected dominants that are
more or less evenly distributed over the stand.

tolerance The ability of trees to grow satisfactori-
ly in the shade of and in competition with other
trees.
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