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FACTORS COF Tkl VICROCLIMATE AFFALCTING THE
ACTIVITY OF FCX SQUIRR&LS IN
SCOUTHWESTARN M ICHRIGAN

INTRODCCTION

The fox squirrel, Sciurus niger rufiventer, is an

important smsll geme snimal throughout much of the liidwest.
Within the lgst inirty years several scientific investigations
heve been focused on this animal, the result being that its
life history and ecology are fairly well known.

Concerning the range of the fox squirrel, D. L. Allen
(1943:33) states thet, in Michigan, the rsnge began to in-
craase with the advent of the pioneers. Baumgartner (1940)
and J. M. Allen (1952) noted similar occurrences in their re-
spective states, Ohio &nd Indiana. In hansas, the fox
squirrel, aided by egricultural land-use, has spread west-
werd throughout nearly the entire state (Packard, 1996:€1).
hoover and Yeesger (1353) indicsted that the fcx squirrel hed
incregsed its range in Colorsdo. See Fig. 1, for the ge-

ograrhic distribution c¢f Sciurus niger rufiventer in tne

United States.

Except where it occurred in the few prairie islsnad
reinants and oask-openings in the southwest corner of liichigan,
tl.e fox squirrel was ncn-existent in the state before the
coming of the pionsers (D. L. Allen, 1943:31). These in-

divicduels, farmers and lumbermen, found the southern part



of the state covered with a dense hardwood forest. North of
a line drawn across the state westward from the Southern
most point of Saginaw Bey, the hsrdwood forest graded into

a transition zone of mixed hardwoods and conifers. This
dense, meture feorest cover constituted an ideal habitat for

the gray squirrel Sciurus carolinensis and the black squirrel,

a8 melanistic varietion of the gray squirrel. 1In thke process
of lumberirig or clearing the land for farming, the pioneer
began to change and destroy the environment of the grey
squirrel and unknowingly created hebitat suitable fcr the
fox squirrel. As a conseguence the fox squirrel has spread
throughout the lower veninsula of Michigan.

The microclimatological factors which influence the daily
activity of the fox squirrel need further study. Hicks (1949)
and Packard (1956) both investigated various factors of the
environment affecting squirrel activity, however they mede
no attempt to gather data in the immediate vicinity {(micro-
climate) of the squirrel itself.

The purrose of this investigetion was to determine tLe
affect of certain factors of the microclimate (temperature,
relative humidity, light intensity and wind velocity) on the
activity of a porulation of fox squirrels. The behavior of
incdividuals in tihis populetion was observed as a consequence
of studying their activity. OSpecial cttention was given to

activity possibly associsted with territorislity.






MIETHCDS

In this study, four factors of the microclimate were in-
veastigaled in order to determine thelr possible effect on the
activity of fox squirrels. Temperature was measured by three
standard Centigrade thermometers plsced at ground level. The
terperature was Lhen converted to degrees Fahrenhelt by an
appropriste mathematicsl equation., Rela tive humidity was
determined by using a sling psychrometer. Wind velocity was
measured by a "Florite'" snemometer, model 3035 A; Velocities
were recorded in miles per hcour. Values Tfor light intensity

' universal ex-

were obtained by using a Weston "Master II,'
posure meter, Model 735. Conversion factors were used to obtain
intensity, in foct-crndles, from the meter reading; When meas-

dent light the meter readings were multiplied by 25.

ng inc

ur
Meter readings for reflected light were multiplied by l.

The lMountain Home Cemetery, which lies within the city
linmits of Xalamazoo, was cliosen as the site for this study.
This location had two distinct advantages over other areas
in or near Kalamazoo. TUnderstory vegetation wags practically
non-exlstent, and with the exception of grave markers, there
was very little to interfere with the observotion of squirrels
on the ground. Seccndly, the sile supported a rela tively dense
porulation of squirrels,

A plot approximately 200 yards in width by ;00 yards

in length was leld out in the cemetery. Within this strip
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eighty-two date gathering trips were masde, each for a period

of une hour.

(see Table 1).

Toble 1.

Number of observaticns made at various
hours of the day (Eastern 3tandard Time)
from Cctober 1, 165¢ to March 31, 1660.

Time of day st which observations were made

A.M. 8 9 10 11 12 & 2 3 L 5 6 P.M.
7 5 7 3 S 11 13 10 5 3 1
During each one-hour perioé sctivity of fox scquirrels was

recorded whether it occurred on the ground or in the trees,.

Because of the difficulty involved in wecrking in trees, only

data gathered at ground level were used in this study.

Microclimatological data were secured by placing the instruments

directly on

or over the spot where a squirrel hed bteen seen.

Light intensity wss measured at a height of six inches sbove

the ground,

temperature and wind velocity a2t ground level,

Relative humidity, was measured aprroximetely one fcoot above

th:e ground.

after sighti

Mature
of the open

list of the

Al]l piessurements were mede within five minutes
ng & squirrel.
meples, oaks snd hickories form the major portion
cenopy in the study szres. (see Tsble 2, for a

species present). A few elms ccnstitute the

rexainder of the cancry.



Figure 2 shows the positinn of the varinus species of tress

within the study area.

Table 2. Species of canopny irees present in the
study area.

3ilver maple Acer saccharinum
Black maple Acer nigrum

Sugar maple Acer saccharwn
Small fruited hickory Carya ovalis
Shagbark hickory Carya ovata

Whive oak Quercus alba

Black o=k Quercus velutinag
Americen elm Ulmus americana

Midstcory vegetation Is glmost eantirely sbsent, sn @xception
being the occasional presence of evergreen shrubs around
tombstones. The ground is covered by a mixture of kentucky
blue grass Poa sp., creeping red fescue Festuca sp., rye grass

Loljum sp. and white Dutcl: clover Trifelium sp. Ia pleaces

the grass cover is interrupted by patches of mosses and

lichens.
RESTLTS

Activity of fox squirrels wes &t a2 pesgk during tha lettar
pert of September, October =nd the first part of Noveuber,

when trhe yesr's production of mast wes being gathered.



Map of study area showing locgtion of csnopy trees,

Key:

Solid s
solid

res, oaks; open squaores,
riangles, maples; open tri

ickories;
leg, elms.



Duriag this time most ol the squirrels seen were scurrying
abcut on the grouné burying mest or storing it in the hollows
of trees. During this rash of activity scuirrels seemingly
have a tendency tov mcva egbout or reshiuifle. This behsvior
seems to be relsted to the general redistribution of the fox
squirrel porulation and ia psrticuler o the scattering of
the yezr's young. In this wenner, a bzlsnce tends to be
reached between population density and tlie carrying capacity
of the habitat (D. L. Allen, 1943:151-152). Activity declined
ouring the latter part of Novembar and Tecemkter, but in-
creased zgein during the lattier part of January and Februery
when fox squirrels come into breeding condition. Late in
February or in kierch, when female squirrels are pregnant or
have young in the nest, sctivity decreased. DBased on gensral
observations, in lste April and kay, there was another In-
crezse in activity asscciated with a second breeding period.
This was followed by a decline in activity thrcughout the

sundier .
FACTORS CF THE PHYSICAL ainVIRCNHENT

The data, nresented in Figuras 3-6, were collectad over
2 six-moaths period, extending from Octobar 1, 1959 te Marck
21, 126C. During tris period two reaks of activity nccurred,
one in the fall essociated with the mast hervest, the other
in February gscsociated with the breeding seasson. A decline

.in activity occurred in December fcllowing the mast harvest
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and continued into the lestter pert of Januery. The ceta were
arranged in three groups, roughly corresponding to the thrree
periods of sctivity. The groups, October-Noverber, T'ecemher-
January and Februsry-March consist of 130, 70 end 90 obser-
vations, respectively. Activity was based on the number of
sqguirrels seen per hour. Care was taken to avoid counting the
seme animsl more than once. Because of the time limit, it wss
impossible to obtain measuremants of the rhysical environment
for every squirrel seen. The tolel referred to in Figures

3-€¢ pertains to the number of squirrels for which I made
measurements. This consists of 130 for the first two-month

period, #nd 70 znd 90 for the other two periods, respectively.
WIND VELOCITY

The fox squirrel is most sctive (see Fig. 3) when the
wind velocity is between zero and five miles per lLour.
With wind velocities exceeding five miles per hour there is
relctively 1ittle sctivity. This may be dus to the effect of
increased evaporstion 2nd cooling on the fox squirrel or to
the difficulty involved in moving about in the trees when
the hranches sre swaying. Although the level of activity
differed from one part of the study period to another, the
reaction to wind velozity was eassentislly the same in =211

months of observation.
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RELATIVE HUMIDITY

Fox squirrels were most active when the relztive
hunidity was between 60 and 100 percent (see Fig. 4). The
reaction to relestive humidity was essentially the same
throughout the entire period of observation. Contrary to
the findings of others (KEicks, 1949, and Packard, 1956), =y
investigation indicates the occurrence of considersble

activity during light rein and snow.
LIGET

When the light intensity (measured six-inchas from the
ground) wes hetween 650 and 2500 foot-czndles, the fox sguir-
rels were most active (saea Fig. 5). In the fall, fox squirrel
activity wes greatest vhen the light ‘ntensity was between
250 gnd 1500 foot-candles. DTuring December ané Jenuary most
activity occurred when the incident light was between 950 and
2500 foct-cendles, and & minor pezk of activity occurred when
light intensities were between 250 a2nd 350 foot-candles. In
the early spring, most esctivity occurred when the incident

light rengecd batwsen 950 ané 4500 foot-candles.
TEMPERATURE

Examination cf Figure € indicstes that fox squirrels cre
most sctive when the temperature is between 30‘an6 60 Fahrenheit.

In the fall, fox squirrel] activity is greatest when the
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o o
temperature is between L6 to AC F., in the winter and early
spring, fox squirrels arpeer to he most active whan the

o
temperature is beatween 30°to 39 F.
FOCD EABITS

In optimum squirrel hsbitat there should be a veriety
of mest producing trees. If cne species should then fail to
rroduce an adequate mest crop, prrocduction by the other species
will lessen the saverity of the food shortage. 1In tkhe stucly
area, oaks and hickories were plentiful end producec & large
mest crop. There were no indications of squirrels migrating
out of the area owing to a shkortage of feod. It is quite
probable that squirrels from adjacent zreas might have mi-
grated into the study erea owing to the abuncéance of mest.
In eéédition to mast produced hy the oeks and hickories,
buds and seeds of elms and maples were utilized for food when
the snow cover was dear., The study ares seems an excellent
Lkebitat for fox squirrels in one other respect; there exists
a large number of cdens suitabla for squirrel occurancy. Only
e few legf-nests were observed anc¢ these fell into disrepzir
when the weather became colder, indicsting that the nests ware
no longer beaing used. Dens sre probsbly superior to leaf-
nests in that the formear provide better protaction from in-
clemant weather and predators.

During the investigation, no squirrels were collectad.

Therefore no stomach snalyses were msade.
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By moving cerefully, cne could welk to within twenty feet

of 2 squirrel, cn meny occasions frem this distence it wes
rossible to see wrat was being ezten. During the sutumn,
hickory nuts seemed to he favorad over scorns &s & source

of food. While walking through the study erez it was &
common sight to sea piles of hickory nut shkells on the ground
beneath a squirrel perch. With the zrrival of winter, the
hickory nut crop wes nezrly exhrsusted; a2s a result zcorns
became the predominent source of food. In Merch, during
some particularly severe weather, squirrels were seen sating
elm huds. In tke spring, both acorns enéd hickory nuts were
eaten, with acorns constituting the lsrger portion of the

diet.
FREDATION

Predation, es fer as 1 could cdetermine, was 2 minor
source of mortelity emong the squirrels studied. Hunting is
not 2llowed in the area, therefore there were no deaths or
injuries due to this cause. Strey cogs end cats probably
ccnstituted the major threat. However, becsuse of the
fences 2nd walls surrounding the cemetery few predators of
this nature get in. O0On three occesions hewks cof undetermined
species were seen in the study aree, and It is possible that
they may occasionally tske & squirrel. Throughout the six-
month study period a few squirrels were killed by treffic

on highway M-43. The squirrels under observation were not
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marked, therefore 1t was impossible to determire wrether
thcese znimals killed were from the study plot or edjacent

aregs.
TERRITCRIALITY

From whet I could cdetermine by actuel otsarvation,
the fox squirrel seepingly makes Jlittle effort to defend
an extensive territory. hLowever, the area immediestely
around its den or nest tree is vigorously defended against
other fox squirrels. Pollowing reriods of severe weaather
(when tre squirrels sought shelter) territorial beLavior
Adiminisked. This was evidenced by seeing sevarel squirrels
feeding in en area usually defended by a single squirrel.

tiunger may heve been a cause for thils unusuel behavior.



LisCUSSI0N

This investigation was carrisd out nesr the nortlrern
limits of the fox squirrel's geographic renge. The reletlcn-
ships which exist between sn orgenism and its envircament
ere often more cleerly dewcnstrated nesr fhe becréer of thre
animel's range then near the center. With this in mind, wind
velocity, rsletive humidity, light intensity snd temperature
were studied as interscting fsctors &ffecting the ectivity
cf 8. niger.

The fox sguirrel, as indicated by my study, is most
cctive when the wind velocity cdoes not exceed five miles per
hour. Packard (19%€) in & similar investigation in Kanses
(nesr the western edge of tre fox squirrel's range) found
the same relstionship. Our results cdiffer ccnsiderably ccn-
cerning light intensity. My studies indicate that fox squir-
rels are aost active vhen the light intensity is hetween 650
end 25CC foot-candles. Pachkard (1956:32) states thet, in
Kansss, most fox squirrel activity occurred when the incident
l1ight was between 15CC end 6500 foot~-candles. Part of this
difference mey be due toc the wenner in which the 1light inten-
sity measurements were msde. Packard tock readings st a
height of six Inches ebcve the ground, but as ke did not tzke
reaCings for individusl scuirrels, his messurements mey heve
bsen high. It has teen my experience that on wright deys

the ectivity of squirrels on the ground is usually confined

18
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to the shaded aress zrnund trees. Corcerning relative
hunidity, my findings and those of Packard ere sbout the
same. My study inficetes that activity is greatest when
the reletive huwidity is between €0 end 1CO percent;
Feckard (195%€:35) fcuné that activity was .grestest when the
hunidity was between 70 and 99 percent. He indicated thst
activity declines during light precipitaticn, but 1 found
thet considereble activity occurred during light rein or
Snow.

In Eansas, Peckerd (125€:33) found the fox squirrel to
be mnst zctive when the temperature was between LL3aend 720F.
My investigstion incdicezted thst most sctivity occurred whken
the temperature was between 30°?nd 60°F. However, Packard's
study covered a thirteen month period which included the
wzrmer seascns of the yesr, and this must be teken into con-
sideration when compering the ceta.

In general, the fox squirrel is most active when there
is a combination of low wind velocity, mocderete light

intensity, high relative humidity and low temperasture.
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SUMMARY

]

This investigaticn was carried out in the Mountain Ilome

Cemetery, in Kolamozoo, Michigan, from October 1, 1956
to iarch 31, 196C. This site was chiosen becpuse of its
relatively dencse squirrel population gpnd its lack of
cbecuring midstory vegetation.

A study area, 200 by LCC yerds, was selected. Within
this area 82 one-hour observations were made.

A1l sctivity was recorded, whether it occurred on the
ground or in the trees. Ilowever, only data gagthered

at grounc level were used in the study.

The me jor mest-ovrocducing vegetation consisted of oaks
and hickories., Mast wss plentiful,

The trees within bthe -study sres conteinec gn abundance
of dens. Dens seemingly gilve bectter protection from
the elements and predators then do leaf-nests.

The results of this study indicate that the fox squirrel,
necr the border of its geogrepiilc range, is most active
in 1gte sulumn, winter and early svnring, when there is
2 combinntion of low wind velocity, low Lemperature,

iigh relative humidity ond moderante incicent lignt.
g
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