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The Red Squirrel I3
of the forest relations of the red squirrel. Such a viewpoint would not be
gained by seeing one particular set of local conditions alone, nor hy watching the
animals in but one type of forest. Habits of the squirrels vary from place to

place, depending no doubt on the difference in food, enemies, and hahits developed
ith more than one group of squirrels under chsetvation

from normal speciation. Wi
conclusions drawn are less likely to become invafidated by observations made in

other localities. o
The summer of 1925, from June 20 to September 12, was spent in the Harvard

TForest at Petersham, Worcester County, Massachusetts. The summer of 1926
was spent in the Adirondack region and on Valcour Island, Lake Champlain, The
following was my itinerary for the period : June 10 to 26, Speculator ; June 26
to July 7, Piseco; July 8 to 10, Old Forge; July 11 to August 5, Long Lake;
August 6 to 7, Saranac Lake; August 8 to 17, Lake Placid; and August 18 to
September 12, Valcour Island, Lake Champlain.

The localities examined presented several sets of conditions. Tn the Harvard
Forest the squirrel represented was, as previously stated, most nearly allied to
S. hudsowicus loquax, and in the Adirondacks and on Valcour Island the form was
considered to be S. k. gymnicus. In the Harvard Forest the tree with which the

most associated was the white pine. The habitats in which it

squirrel was
hemlock and transition hard-

resided here were: white pine; white pine,
wood ; hemlock ; and red spruce swamp. In the Adirondacks the habitats available

e more diverse. During the summer, however, the squirrels were almost invari-

wer:
But rarely were they seen in hard-

ably associated with red spruce or with balsam.
wood forests, and even then a conifer was certain to be nearby. On Valcour

Island, red spruce, white spruce, and balsam were all closely correlated with the
local distribution of the red squirrels. This Island was found a particularly suit-
able place to study the species. Gray squirrels, chipmunks, porcupines and deer
are lacking on the Island, though present on the adjacent maintand. Hence there
were no mamtals, with the possible exception of flying squirrels, whose workings
could become confused with those of the red squirrel. Further, the squirrel popu-
lation was at a peak, due to the absence or rarity of the larger carnivores and
of hawks and owls, as well as to the lack of competition for food with the gray
squirrel and the chipmunk.

Field notes were made following personal observations of free living as well
as caged individuals. Nests, burrows, middens, and temporary feeding places were
described at the hour of observation. A number of squirrels were shot and
trapped for notes on anatomy, embryology, food and parasites. Caged specimens

were kept for feeding observations.
Tt is a pleasure to acknowledge here my indebtedness to Dr. Charles C. Adams,

Dr. Charles E. Johnson and Mr. W. A. Dence of the Roosevelt Station for their
unselfish cooperation in the conduct of this investigation. I am further indebted
to Professor R. T. Fisher, Mr, A. C, Cline and Mr. Neil Hosley of the Harvard
TForest for, numerots courtesies extended during the work at Petersham. During
the course of field investigations many others contributed generously of their
time and help. I wish to thank particularly among these, Messrs. Henry Seton,
Charles Bonesteel, George Hudson, Tdward Butler, Andrew Magee, Emerson

Nye, Harold Graham and Isaac Robinson,
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arles of the Burean of

NOMENCLATURE AND SYSTEMATIC ACCOUNT
Nomenclature, Throughout its wide range Sciur

to the English speaking population as the red squirrel, Byt the Indian trihes
of North America first £ave names to the creature, and some of these may he
found recorded in the literature, namely

Ad-jee-dah-mg { “tai1~in~air”); Ojibwa, Sauteanx, M
09, p. 307); Adjidomo (Klngh,
P. 46} ;
Kieé-ay, Chipewyan (Seton, ‘ag, p. 307);
Kee-hal-chah, Yankton Sioux (Seton, '09, p. 307) ;
Zeé-cha, Ogallala Sioux (Seton, "o, p. 307);
Ki-gu-ik, Fskimo (Nelson, "8y, P 280);
Pillilloceet [for Douglas Squirrel], (Finley
The early French Canadians fol
toux of Dionne, ‘oz, p.
“red squirrel.” .
- The carly settlers in N ew England ga
and also, in addition, in allusign to one
name chickaree, At Rlack Mountain,
of its range, the red squirrel wag
“mountain hoomer” (Auduhon an

apparently been carried to the we
in reference to 5.

s hudsonicny is known

uskego, Cree (Seton,
27, p. 1) Ahjiduhmo (Bailey, 26,

and Finley, “25, D- 142).

lowed with the nanie

“I'Ecurei rouge” (or
73), the meaning of which is the

same as that of our

ve to this species the name r
of its most common vocal
North Carclina,
s I the past centar
d Bachman, 49, p.

ed squirre]
efforts, the
in the most southern part
¥ at least, known as the

130}, 2 name which has
st coast and corrupted to “bhummer” squirrel,
doglasii albolimbatys (Grinnell and Storer, 24, P- 204). The
name of barking squirrel {Schooleraft, 21, p. 273). appears to have been in use
in some localities in the early part of :

the last century.,  Mountai

given by Kennicott (’57, p- 67) as a common name for

In the Rocky Mountains the variot '
known_as pine squirrels,

From 1771 to the present day
upon the chickaree and jig subspe

use, either by the layman or by the scientist, and are therefore quite useless,
Among such names are Hudson Bay squirrel, TEeareil rouge, or de la Baje
d’Hudson and other variations. Likewise we find the names of certain popular
subspecies such as Blacic Hills chickaree, Streator’s chickaree, and 8¢ on.  The
closely related species S, fremonti and S - douglasti, while almost universally called
pine squirrels throughout their ranges, are given in gur
Redwoods chickaree., Taos chickaree, etc,

this species.
s forms of the red squirrel are usually

a long array of hook n

ames has been bestowed
cies, but these have n

Ever come into common

books such names as

‘Systematic account,
superfamily Sciuy
tree squir
literally

The red squirre
oidza, tamily Seiuridae, an
rels it is placed in the genus S
“shade—tailed”, from Gr. Skig sh

1 is classified in the Order Rodentia,

d subfamily Sciuripm. With all true
orus (from Gr, Skiouro

§ or squirrel ;
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The Red Squirrel
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Sunner Pelage. Whole upper surface,
rufous; ventral surtace, lips and eyelids pur
fine separating the two surfaces ;e

ars like the back and with
nearly as in winter,

Seiurus hudsonicys gymuicus Bangs

Type Locality. Greenville, near Moosehead 1
Range. Trom the St. Lawr
Maine, New Hampshire, Vermont, and the Adirondack Mountains.
Size, Smaller than § . hudsonicus,  Hind foot small.
ments of 10 specimens from Dighy, N
5 from South Twin Lake, Me. (Allen
vertebrae rig mm ; hind foot 45.5 mm.
Wintey Pelage. Back and
gray; under parts grayish white,
Sttmmer Pelage. No distinet rufous
white; Black latera] stripe.

ence River south to the so

ova Scotia, 9 from Ambherst, N, H.,

upper side of tail bright chestnut; sides olive

area on the back; under parts pure

Scirus hudsonicus loquax

Type Locality. Liberty Till, New London County,
Range. The deciduons and mixed coniferaus for
Southern Ontario and the south

and Ohio, south through Vi
along the ¢oast,

Size. A large form. Average
(Bangs, 96, p. 161} : total length 318.3 mm; tail vertehr
47.42 mm. The average of seven specimens fr
‘98, p. 257} ; total length 340 (319-356) mm;
hind foot 35.6 mm to 45.7 mimn,

Winter Pelage. 1n general, much darker thap S, A,
dorsal band darker red and broader ;
inconsistently vermiculated with black.

Summer Pelage. Markedly

Bangs

Connecticut,

est area from Massachusetts,
shore of Lake Superior to Central Ilinois, Tndiana
rginia in the Alleghanies and through Maryland

of eight specimens from the type locaiity

ae 133.5 mm; hind foot
om Roan Mountain, N. C., (Allen,

tail vertebrae 139 {127-152) mm;

Tdsonicus.  Median
white of the under parts oaly slightly and

brighter and redder than in winter.

Seinrus hudsonicus abieticola. A, H, Howell.
Type locality. Highlands, North Carolina.
Range. The higher mountains of North Car
Size. The average of seven specimens from
(Allen, ‘98, p. 257) : total length 340 (319
min; hind foot 35.6 mm to 45.7 mm.
. Pelage. “Similar to S 1, loquax,
the red of dorsal area
clear white) and more o

olina.

Roan Mountain, North Carolina,
~350) mm ; tail vertebrae 139 (127-152)

but distinetly darker on head and sides, and
a deeper shade; underparts in winter more grayish (less
r less vermiculated with dusky.” (Howell, 20, p. 75.)

Scturus hudsonicus nuinnesote Allen

Type Locality

Range.
Towa.

- Fort Snelling, Hennepin County,

Minnesota,
Central and Southern Minnesota, Wester

n Wisconsin and Fastern

including flanks, pale yellowish
e white; g conspicuous black laters]
out tufts; tail colored

Lake, Piscataquis County, Maine,
uthern houndaries of

Average measure-

and
, 98, P- 255) : total length 200 mm; tail

“

o

o

3
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Size. Average of twenty topotypes (Allen, ‘g3, p. 257) . total length 334
(207—356) mim; tail vertebrac 130.2 (118-146) mm; hind foot 49.9 (47-52) mm.

Pelage. Differing from S h. hudsonicus principally in the under side of the
tail being all gray instead of rusty red.

Seiwrus hudsonicus dakotensis Allen

Type Locality. Squaw Creek, Black Hills, Custer County, South Dakota,

Range. Black Hills of South Dakota and adjoining portions of Wyoming
(Allen, 'g8, p. 260).

Size. The largest of all forms. Average of fve specimens (Allen, '8, p.
260) ; total length 346 (338-3 56} mm; tail vertebrae 145 (143-149) mm; hind
foot 51 {50.8-53) mm. :

Winter Pelage. Median dorsal pand light yellowish rufous; rest of upper
parts and outside of Himbs and feet yellowish gray; ventral surface clear white.

Supumer Pelage. Pale yellowish olivaceous gray. Iect, outside of shoulders
and edge of thighs, yellowish rufous; lateral line obsolete; ventral surface pure
white ! tail much lighter than in S. hudsonicus and in 5. h. loquax.

Seirus hudsonicus baileyi Allen

Type Locality. Bighorn Mountains, Washakie County, Wyoming. Altitude,
8,400 feet.

Range. Ouilying mountain ranges of Central W yoming and Eastern Montana
and northward into Alberta in the eastern foothills of the Rocky Mountains. Its
range includes the Bighorn, Pryor and Laramie Mountains in Wyoming, and the
Big Snowy, Bear Taw and Little Rocky Mountains in Montana, and probably other
outlying pine-covered buttes and hills (Allen, 98, p- 262).

Size. The average measurements of twenty-one specimens are (Allen, 98,
p. 261) : total length 336 (373-350) mm; {ail vertehrae 136 (121-153) mM; hind
foot 5T (49-53) mm.

Winter Pelage. Dorsal surface a pale yellowish gray, with a broad median
reddish band.

Sumimer Pelage. Yellowish olivaceous above; feet ochraceous Oraige to
reddish orange; a distinct black Jateral line separating the dorsal surface from the
ventral, which is white, usually washed with fulvous; upper surface of the tail a
grizzled red and black.

Sciuwrus hudsonicus ventorut Allen

Txpe Locality. South Pass City, Wind River Mountains, Fremont County,
Wyoming.

Range. Wind River Mountains region and northward along the eastern base
of the Rocky Mountains at least to Mystic Lake, and probably to the Belt ranges
east of Helena, and thence westward to the head of the Snake River in Idaho, and
south atong the Idaho and W yoming boundary to the Wasatch Mountains in North-
eastern Utah, Its range thus includes not oualy the Wind River and Gros Ventre
Ranges, but the Shashone and Beartooth Mountains, the whole Yellowstone
National Park region and the outlying ranges east of the Main Divide to Central
Montana ; to the westward and southward it includes the Spuake River, Cariboo,
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Spokane it meets S. douglasii without intergrading; at Marcus and Conconuily
which occupies the area immediately to the

it intergrades with 5. /1. richardson,
eastward, as it does also in the Kootenai District in Southeastern British Columbia

(Allen, ‘98, p. 268).
Size.  Dlorty-nine specimens averaged : total length 320 (280—335) mm;

tail vertebrae 124.5 (100-144) mm; hind foot 50.0 (49-54) mm. (Allen, ‘08, p.
268}. '

Winter Pelage. Similar to S.h. richardsoni except that the median dorsal
band is vermiculated with black, the lateral line is generally wanting or obsclete
and only the terminal fitth of the tail is black.

Summer Pelage. Similar to S.Ji. richardsoni. The general color is more
olivaceous and less rufous. The black portions of the tail are greatly reduced.

There is a broad Dblack lateral line.
Seiurus hudsonicns vancouverensis Allen

Type Locality. Duncan Station, Vancouver Istand, British Columbia, Canada.

Range. Vancouver Island and the coast region of Northern British Columbia.

Size. ‘The average measurements of thirty-two specimens  (Allen, 63, p.
270, and Swarth, ‘12, p. 88) are: tatal length 303 (280-325) mm; tail vertebrae
114 (92-130) mm; hind foot 49.6 {45-52) mm.

Winter Pelage. Resembling S.Ji. richardsoni except that the black area of
the tail is smaller, Underside gray with a brownish tinge to brownish, vermiculated
with dusky. Center of tail on ventral surface decidedly grayish.

Summer Pelage. Dark olivaceous, sometinmes tinged reddish above; white
below, with a tinge of fulvous, or a strong wash of pale yellow.

Sciurus hudsonicus picatus Swarth

Type Locality. Kupreanof Island, 23 miles south of Kake Village, at the
southern end of Keku Straits, Southeastern Alaska.

Range. The Sitkan district of Alaska, including the mainland, from Juncan
to Drtish Columbia and the islands between the same regions north of Summer
Strait and east of Clarence Strait. The squirrels have not invaded such outlying
istands as Prince of Wales and Dall.

Size. Sixtcen specimens averaged: total length 3103 (292-321) mm; tail
vertebrae 124.2 (114-132) mm; hind foot 51 (46-55) mm. (Swarth, 12, p. 88).

Pelage. Intermediate between pefulans and wencouverensis, Color darker
than peiulans, brighter than vancouverensis ; fairly well defined bright hazel dorsal
stripe; black lateral stripe more prominent than in vancowverensis; tip of tail
less extensively black than wancouwerensis; center of tail reddish below, nearly
as bright as the upper.

Sciurus hudsonicus petulans Osgood

Type Locality. Glacier, White Pass, Southern Alaska. Altitude 1,870 feet.
Range. Probably through the coastal mountains from Juneau to Yakutat
Bay.
Size. The average measurements of two specimens from the type locality
are: total length 303 mm; tail vertebrae 720 mm; hind foot 550 mm. (Osgood and

Bishop, ‘00, p. 27).
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Winter Pelage.
tail darker,

Sztmmqr Pelage. Above, from raw umber to Prout’s brown of Rj
Fore legs and feet russet; black faterat line prominent ; undey
with fulvous; tail hazel above; sub-termina) black limited ;
paler than Upper.

Similar to fiudsenicns but darker ;

Setitrus Fremonti an

d its subspecies
and outlying ranges of

Colorado, New 1
of the eastern border of Utah,

Sehrus douglasiy
and the coast ranges

are found iy the Rocky
Texico and Arizona,

and its subspecies are found in the Case
of Washington, Oregon and California.

PELAGRE
age of the red squirr
Though the reqd squirrel in g
the red squirrel ay rest is practically obliter:
above the dark coat presents a color and ghade which harmonizes el with the
1most comumon backgrounds of the animal, namely, tree limh, forest floor, or stone
wall.  The tajt being in most cases uniformly colored above and helow does not
alter the picture by its varying positions. From below, the white or light gray
ventral body surface ig rendered meonspicuous by the broken sky of the forest
roof, against which it is most commeonly seen, Thayer hag characterized this type
of coloration as complete obliterative shading,

Protection. The pel el is of significance in its conceal-
ing coloration, tion is often » conspictious chject,
ated by its background. v tewed from

Age Variation, There ariation
specimens taken in gne locality at any one time of the year.
correlated with age, moult, and genetic mdividuality,

Variation dge o age is strikingly displayed in stinimer,
Adirondacks, during early July, the young squirrel
the hack and fanks, while adults were on the w
and presumably old individual seen July
This variation may be due to the older
slowly than do the young of the year;
in summer pelage. Probably it is due
i coat color, Allen (o8, p. 253)
was, however, unable to discover

Mearns (g8
during cold wea
grayish limbs,
coating,”

is a considerable’ v in the coat color of

These variations are

In the Southern
s were a brilliant rufous op
hole more olivaceaus. (e large
3 was a distinet gray along the flapks.
squirrels losing their wintter coat more
or it may he because the squirrels are horn
at least in part to ap actual age difference
» working with g large series of museum skins,
any correlation between size and color,
e P 340) states that the young, “hora early

ther, are coated with the winter pelage and have red backs and

but those horn in hot weather are at once provided with the summer
This strange observation has not been verified.

in the season,

Seasonal change,
ment, twice a year,
hairs themselves
shown by

‘The seasona] change in color
of the hairs of the body,
+ DOT A mere overgrowth of b

Allen (*go, P- 44). The process i
short period in which th

The ears in winter
and replaced by

s due to an actyal replace-
Do change in color of the
aits of a different color, as has heen

5 a very gradual one, there being no
& coat changes quickly, :

bear short tuft
shorter reddish hairs,

There ig

s or black hairs, which ;

n summer are lngt
This change, too

, 1s but relative, for an

mid-dorsal Jine diffuse;

dgeway.
parts lightly washed
under surface of (ai]

Mountain Chain
and in a smal] part

ades, Sierra Nevadas
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A partly albinistic red squirrel taken during July in Charlevoix County,
Michigan, is described by Dice (’25, p. 30): “This specimen is slightly paler than
the norinal, having numercus white hairs distributed through the pelage especially
on the head. The tail is nearly all white and is pure white on the end, but towards
the hase of the tail the hairs become gradually more and more brownish at their
bases. The sides and soles of the hind feet have considerably more white than
normal but the front feet are almost normal.”

Seton ('28, p. 118) gives on the authority of Capt. George Eisenhard a
case from Culver, Indiana, He writes: “In 1916 a white-tailed, 1. e., part albino,
Red Squirrel, lived in a big oak by the mess hall in Culver. She mated with an
ordinary Red Squirrel. In August, the young — 4 or §— Were secil running with
the mother. All had white tails which seemed to prove their ruin; for the cats
killed them one by one.”

Another case of partial albinism is described by DeKay (’42, p. 62). This
squirrel was from Northern New York: “The whole upper part of the head and
body, with the exception of a large reddish spot on the Jeft flank was of a light
ash gray; the reddish spot was separated from the white beneath by a deep black
border. Tail white, intermixed with a few dark hairs.”

A red squirrel with a white tipped tail is noted by McElhinney (’23, p. 77)-
A similar case is recorded by Bell (98, p. 78).

A piebald albino is recorded by Klugh (’27, p. 2},

The only other striking deviation from normal coloration that has come fo my
attention is in a specimen from Fort Resolution, Mackenzie Territory, taken July
22, This is reported by Preble ('o8, p. 170} as “very light yellowish-rufous
above, sparingly vermiculated with black; the central area of the tail is light

rufous, unmarked.”

Direction of hair growth. The hair pattern exhibits no peculiarities but
is of the type known as normal (Fig. 2). There is a small area of very short
hairs on the lower Iip, which project perpendicularly from the skin, but otherwise
the hairs point candad, and in general, ventrally. Hairs directed backward offer
the least resistance to the air or to solid objects, and progress is thus retarded to
the minimum. Any area of reversed bairs would be undesirable in derial leaps, in

rapid passage through dense foliage, or in swimming.

Vibrissae. The red squirrel has well developed vibrissae in areas where
such tactile hairs are found in other generalized mammals. These are found on
those parts of the body surface which are in most intimate contact with the
environment : the head, forearms, and abdomen. The precise role which these
structures play has not been determined, yet the stimuli received and transmitted
by these sensory structures must be of vital importance to a squirrel running and
leaping among the swaying sranches of trees, for here the eyes alone could not
so efficiently serve to determine the exact position of the branch which the squirrel
must land upon, nor of the leaves and branches which it must avoid in passage.

Tn keeping with the grouping of most sense organs at the anterior end of
the body, the longest as well as the largest group of vibrissae are found on the
upper lip. This is designated the mystacial group (¥Fig. 3A, MYS). In seven
specitmens from Long Lake, New York, these tactile hairs are arranged in five
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There is a basal vertical row, each hais of which is the longest in its hori-

tiers.

zoutal tier. From here the vibrissae range anteriorly and are progressively

shorter. They grade almost inseparably . into ordinary shield hairs, yet position,
"The num-

y give a fair criterion for separation.
ber found in each of these rows on one of each of the seven specimens is shown in
figure 3A. Variation in number was found by Danforth ('23, p. 61) to be less
than one per cent in the house mouse. 1n the red squirrel it seems no greater.
Instead of a single hair arising from the point of intersection of a horizontal
and a vertical row, there are not uncommonly two of approximately equal length.

The measurements of the hairs in this group as taken from an adult male

(length 295 mm; weight 165 grams; at T.ong Lake, New York, July 25), were as
follows, the lengths in millimeters, reading anteriorly along the horizoatal line
vertical row: Tier 1 {dorsal), 48, 26, 25; tier 11, 48, 35, 31, 18.5;

30, 16, 13; tier 1V, 52, 50, 37, 18, 14, 5 35 tier V, 42, 30, 20,

color, diameter and length usuall

{rom the hasal
tier 111, 48, 40,

15, 5, 5. .
A second group, the superciliary (Fig. 3A, 5C), is found above the eye.’

Here the hairs are usually three in pumber. Their lengths on the specimen
measured were, from anterior to postetior : 1§ mm, 19 mim, and 2z mm, Vibrissae
in such a position may aid directly in protecting the. eyes.

Tu the malar group (Fig. 3A, M) likewise the hairs are usually three in
number, measuring respectively 28 mm, 28 mum, and 25 mm, the ventral hair being
the shortest. This group, leaving the head at its level of greatest width, probably

supplements the mystacial group.

Tn the mid line of the chin, itnme
single tactile hair, the submental (Fig.
in one case seven millimeters in fength.

In the interramal area of the chin, three hairs, two paired and one median,
are found. In the adult male measured the paired hairs were 10 mm long, and the

single one, 17 mm (Iig. 34, IR).

On the lateral surface of the carpus occurs a group of -hairs, usnally three
in number (variation in the serics of seven specimens ranged from 2-5), which
project downwards, one coming into contact with ground or limb hefore the
foot does. These hairs measured respectively 12, 18 and 23 mm in length. They
may serve to give notice when its foot is in grasping distance of an object, as the
squirrel leaps hurriedly about among the branches.
curs (Fig. 3C, R) on the lateral surface of the forearm, oves

This measured 23 mm in length.
s, one thoracic and

diately hehind the mandibular symphysis, a
3A, SM), frequently occurs, Tt measured

A single hair oc
the proximal head of the racins.

On the ventral surface of the hody are two pairs of hair
one abdominal, The -thoracic pair (Fig. 3B, T) measured 21 mm and the
abdominal pair (Fig. 3B, A) 19 mm.

The vibrissae are practically always black, though T have found the interramal
and submental vibrissae a pure white when the other vibrissae on the individual
were blaclk. '

While the tactile hairs of th
those of many other tand mammals,
numbers, they are quite primiti

e squirrels are well developed compared with
yet in their groupings, their arrangements and

ve or at least generalized, for other rodents, many
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Harvard Forest and in the Adirondacks, four
had a portion of the tail missing. All the injured specimens were adults. In the
remaining 38 there were 15 uninjured adults and 23 uninjured young. Seton
(’og, p- 317) states that half the squirrels he took about Kenora [Manitoba], in

1886, had some tail injury.

The cause of these injuries is no
¢h this casing gone the exposed
£, Tt may be significant that three of my four injured specimens
Possibly the male in pursuing his mate occasionally seizes the
1. One of the injuries noted was recent,

fresh scar tissue being clearly mar The unusual instance

of a trout stripping the (ail from a red squirrel is recorded by Seton ('09, pp.

317-318). Fighting among adults and young, the attacks of enemies, disease, of
freezing might each be responsible for loss of the tail A

The tails of my four injured specimens were reduiced to lengths of 103, 103,

ced with an average adult tail length

g millimeters, respectively, compa
from either locality.

ecessity doomed to an carly death, as is

attested by the presence of so many injuries of long standing among the squirrel
Neither is such a squirrel incapable of pormal behavior in the tree
-pair of red squirrels feeding near the top of a tall elm,
and though one of these had lost fully half of its tail, it seemed at no disadvantage
in batancing on the smallest twigs. A heavy wind was striking the top of this tree,
and the branches, on the tips of which this chickaree fed, swing in arcs praobably
five feet in diameter. Occasionally the squirrel would stop feeding while some
unusually violent swing of its perch expended its force, hut on the whole the
agile and fearless as any red squirrel I have ever watched.
a normal tail, did not venture out

total of 42 specimens taken in the

The skin of the tail slips off

t known,
vertebral series would soon become

easily, and wi
dry and hreak o

were females.

tail with his teeth with this disastrous resu
ked (July 16, ad. female).

101, and &
of over 116 millimeters for specimens

A Dbob tailed squirrel is not of n

population.
tops. 1 have watched a

injured one was as
"This squirrel’s companion, though possessing
to the tips to feed, or take the risks accepted by the less well equipped individual,

That squirrels with injured tails soon disappear is held by Seton (09, PP
317-318), though he gives but one instance {msufficiently detailed) to support his

statement,

Iovyer horder of 3
ciali.
ficialis. 1n connection

The fore limbs of the red squirrel are of moderate
fingered unguiculate hands. The radins and ulna
sion of the forearm. The thumb s vestigial, in
ther arboreal animals, A pad which covers

the site of the reduced pollex is apposable to the tightly bound fingers, and allows
o use its hands effectively. Patmar and sub-terminal toe pads add
Obiects of all manageable sizes are handled rapidly, and

so dexterously that but rarely is an object let fall. The squirrel may reach out and
with a single paw pull off a bud, a rose hip (Klugh, *27, p. 13) ot a leaf (Klugh,

18, p. 11}, and n doing so holds the fingers against the palm. The claws are
thin, curved and sharply pointed. ‘They are admirably adapted for climbing even
on a relatively smooth surface, for picking up and holding objects, and for fur
combing. In digging, the claws are suitable only in such soft media as thoroughly

rotted wood, snow, and the loosest of soils.

Fore limbs and hands.
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Perfect clavicles and strong pectoral muscles arve correlated with the squirrel’s
arboreal habits,

Hind limbs and feet. The hind limbs of the red squirrel are considerably
larger than the fore limbs, in correlation with its leaping powers. The primitively
peﬂtadactylous foot, Jonger and more slender than the hand, is less versatile in
‘s motions. Klugh (27, p. 23) states: “In maintaining this [hanging] position
o the under side of limbs they rely chiefly on their hind legs, and there is a
decided outward bend in these legs at the tarsal joint which evidently enables the
claws to catch the crevices of the bark more cffectively.”

Digestive tract. The stomach is thin-walled, with muscular tissue poorly
developed. There is no external evidence of a pyloric valve. The highly com-
mintited character of the squirrel’s swallowed food accounts, doubtless, for the
simplicity of the stomach.

The small intestine is a uniform unconvoluted thin-walled tube. In a small
female it measured 1255 mm in length, and 4 mm in width when collapsed.

The caecum is simple, vermiform, and but slightly convoluted. It measured
6o mm in the female specimen just mentioned.

The parrow colon-rectum measured 285 mm in length.

Anal glands. Tn Doth male and female red squirrels occurs a pair of
scent glands disposed in a circum-anal position (Fig. 4). The two pores of
these glands appear on the crest of nearly naked ridges (G) (caused by the
presence of the glands) on cither side of the anus (A). The position of these
pores is marked by small tufts of hairs (T).

The gland body (insert, upper left corner Fig. 4) lies in a subcutaneous
position, superficial to Musculus splincter ami. The gland itself is, however,
covered on its deep surface by a thin muscle which is in direct continuation with
the skin muscle. Here it forms a sort of post-pelvic diaphragm. The gland
hodies are flattened, measuring from 1o mm to Iz wm in cranio-candal and
transverse diameters, with a thickness of 8 mm. Because these glands are so
large they produce a distinet swelling on the sarface of the body and form a
scrotum-like sac about the anus, ,

Viewed from the deep surface the glands are seen to be heavily convoluted,
resembling a mammalian cerebrum, and are a deep corn yellow in color. -

The gland possesses a distinct dry musty odor, perceptible on living squirrels,
yet to my nose identical in both sexes. The fluid is clear, and Hght yellow in
color. There is no large reservoir for its storage.

The pores are so placed that some of the secretion must be left on all voided
feces and on such resting places as branches of trees.

Mammae, The mammae are distributed as follows : 2 thoracic, o abdominal,

and 2 inguinal.

Size and Weight. The series of specimens (S.h. gymaicus) from which

my averages are taken were sectired in the Adirondack region, hetween fuly 5

and September 10,

AR
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in the nearest {ree.

Recording the twenty foot fal
(24, p. 205) state that

Umps in a great hurr

y from a springy or
2y miss its intended Iy

nding place. In most
ts fore paws the tips
hus been’ spared
I completely to th
hours in the forests W,

a more serious
€ ground, almost every-
atching squirrels has seen such

accident, A squirrel, after seold-
to the top of the Spruce in which
ar maple. From this tree it hurriedly
nore than a foot hetween the small twigs of the maple
herous, however, an down
outspread (I did not see the
it fell the thirty feet to the

arried it ahout five feet
with my

ove my head. With legs

away
hat it scampered to safety

! of a young chickaree, Gr
squirrel distributes the sho
saves itself from serious injury hy spreading out all feet widely

Two falls of apogt thirty feet on the part of a squirrel which was Dbeing
driven from the territory of another squirrel are recorde by Klugh (27, p. 11).
In both cases the squirrel landed poorly, once on its side, so severely that it wasg
some minites hefore it recovered sufficiently to craw] to the tree and climp up.,
The other time the squitrel landed on jts back on a sheet of ice ar
be badly shaken. Klugh (’27, p. 11) al

1d appeared to
50 writes of having at one time found a

young squirrel which had apparently fall

sidewalk. The squirre] wasg

en from a high limh of an elm to a cement
squatting on the walk, fepeatedly rubbing its he
with its fore paws, and Jooking very much dazed.

A fall of over one hund

who writes: “On gne occasio
the top of a tall tree. Th
heing that they both fef
feet they hoth let g0 of each other

fell about a hundred feet and was unhurt, for no seaner did he hit the groumnd
than he made for 3 tree again and climbed to the top to finish the fight,”

The longest fal] T have found on record (Shufeldt, *20, P 4I) was that of g
large red squirrel at the i gical Park which fejl from the top of a one-
hundred-and forty-foot shaghark hickory when the bark broke heneath the animal’s
weight. The squirrel, which fel] belly down, tail outstretched, and feet clutching
the air, was not stunned, for in five seconds it scampered away again,
‘Terrestrial Locomotion,
hours of their lives on and
storage activities, and ip travelin
the ground as in the trees, ho
branch or, along those clear
of New England

innell and Storer
ck of impact and
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Fig, 5. F i
g 5 Feces of a red squirrel (S. k. gymuicus)

.. The Red Squirrel 3%

Merriam (84, p. 216), too, relates having
a squirrel swinuning a stream, with much of the head, back and tail out of
Rut a quite different picture is given by Merriam (op. cit., p. 217, quoting
f Essex County), when, in describing migrating squit-
with ““their heads above water and their bushy
tly spread to the hreeze.”

submerged, but rump and tail high.”

seen
water,
W. C. Watson’s History o
vels, he writes of them as moving

tails erect and expanded, and apparen
The hind feet are kicked out in vigorous steady alternation in a vertical plane.

I have been unable to see whether or not the fore feet also are used. The tail
does not serve as a rudder, but the position of the head and body, and, probably, the
vements of the feet serve to guide the animal.
Squirrels are strong swimmers as attested by the long distances they are
known to swim, as well as by the follo
Klugh (27, p- 13), quoting a letter
] was walking along a big mining
water was Tunning swiftly when T saw a

on the other side. Presently T saw it was
of a two-thirds grown young ote wrapped round its neck just back of the head.

Tt came straight for the water and swam across, landing in front of me, and
climbed the bank to my feet. Here it frst caught sight of me, threw off the young
one, jumped into the water, swam Ovet, ran up the baalk and into the woods. The
young one rafi up to me, stopped on my chest just below my chin for a second o
then ran down into the water, swam across, ran up the bank and off into

H

mo

wing incidents.

from Allan Brooks, writes:

ditch about nine feet wide in which the
curious animal coming down the bank
a red squirrel staggering under the load

two,
the woods after its mother.”’

Jackson (08, p. 16) writes: I have frequently seen them swim through
rapids which would baffle many aquatic animals. On one occasion I saw a red
sguirrel in North Pelican Lake swimming from one point of land to another fully
ninety rods distant and so ckiltful was he in his efforts that at a distance 1 mistook

RN

Fig, 6. Swimming red squirrel,

Drawn from photographs and field notes

him for a mink.”

A red squirrel swimming the West Branch of the Penobscot River, Maine,

where it was about fifty yards wide and quite swift, is described by Pope (724,
p. 134) who adds that it swam to shore with great difficulty. Another was seen
at the head of Attean Lake, Maine, where the lake was one-quarter to one-third
of a mile wide. The squirrel was about half way across and at the rate it was

swimming should have talen fifteen to twenty minutes to make the crossing, if

it had not been interrupted.

Red squirrels were frequently seen in
is seven miles broad, during the autumnal igra
p. 277, quoting W. C. Watson’s History of Essex County).

Red squirrels have been sees swimming Long Lake in the Adirondacks where
it is a mile and a half broad, by Wallace Emerson of Long Lake.

That the squirrel is able to dive in order to avoid a threatened blow is attested
by Delay (42, p. 02,) and by Audubon and Bachman (’49, p. 130) who add
that its dives are short, ineffectual plunges of a foot or two at a time, which it
takes when stoned by boys.

An early account found in Goldsmith’s Natural History (35, . 1g0) of the
swimming habits of Sciurus vulgaris during its migrations in Lapland can scarcely

be credited in full though it is of sufficient interest to guote:

the middie of Lake Champlain where it
tion of 1851 (Merriam, 34,
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“Uypon appreaching the banks, and perceiving the breadth of the water, they
return as 1f by common consent into the neighboring forest, each in quest of a
piece of bark, which answers all the purposes of boats for wafting them aver.
‘When the whole company are fitted in this manner, they beldly commit their little
fleet to the waves; every squirrel sitting on its own piece of bark, and fanning the
air with its tail, to drive the vessel to its desired port. In this orderly manner
they set forward and often cross lakes several miles broad. DBut it too often
happens that the poor mariners are not aware of the dangers of their navigation;
for although at the edge of the water it is generally calm, in the midst it is always
more turbulent. There the slightest additional gust of wind oversets the little
sailor and his vessel together. The whole navy that but a few minutes before rode
proudly and securely along is now overturned, and a shipwreck of two or three
thousand sail ensues,”

It might easily be imagined that a swimming squirrel would climb up on some
floating driftwood to rest, and the habit of our red squirrel of excitedly. jetking
its tail at the approach of some intruder might well have given rise to certain
parts of this fable. Since many individuals of a migrating horde have doubtless
been found to have been drowned in their attempt to cross a body of water, and
their bodies washed ashore, the narrator may have thought he had sufficient
evidence to complete his story of a wrecked flotilla, ‘

A swimming red squirrel when approached in a boat seems to lose its
customary fear of man and, if given a chance, climbs up to rest, or to run the
length of the boat and again enter the water. The squirrels which I have put into
the water from a boat always attempted to climb back as rapidly as possible. Scme-
times they succeeded by climbing the bow (Fig. 8) or an oar, and once by climbing
a trailing rope. Each time after they had re-entered the boat they dodged any
further attempt to dislodge them, and sat usually at the bow or stern, shivering
and dripping until we again tried to put them in the water. They would allow
themselves to be touched, would run atong the gunwales, or over our knees, but
stubbornly refused to leave the boat. Once when the boat was moved rapidly
away from a swimming squirrel the amimal circled once for orientation and then
struck ont directly for the nearest shore petnt, some fifty yards away.

A squirrel swimming in the middle of a quarter-mile-wide lake was taken into
a cance by Pope (P24, p. 134). The squirrel stayed, chilled and tired, on Mr,
Pope's knee until shore was reached. Another squirrel swimming a river entered
a canoe by way of a paddle, ran the length of the craft, and again took to the
water. Merriam ("84, p. 216) records the case of a red squirrel which entered
his boat, ran to the bow, jumped off and swam in the same direction as before,
until the boat caught up, when it climbed into it again. The whole performance
was repeated several times before shore was reached.

Squirrels swimming Long Lake, New York, Ranger Isaac Robinson informs
me, will enter a hoat and remain in it as long as the vessel continues in the direction
in which they were originally proceeding.

On emergence from the water the squirrel sometimes presents anything but
a happy sight, for his fur may be thoroughly scaked. This was the condition of
the two individuals which T have seen land, The squirrel shown landing in figures
9 and 10 climbed up on a little shelf at the base of a vertical cliff, from which

el (5. k. richardsoni) arreste

Fig. 7. Red squ1rrsmne Park. Photograph hy J. M. Johnson.

d in its descent of a tree.

Yellow-

& - R o e ' 3
Fig. 8. Red saquirrel on bow of boat. Lake Champlain, N, ¥

September 8, 10206,
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e without again entering the water. He allowed me to sit beside
his head. Although he shivered, his fur dried guickly in the
his composure was somewhat regained he rubbed his belly over
the warm dry rocks, Later he was given his freedom by meansof’a hoard which
atlowed him to reach a portion of the cliff that he was able to climb. A squirrel

which had fallen into the water is described by Cram ('99, p- 223) who states
that, on emergence, though the squirrel shook himself the fur did not rid i_tseif of

water and he really tooked worse than ever.
A strikingty different account is given by W.

('84, P 217) quotes:
«Reaching land they
vigorous little bodies from
the woods as light and iree
Tt is in this same account
and spread to the breeze.

RANGE AND DISTRIBUTION
and Spread. The red squirrel 1s andoubtedly of Mexican or
Allen (77, p. 670). 1t is suggested by
ihe Rocky Mountains

he could not escap
him and to touch
warm stf. When

C. Watson, whom Merriam

relieving their active and
or two they bounded into
dinary effort.”

imming with their tails

stopped for a moment and
water by an energetic shake
as if they had made no extraot
that they are described as sw

erect

Origin
Central American origin, according to

402) that the species apparently crossed

Adams (09, P
$rom the East, perhaps near the Canadian Boundary. Further, he writes (0p. cit,,
Pp- 401—402)

anadian forested region and in Alaska

“This extensive geographic range in the C
is of special interest. The far northern t
abundance suggest that it is well adapted to-th
a glacial or post-glacial migrant into most of
entire area (excepting part of Alaska) lies w

Wisconsin ice sheet, Tt seems probable, therefore,

extension of this sheet this squirrel frequented largely t
f the Rocky Mountains—and as this sheet retreated

its southern border—east 0
northward it spread with the forests into the area now occupied. It also seetns
egion south of the Great Lakes

likely that their main headquarters were in the t
and castward, because the probable aridity of the Great Plains in glacial times

wotld be unfavorable to extensive forest growth. The glacial and post-glacial

migrations of the Red Squirrels as far as they can be inferred may explaifl some
Tt also seems probable that the

of the peculiaritics of their present range. . -
geographic jsolation and the peculiarities of the Black Hills Red Squirrel
in part, if it be considered a

(S. hudsonicus dakotensis Allen) may be explained,
glacial relict which has become isolated by the change of climate attending the

decline of the Ice Age.”
There is evidence of a
in recent times, due possibly as
of cultivation. Kennicott (’s7, p
- other animals this squirrel appears in
. the white man. In parts of Northern I
©is now occasionally found, and is increasing in numbers.

ange of this form and iis great
e region it inhabits. Tt is evidently
its present northern range, as the
ithin the region glaciated by the
that at the time of the maximum
he coniferous forests at

ge through the middle west
suggested, to the extension
ke the red fox and some
some instances to follow the settlements of
llinois where it was not seen formerly it
Dr. Kirtland speaks of it

southward extension of ran
Kirtland (’38, p. 170)
p. 68-69) writes: “Li
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as having scarcely made its appearance about the beginning of the present century,
on the Western Reserve, in Ohio, where it is now exceedingly abundant. ¥t may
be, however, that this appearance of the red squirrels in these localities . is the
result of the destruction of certain enemies, It is very certain that they were
abundant further to the west and north, before any settlements were made there,”

In Indiana the red squirrel js extending its range sonthward, accordiﬁgl to
Evermann and Clark ('11, p. 6), who give a few records in support of this conten-
tion. More recently Walker ('23, pp. I27-128) writes that prior to August, 160,
the nearest red squitrels were eight miles northeast of his home near Sheridan,

Central Indiana, but that by March, 1921, the species had reached the vicinity of
his home. They seemed to be on the iner
squirrels,

ease and to be driving out the fox

Factors of Distribution. The red squir
tion to the North only by the failure of food s
sea alone limits the spread of its population.
climatic, or those concerned with food. Tgo
are the natural barriers,
Tamiasciurus has different

Locally,
the squirrel d

rel is probably limited in its distribu-
upply. In the East and the West the
In the Southeast the barriers may he
the Southwest the deserts and plains
except in theé mountains where the ancient stock of
tated as S. fremonti and §. douglasii,

water even of considerable expanse is not an effective bartier, for if
0€s 1ot cross over the ice in the winter
Red sqmirrels occur on Valcour Island, Lake Cham
the mainland. Jackson (’20, p. 62) records them on the Apostle Island of I.ake
Superior, where the greatest stretch of open water to traverse is one and a half

miles. I have ("24, p. 399) recorded it from Fox Island, L
teen miles from the shore. Adams ("og, p.

Lake Superior, which lies about twent
supposed by Adams (1. ¢, D. 395) to ]

- View

1 T (l!t 0O daCl 5 d SQuUIrT el's. 1 ange 1mm H ns sechiol.
E . 1 A. 1 < for eSt‘i, t)/‘DICal D'f tl\e re sCC 1
g .

6.
(ain. July 20, 102
. i~ . hor & north {rom Blue Mountain .‘,I

» It may swim at another e,

plain, which is ¢ne mile from

ake Michigan, seven-
399} records them on Isle Royale,
y-five miles from the north shore. They are

1ave gained access to this island by means of
driftwood and lake currents, Couper ("7, p. 300) states that they do not occur
on Anticosti. Extreme cold in itself appears to be ng barrier to the red squirrel,
for Preble (‘og, P- 45} writes that it is abundant and generally distribisted to
within a few miles of Vork Factory, where the trees dwindle to
size, affording no congenial home to the species.  Murie ("27, p. 37) writes that
they probably oceur to the limit of forest growth in the Endicott Mountains of
Alaska, where temperatures of seventy degrees below zero Fahrenheit sometimes

occur, I have myself seen S fremonti at timberline on Pike’s Peak, Colorado, an
altitude of 11,500 feet,

The cause of dispersal of the s
principalfty over-population, though aln

an insignificant

quirrel is, possibly, as with other species,

ormal causes such as fAoods and fires ocea-
sionally initiate a movement, Extension of habitats at the periphery of the range
makes possible an extension of the squirrel population, '

In Tocal distribution, habitat preference depends much on food supply, but the
suitability of nest sites must play the major role, The red squirrel at first retreats
before the advance of cities, but later may return. In South Bend, Indiana, the

squirrels, according to Hahn (e, p. 469), have taken up residence in the Catalpa
trees,

T 2 't Q! hardwoo stanc Hdl ilion NE()Liﬂldlll, n the
1g 12, Red spruce ald y 2 1 W <d 0 o 6

i commo
Adirondacks, Red squirrels are
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Migration.
which tend to est
certain areas.

There are several accounts of the migration of red squirrels
ablish migration as a normal movement of part of the species in
It is probable that such migrations occur only in times of maximum
population and of food shortage, for certainly there are no regular seasonal move-

ments of all the red squirrels. The migrations appear to be overflow movements

due to an urge of hunger. '

Red squirrels are commonly seen swimming Long Lake, New York, T was

told by Ranger Isaac Robinson, Though he could not recall specific instances,

it was his impression that he had scen them swimming the lake most frequently in
the autumn; and that they were most commonly seen swimming in the years of
poor beechnut crops. They have been seen crossing the lake in hoth directions.

Wallace Emmerson, a guide of Long Lake, also reports this fact.

In his Mammals of the Adirondacks, Merriam ("84, p. 217) writes:

“I am informed by Dr. A, K. Fisher that at the southern end of Iake George,
in early autumn, it is sometimes an every-day occurrence to see Red Squirrels
swimming actoss the lake, from west to east—never in the opposite direction.
The chestnut grows abundantly on the eastern side of the lake, but it is compar-
atively scarce on the western, and these extensive migrations always take place in
years when the yield of chestauts is large. A few squirrels are occasionally seen
crossing the lake when the nut crop is only moderate. In September, 1882, Mrs,
Fisher was angling between Diamond Tsland and the west shore when a Red
Squirrel swam to the hoat and was lifted by the tail. After resting a few minutes
it ran out on an oar, jumped into the water and swam to the island (which is half

a mile from the west shore), and thence, doubtless, to the chestnyt groves on the
eastern side of the lake.”

Further, quoting W,

writes :

“The autumm of 1851 afforded one of these periodical invasions of Essex
County. It.is well authenticated that the red squirrel was constantly seen in the

widest parts of the lake [L. Champlain] far out from land, swimming towards the
shore as if familiar with the service.”

Merriam (*84, p. 217) quotes James T1i
Saw as many as fifty red squirrels crossing Bi
At White Sand Lake, Wisconsin, Cole
to shore after having crossed the take, and
rels had been crossing the lake {or several d
“In the winter of 1918 large numbers

C. Watson’s History of Essex County, Merriam (ibid.)

ghy as saying that in June, 1877, he
g Moose Lake, all headed north,
("22, p. 53) saw a red squirrel swim

ays.
of red squirrels [, douglasit albolim-
batus],” write Grinnell and Storer (24, p. 203), “moved down mto the Valley
[ Yosemite] from the surrounding high country, and some of them were still
present at the beginning of summer in 1919."”
Similar accounts have a

ppeared of. the' migration of Sciwrus car
S, vulgaris, ' '

olinensis and
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At Petersham, Massachusetts, typical of 3 large section of New England, the
red squirrel distribution s mainly dependent on g cone supply of one sort or
another.  The white pine, being the principal cone-bearing tree in thig forest,
is the tree with which the red squirrel is largely associated in its local distribution,

as well as lower down among - Red squirrels
do not, however, reach their maximum abundance in the pure stands (or as nearly
pure as such occur), for here is g dry, well ventilated forest floor where the
needles rot slowly and insulate the soil against inoculation by hydrophilous plants.
The lack of blueberries, hazel brush and other food plants keeps low the squirrel
population,  When hardwoods and gray birch gain a foothold in g pine stand

p mat the ground, and the rate of decay is accelerated : suitable soil
is formed for a wider variety of plants, and the more moist soil of the surface
becomes hetter suited o seed germination.  Under ensuing conditions the red
squirrel finds A greater food supply: in spring, the bark and buds of the hard-
woods; in summer, their fruits, as wel] as mushrooms, hazelnuts and blueberries.
In the autumn comie other fruits and a new ¢rop of cones and nuts, The stored
foods from ether S€asons must largely care for the squirrel in the colder months,

Near Petersham the red spruce, though very limited in jts distribution, furnishes

e squirrels of the immediate vicinity
do not fail to accept.  Hemlock is often ysed as a nest tree, but though captive
squirrels opened all the hemlock cones supplied them, they apparently never ate
the seeds, for these came through the sieve of the cage floor in large guantities.
- By adaptation the scotch pine plantations have become favorite feeding grounds,
too, for their seeds and winter buds are relished by the red squirrel.  Norway
spruce and larch plantations have been invaded during the winter for their buds,
but no nests have been built here because of the youth of aff the stands, Other
habitats, too, here Serve as seasonal foraging grounds, although the white pine
is alwavs near at hand,

The habitats in which red squirrels were seetl, listed in the apparent order
of density of population, were as follows - (1) white pine, hemlock and transition
hardwood ; (2) white pine and transition hardwood ; {3) hemlock and transition
“hardwood ; ( 4) white pine an( hemlock; (5) red Spruce swamp, white pine stand ;

" (6) pine and gray Dirch; (7) Scotch pine plantations over ten years old; (8) hard-
wood swamp; ( 9) the edificarian habitat,

In Westchester County, New York, I have found the red squirrel common
principaﬂy in stands of mixed ha,rdwoods; hardwoods and hemlock ; orchards;
and associated with farm buildings, stone walls and isolated Douglas firs.

In the Southern Adirondacks, as represented hy the Speculator, Piseco and
Old Forge districts, the squirrels show seemingly no association with white pine
or balsam, hut appear to follow the spruce. Red sqttirrels here are abundant in
mature hardwood forests; in mixed hemlock, Spruce and balsam; in old spruce;
and in virgin forest which here is a heavy stand of cherry (or black) birch, beech,
maple, and sprice,

Ilg- 13 Hdldwood fD[eSt Of l'(:d ()ﬂ.k, IB])IE‘.
S rels Iorage 1n 15 & alld, bu aré not resiacny
qoir els fora th 1 t t dent

ber 8, 1920.

hop hornbeam and c

ance birch.

Valcour Island. Septem-

age 35 vears) of beech,

Fig. 14. Hardwood dorest ( Pisoro,

Squirrels present though rare.

cherry birch, maple and cherry.

N. Y. June 30, 1926,
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Tn the sapling and immature hardwood areas there are few or 1o squirrels,
no doubt because of the lack of winter food, In mature stands of hardwood
conditions are favorable for the squirrels because of a varied flora, and the
presence of a few cone-bearing spruce trees. The old hardwood stands, essen-
tially virgin forest with the spruce thinned out, support few squirrels,  Here the
stands, principalty of bicch, cherry hirch and maple, offer little winter food. The
absence of oaks, chestnuts and walnuts keeps the stand from being more favor-
able. The red squirrels appear to neglect the beechnut crop, though occasionally
some litter of beechnuts was found.

Spruce-tamarack swamps support considerable red squirrel populations. In
stands of balsam and spruce squirrels are common, but their middens contain
spruce litter only. In hemlock stands where there are some spruce trees, the
squirrels. occur, but seem to feed only on the spruce.

Conditions in the mature forest (as along the south hranch of West Canada
Creek, near Buck Ponds) are different in several respects from those in adjacent
areas. . The hardwoods are much the same in size as those in surrounding terri-
tory free from squirrels, but many tall spruces occur. Where the country was
lsmbered, only the pulp trees were removed, so the remainder of the stand
changed but little. The largest spruces in the virgin forest stand about one
hundred feet high. One measured - twenty-seven inches in diameter, five feet

gile’ SI(I)%:?]Y' ﬂ}fple’ above the base.  The cherry birches are the largest trees, being a hundred or
: s head, .

Fig. 15. Virgin forest
and beec of spruce, ]
Tong Talke. L}‘;‘ﬁr%;?“;;gﬁof Wit he her saierety el ma
" more feet tall and measuring forty inches in diameter shoulder high.

The undergrowth is mainly of hobblebush and striped maple.  One impor-
tant feature is the absence of old stumps on which the squirrels may sit and
feed and in which they may tunnel and build nests. The undergrowth, too, is
very dense, and ground feeding hazardous. Yet I saw three squirrels on the
ground within the course of an hour, No middens of spruce could be found.
except scattered remnants of cones where a squirrel tiad stopped for a hasty
lunch.  Possibly, due to the height of the spruces and the unfavorable ground
conditions the squirrels feed in the tops of the trees and the litter is scaftered
in its fall.

In this region squirrels come infrequently around the abode of man.
According to a Piseco guide, they move about from season to season,
living in the “sugar bush” -(young sugar maples) in the spring; in the older
mixed hardwood forest during the summer; in the beech trees in the autumn,
and among the spruce in winter. Feeding activities probably do carry them in
some such circle, but their home tree undoubtedly remains the same.

In the Adirondacks, in such tocalities as Long Lake, Saranac Lake and
Lake Placid, the squirrels are most abundant in heavy spruce stands ; but balsam,
too, supports many. The second growth mixed forests have squirrels in direct
ratio to the abundance of sprice. Virgin forest (as on the stopes gf Owl's
Head, at Long Lake) are sparsely populated. !

A stand of stunted spruce near the summit of Blue Mountain supp!orts few
7 squirrels, doubtless because of the restricted food supply, the severity and length
ard}lmo'ds of maple, birch hb : Rt of the winter season, and the shallowness of the soil. '

ong Lake. July 26}’ X gesgh. and hemlock,  Sqnir- - . Stands of white pine and mixed white and red pines apparently contained no

' squirrels.
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Island, Lake Champlain, the squirrels oceur in all forested habi-
(white and red), balsam and arbor.

tats though they
vitae (Fig. 20) are most plentiful. In young hardwood stands (Fig. 13) no
squirrels appeared to be in residence, but they not in{requently foraged through

such habitats.

On Valcour
: are most common where sprice

At Petersham, Massachusetts, a pair of red squirrels near
der almost daily observation for three months. From watching

els and from careful search for all nests in the area T
cle less than two huadred yards

lake, on another by an open

Home range.
my camp were Uil
the activities of these squitr
concluded their greatest range of activities was a cif
i diameter. On one side their range was timited by a
field, The stand was a mixed forest with pine dominant.

Kiugh (27, P 3} considers the home range of the red squirrel to be about
two hundred and fifty yards squase. He remarks: “That a restricted home range

is decidedly advantageous is readily seen, as within this area the squirrel knows
very jump from one tree to another, and every hole, cither

every tree and limb, €
in a tree or in the ground, so that its chances of escape when pursued by an enemy

are much enhanced.”

Seton (‘eg, pp. 319-
documents this with sever
of a pair of albinos whic
eighty feet from their nest tr
to the home range.

res to each squirrel, and
He cites, too, the case,
e were seemn Imnore than’
) assigns but siX acres

311) assigns less than ten ac
al examples in his experience,
h Paul Doherty said only onc
ee. Later Seton (’28, p. 122

£. . . 4
}I 17 Matule Spruce fDIESt Squlllels abuﬂdant

Forge, N. Y.+ July o, 1926. Nick's Lake, Old

The density of the squirrel population in different
regions varies, doubtless not only with differences in-habitats, but {rom season
to season. Though no rthythmic cycle has as yet been established for the red
squirrel, ohservations over several seasons at 1 eland, Michigan, led me to believe
them most abundant there about every third year. -

Merriam (’84, p. 212) correlates the red squirrel populati
dacks with the beechnut crop. e gives a well marked instance in
and in 1882. It is his contention that in the year of a good crop
when it would seem most logical) the animals were excessively
r they had almost entirely disappeared. o
Zoological Park, in 1903, according. to Hornaday (13, P-
o numerous that they were driving out the nesting hirds
ds wetre shot in the 234 acres, and the populatioﬁ
Even then the squirrels averaged more than
312) found at Kenora, Manitoba, where they

were more numesous than elsewhere, that there was not more than one squirrel to
each three acres of pinewoods. e allows on the average one pair of squirrels for
every square mile, Later (’28, p. 119) he writes: “Dr. R. G Waugh of Carberry,
Man., killed 14 red squirrels in his acre of bird sanctuary. Dr. M. C. Rumball of
Morden, Man., tells me that in the sumines of 1912 the red squirrels in his town
became so numerous and destructive to bird nests, that he shot 15 on his house
lot, which was 200 by 125 feet. It was well wooded like the test of the town.
This killing made no visible difference in the numbers of red squirrels.”

Squirrel populations.

on in the Adiron-
the year 1881
(not the year
abundant

following,
while the next yea

In the New York
79), the squirrels becatie s
and the fox squirrels. Sixty re
reduced to a reasonable number.
one to four acres. Seton (Cou, p-
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Grinnell and Storer
S. douglasii albolimbatus.

Klugh (27, p. 3) places the abundance of the red squirrels in the original
pine forest of Ontario at not more than one to every twenty acres, and in the
original maple-heech woods about the same. About two squitrels to every hundred
square yards were found in the spruce woods of New Brunswick, Klugh found,
in a census of a region of abundance of- squirrels at Grand Bend, Ontario, during
the spring of 1923, nine squirrels to every acre. This was in a mixed forest of
pine, hemlock, cedar, red oak, white oak, beech, maple, butternut, and hickory.
The greatest local abundance which he records is seventeen red squirrels in a group
of five butternut trees, during carly September. This Was in a region where such
trees were scarce. A similar gathering of about the same number was described

to me as occurring in the trees of a rocky hillside, in Iate February, 1927,
at Katonah, New York,

At Petersham, Massachusetts,
Pond, there were to my knowledge i
squtirrels; or about ope pair to each
principally of white pine.
that there was about one pai

(’24, p. 207) estimate one squirrel to each four acres, for

within 200 yards of the shores of Harvard
n the summer of 1025, nine pairs of adult red
nine acres. Five of the pairs were in stands
In the Harvard F orest during that year T estimated

1 of squirrels for each six acres of mature white pine
growing in dense stands, one pair to each two acres of spruce Swamp, one pair in

each three acres of hemlock and approximately one pair to ecach four acres of
mixed pine, hemlock and transition hardwood. R

In a pure stand of mature red spruce (Fig. 19)

on ore side by open fields and on the other by an extensive hardwood forest, I
found the red squirrels in abundance.

The stand was 500 yards long by 100 yards
wide, or about ten acres. Ip a few days I secured a total of sixteen squirrels and
knew of two more that were left..

i’The specimens taken were thr
three adult females, and ten young ones. This would indicate th
one family to three and one third acres,

and numeronus burrows, one of which sho

The information that red squir
abundant as formerly, was volunteere
dacks with whom T conversed, But
proverbially greater snowfall of for
about the same, or is if anything on

at Long Lake, N, Y., bordered

ee adult males,
ree families, or
In this stand were three outside nests
wed on excavation g recently used nest.
rels are now but one half to one fifth as
d by almost every inhabitant of the Adiron-
it is my opinion that as in the case of the
mer years, the squirrel population remaing
the increase. In all probability these people
ce of squirrels in some maximal period of a
typical of the old days. Furthermore, these
ey did formerly, and when they do go their

rected towards squirrels
Seasonally the squirrels must be most abundant earl

of the litters are born, Yet the Adirondack g
me the squirrels were most abundant in the fall.
undoubtedly lies in the fact that sguirrels are m
there is greater activity on the part of a |
noisiness increases as the young grow older
ground, and in cutting cones and nuts,

population cycle and think of this as
people go less into the woods than th

and their numbers.
yin the summer, after nust
tides and hunters invariably told
The reason for such an opinion
ore in evidence at that season,
arger number of squirrels and their
; and there is greater activity on the
The greater amount of noise made by

5t

wirrel ?Opu]ati{m
ine the most dense sq
e, Supporting

- 1 T 26,
Fig. 19. Pure stand ﬁigﬁeigé.c Long Lake. July 25 I9
M €

alsam.  Squ
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REPRODUCTION

Mating. The cestral period would seem either to vary i
squirrels in the same region or there is more than one cestral period
at least if the first period is not ¢ruitful. The season of heat oceurs in early spring,
just when the snow hegins to melt, according to Bell ('98, p. 77)- As early as
February 6, Seton (‘c9, p- 313) found signs, internal and external, of sexual
vity among the red squirrels about Toronto, Mearns (*08a, p. 330) states that
in the Hudson Highlands, they are commonly seen mating during Tebruary. Mat-
ing behavior was observed March 1, by Dice (21, p. 26), in Interior Alaska. The
e reported (Preble, '08 p. 170) mating in the Athahasca-Mackenzie
Klugh ('27, p. 4) reports that in Ontario the red squirrels
mate in March, and at that time there is more chasing about among the branches
than at any other time. In Manitoba the species is reporied as mating late in March
or early in April (Seton, ‘09, p. 313). As to duration of the period, Seton (ibid.)
has seen a pair attempt to mate as late as July 19. Other late matings are indicated
by records given beyond. Small embryos were found in an Adirondack squirrel
taken July 19, and what was apparently a copulation plug was observed in 2 female
taken July 26 in the same region., About September 1, I9TH, 1 saw a pair of clasp-
_ing pine squirrels (5. fremonti) in the front range of the Rockies near Devil’s
" Head, Colorado. This, together with observations on wild and caged squirrels
- of several species have led me to believe that sporadic attempts at coitus are common
* even far outside the period of possible reproduction.
& The scrotum during the breeding season is large and pendulous to

accommodate the enlarged gonads. Richardsen (29, p-. 189) reports this
. condition of the scrotum as prevalent during the spring. Data in my
: field notes on Adirondack red squirrels between June 29 and August 14, and on
-+ Lake Champlain squirrels between September 8 and 10, show a considerable indi-
" vidual variation of the condition of the testes in adult squirrels on the same date.
" The longest testes, from squirrels taken July 25, 20, and September 10, measured
17 mm in length, Pairs of stich testes, with epididymis attached, weighed from
o201 grams to 2.5 grams and were located in the scrotum. In squirrels weighing
- less than 155 grams the testes had not entered. the serotum. The smallest testes
* found in a scrotum measured eight millimeters and weighed haif a gram. Testes
* were abdominal and minute in the males taken Tuly 16, 21, and 23, the individual
weights being 124, 121 and 131 grams respectively. Descending testes were found .
between the inguinal canal and the scrotal fold of immature squirrels taken as

- follows:

July 25: hody weight 116 grams; testes length 7 mm.

July 26: body weight 126 grams; testes length 8 mni.

July 26: body weight 126 grams; testes length & mm.

July 26: body weight 155 grams; testes length 14 mm.

Aug. 14: body weight 136 grams; testes length T mm.
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are four to six young in a litter. Mearns ('98a, p. 340) reports a family of six.
MacFarlane (ibid.) writes that families with seven young are occasional. Klugh
(27, p. 5) saw a family of five young outside the nest. Stoner (’I8, p. 26} refers
1o four or five young being produced at a single birth. Fisher (96, p. 197) says
that the young ave about three to four in number. An apparent exception occurs
in S. h. picatus, in which Swarth ('11, p. 118) writes that the number of young
seemns to be two; at least females shot in mid-April contained two embryos each.

Time of birth. The young, of which there appears to be but one litter
a year, are usuaily born in April, May or June, but they may be born at any time

* during late spring or early summer. Merriam (*84, p. 218), Tisher (’96, p. 197),

Cory (’12, p. 126) and Stoner ('18, p. 26} all speak of the squirrels as being born
in April. Mearns ("8, p. 340) writes that the young are usually horn in May or
June, but that they may be born at any time during the warmer half of the year.
Preble (P08, p. 170} records a litter but a week or so old found May g, in the
Athabasca-Mackenzie region. Bailey (18, p. 38), referring to S. A. richardsoni

in Glacier National Park, states that the young are horn in June.

Klugh (’27, p. 5) writes that in Ontario, New Brunswick and Manitoba they
are usually born early in May, but that many broods are horn considerably later.
He writes: “I have on several occasions seen young squirrels but little more than

half grown in September and October, and at Lake Missanag on September 6 1

saw an adult and five half grown young on the trunk of a large dead hemlock, in
which, at a height of about twenty-five feet, was their nesting hole.” Seton
(*o9, p. 315) states it as his opinion that the young are born about the first of
May. He reports a nest of blind young measuring about fonr and one-half inches
long, found on June 24 in Manitoba. Another brood, near Lindsay, Ontario, was
still blind and furless late in June. Broods born late in the summer may possibly
be second litters though my only bit of evidence consists of the body of a female
which T secured at Long Lake, New York, July 19. Though this squirrel con-
tained five embryos thirty-nine millimeters in length, the mammary glands were
greatly hypertrophied, as they might be following rather than preceding a period
of lactatiom.

Appearance of young. ‘“The young squirrels are most absurd looking
little beasts at first, like miniature pug dogs,” writes Cram (99, p. 21 ), “blind
and naked, and with enormous heads. In a few days their fur begins to show Like
the down on a peach, and as a fringe of short hair along each side of the tail,
which at length assumes something of the flattened aspect of that worn by their
elders.” Bailey ('18, p. 38), too, speaks of the new born squirrel as naked and
helpless for a long time. Mearns (’g8a, p. 340) describes nearly naked young
found April 19, with eyes closed, and those of another brood taken May 5, which
were large, lively, soft, and pretty in their winter coats. Mearns declaves that
young born early in the season are at first equipped with the winter pelage while
those born later have the summer pelage.

Five young which Seton removed from a nest near Carberry, Manitoba, on
June 24, are described (’og, p. 315) as being blind, naked and helpless and with
no sign of an aural orifice. “They measured each about 4% inches in length,
including the tail which was 134 inches.”




56 Roosevelt Wild Life Annals

bran]ilrth fplace. I he_ young are born either in the bulky nests among the
o cthzs}oouz trelf, ;r ;n tht; hcc)fllow of a tree trunk. Bailey (*18, p. 38) writes
voung of 5. A richardsoni are born ; ig o st
branches or in the well lined hollow trunks, Slelioﬂw(’glgg s;asgr nfStISG)mgong’l:t}he
very young squirrels from nests in an abandoned flicker ht;le i‘n a ﬁeid holl esmti’ .
m a nest box, and also young found in outside nests in ,trees. Mea?-ns W(’Ige,
Ep. _339—340) r.ecords them found in a hollow cak tree and in a bird house tho?lsj,
¢ remarks that they are usually brought forth in outside rests, I--Icrri,ck { ’-:21
g;e;‘?;)lvitz{tesc that th(,z young are cared for in hollow trees until able to shift fgor,
hemsel 51, ram- ( 99, p- 214.), that they are usvally horn in a hollow
e ,a fff ;esc;n;e-hzles i}u an outside nest. The hollow stump, he writes, may be
€t mugn and even opea at the top, but in sl " it s us
i)rzt‘ected b)'/ an overhanging hemlock or spru%:e. Bell ( ’98? ; C;;(; lgLi{itiL;S?illZ
ndians, writes that they are most commonly found in outside nests , Prehl ¥ !
‘p; i70) recorfis a litter a week or so old from an cutside nest am.i alslc(: Vi’ (Itogj
("03, p. 84} cites a case of the young being botn in such a nest J In the far , 'On
of course, there are not so many hollow tree : Yot 10 s

s as in (l ‘ritor
of the red squirrel’s biographers. e territory familiar to most

L . .
- ac‘;a‘:mn. , It is not kn(_jWn how long the mother red squirrel nurses her
inmg};lte ;noz { og,t p. :13;6) expresses his opinion that the squirrels are not weaned
ugust. The latest date at which T ner
personally have taken a nursi
female was August 19, at Petersham, Massachusetts, Davis (’z2g, p 4121738121%

Ann Arbor, Michigan, on M
oty e s gan, ay 16 took a female whose manmmary glands were

Earlv T - .
g develo;}irn;liisandttrz;xrfnng-. The period of the squirrel’s life during which it
coat of tur 1s spent inside the nest. The mother s < ibi
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On another oceasion, after watching a
stores, I sat down near its excavation d
hurrow, Shortly it returned and percei
feet away and cautiously surveyed me.
cicada-like tcher—r-r-r-r, then turned again
after circling around, wag frightened by
dashed away to scold me from a safer
“writes of this call being heard in the spr
notes contain numerous references tol t
often described, usually as “chir-
referred to it as sounding

call follow one another in rapid sequence, with diminishing volume, lowering
pitch and sometimes an increased interval between the individual notes. Op
a few occasions, preceding an

squirrel sound this call
afterwards,

The note of curiosity, or uncertainty, is frequently sounded wher the squirrel
is attracted to some object which at first is not fuily comprehended, The
animal displays mild excitement when making this call, which may Dbe accom-
panied by a stamping of the hind feet, or jerking movements, Usually the
animal is in plain view of the object of its excitement. The note is a sonorous
whistled “whuuk,” slowly repeated. While it is musical there is often a sharp
metallic quality to the note, varying with the degree of excitement.  The call
may be fairly well imitated by a sharply. checked nasal whistle, It slightly
n chipmunk.  The note of curiosity occa-

squirrel removing some of jts buried
uring one of its trips away from this
ving my presence stopped about three
Half turning it broke out into the
to watch me. Later, the squirrel,
4 movement of one of my fingers and
distance. Spreadborough (19, p. 61)
ingtime and in late summer, My field
he call throughout July.  The call is
r-r-1,” or “cher-r-r-r.” Richardson (’29, p. 187)

like a watchman’s rattle, The notes composing this

resembles the alarm note of the easter
sionally precedes the call of intercommunication.

The note of pain, a rather shrill screaming,
who heard it from an intruding individual w

squirrel, the owner of the stores it was raiding,  Dice (21, p. 26) refers to a
young squirrel screaming as it fought when attacked by a mink,

The scolding of the red squirrel, which Klagh (27, pp. 30-31) has appar-
ently correctly designated as an expression of anger, varies greatly in its com-
pontents, depending on the intensity of feeling of the individual.

The characteristic angry chattering is usually preceded by the whistled note
of curiosity, the tehir-r-r-r- of cotnmunication, or g "meur~1116u1'-n1eur," which
Klugh (27, p. 31) refers 0 as an expression of curiosity, or g whimper of
nervousness.  Usually mounting a branch, the squirrel, now thoroughty angry,
breaks out into a long chatter interrupted at varying intervals by an explosive,
whistled “chuck,” or a high-pitched piping note, as represented on the accompany-
ing musical staff (Fig. 23)

is described by Klugh (’27, p. 31)
hich had heen hitten by another

& AN

S e

Fig. 23, The chatter of anger,

The high notes, though all of the same pitch, seem to vary because of their
changing volume and length.  When the squirrel becomes exceedingly angry
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Lake Champlain, the outside nests were uncommon, and probably for the same
reason.  Cory ('1z, p. 126) reports. outside nests exceptional in the latitude of

Chicago.  Seton (09, p. 314) states that about Carberry, Manitoba, where
hollow oaks and flicker holes abound, the outside nests are r

adds that in the pine forest about Kenora, on the other hand,
build many outside nests, T’ found suc
pine stands at Petersham, Massachusetts (Fig. 25}, and in the central, conifer-
covered Adirondacks.  This type of red squirrel nest is reported by DBailey
("26, p. 47) for North Dakota, and by Spreadborough ('19, p. 61) for the
Canadian Rockies, while Osgood and Bishop (‘oo, p. 27), Dice (21, p. 25) and
Murie (27, p. 38) describe it as the commonest type of nest in Interior Alaska,
where, according to these authors, several nests are often found in the same tree
or in adjaceut trees. New York, T found two nests in one

arely seen, and
the red squirrels
h nests quite common also in the white

At Speculator,
free, but neither was in use and they ma

The habitat chosen for outside nests in New York and New England may be
any mature forested area.

Murie (27, p. 38) writes that in Interior Alaska
the “Squirrel nests are parti

cularly plentiful in the heavier forests lining the
stream hanks, and are more seldom found in the scattered small black
many districts.”

The species of trees in which the outside nests T have recorded from the
Adirondacks and from Valcour Istand, Lake Cham

plain, were located, and the
number of nests in each are- red spruce (3), white spruce (2), hemlock (2),
and witches’ broom in balsam (2). TFrom Petersham, Massachusetts, I have
recorded nests in white pine (6}, Scotch Pine (1) and hemlock (1).  Merriam
("84, p. 218) describes, for Lake George and similar areas, nest gites in tops of
¢vergreens, occasionally in decidugus trees, and in the midst of a tangled grapevine,
- He states that the red squirrel shows a preference for red cedar, probably for
the reason that this tree Turnishes most of the material for a nest.
("o8a, p. 339) found nests in the foliage of the juniper,
Seton ("og, p. 314) describes a nest in g small
In Interior Alaska, Dice (’zr, P- 25) found the nests in white and black spruce,
and Murie (°z7, p. 38) found a nest in witches’ hroom,

‘The height of red squirrel nests from the ground varies. Most of those
which T have found in white pine have been in the crown, usually about five
feet from the top. The highest of which T have a record was at sixty feet,
in a sixty-five foot white pine.  Another was at fifty feet, on a small protrid-
ing limb on the otherwise clear stem of a hundred-and-fifty-foot pine in a
virgin stand at State Line, New T ampshire.  Nests were commonly seen at
heights of thirty to forty feet in whi

te pine on the Harvard Forest,
spruce and hemlock averaged seven feet below the summit of trees
forty feet high. The nests which T found in witches’

distorted growth of a tree, in gr
by a fungus disease—were at heights of ten and twenty feet,
writes that in the spruces of Interior Alaska the nests oceur

to twenty feet.  Seton (’09, p. 314) deser
nine feet, while I have seen on

spruces of

Mearns
in the Hadson highlands.
jack pine at Ingolf, Manitoha,

Nests in
wenty to
broom (Fig. 24)—the
0SS appearance resembling mistletoe, but caused

Dice (21, p. 25)
at heights from six

ibes a nest in a pine at a height of
e in a Scotch pine at eight feet,
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Nests may be built against the ¢runk, straddling the base of one or several
branches, or, less commonly, near the end of a branching limb. Fleven of fifteen
nests 1 have described in my field notes were adjacent to the trunk. The others
were at distances of three, four, five and eight feet from the trunk. Another nest
was built in the center of the circular broom formed about a squirrel-killed leader
of a Scotch pine.

Nests are sometimes exposed to direct rainfall and snow, but are usually
protected by foliage above. Direct sunlight, while reaching some nests during
part of the day, is probably not a factor entering into the selection of a nest site.
According to Spreadborough (’1g, p. 61) the nest is usually placed near the
food supply, in a tree with thick foliage.

The outside nests serve as homes the year round, ‘at least in the far north,
though Bell {’08, p. 77 writes that they serve as homes only in autumn and spring.
Cory (’11, p. 70) writes that Sciwrus fremonti uses the outside nests both in winter
and in summer. The young are often brought forth in these nests, as shown under
the section on the birthplace of the young. There are no clear records known 1o
me, showing that two of more adult squirrels share a nest together, though my
captives have done so amicably, and I presume wild squirrels would, too, at least
in cold weather.

The nest is well constructed from materials at hand and to fit the demand of
its location. It may be built upon a platform constructed of twigs, in an abandoned
hawl’s or crow’s nest, or it may rely for its support solely upon the branches upon
which it rests. The bulk of the nest is always in two layers, an outer thick roof
and walls and floor of coarse material, to shed water and resist wind, and an inneyr
lining of fine, soft material for warmth and comfort. Usually there is but a single
chamber, though in one nest I found two (Fig. 26).

The entrance is commonly in the wall of the nest, on any side but that next
the trunk. In three nests I have found a point opposite the commonly used
entrance to be so thin that the squirrels probably intended it as an emergency exit.
In the double chambered nest here figured there were two open entrances. Nests
are frequently found with the entrance stopped up by the fine material used as
lining, Cram (’99, p. 21 3) writes of a “hanging curtain of moss or some other
substance easily pushed aside by the inmates, but immediately falling back into
place effectively concealing the entrance.” Seton (’09, p. 314) describes a nest
the door of which was draped with fibrous material which made it virtually self-
closing and quite concealed. Walton (’03, p. 251) states that there is always a
surplus of fine material used to stuff the entrance to the nest, to shut the door and
keep out the cold.

The nests are large and bulky, unless constructed of cedar bark. A mest at
Petersham, Massachusetts, measured sixteen inches in diameter and ten inches
deep. The inner layer of this nest was ien inches in diameter and four inches
deep, while the chamber was four inches across and but two and one-half inches
high. Another nest was gixteen inches in diameter and twelve inches deep; a
third, ten inches in diameter by five inches deep; a fourth, twenty inches in diameter.
Two nests at Long Lake, New York, were fifteen inches in diameter and eight
inches deep. In one the roof was two to three inches thick over a chamber five
inches in diameter and four inches in depth. Seton ('09, p- 314) describes a nest,
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in Manitoba, eighteen inches across and fourteen inches high, Dice (’21, p. 25)
refers to a nest of dried grass, in Alaska, as one foof in diameter.

The nests by virtue of their tocation and construction are efficient in guarding
the squirrels from the weather, The floor of some, below the fine dry lining, is
wet and firmly packed so as to be, in its thickness of one to three inches, quite
impervious to draughts. The nests that | have examined during their period of
occupancy have always been warm and dry inside regardless of the weather. Seton
('09, p. 314) describes a nest as being warm and dry inside in spite of recent heavy
rains. Cram (’gy, p. 213) writes that the nest usually freezes hard early in the
winter.

The nest cavity usually contains no food waste, and occasionally s free from
excreta, but it almost invariably contains those external parasites which are
harbored by its owner, Both fleas and ticks are common. Of other things, from
the chamber of a nest not recently used I removed on one occasion the empty
shells of several snails, the shells of three acorts, and the opened pits of eight
wild cherry seeds,

Nest Construction., Tp various regions somewhat different methods of
nest consiruction may be found. Thus, in the Hudson Highlands, in the Iake -
George and Lake Champlain districts and in other places where some species of _ ; ded of bau“k by red Squi!rrels. b'cfrhes hfgf;%' 15
cedar or juniper is common, T found the nests huilt largely or wholly of the bark _ Fig. z7. Small, dead arbor vitae, dcnu}and. Take Champlain, Septem )
of these trees. In regions dominated by white pine, as at Petersham, Massachu- ‘used
setts, the nests were composed of the litter of the forest floor, heaped on a platform
of sticks, the platform necessary both because of the loose nature of the material
used in construction and because of the poor support offered by the barren branches
of the white pine which usually served as a nest site. In the Adirondacks on the
other hand, the nests while composed of about the same materials as those in the
pine regions, have no platform, apparently since a spruce or hemlock is usually
chosen as a nest site, in which the many fine hranches are in themselves ample
support for a bulky nest. In the Adirondacks region the nests are almost
invariably lined with shredded bark of the yellow birch, while at Lake Champlain
the bark of arbor vitae serves this purpose. In the Canadian Rockies and in
Interior Alaska the nests are, according to the five authors cited below, built chiefly
of fine dry grass, and presumably without a platform of twigs, because a dense
spruce is usually the site of the nest,

A nest which T examined in a white pine stand at Petersham, Massachusetts,
was placed on a platform of dry terminal white pine twigs, not cut, hut gathered
from the forest floor, averaging one-eighth inch in diameter and eight to ten
inches in length. The outer covering of the nest was practically an exact sample
of the forest floor at the foot of the tree: two parts of dry unbroken leaves of
deciduous leaved trees, and three parts of dry white pine needles, A few frag-
ments of green moss were included. The lining of the nest chamber was of long
dry unshredded grass blades. Another nest in the same stand was similar, except
that twigs averaging fourteen inches long were scattered throughout the sides and
roof. The inner wall of this nest was mostly of moss and grass, in which wera
included a few. fibers of birch bark, some shredded wood, a piece of string and a
few scattered feathers of a cedar waxwing. Three other nests in similar standg
were similar in construction to the first described.
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A nest in a Scotch pine plantation at Petersham was similar except that the
twigs composing the platiorm were of Scotch pine. The inner wall was of grass
and a few dry leaves arranged concentrically around the chamber.

Another nest, situated in a hemlock in a mixed stand at Petersham, had as its
hase only collected hroken twigs of hemlock; the outer wall was of dry oak leaves
and ncedles of hemlock. The nest was lined only with dry oak leaves. Walton
(03, p. 251) refers to a similar nest, near Gloucester, Massachusetts, of moss so
thatched with oak leaves that no rain could enter. The nest was lined with miik-
weed silk and fine 'shreds of yellow birch bark.

At Long Lake and at Speculator, in the Adirondacks, I found the nests much
the same as those at Petersham, Massachusetts, except for the absence of a sup-~
porting platform and the substitution of finely shredded bark of the yellow birch
for grass. Tor example, one of five nests described in my field notes was coul-
posed of an outer wall of dried leaves of sugar maple, beech, red maple, and white
pine, material typical of the adjacent forest litter. The lining was of shredded
yellow hirch hark and finely fragmented dry leaves of broad-leaved trees.

Nests built principally of shredded bark are found in Southern New England,
in the regions of Lake Champlain and Lake George, in the vicinity of New York
City, in the Hudson River Valley and, according to Seton ('09, p. 314), in the
vicinity of Kenora, Manitoba.

This type of nest when well constructed is quite weather proof and possessed
of exceptional strength. Such a nest T found in a spruce on Valcour Istand, Lake
Champlain. There was a base of sphagnum-like moss, a few dry leaves of hard-
woods, and some stray strands of arhor vitac bark. ‘The outer walls and the roof
of the nest were of the coarsely shredded strips, one-quarter inch wide and.less, of
the inner bark of arbor vitae. There was a lining of very finely shredded bark of
the same trees. '

Mearns (98, p. 330) writes of such nests made outwardly of strips of hark,
chiefly of red juniper and grape, and lined with hair, feathers and moss. Cram
(90, p. 213) states that the bark used is of two sorts, the raugh outer bark of
different trees, torn to small pieces, and what appeats to be the inner bark of the
red cedar, torn into narrow strips or ribbons to bind the whole together. Inside,
these nests are lined with dry grass and feathers. Merriam ('84, p. 218) describes
the nests as usually of soft silky bark of red cedar, and sometimes the bark of
orapevine or the inner bark of chestnut intermixed.

Seton (‘0g, p. 314) describes Manitoba nests as masses of bark strips and
roots.

On Valcour Island, Lake Champlain, 1 found arbor vitae from which bark
fiad been stripped by the chickarees. Eight such trees within fifty feet of each
other grew in one habitat where squirrels were common. All of the trees were
small, the largest (Fig. 27) being but three inches in diameter at the base. This
tree, dead like the others, though not hecause of the barking, was practically
denuded over the middle two-thirds of its trunk. Teeth marks (¥Fig. 28) trans-
verse to the direction of growth of the bark showed the way the strips had been
pulled off in their spiral paths. Similarly barked though larger dead junipers
are common about Bedford, New York, where the red squitrels use this same

T
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kind of material in nest building. But some of the nests
of the more abundant gray squirrel,

The red squirrel nests in Interior Alaska are huilt mostly of dried £rass, writes
Dice (21, P 25). Osgood and Bishop (oo, P 27) describe the nests in the Yukon
basin as globular, and composed of grags, moss, bark and refyse. Murie (27,
. 38) states that the nests in Interior Alaska are of fine grass, lined with shredded
bark, and that other malerial is used when it jg obtainable. He describes one par-
ticalarly fine nest from Kol as heing composed on the outside of grags, moss, hits
of paper, a rag, and ravelings from a gunuy sack, while the inner layer consisted
of a heavy lining of mountain sheep hair. The materials were gleaned largely in
a barn nearby. Nests iy the Canadian Rockies are ‘evidently similar, for Spread-
boraugh (*19, P. 61} describes them as being of fine dry grass, sometimes mixed
with the inner dark fiber of the balsam poplar and of another species of poplar.

are apparently the work

Nests in tree cavities. Nests built in hollow
woodpecker holes are probably of general occurre
and in conifer zones of the mountains. ] h
throughout New England, New York State, the Chicago region, North Dakota
and Manitoba, Where found, it is in these nests that the young are commonly
brought forth (citations in section on Birthplace of Young).

Near Speculator, New York, T found a hollow stub of 2 dead tr

a family of young squirrels in mid-June. The cavity,
through two knot holes, was about four inches in diameter
along a horizontal limh and a foot into the main stem.  The only floor of the
cavity was a leveled mass of chips of rotten wood.  The squirrel may have had o
warmer nest nearby. On Valeour Island a nest (Fig. 29) occupying a deserted
flicker hole seven feet up in an old poplar stub, was composed of dry leaves and
shredded bark, Cram (’co, p. 214) describes the hollow stubs as'being filled
with soft dry grass and a bedding of lichens.  Seton (Cag, p. 314) writes that
the majority of those he examined were in the abandoned holes of the flicker,

trees, stubs, and in deserted
nce except in the far north
ave found records of such nests

e¢c occupied
entrance to which was
and extended three feet

Ground nests. There is no sharp line of demarcation hetween the nests
in tree cavities and thoge undergz'ound, for I have found them in old rotten
stomps and in piles of rotten logs. Cory (12, p. 124) also has reported them
in logs. Mr. Donald Carter informs me that he has torn out nests built in
stone fences. I have found underground nests in the Adirondacks, and sueh have
also been reported from North Dakotg by Bailey (26, P 47), and described by
other authors with no locality assignment.

Saint Hilaire and Cuvier (’z4, pages not numbered) state they read in the
“Voyage of Captain Franklin on ‘the Border of the Polar Sea,” that the Hudson
squirrel is possessed of the singular anomaly of seeking shelter between the roots
of the pine, instead of making its habitation in the tops of trees as do other
squirrels,

The squirrel, T believe, secks refuge in the underground pe
noted that squirrels started on the ground will often go up into the trees, escape
through their arboreal highways and at 4 distance of one hundred vards or €0
descend again to the ground. Murie (27, p. 38) remarks that “Generally, when
I came upon a squirrel in winter, it tpok refuge in the ground,” an( Richardson

sts for T have
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occasionally in farm buildings, and that one such nest was reconstricted several
times after being repeatedly destroyed. Merriam ("84, p. 210) writes of one
between the ceiling and the roof of a woodshed. 1 have known 2 similarly located
nest occupicd the year around near Philadelphia, Murie ("27, p. 38) writes that
“Occasionally a nest is built in an abandoned cabin. One such glohular mass of
grass, lined with caribou hair, was placed in a corner of a bunk in a cabin on the

Chena River.” Buller (’zo, p. 358) writes of red squirrels breaking into a house

in winter and making ‘two nests in the mattresses, Iere too they stored cones
and fungi.

SQUIRREL “SIGN”

Excreta. The excreta (Fig. 5) of the red squirrel, which, as in most
atboreal animals, are dropped promiscuously, are oval or cylindrical, free or
attached, in color olive, brown or black, show no spiral twist, and are from 3 to g
mm long by 1 to 1.75 mm in thickness, The specific character of the food material
is not discernible, Feces tay commonly be seen on logs where a squirrel has
recently heen feeding.

Tracks. The tracks of the red squirrel are rarely seen In summer because
it ventures into few places where tracks would he left. In the winter, however,
it leaves its tracks and their record quite clearly on the snow, The marks of both
feet are then alimost always paired, strictly so in short jumps, less so in the longer
leaps. The fore feet strike the ground first, the hind feet following and striking
usually at a point in front of the fore feet. In the shortest leaps, however, the
marks of the fore feet are in front of those of the hind pair as previously stated,

Foot marks, The foot impressions are fully plantigrade, and the marks
of each toe and claw often show distinctly. The size of the tracks of the red
squirrel will serve to distinguish them from those of other species of squirrels
living in the same area. As the squirrel usually leaps over the snow, particularly
if the snow is soft, there are few tracks showing an ambulatory gait. The trail
of a red squirrel usually Jeads from the base of one tree to that of another, to a
snow tunnel or to some pocket of buried stores.

Burrows and runways. The burrows of the red squirrel may vary from
an extensive labyrinth containing a nest and various store rooms, to little pits
used only for the storage of food. An example of the more complex type (Fig.
31) was found on Valcour Island, September 4, 1926. The nest in this burrow
has been described elsewhere in this paper. This system 0f works was in use
at the time, as aftested by freshly stored cones, the condition of the nest, which
was in good repair and quite dry, and by the scolding of two squirrels during my
examination of it. The hurrow was located i an arbor vitae stand, in which
were also a few balsam and birch trees, The forest floor was practically barren
of green plants. No other diggings were located within fifty feet of this group.

The runways were in general uniform in diameter, Cavity C measured four
inches high at the center; Cavity E, three and one-half inches; Cavity G, nine
inches. Cavities not under a stump or a tree had earthen roofs reinforced by
roots. No roof exceeded three inches in thickuess. None of the tunnels was
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more than eight inches helow the surface. Rock was nowhere encountered. The

nest occupied the hollows under the arbor vitae (IT). A quart of partly green
and damp bog moss was stored in a small cavity under the stump (F). A total
of 117 balsam cones was packed in five of the chambers (A, B, C, D, E), 98 of
which were packed in the floor and pushed into the sides of Chamber C. The
large chamber (G), under the rotting stump, was apparently merely a playroom.
No food litter or excrement occurred in any of the tunnels or rooms.

A series of hurrows in the vicinity of a nest located in a stump at Speculator,
New York, on june 2z, had no stored food in walls ot floor and no middens,
Here the soil was moist and sandy.

except a few scattered scales of spruce cones.
three adjacent rotten stumps

The burrows were limited to short runways under
and an old log.

A red squirrel’s burrow at Piseco, New York, extended for a distance of

fifteen feet among the roots of a halsam, Three entrances led to this burrow, two

of which were partly concealed hy forest litter. As was common in the region of
oh a hollow root, one whose center had rotted

Piseco, one of the passages led throug
while the exterior remained resinous. In this burrow was no nest or nest cavity,
agments within a few

nor stored food, nor any débris except some spruce cone fr

inches of one entrance.
A burrow at Long Lake, New York, was like the last, except that part of

the tunuel penetrated twenty-eight inches below the surface. Débris of spruce
ommon throughout the rumways, and five old decayed spruce cones
were found in one pocket. At Lake Tlacid a burrow found on Angust 13 con-
tained some freshly cut coarse grass and some sphagnum, lying at its entrance.
It appeared that the squirrel had had difficulty in getting the material into its
burrow and bad left it in the doorway. No pest was found in the cavities of
this burrow. On Valcour Tsland, runways in a pile of rotten cordwood, in which
contained about three quarts of litter from arbor vitae cones on
At Piseco I found a similar pile of wood, but this
in winter and contained a maze of spruce littered

cones was c

T found no nest,
which the squirrels had fed.
appeared to have been used only

TUNWAYS.
Walton (‘o3, pp. 84-85) mentions the construction of -a cavity beneath a

pine by two squirrels working together. The digging, performed in the hazelnut

season [early September 7], occupied three days.

Snow trails and tunnels. When snow falls the squirrel relies largely
uipon his buried stores for food and to reach these must burrow through the snow.
Such tunnels may be short shafts to some pocket of food, but more commonly
are extensive, interlacing networks connecting one storehouse with another and
distributed apparently so as to facilitate searching for food on the surface of the
ground ; but the tunnels may also merely lead from one tree to another, or be
random passages, probably used only for purposes of play.

Dice (21, p. 26) writes of trails worn in the snow connecting various trees.
and spow tunnels used for the same purpose. Klugh (’18, p. 10) illustrates snow.
tunnels in his vard where ‘their course was determined by fences and walls. The
purpose of the tunnels was to gain access to the keys of a sugar maple, which
were thickly scattered over the ground. These were usually carried to one of the
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exits where they were eaten, ow tunnels as

perpendicular shafts or radia tunnels along which the squirrels
laboriously drag the cones. Seton ('09, p. 330) describes gz labyrinthine play-
ground in a snow drift twenty feet long and six feet wide Around the ten
entrances were found remains of nuts and pine cones. Two captive squirrels of
mine maintained a system of runways and chambers in the snow which drifted
into their cage. They carried food in from the outside to eat in one of the large
rooms in the snow. Klugh (’27, p. 13) states that “ip digging these tunnels, the
squirrel does not bring any snow to the surface but packs it against the walls,
and makes a shaft to the surface either at the end of a tunnel, or where two

tunnels connect.” Fisher (’96, p. 197) notes that in nut groves extensive run-
ways are formed under the snow in the search for food.

Cram (’gg, p. 208) describes the sn
ting horizontal

HEALTH AND DISEASE

Cleanliness. The chickaree is usuall

y immaculately clean, as the result
of the frequency with which it dresses its its task of digging up
hich T observed had got

But immediately after
el sets about washing itself and soon its

fur.  After
ack earth, a certain squirrel w

and looked quite ridiculous,

buried stores from moist b)
its face particularly dirty
digging or cone gathering, the squiry
fur is sleek and clean as usual,

In the season when the squirrels were bus
& squirrel at Petersham, Massachusetts, that
and face. A similar observation is recorded {r
of August 13, by Dice and 77, and in this instance the squirrel
had much pitch on the fur around its mouth,

Klagh (27, p. 23) states that
the red squirrel thoronghly licks its fore paws and repeatedly rubs them over its
nose alter eating an

Yy cutting white pine cones I shot
had pitch in the fur of jts arms

om Northern Michigan, under date
Sherman (22, p. 3

ything sticky or greasy. He,

the actions of g cat,

Sanitation. The red squirrel, like most of the arbor
its dung wherever it chances to he. Feces may
though not commonly.  Squirrels which T have
their nests, on the floor, on their food and even
frequently finds their pellets on logs wher
P. 334) records an instance where a nes
was deserted because it had become cr
leaving no room for the nest,
which habitually used one cor

eal mammals, drops
even be found within the nest,
held captive would defecate in
in their drinking water, One
e they have recently fed, Seton (°

t box once occupied by red squirrels
ammed to the roof with their dung pellets,
Klugh (°27, p. %) mentions the case of a pet squirrel
ner of its cage for the voiding of its excrement,
Sunning. “In the winter and early spring”
“the red squirrel often selects a more or less shelt
sun, sometimes for an hour or more at a stretch.”
have frequently seen them also throughout th
the day basking in the sun,

writes Klugh (27, p. Io),
ered spot and basks in the
To this ¥ may add that I
¢ summer spend long periods of

They will usually select o branch receiving full
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Haemogamasus were found in a red squirrel's

Nests probably serve an important rile in the d
of the squirrel.

nest at Long Lake, on July 25,
ispersal of all external parasites

Longevity. Klugh ("27, p. 8) quotes
furnished him by Charles Macnamara as follows: *“Up to his fifth or sixth year
his activity was as great as ever. Then he began to show signs of age, In his
youth he used to leap straight into the door of his bedroom ; later T set a branch
diagonally from a lower corner of the cage up to the door, and for a long time
he could climb this nimbly enough. As his mfirmities increased he gave up his
circling exercise and at last | had to replace the branch with a flat board with
grooves cut across it, up which he used to hobble to bed. The direct cause of
his death T think was lead poisoning contracted from some freshly painted fur-
niture which was placed near his cage to dry. He may have reached out and
licked the paint or perhaps the fumes were enough to. kill him in his decrepitude,
As well as T can remember he was in his ninth year when he died.”

The record of a free though tame squirrel, known well to Walton (03, p.
07), extends over g period of ten years.

an account of a pet red squirrel,

Mortality. Olq age is probably a fr
often a direct) cause of death among red squirres for with the infirmities of
age come a decline in leaping powers, resulting doubtless in occasional if not
frequent serious falls; and there is also the declining ability to escape from

enemies, and the lessening resistance to disease, cold, hunger and other vicissitudes
of squirrel life,

Fear,

equent indirect (hut perhaps less

too, has by some writers been consi
squirrel mortality, for a terror stricken s
& pursuer; and even though it should be
desperation might easily cost its life.
('og, pp. 317-318) a commion cause of
to cope with its environment,
The known enemies of the
under the division dealing with

dered a contributing factor in
quirrel may be tog paralized to escape
able to dash away, a reckless leap in its
The loss of its tail ig considered by Seton
the inability of the red squirrel successfuily

red squirrel have been considered in this paper

its relation to certain other vertebrates, These
foes, which wilt merely be mentioned here, are: large fish, rattlesnakes, hlack-

snakes, marsh hawks, goshawks, red-tailed hawks, red-shouidered hawks,
broad-winged bawks, Cooper’s hawks, sparrow hawks, barred, great horned and

some of the other smaller owls, and marten, fisher, mink, Iynx, wild cat and the
domestic cat.

Famine must result in the dimin
and seriously, If the red squirrel, eve
up a sufficient store of food to carry it through the winter it
directly, or succumb in its struggle with other factors in jts
indirect result of its decreased vigor, ]

Forest fires may locally entirely destroy not only the food
rels but the squirrels themselves, In this country abont
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is occupied by the red squirrel or

ution of squirrel populations, frequently
n with its diverse food habits, cannot lay

ay die of starvation
environment, as the

and shelter of squir-
8,000,000 acres ate burned
al, probably over'half the acreage
the pine squirrel (a Pacific Slope form.} Brush
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at lower temperatures.” Nelson ('87
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PERIODS OF ACTIVITY AND INACTIVITY

. htTh}f::) l‘eFI squirrel is usually more or less active thr
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well aftes i f}fe?r around t'he tree in which their food was stored unti]
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.On Cape Ann, Massachusetts, after a per
sqt}lrrels of the region became very wild caclc X
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- ding to Walton (o3, p. 90), who
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m the oak trees around my cabin.”’

a2 . .
42-143) gives several instances of nocturnal activity

ious, but wary,
Seton ('28, pp.

) .Rest and sleep. In addition to its usual
and 1n periods of coldest weath i
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ase 1ts activities for a va
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periods of inactivity during the night

p. 281), however, also with regard to Alaska
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(o1, P 201) writes of seeing a red squirrel, fast asleep, curled up comfortably

in a robin’s nest
Dice and Sherman ('22, p. 38) write of a young wild red squirrel which

after eating allowed itself to be picked up. “It seemed very sleepy and slept for
about half an hour before ruaning away.” “After resting,” writes Kiugh (27,
p. 10), “the squirrel almost invariably stretches first one hind leg and then the
other, and yawns widely, curling the tongue upwards like a dog.”

SQUIRREL BEHAVIOR

A more striking difference exists between the psychic traits of
and the other diurnal tree squirrels living within its range than is sugge
The red squirrel is characterized by its mnoisy vivacity, an
d a sense of ownership which is pugnaciously main-
has been developed at the expense of
est, but bravery and self-

the red squirrel
sf.ed in their

physiognomies.
impetuous inquisitiveness an
tained. The chickaree’s property instinct
social tendencies and manifestations of community inter

relinnce have been its rewards.,
The red squirrel presents a psychological problem of no small interest, but

not one to be easily or quickly worked out. With our present anthropomorphic

methods of psycho-analysis it is at present impossible fully to ascertain the mental

status of the species. Many of its actions are incomprehensible to us and
nearly all are subject to multiple interpretations. Thus the vocal medley so often
accompanying excitement has by many writers been considered a form of merri-
ment. Burroughs (o1, p. 9) wrote of it: “The appearance of anything unusual,
if after contemplating it a moment, he concludes it not dangerous, excites his
unhounded mirth and ridicule, and he snickers and chatters, hardly able to contain
himself ; now darting up the trunk of a tree and squealing in derision, then hopping
into position on a limb and dancing to the music of his own cackle, and all for
your special benefit.”

No hetter conclusion can be advanced than that of Seton (‘og, p. 33%) who
writes: “The rodents are very low in the scale of intelligence, but the red squirrel
ranks high in its class. It is gifted with a burning curiosity, which, tempered by
prudence and aided by agility, is an excellent start on the road to knowledge."”

Individuality, The more diverse the activities of a mammal, the more
diverse are the traits of the individual. The red squirrel is no exception, and
individuals may, after a short acquaintance, be recognized by their various char-
acteristic attitudes, motions or mannerisms, and on longer acquaintance even many
points in the animal’s psychic reactions will serve to distinguish different indi-
viduals. Such individuality is illustrated in the following incident: One day in
the middle of July my companion and I saw two squirrels in a tree. One of these
on perceiving us, became greatly excited and ran up and down the tree, twitching
and jerking in characteristic nervousness. The other squirrel, with its tail fat
upon its hack, crouched close against a limb, watching inteatly our every move,
vet not itself betraying the slightest movement though we approached to within a
few feet, Clapping our hands caused this squirrel to move to a higher limb where,
without losing its composure, it assumed again its former position. A third
squirrel was disturbed, which was ground feeding a few feet from the other two




8
| Roosevelt W ild Life dnnals
It bounded onto a
feeding,
Klugh (2
27, . 28), writi
r_by J. G. Needham, stat)es th]a:ii'Of ‘f?Od e s of a P .
property which fed on termina] ;)S meal o, one n S o
1nal by ce :
Among my captive Squirrels e "

Nery
ous states of d pEliI' the male
’

H S &, pp f t fur €r or 3 Ell] (] vV
learb Y log, sto E(l 1e]"]_ ce [ H |. 11¢ 1{1 I'eSllillC(I

I have {
ound marked differences between the

to fi ; ustal i
ts of panic, ally being far more excitable, and suhiect
* ljec

Sociabilit

o V. The re
Jng in the work of -
winter has develo
makes it g

quirrel is not
a community, ‘The
Lo ped a sense of ownership
s i t};0 z‘tar.y creature through
g € social pastime of callj
the attachment between mates |
squirrels are occasion Cin g

- .
na:;I(':eg%:}rrous to th_e extent of cooperat-
anzs.;lt)tf for laying up stores for the
ot D Ofnsdfpendence in the species which
g back o | e iyear. Yet individuals may
8 bac orth when at work, At time
g As I have recorded elsewhere, recSI;

ally scen in or
groups, plaving
ying together. Seton wri
2 writes (’og
L]

P 312): % i

bﬁt‘gl n)e Red squirrels will play together

e Yer saw two of them unite totc’i i ’
cavy for single effort iy

an enemy or t 5,
foe, but i One may of 0 undertake son
s it seems to : ¥ give the al ne worlk
‘ utter alarm call : -
I have, T believe, seen ]It is d Inenace to the foe, not ag on finding a lurking
’ hot ’ a warni : .
the nest.” parents (near Toronto) g TIing to its friends.
gathering cedar bark for

i s from W :
A feeling alin to - alton given further on sy

Seton (‘o mership may lie in the m
outsid (‘og, p. 3.14) has observed a male .ﬂllnd of th
e of the breeding sea ate driving away

When one s
another squirrel,

¢ male for his mafe
1]

) a rival from a female
a £

0 protect his property with
[a known' squirrel )
hen there was a famine in.

s Culﬂ YO lng
nus T 1 re
d thought he C()Uld

: 1pon himself t
held my door va;—d( 1?(;3; ISJP- 77}78) writes : “Bismarck
th 2 everal vears., .

€ land because the nut crop ha}d }I:iledoz? s

drive Bism -
his antagbn?srtc,#btjt“:?z:" d{x feree battle w ue i
 Bismarck reigned ﬂ]'ebo I;Isﬁgure.zd for life by the Jogs oi‘ ﬂilece, and B.mmarck Killed
out. his consent was his v }_’fsqmrre; that gained a footholg iendlof is tail. While
she persisted and won the‘“{e. He' chased her away time fn tae. door yard

day. Bismarck gave in when iljlstt:,:dtmfm, but
’ ad ol running away,

his wife adg
pted the pl :
It w plan of running spir
as two weeks before Bismarclcgwlg;llzlly up and down the tree trunks

ard,

Z I s‘th[en' peace was declared the two wo
Walt}:;. i Eo dmg and growling, while his wife
op. cit, .

oited byt fo07 238) writes of “Tiny,” the son o «;
squirrel,  Walton SObather Ithe door yard that had be: . tc}:]f Bismarc,’
served that T n the terr

mother as well a al Liny raced hj

s str s brothers, si
that did not depart aftey the fp e, (00 Yard and fere o Sisters, father and
er the first warning, which was 5 1 o lattaCkEd ANy squirrel
ong drawn out chirr-

r-r-r-r,

with-

Further,
. " as having
itory of the olda-

The Red Squirrel 81

ection on the relations of the red squirrel to other

species, Walton's squirrels drove away birds and gray squirrels as well as other
reds. In summary, Walton writes (op. cit., p. 76), “The red squirrel owns and
controls trees that bear nuts or cones and other reds respect his rights and do
not invade bis territory uniess there is a famine.” '

Klugh ('27, pp. 26 and 28 29) wrote that two red squirrels which made the
maple in his garden their headquarters, drove away other squirrels that came into
it as well as birds which fed from their stores. One squirrel, intruding when
the owners were away, choked because it tried to eat too hurriedly some pieces oi

meat stored there.

When a red squirrel is placed in
of proprietorship, for it will juvariably take
is introduced, even though but a day later.

“C)ywnership of an article,” writes Klugh {op. cit.,, p. 29}, “seems to be marked
upon it by the squirrel licking it, and by its moving it from the place in which
it is found. I have noticed again and again that when a squirrel finds something
for the first time it licks it, but when it takes out something which it has had
in temporary storage it does not do so, and that a thing when found must be
moved, even though it is moved only a foot, or sometimes even six inches, and the
movement does not result in a better storage place.”  Seton (709, p. 325) has

ohserved fox squirrels licking peanuts hefore burying them; and I have seen red
nes hefore feeding from them, but I interpreted their

As I have quoted in the s

a cage it seems to develop rapidly the sense
the offensive when another squirrel

squirrels licking balsam co
action as onc of cleaning.

noted, the chickaree is aggressive in defending his
proprietary rights, and, as is true with other animals, the intruder usually flees
before the attack. Iarly in September I have found the wild red squirrels
monly busy in pursuing one another among the trees and over the forest

Several such chases which I observed led over a fairly straight course and
Af this time of year the adult population
ch of mew territory.

Pugnacity. As

UNComny
floor.

ended by the pursuer returning alone.
is probably at its height and many new squirrels are in sear

It is then that the owner must fight for his rights.
The first member of a pair of red squirrels which 1 placed in a cage together

for two days, aggressively fought the second member, though the injuries inflicted
only stiffencd temporarily one elbow of the attacked. After this the second
squirrel was tolerated in the nest box, but was always forced to keep away from
the floor of the cage while the other was feeding. ‘

The seriousness of the fighting is attested by Nelson (’18, p. 455) who writes:
T have seen the victim go up and down tree after tree shrieking in fear and agony
and leaving a trail of blood on the snow as he tried to escape the truculent

pursuer.”

Fearlessness. At a safe distance in a tree the squirrel is a very hrave
animal in his attitude towards a creature that climbs poorly, but on the ground he
displays a nervousness that is expressed in his caution, his hurried movements
and occasional whimpering as he moves.

Given a sense of security the animal
loses caution and becomes on the contrary quite aggressive. His excitement
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mounts and he starts to scold, Becoming more and more excited, he jumps up
and down, stamping with his. hind feet, and jerking his tail synchronously with
his barking, e may rush down the tree as if to attack the intruder, and then,
1o douht in a burst of fear, rush madly back again and chatter still more excitedly.

If hunted for some time in a given region the red squirrels may hecome wary,

and, instead of running at the approach of a person, may watch him quietly from
a branch instead of scolding and following him.

Red squirrels sometimes chase other s
yet this recklessness is not necessarily
conscious of being an intruder.

pecies of animals larger than themselves,
a test of bravety since the pursted is usually
I have seen it written, without supporting facts,

that the red squirrel is a match for even the large weasels,

Timidity or wariness, War
prompts the squirrel to move rap
at a disadvantage,

iness, the result doubtless of instinctive fear,
idly under circumstances in which it would be
Thus in traveling over the ground the squirrel moves not
only rapidly, but usually in a course that takes it close to the bases of adjacent
trees, which furnish escape from many enemies. If 2 person approaches a
<hickaree on the ground it usually rushes up a tree for safety. In descending a tree,
even though the squirrel is making frequent hurried trips from top to botiom, it
almost invariably checks itself some feet above to see if all is safe below.
But it is in caged individuals that one may best observe the signs of fear.
One individual that from the moment of its capture distrusted me was at first
S0 nervous that it shook violently and its teeth chattered. The captive jumped
wildly between the sides of the cage, with an impetuosity dangerous to its safety,
Occasionally alighting in a corner with some nest cotton near, it would pull this
up in front of itself and hide for a few moments.  Later the squirrel seized an
apple in its cage with all four feet, and clinging to it, rolled over with it. With-
out righting itself the squirrel consumed about a third of the apple.  Following
its hasty gorging on fruit the squirrel quieted down somewhat.

Cats watching in front of the cages threw my squirrels into a panic which
lasted long after the cats had gone. At such times these squirrels, ordinarily but
moderately frightened by something strange, hecame violent in their attempts to
break through the screening, Their motions and gyrations were speeded up to
double those in ordinary {right.

An almost invariable accompaniment of fear is the release of the sphincter
muscles of the bladder, and occasionaily also those of the rectum. It would be of
interest to know whether this trait, so common among mammals, is of protective
significance in reducing the size and weight of the body
escape with greater speed or through a small
possible. It may be that there is but a temporary paralysis of the nerve centfers
controlling toricity in the sphincters, that has no evolutionary bearing.

Two captives which remained quiescent under
cited by Mills (‘& pp. 61-74). He believed that the
own experience with captive squirrels would lead me to believe th
merely “freezing” in a manner similar to such hehavior

known mammals, They did not act de
acts thus,

, allowing the animal to
er hole than woukl otherwise he

conditions of captivity are
Y were feigning death, My
at they were
in certain other well-
ad, at least in the sense that the opossum
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’ Association, reflection, resourcefulness Without i
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;.Ecg:ia:i:g;ls a(lf 1instmct, it may be'sai’d that there seem tf) fengg]e?aloszf;:sjvfi
e eh 1Py.su;?p'()rt ‘.[he writer’s clonviction that the red squirrel sho
e sagacity in its daily life. The squirrel’s ability to anticipat nd
a SO]LIUOI:J to new conditions is documented by many incidents Ul?[gle Zimd’to o
ii;gl?)c;;zij tl:le fcthlm\fmg cases from h.is own observations 01.1 oneui:}d (s:i’rfg
Ater DVC% mm;n;:itl:;_ a\:fa?; fro:ln a piece of f-ood stored in a tree, this squirrel.
ponded over to anothe s m_eid. piece as if anticipating an attemipt by the bird
[0 preal that int.n th. : squirrel would ha-stcn to guard its food whenever a
nuthach ean remr_n 1e frec_. On one occasion, when it had discovered that the
et ed after an abs.et_lce for a few weeks, the squirrel came out
upon @ Occasi(m( 1]]:.crpat10‘n of receiving food, as had been its habit before. On
another occision Whls] squlr;el dr'opped an apple peel at which it was pulling, in
order 1o it}; 9 ole a\pp e which had started rolling from a projecting b ’ d
ad been placed. 5
Reflect; L
(hings f.:w ;it:;:n;tsliz?ztﬁ‘:; ea):]l(l;b;l:e? ?L):rth_e rf:td squilrrel in such acts as rearranging
, ‘ returnmg (o such objects a moment 3 v
21121;#5 lin\f:Iniul:la(c%dg, t;) p;3t t:;szlt in acl)e’ltjter Gpo;ition, or o store themezllltt arlf;ieigfegf]:?tf
' s (798, p. 73, ing C, P. Girdwood) writes of : i
:;f(i;;chvztl)sgtae;iflter bcm.g’cagcd'submiizted to havin)g parasites i;’g’i’;ﬁ Cflz'gﬁarii:
o l;nu‘u " l_y_remammg quiet cfurmg the act. This animal must have b
: sta 111(_;v1€1ual, for few of its species would have sho : o
in Il]?;ll or r('acogmzed the benevolence of the act, o such confidence
The . . .
e thzctslssftht:)fs‘igesq;n:{?l which carrle‘d each acorn that it cut in a certain
e 1o the south si of bus tree, where it would fall to clear ground and not
. “?alton e S8 806 _Sramble:s .and CEllt briers on the north side, is described
sty o s ],]agg. e i})le d’llfglsu Itsqulrrel showed.intelligence in its action,
drop%eld ?11 the north side of the treg;&iﬁ”ﬁiﬁgﬁ;ﬁ fﬁgu;ﬁilthe st s
7 2 1.
by \Ma;:mles(t’ s;(a;::j)l(; ;2{ zzsso)urci)f\?h&ess which I have happened upon is described
by Wl » Dp- — . alton was in the habit of placing hem i
2 o thewﬁ’(t}l;;'l’z Sohnar‘:le Ig{round_,. fc?r“the birds, but chipmunkls) andgred f;ifiel;s’
e o o tha.t t}web.vvéltes. SRR last fall I placed a wire netting over
o e ,noses o l1r ls could pick out the seeds while the squirrels counld
iter another o ]c:lugd: the mesh. The chipmunks were puzzled and one
the bon e e Eﬁl n sg;xst. Coe th.m Tiny [a red squirrel] found
b Savagé]y ol L rough, He: cr.owded his nose against the wire netting
to the bex. He tried the \;\ri:‘.e '1 sl'milgizgtit}:;t sIatw o nlmf: e e remmed,
‘ . E . up and fol i
1:&; Sl;)l;&i :1};(5 fell dm.to a b1:0w11 study. Like a ﬂashphe calzed {:Lth 1§fpi‘i'zst?::§:izs
?his Whenever}!c al; turned 1t. completely over, then he began to eat. . A’Etexj
! d;we never :—:C -oundhseed in the box,_ he quickly turned them out. . Later
Tiny o eldosts td.e 'Liox to hold it down. I returned one day to find that
botom, -+ 1 steiched 3 cord hetwcen s wecs an per e troueh (he
: en two trees, and hal
:t(:;() c?p;; tat:tthe- top, Tiny saw the bird.s eating from the box ané I:Zagu?(‘:lliipeildild E-L
1t was another device of mine to outwit him. He ran up onz :; teli
e
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hox. He soon found a slender limb

trees, and tried the limbs that hung over the
m into the box. After he had used

that weuld bend under his weight and let hi
this highway several days T cut the limh away. When Tiny found a fresh stub
instead of a limb he understood what it meant. . . . Ilis next move was to
investigate the line where it was attached to the trees. He thought he could
seach the box over the line and started out. When about a foot from the tree
¢he line turned, and Tiny jumped to the ground. He tried this three fimes and
met with failure. The fourth time when the fine turned he clung to it and made
his way fo the box, hand over hand. I thought he deserved a reward for his
continued effort and intelligence so since then T allow him to eat from the hox

whenever he féels like it.”

The strategy displayed by a squirrel turned loose in front of a dog in an
en field is described by Burroughs (’or, pp. 142-143). By adopting a zig-zag
' astonished

op
hetween the dog’s legs he so bewildered and

course and jumping back
his pursuer that he gained the safety of the trees.

Expression of mental states. TIn attitude and voice the squirrel may
show its mental state, if one can but learn to interpret correctly its poses and
sounds. In the section on voice in this paper, 1 have treated the vocal expressions.

Klugh (27, p. 30) has best analyzed the attitudes of the squirrel and writes that

“the attitude of surprise is either one in which the animal draws itself back on
r else picks up

its haunches and allows both fore paws to hang from the sides o
In fear the body is flattened, the head

In curiosity the neck is stretched out to

a remarkable degree. Anger is shown by stamping the hind feet and jerking the
tail ; sometimes by stamping the front fect as well. Attention, especially listening,
is shown by folding one paw and placing it against the breast, if the animal is
on ‘afl fours, or bringing hoth fore paws against the breast, if it is sitting up.”

first one fore paw and then the other.
dropped, and the tail held straight out.

FOOD, FEEDING HABITS AND RELATED ACTIVITIES

The food of the red squirrel is about as diverse as the supply available in the

territory that it inhabits. In the south the squirrel has a wider choice than in the
extensive and often little diversified conifer forests of the north. Yet, though the
" life of the red squirrel is more intimately related to the cone-bearing trees than
is that of any other North Anerican squirrel, its food habits are, I believe, the
most diverse. The forest trees are ever the squirrel’s chief resource and because of
the intimate relation existing between this amimal and the forest its food habits

deserve careful study.
Lvery tree species wit
extent, either as a source of food, or of nesting material.
of New York State has shown that the species of which I have no record as serv-
ing the red squirrel in either of these ways are of southern dis¢ribution and share
little territory in common with the chickaree, or that the species are, like the oaks,

not cleatly differentiated in the minds of most
shrubs,

hin the red s uirrel’s range is robably used by it to some
l & P ] ¥
A check of the trees

the hickories and the willows,
untrained ohservers. There now [otlows an annotated list of the trees,

fungi and other vegetable matter known to enter into the dietary of the red squirrel,

and a consideration also of its animal food,
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ANNOTATED LIST OF FOREST TREES, SHRUBS AND OTHER
SOURCES OF SQUIRREL FOOD

TRERS

White Pine (Pi
s Strobus).  The red ir
] ‘hite )- squirrel feeds upon the s
e:l:. wh‘ltelpme and may construct {ts nest among its branches Iihe sced ae?d; ‘0 :
moﬁ[;l in zralfle summer, when the cones have attained a growth of‘aboitalﬁeft -
s, : y - i o
o6 e t;]c cones are then green, though practically ‘full sized. Cram (" )
o) st Efb ]at the' harvest begins as early as late July. In the Harvard F o?gs'tpl.
resh cuttings until mid-August ; but fr
fow fres Agust; but from then on the cones ar r
) FlI. they become dry and drop their seeds, They are stored aw ;ha{"e“ed
ur mIsh food throughout the ensuing twelve months B eidently
1 those parts of the r c
‘ ange of the red squirrel wher ite pi
! : where the white
ts seTe;IS appear to be one of the most favored items in jts diet e e
. :el first week of September a pair of squir '
was 1n t y Y
was in. I;era.rveud Forest, consumed the seeds of four hundred and twenty-two
e i)ﬂ ¥ pm(? cones. A total of five hundred and seventy-five conesy was
e o z[e c.age flurmg this period. The greatest number used in one day was
¥ » there being one hundred and twenty-five cones in the cage at oneyti
me.

The onl - 1 . .
hree. only other food supplied them in this per

rels which 1 held captive, while I

tod was apples, of which they ate

The i

represente(;ﬁl:fpspiziiﬁatecll by the pair of captive squirrels in seven days feeding
summer of o hc etfr the‘ total crop of two fifty year old trees during the
o T quanti,tuieé o n "11e‘f1ee state the squirrels at this tine of year fed
ine somga pities o timus hrooms, hazelnuts: and other foods, as well as on white
et o e, ‘1en unhkel).r that a pair of squirrels free in the forest would
ot e ¢ h)ﬂ; LOI‘}SL;[TIE‘. quite so large a quantity of pinc seeds as did the
Thoren, (’06g : 1;2)11]:§;§.C3t afn even Ila;gferl m;mber of cones for future use.

s . ) ] .‘ -L( 51 ¢ . 1l that 1 may venture to s
ove )lognlfll:;tet 1?;1]; (:((1);10 that faﬂs.t”o the earth naturally in this) town hefore c?;elﬂ:lag
g Dt roceds 1 - ‘11.3 cut by a squirrel, and they begin to pluck them
o o B Commgfﬂl 3 130, 50 mat-when the crop of white pine coties is a small
" Accordinz io, C:-ey cu,t off thus alnri{o?t every one of these before it fairly
ing i its yiol };1 o am { 99,’ P- 205), “The white pine is usually rather spar-
o e the, o € I every ten or fifteen years, perhaps oftener, nearly
clusters here and there e:ﬁif??ﬁ?;);sg;: Tﬂn thetyotllnger emeraig sctired

s ‘ ) ¢ that have stood for generations pr
Su:ﬁht?:;i’ t;:;aigg ;?ﬁi Efroi'n the thlck'ly crowded cones :t their sumll‘;liiz.e ntAzt'j
e anes the Seedslto th: ‘s;fill:l”dEtel nuned to gather every cone before it opens

Over : ' ngl: i i

N trelenu;lido;fnl\iﬁzv ]’_‘.l-lg]-flll(l t}1e‘»v111te pine is at present the only important
pests di;ease Dires; 18%01_].‘5. it 15 fast succumbing to the attacks of insect
b e lsea ‘;WO oot v ‘a thTngj the production of a new generation of seed-
g e e two actors .ol)elatl{lg adversely, the cone borers and the red
he Petersham area, during the summer of 19

. 2 Ind 7 PR
of the cones examined were riddled by 3. over thirty per cent

the cone borers. With such competition
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the squirrels must cventually fall back on other food resources, find new foods,

or be greatly reduced in numbers.

Pitch Pine (Pinus rigida). The seeds of this pine are preferred above all
others except the white pine, according to Cram (’99, p. 211). Thoreau (’0b, p.
106) says that almost every pitch pine cone falling in that part of New England of
which he wrote was cut by red squirrels: “I have counted in one heap, within a
diameter of four feet, the cores of 239 pitch pine cones which had been cut off
and stripped by the red squirrel the winter previous.” In areas of pitch pine
the squirrel fills an important gap in the utilization of lands which are commonly
meager in their vertebrate fauna, for herc the carnivores may increase with the
squirrels.

Jack Pine (Pinus Banksiana). Seton (Cog, p. 323) writes that about
Carberry, Manitoba, the principal autumn (and therefore winter and spring) food
is the seeds of the jack pine. Spreadborough (19, p. 61) also reports that in the

Jasper Park Canadian Rockies the jack pine is a food tree, and Wood ('14, p. 94)
speaks of it as one of the principal food trees on Whitefish Point, Northern

Michigan.

Red Pine (Pinus resinosa). 1 have found in a midden of spruce cones, at
Long Lake, New Yorl, a single squirrel-cleaned core of a red pine cone. Captive
squirrels accepied the seeds of this tree readily, The opportunity to examine a
stand of this species for squirrel work has not presented itself, and 1 find no
records in the literature of its atilization,

Scotch Pine (Pinus sylvestris). Seeds and winter buds of the - Scotch
pine furnish food to the red squirrel in some localities where this pine has been
introduced. The cones are taken and used at the same time and in the same manner
as are those of the white pine. In feeding on the winter buds the squirrel cuts
off a bud at its base. The inner green tissues are eaten and the large papery
husks drop to the snow below. A large cluster of buds caps the leader. In most
cases each one of these is destroyed and the tree has no means for continuing its
growth in height until a new set of buds is formed below the injured whotl.
With the advent of the growing season these new buds send forth their shoots at
a nearly equal rate, so that instead of a straight leader with well formed ring of
laterals below, there is developed a group of competing branchlets which form a
“broom” at the crown of the tree. The annual repetition of such injury, together
with similar injury to the buds on branches below the leader, results in a growth
resembling a bush more than a well formed tree.

In a plantation at North Ashburnham, Massachusetts, I found eighty-eight per
cent of the Scotch pine deformed by terminal budding. In twenty-eight per cent
of all the trees only one leader had been killed, while in forty-two per cent
also a second one had been injured, Twelve per cent had been clipped three times,
five per cent four times, and one per cent five times. Similar though less serious
injury was observed at Petersham, Massachusetts, and Saranac Lake, New York.
No injury was found in plantations examined through Bronx, Westchester and
Dutchess counties of New York, and in Northern New Jersey and in Southern

Counecticut. Damage is greatest in winters of heaviest snowfall.
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Squirrels as a rule apparently do ot build nests in the Scotch pines of planta-
tions until the trees are about fifteen years old and bear cones.

Other pine species. Bailey (18, p. 38) lists lodgepole pine, mountain
white pine, and white-barked pine as food trees of S. hudsonicus richardsoni in
Glacier National Park. He states that late in winter the squirrels evidently feel
the need of green food for they often eat the tips from pine branches and
the inner bark of the twigs just back of the tips.

Grinnell and Storer (’24, p. 208) say that S, douglasii albolimbatus teeds on
the cones of lodgepole, Jeffery, and mountain pines,

In New York State, the two pines for which T have no records, the scrub
pine (P. wirginiana) and the short-leaved pine (P. echinata) are both southern
species.

Larch (Larix lavicina and L. decidua). The red squirrel injures Eurcpean
larch plantations by clipping off many slender twigs from which it later eats the
buds. The twigs, from six to twelve inches long, are cut clase to the trunks,

Alter the twig has been cut the squirrel hollows out the bads along its margin
and at the tip, then drops the twig to the snow below. Only rarely are leaders
cut. In consequence the stems are almost always desirably straight.

Usually the clipping of twigs from the main stem is more or less limited to 2
zone midway up the trunk, though in more severe cases it extends the length of
the stem and reduces the tree to a nearly barren pole. A tree with a belted or
irregular contour invariably shows numerous short stubs of twigs along the trunk
and a mat of cut twigs at the base.

Injury by twig cutting is produced during periods of heavy snowfall. A
second cycle of damage occurs in the spring when the buds show first signs of
growth ( Hosley, '28, p. 46}, but then the buds only are removed, the twigs being
left untouched.

Simtilar injury to native larch in Maine swamps has been reported to me.
Klugh (27, p. 16) reports seeing the squirrels feed on the staminate catkins of
the larch, and Bailey (18, p. 38) refers to the western tamarack as a food tree
in Montana, '

White or cat spruce (Picea canadensis). The red squirrel feeds on both
the sceds and the winter buds of the white spruce. At North Eiba, New York,
1 found them cutting the cones of this species on August 14, and in early Sep-
tember on Valcour Island, Lake Champlain, I saw them cutting and storing these
cones. Preble ("08, p. 170) says that during the winter in the Athabasca-
Mackenzie region the squirrels lived almost exclusively on the seeds of white
spruce, and Dice (’21, p. 25) writes of the dependence of the red squirrel of
Interior Alaska upon the white spruce for its food supply. Many other writers
also mention the spruces as food trees, but often without designating the species.

Damage caused by winter bud feeding was common on Valcour Island. The
squirrels cut the leader or the end of a lateral twig not over seven millimeters in
diameter and then remove the buds. In consequence the stubs left by them are
clearly marked for several years following the injury (Fig. 35). The leaders
are more commeonly cut than the laterals, yet all in all the trees seem to suffer

LR ‘ £

aged by budding by red
mdgev alc%ur island, f.ake

i i [ [ a white spruce da
. 34. Comparison of the crowi o : SpI da
rie sgfgirrel (liéit) with an uninjured white spruce crown.

Champlain, August 26, 1920,

i ( ith it by a red squirrel. Valcour
i c q ‘hite sprice with its leader cut ‘
Fig. 35. Crown of }ﬂ;gﬁdt\ Lake Champlain. August 26, 1920,
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little from this operation, Ome sees no crooked trunks among the local trees. For
a year or two after the removal of a leader there is sometimes competition for,
the position by two or more faterals, but eventually one secures the lead and the
tree straightens out. The damage appears to have Dbeen umisually heavy in the
winters of 7022-23 and 1925-20.

Merriam (84, p. 214) refers to the squirrels Inting off the terminal twigs:
of spruce in order to get the little buds along its edge, but it is not clear whether
he referred to white spruce, red spruce, of both.

Red Spruce (Picea rubra). The red squirrel feeds on red spruce as readily
as on white. In the Harvard Forest I found the squirrels late in August cutting
down vast quantities of green cones. Ninety such cones were placed in a cage
where I had a pair of red squirrels. The squirvels worked all of the seeds from
their scales, yet ate few or monc of them, as was attested by the débris sifted
from their cage. In the stard from which these cones came every siump was
capped with a spruce cone midden (Figs. 38-39), but the scales in such piles had
the bronzed color of cones which have for a time been buried. In mid-July at
Tong lake, New Vork, the.spruce cones on which the squirrels fed were also
of this color. At Nick’s Lake, near Old Iforge, New York, I noticed, on July 8. a
squirrel Temoving similarly colored and old looking cones from an underground
pocket. Are the squirrels at this scason feeding on cones they buried almost a
year before?

Klugh (27, p- 15) writes that in the typical Canadian zone in New Bruns-
wick the squirrels feed largely on this species and on the white spruce.

Black Spruce (Picea mariana). In Alaska, according to Dice (21, p. 25),
the red squirrels live in {orests of white spruce, and occur rarely in those of black
spruce. On October 16 he observed a squirrel as it bit off and ate the buds of
black spruce. Bell (’g8, p. 75) on the other hand refers to-the black spruce secds
as a staple food of the squirrel in the far north, hoth in swnmer and in winter.

Norway Spruce (Picea abies). No Norway spruce trees of cone hearing
age have come under my observations in red squirrel territory, yet it may be
expected that the squirrels will eat the seeds of this species also.

Serious injury by bud cropping has been done by red squirgels to plantations
on the Harvard Forest in winter. The injury is primasily the result of trunk
deformation rather than of defoliation. The terminal bud, which is well protected
from above by a cluster of sharp needles, is usually cleaned out from the base,
leaving a hollow, normal looking bud sheath. Tf the bud is not destroyed situ
the squirrel may cut off the terminal or a lateral cluster from one to four inches
back from the tip, and, carrying it to a secure resting place in the same tree, will
proceed to feed upon the buds. The most frequently budded parts are the leaders
and the tips of the first whotl below the leader. The tree is saved from serious
deformation by the vigorous perpendicular growth of one or more shoots from
uninjured buds or tranches below the old leader. Occasionally as in the white
spruce, more than one leader is sent up and the competition is wasteful to the tree.
Bending of the main stem of the tree due to the devetopment of a new leader
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from 3 Iateral |,

ud is not permanent, for the change in angle is not great and
disappear '

5 with the annyal increase in girth,

Seasons of heavy snow fall, shutting off the

squirrels more effectually from
their buried stor

©s, are the periods of greatest bud destruction, Trees under four
feet high in the Petersham area appear to escape Injury, QOpe Plantation of older

trees escaped all squirrel injury probably hecause of its maturity and the abundant
food supply of {he heavy mixeq forest adjacent,

Engelmann Spruce (Piceq E:zgelmamn').
baileyi to f_cjerd__oannge]_mann spruce sceds in Wyoming, ang S\ fremonti to eat

these seeds in Colorado and Arizona, Bailey ('18, p. 38) lists the species as g
food tree of § h. richardson; in Glacier National Park,

T have known §. hitdsonicus

Douglas Fir (ch’zrdoz‘suga micronata), This

here, is used as a sotirce of food Supply hy the red squirrels ip Westchester County,
New York. 1, Montana, according to Bailey (’18, p. 38), and in the Canadian

Roclkies, according to Spreadborough ('19, p. 61), the cones of the Douglas fir
are regularly cyt by the squirrels of those regions,

Balsam (Abics balsamea). At Long
feeding on hg]

tree, which occyrg as an escape

Lake, New v, ork,
Sam cones during the latter half of July;
gust they were feeding on these cones
storage purposes in the T
were similarly engaged dur
and early September.

On July 27 I placed a large number of bals
squirrels at Long Lake. One of the
ruption until all he cones
vidual ate none of the

I found the squirrels
and during the firgt half
and cutting thep extensively for
ake Placid district, On Valcour Island the squirrels
ing my observations in that region through late August

401 cones in the tage of my captive
squirrels worked rapidly and without inter-
WEre torn apart and 5 large litter made, yet this indj-
rom the bracts. The

g ut eighty per cent
were infested with cone borers.  In f{aef T found few cones at Long Lake that
Were cut or cleaneq by the red SqQuirry

rels.  The hehavior of my captive squirrel
may have heen due solely

to a restless activity that Possessed him rathey than to
the desire for fogd. There was an abundance of gther food in the cage.

The utilization of balsam seeds for food by the red squirrel ig reported from
Gemli, Manitoba, by Klugh {"27, p. 20), from Glacier Paric by Bailey (’18, p. 38),

and {rom the Canadian Rockies by Spreadhorough (19, p. 61)..

) The halsam
cones, like those of other coniferq

us species, are extensively stored

Hemlock (Tsuga canadensisy.
harvested the Squirrels, according to Cram
the hemlock, the cones of which hold their seeds all winter. He says further that
the squirrels cat the hemlock cones as fast ag gathered.

Stone and Cram, (o3, p. 174) have written that “There ig lever a day of

SNOW ot winter sunshipe that the red squirrel may not he seen gathering [ hemlock
cones] from the VEry tips of the Swaying outer branches.”
also states that the seeds of hemlock are eateq throu

ernn North America, ang Walton ( '03, p. 90) observed that the hem}

After the coneg of these species have heen

("09, p. 2I1), turn their attention to

; -Lake, Piseco.
Tig. 38. Squirrel midden of sprace cones on a low stump. T L"i_ e

Fig. 30. A red squirrel’s feeding tabie, in
g '

a red spruce swamp at Petersham
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Fig. 40. Branches of a su i i
) gar maple, showing the m
which bark has been spirally removed b}g a red a::]qnueill:l'éil

Specimens from the Roosey I+ Wild 1 i
o egimens, Lrom ¢ elt Wild Life Station, Photograph

Red squirrel carrying food in its mouth
. 1
Park, Photograph by J. M. Johnson. Vellowstone
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gathered after those of white pine and were husked at the foot of the tree in
which they were gathered. Rowley (oz, - 35) says that in Westchester County,
New York, the red squirrels feed on the seeds of hemlock in cold weather. Ninety
hemlock cones which I placed in the cage of a pair of squirrels at Petersham,
Massachusetts, were husked in less that twenty-four hours; yet, judging from
the number of large round sceds, mostly with wings attached, that sifted from the
litter, I hardly think that the squirrels ate many of them., To my taste these
hemlock seeds were not unpalatable. -

Arbor Vitae (Thuja occidentalis). T am told by Henry Seton that between:
August 5 and September 20, 1925, he saw red squitrels in the tops of arbor
vitae cutting large clusters of cones which fell to the ground of their own weight.
The ground in places was said to be littered with these clusters, Professor George:
Hudson has told me that he believes that the squirrels on Valcour Island feed
largely on arbor vitae in the winter season. On September 4, 1926, I found on
this island a ground pocket from which a red squirrel had just dug out several
bunches of the cones of arbor vitae stored the vear before. Tn all, the cones
loosely packed would have filled a pint measure. Nearby I found a place where
a few cones had at one time been eaten. Tn a rotted log pile in another part of
the island was a considerable mass of débris from such cones.

That arbor vitae cones may be only a famine food is suggested by the fact
that T found no newly cut cones on the island between August 18 and September
12, 1927, and that the year previous had been remarkable for the degree of damage
done to the buds of white spruce. ‘

My captive squirrels were offered newly cut cones of arbor vitae, August 22,
when I was on Valcour Island, but they ignored them entirely. These squirrels
were, however, {from a locality in the Adirondacks where the cedar was not present
and thus was a tree with which they had had no experience.

Johnson (’22, p. 36) writes that the squirrels in a certain section of Northern
Minnesota fed largely on the seeds of cedars in the summer months ; and Klugh
(’27, p. 15) says that this food is eafen extensively also in New Brunswick,
Quehec and Ontario,

The arbor vitae is of further service to the red squirrel in furnishing barlk
for construction of its nest, as well as occasional natural cavities in which it may
find shelter.

Willow (Salix sp.). Walton (’03, p. 92) writes that “In the spring, pussy-
willow buds formed a part of Bismarck’s [a red squirrel] food. T found the buds
nearly tasteless, but they crunched between the teeth like a crisp cucumber.”
Klugh (’27, p. 16) records the chickaree as feeding on the buds of a hybrid willow
(Salix alba x S. fragilis). ‘ :

Quaking Aspen (Populus fremuloides). The thin greenish outer bark
of this tree forms the third principal winter food supply of the red squirrels in
Manitoba, according to Seton (*09, p. 327). He writes that the squirrels gather
it as needed in times of famine. Klugh (’27, p. 16) says that in the spring he has.
seen squirrels feed on the buds of this aspen. : '
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Balsam Poplar (Populus balsamifera). Preble ('08, p. 170) found that
the squirrels in the Athabasca-Mackenzie region fed on the blossoming catkins
of this tree, about the middle of May.

Butternut (Tuglans citerea). On September 7ard 8 T saw 5 squirrel carry-
Ing away butternuts from two isolated trees in the Harvard Forest and at the
same time I found a newly fallen butternut that had hee
squitrel. My captive squirrels also ate butternuts in early September, when they
were still covered with a green husk. I do not know whether the squirrels cut
this mast down or whether it falls because of seasonal ripening changes.

A red squirrel near St Thomas, Ontario, is recorded by Johnson ('18,
P- 54) as storing butternuts, Also Burroughs ('o1, pp. 12-13) and Klugh (’27,
P. 16) include this species as red squirrel food,

Black Walnut (Fuglans nigra). Burroughs (’or, P. 12} and Klugh (27,
P- 16) both mention this nut as a red squirre! food. Thoreau ("o, P 198) records
& hoard of one bushel and three pecks of walnutg gathered by a red squirre]
family,

Mockernut ( Carya alba). Audubon and Bachman (%49, Pp. 128-129) record
a large store of the nuts of this tree.

Pignut (Carya glabra). Thorean ("06, pp. 190-IQT) writes of seeing a red
squirrel hury two green pignuts with their husks on, about 114 inches heneath the
soil, the proper depth for planting. Burronghs (o1, p. I2) also speaks of watch-
ing a red squirrel harvest pignuts, hut of numerous other records of hickory nuts
as red squirrel food, none bear specific designation,

Hop Hornbeam {Osirva virginiana), Klug (°27, P- 16) says he has seen
red squirrels eat the buds of the ironwood.

Sweet Birch (Betula lenta).,  “Many times during the springtime 1 have
seen red squirrels ficking eagerly the twigs of a sweet birch (B. lenta) opposite
my window,” wtites Seton ('09, p. 328). “I could 1ot see that they got anything :
they certainly were pot removing the bark,”

Yellow Birch {Betuln hitea).  August g to 11 at Lake Placid, New Yok,
I found the squirrels busily engaged in cutting the green catking of yellow birch
and eating their contents. I watched one squirre] harvesting the catkins in the
top of a thirty foot Dirch, Many dropped to the ground, whether acci-
dentally or not 1 could not ascertain. Tt is hardly to be expected that the squirrels
would store such foods, Since the vellow birch 15 a common forest tree in the
Adirondacks its catkins are probably an important squirrel food throughout
the region. Klugh ("27, p. 16) says that he has secn the squirrels eat hirel buds
m the spring, also,

Paper Birch (Betula alba var, papyrifera).  August 18 fo 21 T saw the
squirrels on Valcour Island feeding on the catking of this species, high in the
tops of the trees. Numerous catkins on the ground below where the squirrels
were operating suggested that much cutting was done before they were gathered.
My captives at Lake Placid accepted the catkins as early ag August 15, Qg July
20 they had refused them. :

. . i i as by the red squirrels at
i i mpared with their cores as left hy )
Flg-tlﬁér ?:é:[ci;;iplilocléz? C%pger row (left to right) hemlock, red spruce, white

spruce; lower row, white pine, red pine, balsam.

I o R TR — X . in the Adirondacks,
i from red squirrel middens in the

Fig. 'I"l]3 tcggei.toihze(llcgi? rillcihcemflf)st common, that at the right uncommon. The
he Ly =

intermediate type, in the center, is exceptionally rare.
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Beech (Fagus grandifolia). Becchnuts were occasionally found in squirrel
middens, throughout the part of the Adirondacks visited, Several residents of
the region expressed the opinion that this mast was a staple food resource of the
squirrels, and Klugh (’zy, p. 16) records the. squirrels eating both the mast and
the spring buds of the beech, '

Chestnut (Castanea dentata), The chestnut, before its near extermination
by the blight, was an important nut tree for the red squirrel. I have a record
of a squirrel eating a chestnut in the Harvard Forest, September 8, 1925. The
nut had been horne hy a living branch near the high top of an old chestnut that
was dying. Burroughs (’o1, p. 1) .writes of the squirrels cutting the burrs just
when they were mature and were beginning to divide, while according to Seton
(’09, p. 324), in Connecticut they are cut about two weeks before they are ripe.

White Qak (Quercus atba). The acorns of this species are eaten by the red
squirrels (Klugh, '27, p. 16).

Burr Oak (Quercus macrocarpa). Acorns of this species are likewise eaten
(Klugh, ‘27, p. 16).

Red Oak (Quercus rubra). At Petersham, Massachusetts, on September
11, I waiched a red squirrel cutting acorns from a large red oak tree, about 7:00
p. m., when nearly dark. The acorns were cut rapidly and allowed to fall to the
ground.” My captive squirrels ate acorns from this trec during the same week.
On Valcour Island my caged squirrels ate the heart of green acorns as early as
August 21, Klugh (27, p. 16) mentions seeing the squirrels eat the staminate
catkins of red oak, and Cahn (21, p. 72) writes that in Ttasca County, Minnesota,
the oak trees furnish the chief item of food for the red squirrels, though no men-
tion is made of the species,

White Elm (Ulmus americana). June 16 to 18 T observed a pair of red
squirrels feeding in the tops of two high elm trees near Speculator, New York,
cutting the clusters of seeds, and cating many but dropping great quantities of

them in a seemingly very wasteful manner. One squirrel dropped seven seed

clusters in ten minutes, and fed from twice as many. From each cluster the

. squirrel ate about one-third the seeds present. From the average dozen seeds in

a cluster, then, the squirrel ate about four. Torrey (‘or, p. 211) ohserved seed
feeding May 26,

Cram (’99, p. 219) writes of the red squirrel eating the opening blossoms

of elm in April, and also Klugh (’27, p. 10) states that he Iy

ad seen the squirrels
feed in spring on the buds of elm.

Tulip Tree (Liriodendron tulipifera). The seeds of this tree are eaten by
red squirrels in New Jersey, according to Stone (*08, p. 84) and Donald Carter.

Pear (Pyrus communss). Rowley (oz, p, 35) says that in Westchester
County, New York, the squirrels are very fond of the seeds of pears: and Stone

(o8, p. 84) writes that they eat the pears for the seeds omly, the other parts
apparently being disregarded,
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Apple (Pyrus Malus).  Apples were eaten by all my captive squirreis,
They would eat the entire apple, except, occasionally, the skin, even though there
was a great abundance of other favored foods in the cage. Also in orchards in
New York, Massachusetts, Fenasylvania and Michigan, I have watched the
squirrels eat apples. Stone and Cram (03, p. 174) write that the squirrel also
stores apples where available. Walton (’03, pp. 92-93) says that “Wild apple trees
abound on Cape Ann, and Bismarck attacked the fruit early in the fall. He
destroyed great quantities for the seed, which was the only part stored for winter
use. However, he seemed to relish an apple, if it was not too sour, and all through
the winter he would eat a Baldwin apple even to the seeds, at one sitting.” [1] And
Burroughs (o1, p. 1T} remarks: “I have seen the ground under a wild apple
tree that stood near the woods completely covered with the ‘chonkings’ of the
frozen apples, the work of the squirrels in getting at the seeds; not an apple had
been left and apparently not a seed had been lost.” Klugh (27, p. 17) says that
the red squirrels “take apples more frequently than any other kind of fruit,
especially those that are left hanging on the trees alf winter.”

. Thorn Apple (Crataegus sp.). Red haws were eaten by my captive squirrels
from the Adirondacks, on August 21,

Wild Black Cherry (Prunus seroting).  Walton ('o3, p. 89) writes of a
red squirrel gathering the fruit of this tree on Cape Ann, Massachusetts.

Wild Red Cherry (Prunus pennsylvanica),
Forest gathered the fruit of this tree when it was quit
only.

Red squirrels in the Harvard
te ripe, evidently for the seeds

Plum (Prunus dowmestica).
my observation have eaten not only
stones for their seeds.

Wild red squirrels as well as captives under
the Heshy part of prumes, but have opened the

Sugar Maple (Acer saccharwm). This tree is among the most important
food sources for the red squirrel where their ranges coincide. The squirrel feeds
upon its bark, sap, buds, petioles and keys,

The hark is eaten at all seasons of the year, according to Kiugh (27, p. 16),
and Burroughs ("o1, p. 11) mentions that “A young bushy-topped sug
about forty feet high standing besides'a stone fence near the woods, was attacked
and more than half denuded of its bark. The object of the squirrels seemed to
be to get at the soft, white, mucilaginous substance [cambium layer] between the
bark and the wood. The ground was covered with fragments of the b
white naked stems and branches had been scraped by fine teeth.”

A bundle of limbs of sugar maple is in the teaching collection of the depart-
ment of zoology, New York State College of Forestry, from which a red squirre]
has cut many small patches of bark, usually from one quarter of an inch to an
inch in diameter. Much of the cutting was done spirally (Fig. 40). There s,
too, in the collections of this department a bundie of strips of bark (No. 1318)
four to six inches long, and about one-third of an inch wide. These specimens,
clearly the work of the squirrel, are from Baldwinsville, New York, Notes under
date of July 18, accompanying the specimen, state that the ground below the

ar maple

ark and the
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tree was “well covered” with strips of bark and that the destruction was continu-
ing. No other trees had been touched. N .

The seeds of the sugar maple are eaten in great quantities .l)y red squirrels
as well as by gray squirrels. At Speculator, New‘ York, fhf{ middle of June, I.
found the ground below sugar maples, hoth in the forest and in shade rows alons
the roads, littered with the twig tips, leaves and seed clusters (ll'Oppf:d by thf: reid
squirrels. But a small portion of the clusters dropped had leen mtted,  Klugh
("27, p. 16) records similar ohservations. . ,

"the petiotes and the buds are eaten in the spring (Kiugh,. 27, p. 16). N

The sap of the sugar maple, which is taken in 5u<|:h relatively great quant‘lih?s.
appears to he more than a thirst quencher, Klugh (27, p. 22) writes that “The
favorite heverage of the red squirrel is unquestionably .the. sap of th‘e sugar mz}ple,
and in carly spring . . . they spend a large part of their time drinking sap. - 1 he}‘r
obtain the sap in three ways: from that which runs down the uuders@c of
branches which have heen hroken off by the winds of late auttu?m.a.nd wmt-er,
from the holes drifled by the yellow-bellied sapsucker and fr()fn mncisions which
they make for themselves. The former source of the sap flow is b).r far the ‘most
important as a heavy flow of sap often proceeds .[1'011'1 the ends of these ?)101“15311
branches, and in availing themselves of it the squirrels hang on to the underside
of limbs, both small and large.”  Stone and Cram (03, np. I74..7[75) 1‘efe}' to the
tapping of maples by the squirrels gnawing sauncer-shaped cavities on ‘,the upper
side of the limh, from which they drink the sap that collects, Klugh {"18, p- 9)
states that a certain squirrel under observation drank this sap in late March, Cram
(’99, p. 216) alsa refers to the tapping of maples in March, and fluth'er
D. 219) states that they may take advantage o.f the downlward ﬂow of sap in
dutumn.  Klugh (“27, p. 23) says that the squirrels also Tick the icicles of sap
which form during the night.

Silver Maple (Acer saccharinum). In the early morning of April 16,
I watched a red squirrel feed on the huds of a silver maple at Katonah, Ne\y Yorle,
In nipping off the huds the squirrel occasionally drew towards him with his paws
the twigs bearing them. The majority of the buds on one limb were consumed
as I watched. . 1

The fower buds of the silver maple are also eaten by the red squirrel, accord-
ing to Merriam ('84, p. 214).

Red Maple (Acer rubrim). Many keys, split opent amdl with the seeds
remmoved, were found beneath a red maple at Speculator, New York, June 24.
I saw a red squirrel feeding in the tree. Merriam (’84-, p. 214) long ago had
ohserved the red squirrel feeding on the seeds of this species,

Referring to the soft maple, by which T presume is meant 4cer rubrim,
Klugh ("27, p. 16) states that the red squirrels eat not only the keys, but also the
buds and the leaf petioles.

Basswood (Tilie americana). September 5, my Adirendacks captives were
fed the fruit of this tree. They cut the seeds free from the stem, opened the nut-
like drupes on one side and ate the inmer tissues. T did not see any wild squirrels
feeding in basswood trees.
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White Ash (Frarinus Americana),
a red squirrel feed on the epening buds of
the rate it was feeding T judged th
the trees in a few days,

May 8, at Katonah, New York, T saw
a group of three white ash trees. At
at the squirrel might have completely defoliated

Suruss

Yew (Tarus canadensis).  Some ripe berries of g yvew which 1 placed
in the cage of g captive squirrel on Valcour Island were eaten.

_ Juniper (/ UnLperus communis var, de
this shrub, which 1 offered to my ¢
of the fruit was left untouched.

pressa). The seeds from the berry of
aptive squirrels were caten, but the remainder

Greenbrier (Sumilas refundifolia).  During a winter famine among the red

squirrels an individual under the observation of Walton (03, p. 91} ate sparingly
of the sweetish tasting fruits of this plant. o

Hazel (Corylus americana and ¢ rostrata),  Red squirrels store and cat
the nuts of both our species of hazel whenever available,
At Lake Placid, New York, August 14, I saw the red squirrels engaged in

cutting down and eating the full sized, though green, hazelnuts (C. rostrata). At
Petersham, Massachusetts, the squir

rels were harvesting the nuts from August 8

to September 4 or longer.
In this nut gathering a squirrel
by the trial and error method, T
first as to whether or not

which T watched proceeded apparently entirely

L gave no evidence of being guided by inspection
a nat grew on a particular b
and if none were found another branch was tried.

bend under the weight of tllelsq;:ix';-el until its top r

The myriad glandular hairs which cover the husk of the heaked hazelnut
would seem to be an adequate defenge against the red squirrel, which, however,
appears to suffer no harmful effects from them.

The question may be asked at this point whether
nut from a had one hefore opening it.
a pair of my captive red squirrels on Ay
that remained, 4 had been partly ope

anch. The ascent was made,

Frequently the hazel would
eached the ground,

the squirrel can tel] a good
Out of 2435 heaked hazelnuts supplied to
gust 21, 202 were eaten, Of the 43 nuts

ned, but each contained an undeveloped
kernel,  The remaining 39 had neither heen husked nor shelled, but examina-

tion showed that 28 of these were apparently well developed, Weight records
showed, however, that the average weight of these nuts was 1.15 grams as against
our average of 1.75 grams for the entire lot before it was placed before the
squirrels.  Walton ("o3, pp. 85-86) writes: “I noticed that he [a red squirrel
left many nuts on the bushes, but when I investigated I found a worm in each
nat. A good reason for rejecting them; but as the husks seemed perfect, how
did Bismarck know the worms were there? I think his keen scent was the secret,

By the sense of smell he could tell g wormy from a sound nut, Sq could T after
the nut was smashed, but not hefore.

Alder (Aliyg $p.). Murie (27, p. 39) describes red squirrel cache in
Alaska, containing two hushels of alder cones. '
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Barberry (Berberis sp.). Walton (’03, p. 9T) writes of the barberry being
used as a famine food in winter, when it has lost much of its usual sourness.
Lottridge ('17, p. 168) also lists this food.

Gooseberry (Ribes Cynosbati). Late in August T ohserved the squirrels
on Valcour Island eating gooseberries, feeding from one side of the berry only,
as though to avoid the thorns. Klugh (27, p. 17) likewise records this food.

Currant (Ribes sp.). Wild red currants were caten by my captive squirrels
at Long Lake, New York, July 27; and wild black currants, on Valcour Island,
August 25. Klugh (’27, p. 17) records red squirrels stealing white and red culti-
“vated currants at Fergus, Ontario. '

. :Chokeberry (Pyrus melanocarpa). Listed by Walton (‘03, p. g1) as a
winter food of the red squirrel.

Purple-flowering Raspberry (Rubus odoratus). On Valcour Island, August
25, 1 saw a red squirrel feeding on this fruit.

Red Raspberry (Rubus idaeus, var. aculeatissimus) etc, These herries were
eaten by my red squirrels at Long Lake, July 27, and Adams (o9, p. 399)
has listed them as a squirrel food at Isle Royal, Michigan. Klugh (27,
p. 17) saw the red squirrel eat the fruit of Rubus strigosus. From the stomach
of a red squirrel I took in late July the seeds of a dwarf red bramble that grew
in the clearing in which the squirrel was shot at Long Lake.

Rose (Rosa spp.). The haws of the smooth rose (Rosa blanda) were eaten
by my captives on Valcour Island; but Klugh (’27, p. 17) says that the fruits of
Rosa wirginiana lucida are rately eaten by the red squirrel. Walton (*03, p. 91)
states that rose hips were eafen occasionally in winter by the red squirrels on
Cape Ann, Massachusetts.

- Staghorn Sumach (Rhus typhina). The seeds of staghorn sumach were,
according to Walton (‘03, p. 91), used sparingly as a winter food hy the red
squirrels on Cape Ann; and Burroughs (’o1, p. 11) mentions squirrels feeding
.on ‘“‘sumac bobs” in winter.

Wintergreen (Gaultheria procumbens).  The herries of wintergreen were
caten by red squirrels on Cape Anmn, as soon as the melting of the snow uncovered
them, writes Walton ("o3, p. g2). '

Blueberry (Vaccinium vacillons). The late low blueberry was eaten both
by wild and captive red squirrels during my observations at Petersham, Massa-
chusetts, late in August. This food often colored the stomach contents of
squirrels taken in that period. ‘

Partridge Berry (Mitchella repens). The berries are eaten in early spring
when the snow melts (Walton, ‘03, p. 92).

High-bush Cranberry (Fiburnunt pauciflorum). Murie (27, p. 39)
describes a caclhe in Alaska, containing about two bushels of these berries.
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Elderberry (Sambucus spp:). Klugh (’27, p. 17) writes that he had seen the
red squirrel eat the fruits of both the red (5. racemose) and the black (5. cana-
densis) elderberry. '

Henress

‘ A number of herbaccous plants serve as food for the red squirrel at odd
times, and in the aggregate are doubtless an important part of the animal’s sus-
tenance; but compared with trees, shrubs, mushrooms and flesh, these lowly
plants appear to be complementary only.

As to the grasses, Klugh (27, p. 18). publishes an account furnished by A. H.
Leim, of red squirrels eating the seeds from the heads of timothy (Phlewm pra-
tense) and orchard grass (Dactylis glomerate). The squirrels went to con-
siderable trouble to reach these beads. That these animals feed on wheat and
rye is stated by De Kay (’42, p. 62), while Stone and Cram (’03, p. 174) and
others write that they eat corn. My captive squirrels would never eat fresh corn,
but they frequently ate corn meal. : .

A bushel of the seeds of cow parsnip (Heraclewn lanatum) were found
stored by red squirrels in an Alaska cabin, writes Murie (27, p. 39), on the
report of Otto Geist, And I was told by Professor George Hudson that the
squirrels had cut large ripe tomatoes from the vines in a garden on Valcour Island
and had attempted to carry these straight up the trunk of a tree, but time after
time they were forced to drop the fruit. When a tomato by this repeated dropping
became too soft the squirrel would go and find another. Occasionally the animals
would succeed in getting one into a crotch where it would be stored.

Other herbaceous plants on patrts of which the red squirrel has been known
to feed are wild strawberries, which, when given to my captive squirrels, were
always eaten immediately ;. sunflower seeds, which my captives seemed to enjoy;
ground cherry (Physalis pubescens), listed by Jolmson (24, p. 137); the fruit of
the bunchberry (Cornus canadensis), listed by Klugh (’27, p. 17)}; and roots
(Osgoad and Bishop, ‘00, p. 27), though what species is not mentioned.

Fuwcr

The red squirrél eats and stores fresh mushrooms of many species, In Mass-
achusetts, the earliést I found them feeding on fungi was on June 30, though it
is probable that some of the earlier spring species are utilized also. Throughout
the summer, principally in August, the mushrooms are eaten in considerable
quantity, and throughout the winter such stores are drawn upon.

The squirrel's avoidance of poisonous mushrooms is often discussed. Walton
(03, p. 82) declares he has followed the red squirrel’s choice and has eaten those
and only those species which the squirrel chose. Ballou (’27, p. 37) concludes
that the squirrel alone among animals is possessed of the ability to distinguish
between edible and poisonous forms. T believe that there is ample evidence in my
notes with reference to Amanite muscaria to-justify the opinion that in the case
of the squirrel we are dealing with a tolerance pr immunity to mushroom poison
rather than with an ability to distingnish hetween nonpoisonous and poisonous
forms.

Amanita muscario (Fly amanita). The red squirrel eats this mushroom
quite commonly without any immediate harm, at least. This species of mushroom
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contains an alkaloid poison, muscarine, which in an paralyzes the nerves con-
trolling the heart. Tt is said that this species killed the Czar Alexis of Russia and
the Count de Vecchi of W ashington, yet it is known to be used as an intoxicant
by some of the Russians.

Taken in very small amounts, it is said to produce dizziness, pallor, exag-
geration of vision and nausea. Iis juices injected into the blood of etherized cats
will produce death in less than one minute, i

My captive squirrels preferred the fly amanita to all other mushrooms, except
Russula emetica, and ate heavily of it, yet never hecame ill as a result. [n the
19206 mushroom season in the Adirondacks, from July 2G to September t, dmaniia
muscaria and Russula emctica were the mushreoms chiefly utilized by wild
squirrels. The pileus and gills only were caten as the stem is hard and evidently
less palatahle, '

I have found the red squirrel feeding on Amanite muscaria at Petersham,
Massachusetts (July 6), in the Adirondacks {July 29 to August 1 5}, and on
Valcour Island, Take Champlain (August 27 to Sept, 1). At Bedford, New York,
I have found the fly amanita partly eaten in late August, presumably by a red
squirrel.  Odell ("25, pp. 180—181 and ‘26, p. 184) records the finding near Ottawa,
of partly eaten and stored parts of the fly amanita, almost certainly the work of
red squirrels. One of these is recorded after a frost, Octoher . Hastings and
Mottram (’16, pp, 369~371) conducted fecding experiments in England on B - :
captive American squirrels, said to he Sciwrus cinereus [S. niger neglectus or S. : Fig. 44. Russula msm‘,;fsk(z:)} eatttlznl_ in ;-\ittluu?ty’); iizczl()sqmrrcl. Valeour Island,
carolinensis).  Amanita muscaria was offered only before the ground became Ale LAampian. SUSE 27, 1920
frozen. These mushrooms were eaten on six occasions, nibbled once, and refused
four times. They say that “‘the experiments also show that fungi poisonous to
man are not unpalatable to squirrels , . . It is noteworthy however that
the American squirrel was used and that therefore neither the animals nor their
ancestors can have had much experience of English fungi” I presume that
Amanita nuscaria of North America is specifically identical with that of Ilngland
and Kurope, though T do not know that the species of squirrels which the authors
used ever fed on Amanita muscaria here,

Amanita phalloides (“Destroying Angel”), Walton ("03, p. 82) savs that
about his cabin hoth the red stuirrel and the “Destroying Angel” were common,
but that he never saw the tooth mark of a squirrel on this mushroom. Ballow {27,
Pp. 57-58) maintains that the squirrels avoid this species. Cram ("99, p. 203),
however, records red squirrels eating the “white Amanita.”

Amanitopsis vaginata var. alba. The cap, gills and stem of this species were
eaten by my captives, July 30 to August 19,

Arwillaria nellia (Honey Fungus). Buller ("20, p. 356) records red
squirrels at Kenora, Lake of the W oods, Ontario, eating and storing this species
in early October.

Boletinus cavipes. One specimen was found stored in a free on Valcour
Island ; but these mushrooms, which were common in the woods, were not other-
wise seen to be touched, Captive squirrels would not eat them.

Boletus bovinus. Hastings and Mottram (16, Pp. 309-371) report that their
captive “Sciurus cinerens,” when offered this mushroom after the ground was

Fig. 45 Bolefus sp. caten in situ by a red squirrel. Petersham,
Mass, June 30, 1925




Red squirrel cone litter on a fence.

. A squirrel used this site for sun baths
as well as for feeding, Valcour Island, La

ke Champlain.  September 8, 1026,
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frozen, ate it twice, nibbled at it on two occasions, and three times refused it
entirely,

Boletus castaneus., When T offered this mushroom to my Adirondack captive
squirrels they took a few bites from the cap, but very little of it was eaten,

Boletus cyanescens. Left untouched by my captives. This is reputed to be
a poisonous species.

Boletus (scaber?). At Long Lake, July 13, a Boletus, probably B. scaber,
was found which had had several bites taken from its cap by a red squirrel.

Boletis wariegatus. This species given to their captive “Sciwrus cinereus”
by Hastings and Mottram {’16, pp. 369-371), at a time when the ground was
frozen, was eaten on threc different occasions and merely nibbled on three others,

Cantharellus aurantiacus, Tour times nibbled and five times refused by
captive “Selurus cinereus” of Hastings and Mottram (op. cit.).

Cantharellus cibarins. Red squirrels at Petersham, Massachusetts, fed on
this {ragrant mushroom during July, and my captive squirrels on Valcour Island
nibbled from its stem. Kiugh (27, P 17} previously had seen squirrels feed on
this mushroom.

Cantharellus flaccosus. Cap and gills of this species were eaten by captive
squirrels, July 3o0.

Clavaria aurea. Klugh (P27, p. 17) reports seeing the red squirrel eat this
species. My mushroom specimens of this genus could not be positively determined,
but one species (C. flava?) was refused by my squirrels, and another eaten,

Clitocybe brunalis. Nibbled once and twice refused by captive “Sciurus
cinerens” of Hastings and Mottram (16, PP 309-371).

Clitocybe wirens. The gills and the underside of the cap of this species
were commonly eaten by the squirrels on Valcour Island, in late August and
early September. The pileus, which is leathery, is not eaten. Captive squirrels
ate sparingly of this species.

Collybia wmaculata. Before the ground froze the “S. cinereus” of Hastings
and Mottram (op. cit.) ate of this species twice, nibbled the food five times and
refused it four times. After the ground was frozen this mushroom was caten
three times, nibbled twice, and never refused,

Collybia radicate. Klugh (27, p. 17) saw a red squirrel eating this fungus.

Cortingrins.  Buller ("20, p. 356) writes on the report of Stuart Criddle
of Treeshank, Maniteba, that mushrooms of this genits were taken from a large
cache of the red squirrel. My squirrels when given this mushroom nibbled of all
parts of it as though to taste it, but did not eat it. .

Flammula sapinea. This was twice nibbled and twice refused by “S. cinereuns”
of Hastings and Mottram (op. cit., pp. 369-371), who also reports (p. 366) a
squirrel near Vilna eating a species of Flammula.

Hygrophorus pudorimes.  October g, near Ottawa, this fungus was being
caten and stored by red squirrels, according to Odell (25, pp. 180-181). My
captives refused the only representative of this genus (species undetermined) that
I offered them, Hastings and Mottram (op. cit., PP- 366-371) report that befcre
the ground was frozen “S. cinerens” ate H. Trypothyus twice, nibbled at it five
times and refused it once. After the ground had frozen the squirrels ate this
mushroom on nine occasions, nibbled at it twice and refused it twice,
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Hypholowa fasciculure.  Buller (20, p. 336), quoting Stuart Criddle of
Treesbank, Manitoha, writes that a Hypholoma, probably H. fasciculare, was
found among other species in a squirrel cache,

Lactarius piperatus. Part of the pileus and flesh of a mushroom of this
species was caten by one of my captive squirrels.  Builer ("zo, p. 356) writes
that E. M. Gilbert has seen a red squirrel in Wisconsin feed on L. piperatus,
parasitized by Hypomyces lactiffuorum; and that H. piperatus was found in a
cache described by Stuart Criddle. T found these mushraoms partly eaten late in
August, on Valcour Island.

Lepiota naucinoides. Klugh ('27, p. 17) reports seeing a squirrel eat this
species.

Morchella esculenta and M. conica {(Morrell).  Both these forms are eaten
by the red squirrel, according to Klugh (’z7, p. 17).

Paxillus involutus. Hastings and Mottram (op. cit,, pp. 369-371) fed this
species to “S. cinerens” in captivity. Before the ground was frozen the squirrels
nibbled the food once and refused it cight times. After the ground was frozen
they ate it on five occasions and nibbied it on seven.

Plewrotus ostreatus. Klugh (’27, p. 17) records having seen red squirrels
eat this species. :

Russula emetica,  Among the red squirrels in the Adirondacks this seems
to be the most frequently eaten mushroom, and with my captives it was the
favorite.  Scarcely a specimen found in the woods would he intact where squirrels
were common.  Though this mushroom is by some people considered poisonous,
or a strong emctic—and hy experience T may say that when fresh it has a strong
peppery taste which makes it unpalatable—others tell me that they have frequently
caten the species cooked and found it edible and harniless, Certainly the squirrels
eat great quantities of it with no il effects. .

Russula roseipes. On Valour Island this species appear to play the same
role in red squirrel diet as did R. emetica in the Adirendacks, unless these species
heve been confused, Kiugh ("27, p. 17} writes that he has watched the red
squirrels feed on Russula of many species.  Other authors give many tecords of
the usefulness of this genus to the red squirrel without designating the species
concerned, :

Tricholoma equestre.  Qdell (25, pp. 180-181) found this species stored
and later eaten by red squirrels near Ottawa, on October 0.

wheri offered to them : Agaricus sylvestiis, Boletinus sp., Boletus sp., Calvatia sp.,
Clavaria sp., Hygrophorius sp., Hydwim scrobiculatum, Hydnwm sp., Pluteus sp.
and Russula sp. :

Fungi refused. My captive red squirrels have refused the following fungt

Underground fungi. The red squirrel and its relatives dig into the carth
to secure several of the underground fungi. On Valeour Island, August zo, I
tound a specimen of the strongly pungent, truffle-like Gautieria wmorchelliformis
guite recently stored by a red squirrel in au arbor vitae. Dy Reau ('12, p. 41)
writes that in Anjou, Balsemia vilgaris is dug up and eaten hy the squirrels
[ Sciwrus wulgaris] and that these mushrooms are tound by human mushroom
gatherers by looking for the little round holes made by the squirrels, easily dis-
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tinguishable {rom somewhat similar holes made by the rabbits, since the latter
are oval and the earth is thrown out on one side only, while those made by the
squirrel are circular and the carth is thrown out all around. Langham (*16, p. 136)
writes of the squirrels in Ireland eating the foul-smelling Melanagaster ambigus.,
Captive American fox [?] squirrels in England nibbled the false truffle, Ela-
Phomyces granulatys, which is said {Hastings and Mottram, op. cit,, 309-371) to
be eaten by the free wild squirrels. This fungus grows about three inches under
ground.

It seems that it is probably the odor of these subterranean fungi rather than
their food value, which makes them sought aiter. Do the truffles and false truffles,
which in old age are often strong-smelling, depend on the mammals (squitrels,
rabbits, pigs, etc.) to scatter their spores? Spores of Elaphomyces pass through
the alimentary canal of mammals unchanged,

) ANIMAL MATTER ‘

Though the squirrel is only occasionally predatory on birds and probably
never on other vertebrates, meat is readily accepted as food.

Spreadborough (19, p. 61) states that in winter the red squirrel will eat frozen
‘beef and that numbers are caught in steel traps baited with meat and set for
weasels and marten, Dice and Sherman (22, p. 38) write of a squirrel which fed
ravenously on the kidney of a recently kifled woodchuck. Walton ‘03, p- 89)
writes of their storing and eating old bones, and further {p. 91), that the
squirrels eat all kinds of meat, even fat pork, and that cooked meat is preferred
to raw.

I found a ball of red squirrel hair the size of a pea in the stomach of a
pregnant female taken July 19. 1t seems likely that this hair had accumulated
from repeated dressing of the fur rather than as a result of cannibalistic habits.

Among the birds the red squirrels are given to occasional depredations, as
related in another section of this paper. Among domestic hirds there are a few.
additional cases known. Buller (20, p. 302), quoting a letter from J. B. Wallis,
Principal of the Machray School, Winnipeg, says: “A red squirrel had taken
up its abode just behind a farmhouse near Thornhill, a village some eighty miles
W'.S.VV. of Winnipeg. This squirrel had become quite friendly and showed no
fear of its human neighhors. One day whilst visiting the house I was called out-
side and there was the squirrel laboriously dragging by the neck up a smali oak
tree, a chicken nearly as big as itseli. On looking more closely two other chickens
were discovered, hung by their heads in forked branches. The three chickens
had all heen killed by bites at the back of the head. The squirrel on perceiving
my friend and myself immediately seemed to sense disapproval of his thrifty
hadbits‘and refired rapidly to a high bough from whence he was dislodged with a
charge of number six shot. As a really advanced squirrel he thus fell a vietim
to his very advancement.” A similar incident is given by Bruce (g8, p. 379).

Merriam (84, p. 216} also gives the record of a red squirrel killing young
chickens and ducks in a poultry yard; and Dice (’21, p. 25) writes of a squirrel
storing a grouse head in an Alaskan cabin, -

Land snails were at times removed from their shells and eaten by my captive
squirrels. A crayfish introduced into the cage was not eaten, though the squirrel

el
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which investigated it, after

being pinched several times for
retaliated with

a nip on one of the chelae.
Insects are probably eaten extensively b

rather plentiful when much other food is se

“occasionally you will

this indiscreet curiosity,

y the red squirrels since they nray he

arce.  Cram (’9g, p. 202) writes that
see otie [red squirrel] clinging to the bark of some dead
pine or hemlock and listening woodpecker-like to the sounds made by the insects

at work beneath the surface, When he has succeeded in locating the prey he tears
off the loose bark with his teeth in great ragged pieces and presently pounces
upon and drags forth a flattened white grub an inch or more in length which he
devours with apparent great relish.” Cram {op. cit., p, 221) states further that
the squirrels often eat grasshoppers and other insects in summer.
Seton ("o, pp. 322-323) mentions that in the Sel
17, he watched the squirrels eagerly eating “worms’”
formed in the Spruce trees. Further (‘28 P 133), h
as describing the act of 4 red squirrel which fed up
paper hornet’s nest which had been burned out the
18) writes that he has seen them eat the larvae a
several kinds of insects. Op June 26 I saw a you
New York, crawl out on the small branches of an a
leaf after another and cat the plant lice found on ¢
Davis (%07, p. 10), at Lakehurst, New Jersey,
squirrel, found g number of cocoong of Clisioc
a nearby wild cherry tree which had been bad
which still contained some of their tents. The
either at the end or on the side and had extracted the pupae,

On Staten Island, New Vork, during August and September, acorns of red
and scarlet oaks fall with cups attached, In many of these are the larvae of
Balaninus which at this stage are said to be much sought after hy the gray squirreis,
These squirrels appear to detect the presence of the larva by biting off a small
part of the cup so as to expose the base of the acorn, which they then putctire
slightly. The odor then probably indicates the presence or absence of the larya,
McAtee (’z26, P- 416) states that arhoreal squirrels sometimes foed largely on

scale insects and other tree pests,  Possibly the red squirrel is one given to such
habits,

kirk Mountains, on August
that infested a sort of gall
€ quotes Mrs. R. G. Taylor
on the grub-filled comb in 2
day before, Klugh ('z7, p.
nd sometimes the pupae of
ng red squirrel at Bedford,
pple tree, cut off one curled
hem there in great numbers,
in the pitch pine midden of 4 red
@hpa. They had been secured in
ly defoliated by these larvae, and
squirrels had opened each cocoon

SToMAcH ConTENTS

The food of the squirrel is so thoroughly chewed before being swallowed
that it is usually very difficult to determine the composition of the finely ground
mass.  Occasionally the odor will furnish the clue, as in the case of spruce seeds
and hazelnuts. Color is imparted to the contents by blueberries and raspberries,
the unchewed seeds of which may also occasionaily be found ip the stomach, Hajr
and feathers may easily be recognized. On one occasion I found an entire
needle in the stomach of a red squirrel, but thig may
swallowed during its death struggle.

The average weight of twenty-four red squirrel stomachs apd their contents,
taken Detween [ate June and early September, was 58 grams. The heaviest
weighed 19.0 grams and was taken from an aduit male weighing 206 grams

sprice
have heen accidentally
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shot July 21, at 2:00 p. m. The lightest weighed I.5 grams and was from an
immature male weighing 126 grams, taken July 26, at g:15 4
general way was there a correl
and the stomach weight.

M. Only in a
ation between the total weight of the squirrels
The heaviest stomachs of the series all came from
heavy squirrels. The hour at which the squirrels were sh
difference. Heavy and light stomachs wer

Food habits. Iy early spring the red squirrel is largely dependent on the

buried stores of the previous season and on the winter bu

ds of trees, just as it is in
the depth of the winter. Following the thaw, the flowing sap, leaf buds, flower

buds and the bark of trees offer variety in its diet. Flowers and leaves follow
in their turn; thereupon nesting birds and insect life furnish certain additional
items of food to the squirrel,

Tn early summer the buried stores as well as the new crop of Spruce cones,
mushrooms, seeds and fruits of many trees, certain insects, occasional birds’
cggs and nestlings form the bulk of the diet. As summer advances nuts, fruits,
cones and mushrooms become increasingly important items in its bill of fare. .

The advent of the fall season is accompanied by increased activity on the
part of the squirrels in storing all late ripening nuts, fruits, cones and mushr
Until the arrival of snow such food is abundant,

Food stored in trees and in the ground forms the bulk of the winter
Foraging activities uncover other food from time to time to augment the larder,
While occasional chance offerings must be welcome, it is in the season of snow
that the labors of summer and autumn bear their great reward.

ot made no appreciable
e secured at all periods of the day.

001135,

supply.

Food gathering, Food harvested for future
hurriedly, a large qﬁantity cut first and stored Iater.
of trees, if the squirrel is not working in competition with other species, it will
first cut down many fruits, and later, descending to the ground, will store them,
Ground plants such as mushrooms are, however, stored as gather'e‘d.

In gathering spruce cones, writes Bell (’g8, p. 70), “The chickaree selects
a tree which either hecause of the steepness and density of its upper parts, or
because of its leaning to one side, makes it certain that the cones, if detachedq,
will fail to the ground ; then he cuts off the heavily laden branches and lets them
drop. This is done with an impatient rapidity. These branches seldom lodge in
the branches below, but should a squirrel on his way down notice one of them in a

hopeful position towards the extremity of a bough he will sometimes run out and
give it a second send off.”

use is apt to be gatliered
Thus in catting the fruits

Dice (*21, p. 25) writes: “The cones may be cut singly, but often they are
cut in the natural clusters of several cones and stored in that shape. September 6,
1971, near Tanana [Alaska), a red squirrel was watched while he was cutting
cones from the top of a high white spruce. The cones were thrown away from
the tree by a backward toss of his head and fell in all directions. He seemed to
have no regular method of going over a branch for its cones, and I think several
times returned to the same branch, During fifteen minutes he worked continuously,
dropping cones sometitnes one per second, though they usually fell mor

¢ slowly.”
Klugh (27, p. 20) writes, on the report of J. N. Gowanloch, that

“A single
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squirrel 10 a tree wonld spend three hours or more cutting off cones and then in
the afterncon would carry off the cones and deposit them in holes under the
roots of trees.” On Valcour Island, August 22, T found the ground under many
balsams heavily littered with cut twigs to many of which the cones were still
attached. One squirrel which I watched cut down cones for about half an hour,
letting them fall as they would, and later descended to trim and hide thern.
Occasionally the squirrel would interrupt its storage activitics to climh up into the
tree and bring down another cone.

The cones are always cut by the squirrels before they have hecome dry and
their seeds scattered. Thoreau ('0b, p. 166) writes: “I think moreover that
their design if I may so speak, in cutting them off green, is partly to prevent
their opening and losing their seeds for these are the ones for which they dig
through the snow and the only white pine cones which contain anything in
them.”

Most nuts are [ikewise commonly cut green, though some species are allowed
to remain on the tree until they ripen. Seton (oo, pp. 324-325} writes: “The
habit of cutting off the chestnuts before they are ripe is very marked among the
Connecticut squirrels and is at times somewhat puzzling. The nuts would he
much better if left a fortuight longer, and by throwing them to the ground all are
brought within reach of many rivals. The explanation lies in the fact that the
red squirrel has heen evolved to prey on the seeds of conifers.” Thereau {'o06,
P. 104) says: “In the fall 1 notice on the ground, either within or in the
neighborhood of oak woods . . . stout oak twigs three or four inches long,
bearing half a dozen empty acorn cups, which twigs have heen gnawed off by
squirrels on both sides of the nuts in order to make them more portable.”

Auduboen and Bachman (’49, p. 129) note that “It advances as near to the
extremity of the branch as it can safely and gnaws off that portion on which the
nats are dependent. This is usually done early in the morning.
of the stems attached to the nuts are ten inches or
thrown down a considerahle quantity the squirr
a heap.”

In gathering hazelnuts, writes Walton (03, p. 85), “Bismarck [the squirrel
previously mentioned] did a lot of running for he carried but one nut at a time.

He always worked under high pressure, running to and fro at the top of his
speed.”

Some
a foot in length. After having
el descends and drags them into

In cutting such fruits as those of elu and maple, whole !
with their branch tips and leaves are nipped off and dropped to th
Beneath an American el near Speculator, New York, for
I found hundreds of branch tips from this tree.
leaves and a small cluster of seeds. The twigs
In feeding in this and in an adjacent tree one of the squirrels cut off seed
clusters in random fashion, taking a cluster of seeds from one branch and then one
or several clusters from other branches, only to refurn again to the first. 1§ a
cluster was conveniently within reach the fruits only would be cut off; but if
the reach was too great the supporting twig was cut, about a third of the seeds
eaten, and the remainder dropped. In ten minutes of watching

usters together
e ground below.
several days in mid-June
These usually bore four or five
averaged five inches in length.

the squirrel dropped
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seven twigs to the ground ;

but it ate more or less from twice as many clusters
cut off in that time,

In gathering mushrooms the squirrel seizes one by the stem and carries it as
neatly horizontaily as its size will permit to the place where it is to he con-
sumed or stored.  If the mushroom is large it may break of its own weight or be
broken by the squirrel, and the parts carried away one at a time. Secton ("on,
pp. 326-327) and Merriam ("84, p. 214) have described such cases.

Buds may he eaten directly from the twig (Scotch pine), or

them may first be clipped off (larch,
conveniently,

Klugh (’18, p.
pound potato,

the twig bearing
spruce) and the huds then removed more

T0) writes of a red squirrel that carried away a quarter-
This is probably near the maximum load a squirrel can carry.
Food “preparation.” The red squirrel cleans and “prepares” most articles
of food before eating or storing them. Twigs and leaves which are attached
to cones and nuts when they are cut off are subsequently removed, with the
result that the object may be transported with greater facility and stored with
less waste of space.
Beads of pitch on the outside of cones infested with cone horers

systematically and quickly hy a squirrel hefore it feeds from or
Occasionally in the handl

are cut off
stores the cone.
ing of the cone some pitch sticks to the palms of the
squirrel’s hands. 1 have seen a squitrel stop feeding for a few moments to
remove this pitch with incisors and tongue. As the squirrel sits upright the cone
is grasped with both hands, the pitch removed and the scales clipped off in the order
in which they are attached, beginning at the basal end. A swift nip suffices to
free a scale on a cone of spruce or of balsam. This is accompanied by a sharp
jerk of the head which throws {he waste to one side. Another nip is made to
lift the seed exposed by the first cut and the seed is eaten, In this fashion the
bracts are thrown aside and the seeds eaten from hase to tip. Occasionally the
squirrel starts at the tip end, more rarely in the middle,

In the course of the tfeeding operation just described squirrels will oecasionafly
use the rudimentary thumb to lift up a loosened scale rather than cut it in the
usual manner.

The catkins of birch are treated in much the same manner
of spruce. The shuckings from such feeding
small middens, as are remmnants of cones,

as are the cones
operations are found on logs, in

The seed of an elm is removed from its wing by
seed from both its faces and so pulling the
operation.

inserting the teeth into the
seed free from the fruit in one

Before feeding on or storing the beaked hazelnut, the squirrel removes the
long extension of the husk forming the beak. Before the nut is eaten, but not
before storage, the remainder of the husk is removed and the shell opened, just
enough to allow the entire contents to be removed, It would seem almost incred-
ible if the squirrel did not get thousands of the glandular hairs of the husk into its
mouth while removing this from the nut; and still more remarkable if these did
1ot cause the animal considerable pain. Yet the wild squirrels feed on these nuts
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extensively, The husk of the smooth hazelnut is removed before the nut is eaten.
I have never found this species stored.

Hickory nuts, walnuts and butternuts are opened after the husk has heen
removed, by gnawing a hole on the side, usuaily near the apex, safficiently large
to get at all of the kernel. Burroughs (*o1, p. 13), in writing of the opening of
a butternut by the squirrel, says: “He always gnaws through the shell so as to
strike the kernel broadside, and thus easily extract it; while to my eyes there is
no external mark or indication in the form or appearance of the nut . . | by which
I can tell whether the edge or the side of the meat is toward me . .+ Qccasionally
one makes a mistake, but not often.” Seton ('09, p. 324) writes that “It never
strikes a butternut on the thick end or makes the mistake of chiseling into a nut
that does not repay the trouble, Sound-looking nats picked up at a squirrel’s
laboratory are invariably found to be empty.”  Walton ("3, pp. 85-86) states
that hazelnuts which were left on the bushes by the red squirrel were invariably
found to be wormy.

Acorns and chestauts are opened by tearing or gnawing off almost any part
of the comparatively thin shell, Occasionally the whole shell is removed before
the kernel is eaten. “In eating a beechnut the squirrel pulls off one side with his
teeth, and removes the kernel whole,” according to Klugh (*18, p. 10).

Mushrooms are eaten as they stand (Figs, 44 and 45) or after being pulled
up. If the pileus of a species is not eaten it is often pulled off first: The stem
in those species in which it is hard is not touched,

“Every spring,” writes Walton (P03, p. 94), “Bismarck taps the trees around
my cabin. He begins on the maples and ends later on the birches, If the tree is
small he taps the trunk, if large, he works on the limbs. He gnaws through the
bark and into the wood, then clings to the limb or trunk below the wound while
he laps the sweet sap. I there is a hollow in the bark into which the sap flows,
Bismarck is sure to find it.”

Klugh (’27, p. 23) states that squirrels often hang to the underside of limbs
to lap up sap.

Middens, The most conspicuous and lasting litter or midden left by
red sguirrels is that resulting from their feeding on the seeds of conifers.  Such
midden heaps are found at the habhitual teeding spots and their size depends
upon the species of conifer, the proportion of the squirrel’s diet that the seeds com-
pose, the age of the stand and of its squirrel population, and the number of
squirrels using the feeding place, Those relatives of the eastern chickaree which
inhabit the western mountains and the far North feed more extensively on conifers
than do their eastern representatives, and therefore the middens here attain their
largest size. The largest which 1 have found recorded is the following (Murie,
27, p. 39): “Roy King of Bettles [Alaska] told me of a large mound of cone
scales in a dense thicket of small spruce, the heap measuring nine feet or more in
height and more than twelve feet in diameter. Such heaps are often perforated by
tunnels, possibly leading to storerooms or sheiter.” Osgood and Bishop (‘ao, p. 27)
describes a midden of conifer scales in Alaska twenty feet square and six inches
deep,

A white pine midden in North Central Massachusetts averaged eighteen inches
in diameter and three to four inches deep. Spruce and balsam middens in New
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Yorle State were larger, some heing as much as five feet in diameter, though only
three to four inches deep. In spruce swatups the middens are commonly on the
tops of stumps (Figs. 38 and 39).

Middens of nut trees, of barking operations and of elm and maple seed
feasts are common, but these are not usually in such well formed heaps as the
conifer débris. Hazelnuts are found in good sized middens, hut these disappear
between the feeding seasons. Seton ("09, p. 324) writes that “The workshop
where the squirrel thus prepares its food is much marked by heaps of the hulls,
rubbish and rejected nuts, but these are never left near the actual store.”

Food storage. Iand in hand with the necessity of a year round food
supply necessitated by an active winter life there has been developed in cur north-
ern squirrels a strong instinct for food storage. Not only do these squirrels labor
industriously in the season of plenty to set aside large stores of cones, nuts and
mushreoms for winter use, hut nearly every left-over picce of food is placed away
somewhere, probably to be forgotten and perhaps rediscovered. The fragments of
a partly eaten mushroom, a partly eaten nut, or even a fledgling bird which would
soon rot, will be carefully placed away in the fork of a hranch or in a crevice in
the bark. Klug (’27, p. 21) says that some of these stores are temporary and the
squirrel may return in a few munutes, hours or days later to haul forth the object
and finish it, or merely eat a little more of it and store the rest away again, Seton
(’09, p. 326) notes a difference between the gray squirrels and the red squirrels
in this respect, He writes that “The grays sit down and eat their food where they
find it. The reds carry it away to eat, The grays lose interest when their bellies
are full. The reds carry away everything, storing what they cannot eat.” Buller
(’20, pp. 361-362) has pointed out that the squirrels in England do not store
mushrooms, as they would rot before they were dry. In Northern North America
the mushrooms stored in holes may be preserved by frost even though they did
not become quite dry,

Food stuffs are stored separately in little pockets in the ground or among
the branches of a tree. Collectively they are stored temporarily in heaps on the
ground or for longer periods in large underground vaults, in hollow logs or trees
and in abandoned cabins. The underground storage chambers are usually under
the roots of a tree or a stump or under a boulder. Klugh (’2y, p. 19), Audubon
and Bachman (’49, p. 129) and others note that one squirrel uses several such
storage places. Obviously it doesn’t put all its eggs in one hasket,

The red squirrel, Klugh (27, p. 19) thinks, classifies food material as hard
or soft. Hard objects such as nuts and seeds are buried or stored centrally., Soft
objects, such as meat, fruits, and fungi, are separately tucked away in the branches
of a tree. Other factors may, however, modify such behavior. Walton (’o3, p.
80) writes that “Bismarck did not always hide bread beneath pine needles or
leaves. At a certain season of the year the trees about my cabin were made into
storehouses. This season was governed by the blue jays. When they were nest-
ing they did not come to the cabin and Bismarck could store food in the trees with-
out fear of being robhed.”

Some care is given by the squirrel to the stored food after it has once heen

gathered. Audubon and Bachman ("49, p. 120) write that, “When for instance
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nuts are abundant in the autumn, large quantities in the green state, covered by
their thick envelope, are collected in a heap near the tree whence they have fallen.
They are then covered up with leaves until the pericarp or thick outer covering
either falls off or opens, when the squirrel is able to carry off the nuts more conven-
tently.”  Cram ('za, p. 37) writes with reference to mushrooms, that after drying
for a few davs or a week, according to the weather, they are transferred to hollow
trees, to tree nests or to tnderground holes. Dice (21, p. 25), in describing a
mushromu store in an Afaskan cabin, notes that “Those not entirely dry were
spread out separately from the athers.” I have seen a squirre! move a hazelut
from one part of a tree to another i and another squirrel removing spruce cones
from a ground pocket and carrying themi to some other store house, ahout 4100
p. m, July 8, at Old Forge, New York. This latter, an adult male, would thrust
his head and shoulders into the pocket and haul forth a spruce cone. After a
hasty cleaning of his soiled fur he would scamper a hundred faet away to dispose
of the cone. Most of the dozen trips which I saw him make were over exactly the
same course, partly on fallen logs, partly on the ground. The only cone which T
saw him deposit he wedged into a fork in the fimb of a dead fallen spruce, A
diligent search of this tree revealed only one more stored cone. Apparently the
others had Dbeen stored elsewhere. The pit from which I saw the squirrel take
a dozen nuts had nineteen remaining when the squirrel was interrupted. The
cones were a bronzed green and tightly closed. The seeds were not dry, hut
fleshy and palatable. 1t is my opinion that the cones had been huried the previous
season, The pit was in black, rich and damp humus at the base of a fern. There
were 1o other nearby cavities which had been recently emptied of their stores.

According to Walton (03, pp- 87-88), nuts which started to germinate in the
spring were dug up by the squirrel which then clipped their sprouts and buried
them.

The guard kept by -a squirrel over its stores is noted under the section on the
Sense of Ownership. A related case is presented by Klugh (’27, p. 21}, in which
two persons had robhed a squirrel of its hoard of butternuts in a hollow tree and
“left the nuts in the log some yards from the tree and returned with a wheelbar-
row the next moming to fetch them, but the squirrel had heen there hefore them,
chewed a hole in the sack and removed every nut to some other storehouse, which
they were unable to locate.”

The fate of the red squirrel’s stores is not always to nourish the industrious
animal which stored them. Birds, mice and other creatures are known to rab
these hoards, and the temporary deposits on the surface of the ground are most
commonly robbed by hogs (Audubon and Bachman, ’49, p. 129), chipmunks, Inice,
and other squirrels, Individual or small underground stores must surely often be
forgotten and lost. Twice I have found old dry mushrooms in trees, stored there
certainly no less than a year and probably destined never to be used by the squir-
rels (Fig., 49) which placed them there, Among newly stored mushrooms there is
a high percentage of loss for 1 have found many rotting, many more rendered

useless by insect larvae, and some blown from their positions in the trees, Never-
theless, much stored food is used, as is attested by many ohservers. However, the

necessity may not arise.  Walton (o3, p- 79) relates that a squirre! in his dooryard
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did not disturb the hidden stores so long as other food was available about the
cabin,

Throughout July, in the Adirondacks, T found the squirrels feeding on spruce
and balsam cones which to all appearances had heen buried the previous year.
Murrill (Poz, p. 20) notes that in the region west of the Yukon, M. W. Gorman
has seen the squirrels visiting their tree stored agarics every day, cven in the
caklest weather; and Buller ('20, p. 360) reports that A. H. Doern observed in a
subtrb of Winnipeg, in October, a red squirrel storing mushrooms in a tree in his
vard. The squirrel fed from these mushrooms throughout the winter, Tt would
nibble one of them for a tine and then store it away again in another part of the
tree.  August 22, on Valcour Island, T saw a red squirrel carrying a dry Boletus.

On seeing me it dropped the mushroom and ran. The mushroom proved to be a
very old dried specimen, probably from the previous summer, Murie ("27, p. 30)
has mentioned a red squirrel’s store of high bush cranberries in a cabin in Alaska,
which it consumed in iate winter.

The cones of most of the conifers acceptable to the red squirrel have been
found in its stores. The cones of hemlock are an exception, according to Walton
{’03. p. go). These cones are nof stored, but are husked at the foot of the tree
on which they grew. Other authors (Cram, "gg, p. 211 Stone and Cram, ‘o3, p.
174; Klugh, 27, p. 15 and Rowley, ‘oz, p. 35) record similar observations,
Bailey (’18, p. 37) observes that the long cones of the mountain white pine are
cut off and dragged into piles for winter food, or eaten on the ground as they
are too heavy to be held and eaten on the branch of a tree.

Cones are stored in little ground pockets, or in large undergrouud chanbers.
Bailey ("18, p. 37) states that they are stored under hrush heaps as well and

under piles of old cone scales. Dice (Cz1, p. 25), in Alaska, has fouund them
stored in the branches of trees, huried in the ground. or piled on the surface, and
stored in old piles of scales. Walton (’03, p. g0) states that on Cape Ann, Massa-
chusetts, the cones of white pine were left on the ground two or three davs and
then carried entire to the storchouse. This practice I have found widespread in
the Northeastern States in the storing of spruce and balsam cones,

Stared cones may be put away singly or collected into vast hoards. Dice {’21,
D- 25) records from Alaska that “At the hottoms of the trees in which squirrel nests
were placed piles of cones a foot or two in height and extending four or five feet
around the tree were made.” Grinnell and Storer ("24, p. 206) record a store of
white fir cones made by §. douglasii albolimbatus, containing 484 cones in a small
arca. ‘The largest store that T have seen contained 117 balsam cones packed ay ray
under a rotten stump, on Valcour Tsland, September 4.

Nuts and arorns of the species acceptable to the squirrel may he stored singly
in the ground; collectively in small pockets in the ground ;. in the crotches of trees
(Klugh, 27, p. 21: Burroughs, ’or, p. 12); nnderneath the loose bark of trees
(Gibson, ’83, p. 84) ; in the hollows of trees {(Audubon and Bachman, "49, p.129);
i hollow logs (Johnson, "18, p. 54) and in cabins (Walton, '03, p. 87). Johneon
(loc. cit.) considered the hollow log to be only a temporary storeroom, used to
keep the black squirrels {rom getting too large a share of the harvest. Hazelnuts
which I have found huried singly and collectively were placed on the surface of the
earth, below the mat of leaves and pine needles of the forest floor, Buried hazel-
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nuts were always placed within a short distance of some such landmark as a tree
or a log. I have seen a chickaree carry hazelnuts over one hundred and fifty feet
before burying them, and have never seen them carried less than thirty feet,

In burying a single nut, Klugh (‘z7, p. 21) writes, “it scratches out a hollow
with its forepaws, places the nut therein, shoves it in as far as possible with its
nose, and then covers it with a few swift strokes from right and left with its
forepaws, It performs this operation with great rapidity, but does it so well that
when it has buried a nut in a location where there is moss and dead leaves there is
no trace of any disturbance.” Burial in snow is o similar process, according to
Klugh (*18, p. 10).

The removal of one and a half bushels of hickory nuts and chestnuts from a
hollow tree occupied by a single pair of red squirrels is recorded by Audubon and
Bachman (49, pp. 128-129). An equally large hoard of butternuts was removed
from a hollow tree in Frontenac County, Ontario ( Klugh, 27, p. 21) ; and John-
son -("18, p. 54) writes of finding a half bushel of hickory nuts, with shells still
on, stored in a hollow elm log. I have found twenty-eight hazelnuts in seventeen
clusters, stored in five small pockets within a distance of two feet of each other,
Finley and Finley ("25, p. 142) write of a store of twenty-three hazelnuts in one
spot.

Mushrooms are stored entire with stem detached or in fragments. They are
most commonly placed among the limbs of trees as il to dry, sometimes to he
later removed to a dry cavity. T have found them more abundant in the lower
than in the higher branches of trees. Odell (’26, p. 184) found them in hranches
not over four feet from the ground, At Petersham, Massachusetts, they were
ustially stored in hemlocks. Buller (’zo, p. 36) and Murie (’27, p. 39) report
them more common in spruces, in the northern parts of the squirrel’s range.
According to Buller (p. 356), they are never Duried underground, but are often
found in deserted woodpecker nesting holes, or other cavities in trees, and in outside
birds’ nests.  Stores in unused buildings are reported by Buller, Dice (’z1, p. 253)
and Murie (’27, pp. 38-40).

In the limbs of trees mushrooms may be stored with stem down through a
fork (Fig. 48) ; stem up, and the cap supported by a platform of twigs (Fig. 49);
on edge, with stem horizontal (Fig. 50) ; or speared on a small twig (Walton, '03,
p- 81). According to Walton, mushrooms were stored in trees by a red sguirrel on
Cape Ann, Massachusetts, because unlike some other food they would not he stolen
by the blue jays.

Setou (‘0g, p. 326) says of mushrooms stored in trees that “Here they are
safe from the snow that would bury them, from the Deer and Field-mouse that
would steal them and instead of rotting, they dry up and remain in good order
until needed.”

Mushrooms appear to be stored in larger quantities in the North than in more
temperate climates with a more varied food supply. Murie ("27, pp. 39—40) writes:
“In July 1921, while on a visit at Tanana Crossing [Alaska], T found the red
squirrels very plentiful, and in practically every spruce where squirrels were found
a quantity of mushrooms had heen placed, some of them nibbled 2 little, some
completely dried. Mr. Geist described a dead spruce where squirrels were storing
mushrooms. He watched them at their work and said that the spruce was ‘trimmed

Fig, 48. Awmanite uwiscaria, stored stem in a fork of a white pine limb.
Island, Lake Champlain. August 27, 1026,

Fig. 40. Boletus sp.
Spruce.

Valcour

stored with stem placed upward across the twigs of a white

Valcour Island, Lake Champlain.

August 26, 1926,
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Clitocybe sp. stored with cap vertical. Valcour Island, Lake Champtain.
September 8, 1926.

Fig. 51, End view of a broken poplar stub showin
m an abandoned flicker nest cavity.

venience in photographing.
1926,

Valeour Island, Lake Chamglai

The stub was placed hor

1.

g candles stored by a red squirrel
izontatly for con-

September 12,
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like a Christmas tree” Mrs. Murie observed the work of squirrels at Ester, a
few miles from [Fairbanks, where mushrooms had been brought into a cabin and
stored on the rude shelves and in other nooks in the togs, mixed with odds and
ends, including nest materials.” Preble (08, p. 17¢) says that about a half hushel
of mushrooms were deposited near a single nest, near Jasper Honse. Dice (’z1,
p. 25) deseribes a large store in an Alaskan cabin, in which many were packed
tightly into cans. Buller (’zo, P. 350} writes on the authority of Stuart Criddie
of Treeshank, Manitoba, that a squirrel’s store containing two to three hundred
mushrooms and another containing one hundred and sixteen fruit hodies were
found in an old box in an unused house. Of these, twenty-two were of the genus
Bolefus and ninety-four of the family Agaricaceae, Their total weight was one
pound, four and a half ounces. Cram {"24, p. 37) writes, presumably of New
England, that the stored mushrooms are often found in groups of several dozen.
Kingh (27, p. 21), referring probably to Ontario, 'says that he has seen trecs
which contained as many as twenty mushrooms, In the Adirondacks, on \alcour
Island, and in Petersham, Massachusetts, I never found more than six mushrooms
in one tree, '

Meat is frequently stored, at least temporariiy, As mentioned earlier in this
paper, I have seen a red squirrel store fledgling birds in the forks of trees during
mid-summer; and Buller, as previously quoted (’20, p. 302), has reported a red
squirrel storing three chickens in the limhs of trees. Dice (21, p. 25) found a
grouse head stored in an Alaskan cabin,  Walton ("03, p. 89} mentions stored
bones, and Klugh (118, p. 10) stored meat, in the snow.

Walton ("03, p. 81) abserved squitrels storing bread and apple seeds (p. g27.
Murie {"27, pp. 38-39) describes an elaborate Afaskan cabin cache as reported to
him by Otto Geist. Here were stored about “two bushels of high-bush cranberries,
Fiburvmn pauciflorum, two bushels of alder cones, and nearly a bushel of cow-
parsrip seeds, Heracleum lanatum. . . . Most of this material had heen piled

up in a bunk.” :

Within one hundred yards of our camp on Valcour Island T found eleven wax
candles and candle stubs stored in an old flicker nest in a poplar stub {Fig. 51}.
The longest candle measured five inches, One of the stubs had been about
half chewed up by a red squirrel, the incisor marlks showing plainly. There wad
no nest and no other stored material in the tree cavity. The candles had been

stored at least one year as we had had none like them in camp that season.

Drinking. My captives drank from an open dish, regularly and without
difficulties.  They enjoyed milk as long as it was fresh. Klugh (’zy, p. 22) says
that he has seen them drink melted snow in the spring, and that they frequently
cat snow.  Shufeldt ("2o, p. 42) observes that “Sometimes it may be noticed that
after drinking the red squirre! is attacked by a pecaliar fit of something akin to
coughing, accompanied by a kind of wheezing and sneezing as though some water
had been snuffed up into the nostrils or gatten into the ajr passages.”

The drinking of sap in spring is considered under food habits, as I presume
it is not as a means of guenching thirst that they drink it. '
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'RELATIONS TO ASSOCIATED VERTEBRATES

-Fish ordinarily play but an insignificant part in the lives of red squirrels,
but occasionally a large fish may seize a swimming one. Cole (22, p. 54) records
such a case, in which a thirty-seven inch pike (Esox lucius), weighing a little
over eleven pounds, contained a full grown red squirrel. “The squirrel was
intact, having apparently been devoured quite recently, The fish was caught in
Lake Fanny Hoe, Keweenaw County, Michigan, at about 7:00 p. m.” Seton
(’28, p. 125} quotes William Todd who related to him the instance of a pickerel
rising and seizing a red squirrel seen swimming in Baskahegan Lake, Washing-
ton County, Maine, about September 10. Green (’171, p. 590) gives a record of
two muskalonge caught on the French river, each containing a red squirrel in its
stomach. - Seton ("og, p. 318) mentions the unusual occurrence of a trout seizing
the tail of a squirrel as its owner jerked it up and down over the edge of a pool.

Amphibians probably never enter the lives of red squirrels, unless per-
haps on a rare occasion a small frog or a salamander may be eaten.

Reptiles. In the southern part of its range the red squirrel is ‘exposed
to danger from snakes, Large black snakes, Zamenis constrictor (Linn.), are
probably the principal species to be feared. - Burroughs (ot P 137) writes that
he has known the red squirrel to be caught by the black snake and successfully
swallowed. In the Northeastern States, red squirrels and black snakes both fre-
quent stone walls, and it is here that the snake would most frequently take its prey.

Mr. W. DeW. Miller has kindly shown me the record of an instance where he
removed a full grown red squirrel from the stomach-of a rattlesnake (Crotalus
horridus) which was taken at Beaufort Mountain, New Jersey, on August 3.

Birds. The red squirrel has become notorious as a nest robber, more so
perhaps than is its due; but there are many other ways than this in which the
squirrel’s life is more or less intimately associated with that of the birds, which
share with it the trees and the ground. T.et us examine first the evidence showing
that the birds are the gainers and the squirrel the innocent sufferer, It is rare
that sympathy is expressed for the red squirrel that toses its life because of the
feeding habits of birds; yet a number of raptorial birds are its -enemnlies, as evi-
denced by the fact that red squirrel remains have been found in the stomach of the
marsh hawk, the goshawk, the red-tailed hawk, the red-shouldered hawk, and the
broad-winged hawk (Fisher, '93, pp. 29, 45, 50, 64 and 81).

The stomach contents of hawks examined by Mr, W. DeW. Miller give the
record of a few red squirrel captures, Mr. Miller’s notes, which he has kindly
allowed me to make use of, showed the absence of red squirrel remains from the
following: goshawk, 21 stomachs; marsh hawk, 15 stomachs; duack hawk, 18
stomachs ; sparrow hawk, 18 stomachs; red-shouldered hawk, 27 stomachs ; sharp-
shinned hawk, 169 stomachs; rough-legged hawlk, 9 stomachs; and pigeon hawks,
‘10 stomachs, In two out of 40 red-tailed hawk stomachs, red squirrel remains
were found. These hawks were taken in September and November, in Sussex
.County, New Jersey. Red squirrel bones were found in three of 35 Cooper’s
hawk stomachs, These hawks, also, were taken in Sussex County, New Jersey,
in September and October,
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Even the small sparrow hawk has been known to eat a red squirrel, as
‘recorded by Seton (’09, p. 331) who writes that “A male sparrow-hawlk was
brought to me. In its stomach was a young ted squirrel and a song sparrow.
.« » .+ DPossibly the sparrow-hawl was seeking for a home when it discovered the
squirrel’s nest with the young one, and yielded to temptation.” "The squirrel shows
fear of hawks, too, as shown by the observation of Klugh ('18, p. 11): “Upon
_two occasions when a hawk flew over, and upon another when it caught a sound
like the scream of a hawk, the squirrel ‘froze’, remaining absolutely motionless for
three minutes or more. As soon as it moved, it exploded into a loud and long
continued chatter.” ' o
Owls rarely are active during those hours when the red squirrel is outside,
In consequence it is little hothered by these birds. There is, however, record of
an arctic horned owl, collected November 23, that had taken a red squirrel (Preble,
08, p. 372); and Mr, H. E. Anthony has found a pine squirrel in the stomach of
a western spotted owl taken at Portland, Oregon, September 7. Fisher ("3, p.
152) records red squirrel remains in the stomach of a barred owl.
That gulls are enemies of swimming squirrels is suggested by B. F. Howell
(’11, p. 521) who writes that squirrel skeletons are commmonly to be found on Hog-
back Tsland, Moosehead Take, Maine, where there is a large nesting colony of gulls.
Some birds successfully rob the red squirrel of his stored foods while others
attempt to do so but fail. Klugh (“2y7, p. 26) relates: “A third phase of this rela-
tonship is that some birds such as the white-breasted nuthatch, downy aud hairy
woodpeckers, bronzed grackle, blue jay, and house sparrow, rob the red squirrel
of food it has stored in the forks of trees. Both the squirrels I have had under
‘observation lost a large part of their stored food in this way, not so much because
most of the food was eaten by the birds, but hecause the birds in attempting to eat
it knocked piece after piece of food out of the forks. Both these squirrels were
frequently called upon to defend their stores against these marauders and when
two or more of the birds came into a tree at once they had a very busy time,
chasing one and then another, In chasing these birds the squirrels showed
wonderful agility and many times could, I believe, have caught one of the birds
if they had so desired, but in such cases they always jumped short so as not to
actually alight on the bird.”
The half-tame red squirrel known as Bismarck, which was under the observa-
tion of Walton (’03, pp. 93-94), defeated the would he tobbers, as here quoted:

“For years Bismarck and the blue jays have matched wits. A fter nesting, the blue

Jays would flock to the cabin and impudently .appropriate all the food around the

‘trees, Bismarck seemed to know that it was useless to store food ionger in this

way, so he would bury it bereath the pine needles. The jays were soon on to the
trick.  When 1 threw a piece of bread to the squirrel he would start at once to
hide it, while the jays would follow him, keeping in the trees, just out of reach,
The moment he left the jays would fly down, dig out the bread and carry it away.
It often happened that Bismarck would fool the robbers by pretending to bury the

‘bread. He would dig a hole, cover it over and pat down the pine needles, but
would run away with the bread in his mouth. While the jays were scratching the

pine needles right and left in a useless search, Bismarck would hide the bit of bread
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and return to the dooryard for more.
wheat bread, but if it was his {
fime,”

He was not so particular if the food was
avorite food, doughnut, the jays were fooled every

“Twice last summer,” writes Walton (op. cit., p. 68), “1
pounce on a young towhee bunting, but both times h
of a feather. It was evident that he did n
desired to frighten it away.” Purther,

-crows made bold by hunger attacked T iny and tried to take possession of a loaf of

bread. The squirret never flinched, hut stood over the bread and whenever a crow
got over the deadline, filled the dooryard with feathers,
were obliged to retreat when Tiny got downright mad. W hen the fight hegan
Tiny did not try to hurt the crows. He wotld run at one and allow him to hop,
mto the air and take wing. Tt appeared to me that Tiny
crows away. When he found that they were in e
the feathers fly, and the crows had to leave to save their lives.”

A different reaction on the part of this same squirrel is also described (op.
cit,, pp. 240-242) ¢ “T iny was not always full of fight. He formed a friendship
for a young towhee bunting after a singular encounter. The hunting was eating
from a loaf of bread, which was staked down in the door va

rd, when Tiny appeared.
The squirrel thought that the bird would run away, but instead the latter set its

wings and lowered its head in preparation for hattle, Tiny was astonished. He
sat up, folded his forepaws on his hreast, and looked on the gamy little hunting
with wide eved wonder. The bunting soon turned to the bhread. Tiny bf-m{ght his
forepaws down hard on the ground, evidently to frighten the hird, Again the
plucky little bunting set its wings and lowered its head. Again Tiny sat up and
looked the fellow over, This time there was a comical expression on the face of -
the squirrel that said as plain as words could tell that he appreciated the situation,
That he admired the pluck of the bunting was evident by his action. He crept
quietly to the opposite side of the loaf of bread and allowed the bunting to eat
unmolested.  After this the two would cat together whenever they chanced to be
i the door yard at the same time.

“Tiny did not allow other buntings near his food, and T thought he would
forget his bird friend when the buntings returned in the spring migration, hut
not so, he knew his friend at once, and chuckled some kind of a greeting while the
bunting said something in hird language that seemed to ay ears to express joy.”

Cram (‘gg, p. 197) writes, “I have never known him [the red squirrel} to
take part in the general outery against a hawk or owt but let him catch
a glimpse of an unoffending partridge quietly gathering herries or scratching
among the pine needles, and he immediately pretends to fall into an utterly uncon-
troflable rage. He slowly approaches the bird with short scratchy starts, down
the tree trunk, keeping on the opposite side as much as possible, and peering out
from behind the rough hark and protecting hranches ag if fully aware of his danger
and determined on not exposing himself more than necessary, and ever and anon
retreating, panic stricken, back into the shadow, to renew the attack from an
opposite direction, barking huskily,” Specific instances to show that the squirrel
was aware of the natare of the animal that caused his excitement are not giveri,

Roberts (22, p. 215) records having watched a titmouse on severaf trips

saw a red squirrel
e let the bird go without loss

Valton (op. cit,, p. 249) writes, “Ten

. The hlack rogues

was just scaring the
arnest, he got mad and made

ot intend to injure the hird, but merely.
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gather hair from the tail of g wide

awake red squirrel, without any protest an
the part of the squirrel.

There may now be considered ihe large numbher
1s seen to be the gainer and the bire
these refer to the destr

of cases in which the squirrel
Is the losers. By far the greater number of
uction of the eggs and the birds, The one case of this kind
that I have observed happened as follows: While sitting in my camp in a pine
grove near Petersham, Massachusetts, about five o'clock one evening eatly in
July, T heard a heavy object fall to the ground some thirty feet away. It had
apparently dropped from the crown of a sixty foot white pine. Tn a moment an
immature red squirrel was seen hurrying down the trunk. On the ground it
immediately started foraging for something. The first thing to arrest its attention
Wwas 4 prune stone, which it carried a short distance up the tree and opened to get
at the contents. Turning around on the branch on which it sat the squirrel
pushed this seed into a crack in the rough hark. Retarning to the ground, it
picked up some larger object, which it carried by mouth to another pine nearby.
Thirty feet up this tree, in the fork of a branch three feet from a trunk, the
object was firmly fixed, and left. The squirrel descended and disappeared. On
exanmination I found this stored object to be a nestling bird, bitten through the
neck and dead, though yet warm. On the ground within two feet of th

e place
where this bird had been picked up I found another similar nestling

g, with the
head largely eaten, as were smali areas of flesh on the wings and back. W hether

this nestling was left on the ground because the squirrel was ng longer hungry, or
because it had a bad emory or a guilty conscience I can not guess.  The young
birds proved to be the black-throated green warhler,

On another occasion I found the wing fe
in the midden heap of a red squirrel
guilty one in this instance,

The red squirrel would seem to have a particular li}
to judge alone hy the number of published
species,  Fisher (g6, p. 197) writes: “Repeatedly T have secn them [red
squirrels] eating young robins and have killed several whife attempting to plunder
the wren boxes near the house.” Mearns (‘79, p. 172) records h
squirrel kill a young robin in g nest, whereupon it was driven
parent birds. Kirtland ('38, P- 177) says that he has seen t
whole brood of robins, and Seton (‘co, p
robins’ nests in his garden were rifled o
Brayton (“82, p. 108) and the Finleys

athers ol a gray colored Aedgling
» but T have no proof that the squirrel was the

king for robins, if one were
accounts of its depredations on this

aving seen a red
away by one of the
he squirrels destroy a
- 322), that in June, 1900, at least three
f newly hatched young by red squirrels.
(25, p. 152) give evidence of similar nature,
and also of egg eating. Thoms (’22, p. 200) and Metriam ("84, p. 214) mention
other instances of attack by the red squirrel on robins. The fact that robins and
squirrels five near houses where food is scarce and they are likely to be observed
mmust account for the preponderance of this species in the reports.

But other birds also suffer. For example a red squirrel was seen by Thoms
(*22, p. 200) throwing young orioles from their nest, though the squirrel did not
in this instance eat the birds. Tn the same place he records having seen a red
squirrel pounce upon a mourning dove as she sat upon her nest, The hird

struggled vigorously and escaped, but the squirrel ate her eggs. A chickaree
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eating the flesh from the shoulders of a fledgling flicker was interrupted by Seton
(o9, p. 322). Gibson (’83, p. 85) speaks of a red squirrel heing repulsed in its
atterpt to rob a woodpecker’'s nest by a hlow from the bill of the parent bird.

The destruction of a family of young bluebirds is recorded by B. S. Bowdish
(Klugh, ’27, p. 24) who writes that the squirrel devoured the brain of each
nestling and dropped the carcass to the ground. He also found a red squirrel
occupying a cavity in which a nuthatch had heen building its nest a week before.

Merriam ("84, p. 215), without giving the details, says that he himself has
known the red squirrel to rob the nests of the red-eyed vireo, the chipping
sparrow, the robin, the Wilson’s thrush, and the ruffed grouse.

Guides in the Adirondacks have frequently expressed to me their opinion that
red squirrels commonly rob the nests of ruffed grouse. But none of these men had
any conclusive evidence to offer, and while the squirrel may not be wholly guiltless
in this matter it should not be convicted merely on circumstantial evidence of
rather feeble nature.

Practically all species of northern warblers, vireos, thrushes, chickadees,
nuthatches and others are numbered among the red squirrel’s victims, according
to Nelson (’18, p. 455), who omits specific instances.

From the foregoing records one might be led to conclude that the red
squirrel is an habitial bird destroyer ; but there are a number of other observations
that tend to prove that this habit is at most only occasional and that more probably
the habit is limited to individuals among squirrels, which prey on birds when
other food is scarce, or after they once have had a taste of animal food of this
kind. TFor example, Thoms (22, p. 200) states that the two cases of nest robbing
cited above are the only ones that have come to his notice in a total of twenty
years’ observation. He concludes that unless squirrels are overabundant they do
no harm to the bird population, which easily recovers the relatively small losses
mncarred.  Seton (‘og, p. 322) quotes William Brewster’s account of a squirrel
which daily leaped over a robin’s nest, but did no harm to the eggs or the young,
Seton also mentions a family of five red squirtels living in a grove of six or
seven small trees near his house, which left unmolested the nest of a yellow-throated
vireo, though they must have seen it. Klugh (27, p. 25) writes that in twenty-
five years’ ornithological experience, and in eight years’ rather intensive study of

the red squirrel, he did not come across a single instance of depredation of 2
bird’s nest by the red squirrel. On the other hand he recorded three instances
where broods of robins were successfully raised in locations which red squirrels
visited every day. J. E. Pelcher, a fire lookout on Hamilton Mountain, New York,
has informed me that a bird which nested in a spruce tree immediately in front of
his cabin successfully raised its brood though red squirrels were numerous in the
vicinity at the time. On one occasion he saw a squirrel actually run up to the nest
and apparently scrutinize the fledglings for several ruinites,

For the six years of his residence at Lake Placid, New York, Jacques
Suzanne, an explorer, has looked for squirrel attacks on nesting birds, their eggs
or their young, but found none, He tells me that he has had as many as fifty
nests under observation in trees and on the ground where squirrels could hardly
have overlooked them, yet he found no instance in which harm had been done.
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Walton (‘o3, pp. 60-70) writes: “Tt was always a mystery to me why the
birds were not afraid of the red squirrel. Let a hawk, an owl, a weasel, a cat, a
shake, or any of the animals known to prey on birds, enter my dooryard while
birds were rearing their young and the wildest alarm would prevail so long as the
mtruder was in sight. The red squirrel can come and go without a protest, which
proves that the birds do not regard him as an enemy.,

“Whenever T have detected a squirrel investigating a bird’s nest it has turned
out that curiosity was the motive.

“A pair of chickadees nested in a box that I had placed in an oak tree, and
a squirrel that spent most of his time in the door vard made it his duty to
investigate the nest several times a day. He did not harm the young birds and the
old birds did not fear him.

“While T was watching a red-eyed vireo's nest last season T saw a red
squirrel run out to the nest, stretch his full length on the limh (it was a very
warm day), and look down at the young birds that were squirming about in their
confined quarters. " I counted ninety-six hefore he left, and I did not begin at
first. 1 think he was on the limb fully two minutes. These young vireos were
not molested, for T saw them leave the nest when fufl fledged.

“I have record of an oven-bird that nested at the foot of a pine tree which
contained a red squirrel’s nest. Fout young squirrels were reared in a leafy
nest in the top of the pine, and three young oven-birds in a domed nest on the
ground.”

Walton (op. cit,, p. 98) further lists a total of nineteen nests representing ten
species, namely, chestnut-sided warbler, black-throated green warbler, oven-bird,
vireo, Canadian warhler, robin, towhee, catbird, Wilson’s thrush, and indige bunt-
ing, situated in the vicinity of his cabin, every nest of which was probably known
and visited by the red squirrels there found, yet not one was disturbed hy them. He
(p. 247) states that for fifteen years in Maine and eighteen on Cape Ann he has
no record of the red squirrel robbing birds’ nests,

Cram (’9g, p. 200) writes that in the spring he has seen a red squirrel per-
sistently chasing pine finches and redpolls about the top of a gray birch, putting all
his agility into play in his endeavor to catch them, creeping towards them cautiously
and cat-like, and springing out suddenly when he fancied himself near enough.
The birds, however, always slipped away just in time to save themselves. Cram
interprets the squirrel’s behavior as play.

A strange association with a saw-whet owl is related by T. A. Gentry (Coues,
74, p. 317), who describes the two as living in the same hole in a hollow oak tree.
They were seen to enter tagether repeatedly. Seton (o9, p. 328) suggests that
the squirrel came there to feed on the dead mice or small birds which are often
stored in one corner of the owl’s nest. Probably the bird derived no henefit from
the association. He further observes that in the spring the squirrels become almost
parasitic in their relations to the sapsucker, which they follow in quest of sap,

“Summing up this matter,” writes Klugh (27, p. 25), “the facts appear to he
as follows: The red squirrel does, more or less frequently, eat both birds’ eggs and
young birds. People who happen to witness such attacks are usually interested
mainly in birds, and often especially in the particular pair whose nest is raided, so
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that the occurrence makes a deep impression.  Any sucl
rel destroys 200 birds a year’ [Nelson, '18, p. 455] is, to say the least, a gross
exaggeration, as at this rate the number of hirds in localities where squirrels are
abundant would he seriously reduced, which is not the case. [Hornaday, 13, p. 79,
writes that in the New York Zoological Park, squitrels were so numerous as to
drive out the wild nesting birds.] Birds and squirrels have existed together in
North America long before man came on the scene, and the settlement of the
country has not rendered conditions more favor
birds, but, if anything, the other way around. Tt is probable that only certain red
squirrels are bird-eaters, just as only certain tigers are man-eaters and such indi-
viduals should be destroyed as soon as evidence against them is obtained.”

Such a rational viewpoint must without doubt be adopted in the case of the
red squirrel, in the light of all known facts. Tt is unfortunate that such opinions
as, “It may eventually hecome hecessary to outlaw them whenever found” { Nelson
18, p. 455), have gained such wide acceptance. It is as the Finleys ('25, p. (52)
write: “Not far away is a neighbor who insists that all robins should be killed
because they eat his cherries and strawberries. Another wants a hounty on moles
that are such a pest in his garden and lawn. Another advocates the killing of
hawks, owls, and cats.” The wild creatures act as a system of checks and b

and the fact that animals which are known to be useful and attr
utilized as food by other

z estimate as ‘each squir-

able to squirrels and less so to

alances
active to man an
species can never justify the extermination of these others.

Carnivores. Several of the carnivores prey upon the red squirrel. It
is written hy many authors (Merriam, ‘84, p. 212; Bell, g8, p. 78; Seton, ‘09,
bp. 330-331; Klugh, ’27, p. 23, and others) that the marten is its principal enemy
in the more remote regions. | have, however, heen unable to find in the literature
a single detailed record of a marten catching or eating a red squirrel.  But Jedd
Rossman, of North Eiba, New York, for sixty years a guide in the Adirondacks,
asserts that he has found places in the snow where marten have fed on red squir-
rels, consuming everything but the head. He adds, however, that since marten
are now scarce in the Adirondacks they no longer act as a check on the red squir-
rel population.  Tim Crowley, of Piseco, New York, a trapper of marten for many
years, does not think that this carnivore catches the red squirrel very frequently.
But doubtless the marten often does cateh squirrels in a fair chase, because of its
own exceptional agility in the trees. In those regions where the marten is yet
fairly common the red squirrel probably exerts an influence on the marten popu-
lation fully as great as that of the marten on the squirrel population.

The fisher is probably incapahle of catching
and Bell (’98, p. 78) credits it with being a

a red squirrel in a fair chase,

minor enemy of the chickaree.
The scorched hody of a red squirrel is, however, the finest hait obtainable for fisher

trapping, according to Jedd Rossman. Bell (98, p. #8) lists the mink as an
enemy of the red squirrel and mentions an instance where he had two of these
animals together in the same cage. At first the squirrel displayed great courage
and agility and seemed to defend itself successfully against the attacks of the mink;
but the next morning it was found dead, with its throat cut, .

Dice (’z1, p. 26) saw a red squirrel in a struggle with a half grown mink, on

the banks of a stream in Alaska. The frantic screaming of the squirrel led him
to suspect victory for the mink.
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Weasels also, because of their ability to enter small holes, are credited by
Seten (0, p. 331) and Bell (g8, p. 78) with preying upon the red squirrel, _
The lynx (Bell, ‘g8, p. 78) and the bobeat where they occur in its territory
may safely be considered enemies of the red squirtel. The domestic cat is fikewise
a successful squirrel catcher, as I have personally several times witnessed, Bur-
roughs (‘o1, p. 137) declares that his cat knew well the taste of squirrel flesh,
The fox on the ‘contrary probably rarely or never secures a red squirrel, But
Cram (%99, p. 221) expresses the opinien that the chickaree is among the first

arrivals after a fox makes a kill, and that it will dispute with a crow and the blue
jay whatever is left of the fcast, '

Other rodents. Among the Muridae the r
in some degree with the white-footed mouse, and possibly with some other species,
for certain food supplies.  Seton (‘og, p. 332) has suggested that the deer mouse
in its turn taps the red squirrel’s hoards, .

As an experiment T placed an adult male Peromyscus in a cage with a pair of
red squirrels. One of the squirrels twice lunged at the mouse when it was first
admitted into the cage and happened to come too close. The mouse evaded the
lunge both times and thereafter ran as it pleased over the tails of its cage mates,
For several days I kept the three together; and the mouse even shared the
unlined nest box which was placed at the top of the three foot cage.

A wharf rat, according to Walton ('03, pp. 238-240), trespassing on the
private feeding ground of a small red squirrel, was attacked and successiully
driven away hy the squirrel. The squirrel was none the worse for the encounter,
while the rat either died from the effects of the squirrel's savage bites, or left the
vicinity in disgust, :

In the southern part of its range the red squir
with the gray squirrel, the fox squirrel, the flying sq
in the western part of its range other species of
competition, at least with regard to certain kinds of
however, the most adaptable among th
widest variety of food in its diet,
wherever they occur.

The chipmunk shares the hazelnut crop with the red squirrel, and to a lesser
extent the fruits of other shrubs and trees. Though T have seen both species
gathering hazelnuts from the same small thicket at the same time, with no evidence
of hostility between them, T have, however, a record of one disastrous encounter.
Richard Gill of Iake Placid, New York, told me that he and a friend saw a red
squirrel pursue a chipmunk that had ascended a tree and, overtaking it, seized it
by the back of the neck. The two fell a short distance to another Hmb, whereupon
the squirrel released his hold and disappeared. Mr. Gill picked up the chipmunk
which had fallen to the ground and found it quite dead, with no other injury than
that to its neck.

A female ground squirrel of the genus Callospermophilus which T kept as a
captive in the same cage with a pair of red squirrels, dispossessed these of their

nest box and for two days held the supremacy while the two squirrels sought
shelter in a dry part of the cage. : s

ed squirrel doubtless competes

rel is in competition for food
uirrel and the chipmunk, while
squirrels also enter into such
food. The red squirrel being,
ese species and capable of including the
is able successfully to cope with the others
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The flying squirrel probably comes but little in personal contact with the
red squirrel, since its hours of activity are usually quite different. 1t would
seem, however, not improbable that the red squirrel at times might contest with
his more delicate relatives the possession of a nest hole. Many of their foods
also are the same. The population of one probably thrives in part at the expense
of the other species.

The fox squirrels are apparently being driven out of their home arcas by the
red squirrels near Sheridan, Indiana, which are here extending their range,
according to Walker (’23, p. 128). Because of their evil disposition toward the
fox and the gray squirrels, red squirrels were exterminated on the University of
Michigan campus (Wood, ‘22, p. 18}.

Gray squirrels, The red squirrel is so generally given to pursuit of the
gray squirrel that it seems better to record the exceptions to this behavior, rather
than the rule. Johnson ('18, p. 54) refers to five hlack squirrels and one red squirrel
working together amicably, one September morning, in a group of hickory trees.
In another instance, however, in the same locality, a red squirrel gave chase to
a black squirrel: “Round and round the trunk they went. The hlack punished
unmercifully, Unable to withstand so furions an onslaught the black squirrel
rushed to the end of a branch and took a wild and flying leap into the next tree.
Away he sped through the trectops, leaving the victor to hurl his contempt in
characteristic red squirrel fashion.” Hornaday (’13, p. 79) declares that before
heing thinned out, the red squirrels were driving the gray squirrels away from
the New York Zoological Park. Walton (’03, pp- 74—76) writes: “The gray is
no match for the red in a tree top in a trial of speed. He usually keeps to the
ground where his long leaps give him the advantage over his fiery little foe.
Many a sprinting match of this kind takes place in my door yard. If a red surprises
a gray squirret stealing food he sounds his war-cry, and in a mad rush is on to
the gray before he can make off with the bit of food which he has appropriated.
The gray, finding that he is hard pressed, runs around the cabin with the red hot
at his heels. Round and round they go, the gray silent, the red yelling like a little
demon. When the gray has had several narrow escapes, he drops the food and
retreats unmolested. '

“In all my years of observation once only have I known a gray squirrel to
fight a red. T think it was hunger and desperation that induced the gray to fight.
The gray was an old male, certainly three times as large as a red, The latter was
an old male, and had held the door yard for several years against all comers. He
was a sagacious, grizzled old warrior and I named him Bismarck. The fight took
place in my door yard. It was a bloody battle for bread on a cold drizzly day in
midwinter. The gray was whipped inside of three minutes. The snow was

crimsoned with his blood and when he fled he left a bloody trail behind, At no
time was there a ghost of a chance for him to win. The muscular energy of the red
was astounding. His movements were 100 quick for the eye. While the fight
lasted all T could see was a bounding mass of red and gray. The red squirrel
did not appear to be severely wounded, anyway he remained out in the cold and

rain to Hek his wounds.
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“Trom my observations I find the reds seldom chase the grays unless the
latter enter territory which the reds claim the right to hold and protect.”

A case in which a gray squirrel was occupying a nest box usually used by a
known red squirrel, suggested to Seton ('0g, p. 336) that the gray might rarely be
victor.

The red squirrel is reputed to castrate the gray squirrel when pursuing this
larger squirrel. The truth of the matter seems still obscure. Klugh ("27, p. 24)
quotes Professor Manley Baker, as saying that “he had actually seen a red squirrel
seize the scrotum of a gray squirrel and tear it open, on at least 2 dozen occasions.
He did not think the act was the result of a deliberate attack for that purpose, but

that the red squirrel seized and hung onto the most posterior part, aside from

the tail, of the fleeing gray squirrel’s anatomy. Professor Baker also stated
that he had shot more than forty gray squirrels which had been castrated.”

Richard Gill of Lake Placid maintains that he has seen near Wilmington,
New York, red squirrels which pursued gray squirrels and nipped them in the
scrotum; and that he has shot grays which had been castrated. Similar views
are said to be common among hunters,

Without denying that the red squirrel occasionally may castrate the gray or
at least bite it im the scrotum, it should be questioned whether afl the
reported cases of castrated grays are reliable. The botfly larva (Cuterebra emascu-
lator) may possibly produce this alleged result in some cases, as suggested by
Rowley (’o2, p. 36). It is my opinion that most of the supposedly castrated
squirrels have merely been males in which the testes were in the abdominal cavity,
or that the observer, in some cases at least, had failed properly to distinguish
between the sexes. In some of the instances reported the testes may not yet have
descended into the scrotum because of immaturity of the individual, while in mast
of them it is probable that the animal had been taken after the close of the breed-
ing season, when the testes are normally withdrawn into the abdominal cavily.
There are also other possibilities. Rats are known to possess the power of retract-
ing the testes during fighting periods. Possibly, the gray squirrel, too, has this
power, and exercises it when frightened or when fighting. Seton ('o09, p. 336)
is probably right in branding at least most of such reports as, “an ancient, pic-
turesque, and sanguinary myth.”

Among farmers one occasionally hears mention of squirrels that appear to
be crosses hetween red and gray species. Such a case is reperted by Shufeldt
(’20, p. 40) who writes: “Mr. C. I.. Holmes of Waterbury, Connecticut, has called
attention to the following facts in regard to hybridization of the red and gray
squirrels : ‘In 1874 or 1875, like most boys of twelve or thirteen T was very fond of
pets and spent guite a little of my time trapping squirrels, both red and gray,
which were very abundant around my father’s house. One day I found in an
old-fashioned spring door wire rat-trap, a squirrel which my father and we boys
declared must be a cross between the red and the gray. It was about half way
between the two in size, and had a red tail and a gray body ; white underneath and
a red stripe between the back and the belly. Its head was shaped like a red squir-
rel’s and had a little red on it.””

Very old red squirrels often approach gray squirrels in color, and young gray
squirrels may at a distance be difficult to distinguish from red squirrels. Prob-
ably all such cases of “hybrids” are explainable on this basis.
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RELATION OF THE RED SQUIRREL TO THE FOREST

The red squirrel is an animal of the forest. It is dependent on the forest for
food, for shelter and for safety, In many ways the squirrel affects the perpetu-
ation of the forest and because of this is of marked economic interest over the
greater part of its range. Because of its habits.of eating the seeds, buds, flowers,
leaves and bark of trees, and of its occasional carnivorous proclivities which cause
it to take the lives of certain insect eating birds, the squirrel is in some quarters
considered a foe rather than a friend of the forest. Less spectacular, though in
my opinion far more general and important, is the rdle the chickaree plays in tree
planting, in insect destroying and in filling an important niche in the maintainance
of the balance of natyre,

The sced consumption of a red squirrel within its home range seems pro-
digious.  Grinnell and Storer (’24, p. 207) estimate that each squirrel” in the
Yosemite region cuts at least 250 cones each season. On their estimate of one
chickaree to each four acres of Canadian Zone in Yosemite there would be in the
250 square miles of this area about 40,000 squirrels. The annual harvest of fir
cones here would then be 10,000,000 cones. Further (op. cit.,, pp. 208-209) : “It
might be expected that such wholesale consumption of fir seeds by the chickaree
‘would be detrimental to the forest. But in those ‘protected areas of the Yosemite
region where man has interfered slightly or not at all with the natural balance and
where tree squirrels have lived for untold generations, the forest appears to be of
maximum density, and the young growth coming along is sufficient to effect full
replacement of natural loss among the mature trees. Despite the heavy inroads
which squirrels make, a certain percentage of cones always escapes their attention
and remains on the trees; these cones mature and scatter their seed in usual
fashion. Indeed the cutting off of a considerable percentage of the fruits (cones
with seeds) by the squirrels may cven be of benefit to the trees. It is analogous
to the operations of an orchardist who thins out the fruit on his trees in order to
obtain a moderate number of full-sized vigorous fruits rather than many small or
average ones. Examination of the ground beneath pine trees patronized by chick-
arees shows, during the spring and summer, considerable numbers of cones i which
the seed has matured naturaly and has fallen before the cones themselves have
dropped. It would appear that the squirrels merely harvest a surplus.”

In all the spruce areas which T have examined in New York State and in
Massachusetts there has been no lack of reproduction even though squirrels were
abundant. Such stands were marked with numerous and large feeding middens,
yet there were always many dried cones on the forest floor and others on the
trees. Seedlings were abundant in practically all stands, abundant beyond the
possibility of survival or the needs of replacement. The few stands deficient in
seedlings (Fig. 19 shows one) were probably barren because of the aridity of
the forest soif rather than because of any over-abundance of squirrels. In all other
types of mature conifer stands examined, seedlings were invariably abundant,

The gray squirrel of California, according to Hofmann (’23, pp. 280-281), is
condemned on the ground that it destroys practically all the sugar pine seeds, Hof-
‘mann points out, however, that past and present stands have become established
-not perhaps in spite of, but because of the squirrels. Reproduction now fails in
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these regions presumably because of the unbalanced relation of squirrels to seed
production. The number of trees has been reduced while the number of squirrels
has increased due to the destruction of their natural etiemies.  Such conditions
probably apply locally also to the red squirrel ; yet over its range as a whole repro-
duction keeps pace with destruction wherever the activities of man and his domes-
tic animals do not prevent it.

As noted before, a pair of my captive red squirrels, supplied only with apples
and cones, consumed during one week of September the seeds of four hundred and
twenty-two white pine comes. This number represents approximately the total
crop of two fifty year old trees. It should not be supposed, however, that the
squirrels would constme this quantity in nature, for many other kinds of food
complement the pine seed diet of the red squirrel in September. Storage opera-
tions may, however, account for weekly quantities of cones in excess of those con-
sumed by my captives. In the home range of one pair of squirrels under my
close observation in the Harvard Forest, probably go% of the white pine cones.
were cut, for few of the trees here hore heavily and these were intensively har-
vested. Vet in this forest where the dominant tree was the white pine there was
an abundance of this species in all stages of reproduction, The forest has too.
close a stand of pine to produce good timber so that if here the squirrels were
reducing the reproduction of pine they were distinctly benefiting the forest as a
whole, and aiding nature in producing more quickly a mixed climax forest,

The consumption of quantities of mast in the southern parts of the squirrel’s
range is abundantly compensated by the planting operations of the chickaree.

The destruction of seeds of maple and elm, while vast in the total, is obvigusly
in all ordinary cases insignificant in comparison with the prodigious quantities of
seed production.

Bud destruction is of greatest harm to the trees, in such cases as I have
described {rom the Harvard Forest and elsewhere, in stands of red, white and
Norway spruces, larch and Scotch pine. In the case of larch the tree may be
entirely denuded. The adventitious growth occurring along the trunk the ensuing
spring is doubtless insufficient to maintain life for more than a short time in hadly
affected trees. In Scotch pine the tree may be so badly deformed as to assume a
bushy appearance. The spruces suffer least and are, it seems, most commonly
affected by the wasteful competition of two or more laterals vying for position as
leader. 1t is prabable also that there is a general retardation of growth due to
bud loss,

In the Harvard Forest the greatest damage was done to plantations, entailing
a heavy loss on the investment in the land and its slow-maturing crop. In natural
forests the injury resulting from bud destruction appears to be negligible, except
in some cases of spruce and of larch cuttings, No case of observable damage to

any of the broad-leaved trees resulting from bud injury has come to my notice,

though in one cutting of ash which T observed such injury may have caused
defoliation of the tree at least until new buds could be formed. )

Also the twigs of some trees are cut to a great extent, in the budding and the
seed cating activities of the red squirrel. In a few instances, as in the larches,
there may be little left of the tree but a barren pole and a few denuded large
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branches. During the harvesting of cones, nuts, and the seed clusters of clm a‘nd
maple, innumerable terminal twigs are cut, yet I have never seen a free wf-nch
visibly was affected by the loss. There must be growth retardation, but only in a
‘small tree could this be a serious matter. Grinnell and Storer (’24, pp. 2r0-211)
write of a chickaree (S. douglasii albolimbatus) which in obtaining twig tips for
bedding material cut more than half of the terminal foliage of the particular tree
on which it worked. o

Barking of maples and other trees in ordinary circumstances results in little
harm, for as Klugh (’27, p. 27) remarks, “the amount of bark which is eaten from
any individual tree is usually small and a branch is girdled only in exceptional
cases.” .

Eggs and young of insect-eating birds are sometimes eaten by red squirrels,
as is well shown by the several records which I have glven, yet the conscnsus.of
opinion is that the number of such depredations is relatively small, and, 511ch being
the case, they cannot be considered especially harmful so long ag it remains to he
demonstrated that the forest would be distinctly benefited if there were fewer
insects of those principal species which these hirds eat. E

The greatest bencfit to the forest attributable to the chickaree is the plantl‘ng
of trees, though there are also other qualities to commend this squirrel. The
opinions of eleven forest supervisors of Colorado and Wyoming on the status of
squirrels in relation to the forests, expressed in response to a questionnaire, were
as follows (Silver, 24, p. 166) : Three considered them beneficial chiefly on account
of their large stores of seclect seceds which are of great aid to the Forest Service in
the gathering of seed for their own planting projects; three thought that the
squirrels actually helped reforestation by the distribution of seed: only one men-
tioned their asthetic value.

‘The planting of seeds falls into two categories, First, there is the storing of
the nuts singly or in small groups, a constant source of reproduction ; and secondly,
the storage of conifer seeds, probably of importance onty following a forestlﬂre
or intensive lumbering operations. TIn the planting of nut trees the red squirrel
by reason of its northern range and its greater tendency to hoard its stores probably
plays a less important role than do the gray or the fox squirrels, Neve.rtheless
there is a wide belt in the southern part of the chickaree’s range where its mast
burials undeniably are useful to man in advancing forest reproduction,  Squirrels
not only carry nuts into open areas and so initiate extension of the forest, but as
Thoreau (’06, pp. 189-190) points out, they have a tendency to carry acorns and
walnuts to dense stands of pine. The seedlings get a good start if the pine is cut
over. When wind is carrying the pine seeds into the ocak forests, the squirrels
are carrying acorns into the pine. Furthermore, the tree species foreign to the
locality have the advantage in that the soil for them is not exhausted. Thoreau
also observes (op. cit, p. 199) that squirrels frequently drop nuts in open land,
which accounts for the oaks and walnuts that spring up in pastures. On the other
hand, nuts stored in hollow trees, under rocks or in logs cannot be of further
direct use to the forest,

Of the planting of conifers Hofmann (’23, p. 281) states that “Research
‘has determined that the even-aged stands of reproduction which occur over large
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arcas after forest fires are due to seed which was stored in the forest floor before
the fire and retained its viahility through the fire.” In some places there were a3
many as 40,000 seedlings per acre resulting from rodent caches, where all litter
and duff had been consumed by fire and no seed trees were left in the open.
Further (op. cit., p. 282}, it is ohserved, “The planting of seed in the mineral soil
is also a decided advantage in the establishment of the seedlings in such localitics,
Daring the dry season the surface soil drys out to a point where the water cotnttent
is less than the requirements of seedlings; cousequently it is essential that the
seedlings form deep root systems hefore the dry season. Seedlings in the mineral
soil have a better chance to develop deep root systems than those that germinate on
top of the duff.”
The limit of planting distance from seed trees, by the red squirrel, is set by
Hofmann (op. <it., p. 283) at three hundred feet in cut over areas, a distance that
is certainly a conservative estimate. In open areas with stumps and logs scattered
threughout it is my opinion that the planting distance would be much greater than
in a barren pasture or in a completely burned area,
commonly hury many seeds out in the open.
area to feed and may drop seeds from a stump, accomplishing no more than would
the wind in its normal dispersal of seed. Cones buried by red squirrels in situations
where the soil is casy to dig are usually buried tog deep to favor successful germi-

nation, and until controls are run with seed buried at varying depths, such plantings
cannot be properly evaluated.

The red squirrel does not
It may, however, go out into such an

How useful the squirrel may be as an insect d
McAtee (26, p. 416) credits arboreal squirr
insects and other tree pests,

estroyer is as yet unknown,
els with feeding commonly on scale
In the Adirondacks, where I found most of the
balsam and spruce cones ruined by cone horers, the
check on the spread of this pest by cutting down infested cones along with good
ones. There may be a similar control, foo, of the horers present in the cones of
white pine. As a result of his observations on the gray squirrels feeding upon the
oak gall (Amphibolips confluens), Davis (24, p. 91) suggested that the squirrels
might be acting as a check on the increase of this gall.

red squirrel may serve as a

RELATION TO MAN

As a nuisance. On occasion the red squirrel may become

a local pest,
because of its feeding habits,

When its numbers hecome greatly increased and its
food as a consequence scarce, the red squirrel is apt to find its w

where it may cause certain forms of injury to man’s interests.
serious pest in Leelanan County, Michigan, in the summer
considerable amount of the pear and apple crops
several houses in search of food or shelter,

ay into communities

Thus they were a
of 1921, damaging a
and gnawing their way into

Gilpin (*70, p. 13) states that “The winter camps of the loggers hecome infested
with them. The men have scarce left their camps for their work, than the silent
rude structure is attacked by an army of invaders; every hole, every crack and
orifice is pried into. An entrance is made, and perhaps, a half harrel of hard
sread has been removed by these red pilferers before the men return for the night.
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Ilard biscuit, perhaps from its resemblance to nuts and beech mast, is a very
favorite food. During autamn they approach the villages and gardens in numbers.
I have connted seven in sight.”

According to Jedd Rossman, of the Lake IMlacid Club, the guardians of estates
on the shore of Lake Piacid have considerable difficulty keeping squirrels out
of the houses in winter. They are said to do much damage by chewing up blankets
and other articles. At my camp on Valcour Island one squirrel develeped the
habit of coming carly each morning to the larder in search of peanut butter. Fach
time it would pry the lid off the jar, semetimes knocking the jar off the shelf in
the act. On one occasion it pushed a heavy can off the top of the peanut butter
jar to get at the contents. Squirrels in previous years carried off soap, candles,
candies, tomatoes and other objects from the camp. From a garden at Petersham,
Massachusetts, a red squirrel not infrequently stole sunflower seeds. DeKay
(42, p. 62) writes that this squirrel feeds occasionally upon wheat, rye, corn and
buckwheat, but that the injuries to the farmer must be very limited. Klugh ('z7,
p. 22) says that “It sometimes makes repeated visits to corn cribs and carries off
considerable quanties of corn, and T have known a squirrel to carry off most of the
grains in a small sack of wheat” Kennicott ('57, p. 68) also writes of corn
being stolen, eafen and stored.

Considerable damage is done to the pear and apple crops in the squirrel’s search
for seeds, as noted by Fisher ("g6, p. 197), Burroughs (‘or, p. 11}, Rowley (‘oz,
p. 35), Stone ("o8, p. 84), Hatt ("24, p. 399), and Klugh ("z27, p. 17). Rovgrley
(loc, cit.) adds that “. . . not being content with cutting encugh to satisfy
his immediate appetite he seems to take great delight in wantonly cutting off the
growing {ruit and allowing it to fall to the ground where it remains untouched.”

Other garden fruits are eaten on occasion, too, as recorded by Klugh (’27,
p. 17) on the report of A. I, Leim. These are green strawberries, green goose-
berries, and white and red currants.

The trappers in the North are annoyed by the red squirrels which, according
to Merriam ("84, pp. 211-212) and Dice (’21, p. 26), frequently spring their traps.
Dice (op. cit.) says that the motive may be curiosity, for he never saw them dis-
turh the bait, or any animal taken in the traps. Earlier (op. <it., p. 25), however,
he records the instance of a red squirrel storing a grouse head which had been used
as bait in trapping weasels. On several occasions I have caught red squirrels in
traps set and baited {or other animals,

Mythology. Among the Indians there developed legends surrounding
the red squirrel, just as was true with regard to most of the other creatures of
the forests. One such legend has been recorded by A. L. Adams (*73, pp. 57-58)
who writes: “There came a belief among the ancient Indians of New Brunswick
that the squirrel had been an enormous animai, buf that one day an old man of
the tribe was asked by the Great Spirit, what he should most desire and he replied:
“To reduce the size of this giant squirrel- [miké].” Whereupon he received the
divine mandate and going forth from the council chamber stretched out his hand,
when the séuirrel shrank to its present proportions. Therefore the result has heen
that the little creature has ever since been querulous at the sight of man.”
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The chickaree served Longfellow, too, in his “Hiawatha,” in which we read:
“Up the ocak-tree, close beside him,
Sprang the squirrel, Adjidaimo,
In and out among the branches,
Coughed and chattered from the oak-tree,
Laughed, and said between his laughing,
Do not shoot me, Hiawatha,”

In the Old World squirrels figured frequently in literature and in art, refer-
ence heing chiefly to S. wulgaris. According to the University Society (06, p. 147),
in old Scandanavian legends the squirrel is represented as the messenger of the

gods, who carried news of what was going on in the world among the other
animals,

As a pet. The red squirrel rarely becomes wholly tame in captivity.

OF a dozen which T have held for varying lengths of time only one ever accepted
food directly from my hand, and none would tolerate handling, One individual.
probably through a paralysis of fear, permitted me to touch it when it was in a
very small cage, but would not tolerate further familiarity. My squirrels did well
in captivity, hut never seemed to feel at ease in their confinement. Most of the
time they would be quiet and, when in pairs, peaceful among themselves. During
feeding hours, however, each squirrel displayed the utmost selfishness. Of one
pair in my possession one individual would invariably have to wait until the other
was satisfied before venturing to the feeding floor. The animals were usually most
active about sunrise, and noisy in their fights at that time. My captives spent most
af their time in the nest boxes, or in nests which they constructed from cotton
given them. None of them attempted to gnaw out. They accepted all food of
kinds they were accustomed to in the native state, and many other similar kinds
such as various nuts from other sections of the country. The squirrels at first
rejected, hut later fearned to eat sunflower seeds and English walnuts. They
never ate rolled oats, fresh sweet corn, either in or without the husk, nor would
they éat preen peas or heans.

Ktugh (’27, pp. 6-8) quotes an account of a squirrel which was kept in cap-
tivity about nine years by Charles Macnamara. As was true of many of my
squirrels, this individual also kept up a daily routine of exercise, including rapid
dashes around the cage or over the surface of the wire netting. Evermann and
Clark (’11, p. 67) record capturing a young squirrel which was allowed its freedom
in a room, and became tame enough to run up and sit on one’s shoulder. Hearne
{1795, p. 385) wrote that “The beauty and delicacy of this animal induced me
to attemipt taming and domesticating some of them, but without success, for though
several of them were so familiar as to take anything out of my hand and sit on the
table where I was writing and play with the pens, etc., yet they never would bear to
be handled and were very mischievous, gnawing the chair bottoms, window-cur-
tains, sashes, etc., to pieces.” Spreadborough (’1g, p. 6z) found them easy to
tame, and interesting pets. He writes: “We had one in a cage and my brother
used to tickle it with a straw. It would roll and tumble and play like a young
Lkitten, but only with my brother as the others were strangers to it.” Merriam
("84, p. 218) considers them intelligent but unruly and destructive pets.
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To obtain the hest results the squirrels should be taken from the nest very
young and given onfy the most gentle care in surroundings not likely unduly to
excite them. If one has secured an individual with a gentle disposition one will
be rewarded for any extra trouble by the resuits. The cages should always be
large, supplied with a nest box, and preferably with a revolving drum in which the
occupants may exercise.

Photograph by American Musewn Natural History

Fig. 52. Headdress of Tsimshian Indian, made of six red squirrel skins, Skeena
River district, British Columbia.

Food and iresh, clear water with freshly cut twigs of oak and other trees
should be available to the animals at all times if they are to thrive and remain in
the best of health.

As fur. According to Hearne (1795, pp. 385-386), “They [red squirrels)
are an article of trade in the [Hudson Bay] company’s standard, but the greatest
part of their skins being killed in summer are of very little value.” St. Hilaire and
Cuvier (1824, Vol. I11, pages unnumbered ) somewhat later wrate that  the young
Indians take in traps great quantities for their skin makes a very pretty fur and is
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thus an object of commerce.” Dice ("21, p. 26) says that a “child’s parka (outer
winter garment) of red squirrel skins was seen near Tanana [Interior Alaska] but
the fur is not used to any extent by the Indians and is seldom purchased hy
traders.” Richardson {1823, p. 188) also says that the fur is not used even by
the Indians and certainly the skins play no part in the present international fur
trade, for they are small, and the fur quite light,

The headdress of a Tsimshin Indian (Fig. 52) from the Skeena River district
of British Columbia is in the collections of the American Museum of Naturat
History, It is made of six flat red squirrel skins, with tails extending up from
the crown.

A Blackfoot ceremonial robe in the same museum is of tanned buffalo hide,
painted yeilow and decorated with the cased sking of red squirrel, brown weasel
and white weasel; also with hawk feathers. Skins of the fox squirrel and of the
gray squirrel, together with other objects, were used as hunting “medicine” by thé
Winnechagos. Probably also with other Indians the red squirrel was considered
“good medicine.”

As food. Few people use the red squirrel as a food, its small size as

well as its flavor preserving it from such misfortune. In the east T have occasion-
ally eaten red squirrels cooked in g stew, or fricasseed, and considered the meat
quite palatable. In the Rockies, however, .S, fremonti tasted too strongly of the
pines on the seeds of which it fed to encourage my frying it a second time. DeKay
(1842, p. 62), however, wrate of §. hudsonicus that its flesh was juicy and tender
and generally preferred to that of other species. Similar testimony is found in the
writings of a number of other authors such as Hearne (1795, p. 385), Richardson
(1823, p. 188), Audubon and Bachmarn (49, p. 128), and Evermann and Clark
(11, p. 7).

Methods of capture. The squirrel is easily shot or taken in steel or box
traps. Traps may be haited with apple or any other palatable food that is not too
abundant near the trap. In regard to its capture in the Hudson Bay territory,
Hearne (1793, p. 385) wrote: “The common squirrels are plentiful in the woody
parts of the country, and are caught by the natives in considerable numbers with
snares while the boys kill many of them with blunt headed arrows, The method of
snating them is rather curious though very simple as it consists of nothing more
than setting a number of snares all around the body of the tree in which they are
seen and arranging them in such a manner that it is scarcely possible for the
squirrels to descend without being entangled in one of them. This js greatly to
the anmuisement of the boys.”
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THE ROOSEVELT WILD LIFE MEMORIAL

As a State Memorial

The State of New York is the trustee of this wild life Memorial
to Theodore Roosevelt. The New Yorl State College of Forestry at
Syracuse is a State institution supported solely by State funds, and
the Roosevelt Wild Life Forest Experiment Station is a part of this
institution. The Trustees are State officials. A legislative mandate
instructed them as follows:

""To establish and conduct an experimental station to be known as
' Roosevelt Wild Life Forest Experiment Station,” in which there shall
be maintained records of the results of the experiments and investiga-
tioits made and research work accomplished; also a library of works,
publications, papers and data having to do with wild life, together with
means for practical illustration and demonstration, which library shall,
at all reasonable lours, be open to the public.” [Laws of New York,
chapter 536. Became a law May 1o, 1910.]

As a General Memoria]

While this Memorial Station was founded by New York State, its
functions are not limited solely to the State. The Trustees are further
authorized to cooperate with other agencies, so that the work is by
fe means limited to the boundaries of the State or by State funds.
Provision for this has been made by the law as follows:

“To enter into any contract necessary or appropriate for carrying
out any of the purposes or objects of the College, including such as
shall involve cooperation with any person, corporation or association
or any departinent of the government of the State of New York or
of the United States in laboratory, experimental, investigative or
research work, and the acceptance from such person, corporation,
association, or department of the State or Federal government of
gifts or contributions of money, expert service, labor, materials,

apparatus, appliances or other property in cormection therewith.”
[Laws 0i New York, chapter 42. Became a law March 7, 1918,]

By these laws the Empire State has made provision to conduct forest
wild life research upon a comprehensive basis, and on a plan as broad
as that approved by Theodore Roosevelt himself,

Form of Bequest to the Roosevelt Wild Life Memorial

I hereby give and bequeath to the Roosevelt Wild Life Forest
Experiment Station of The New York State College of Forestry at
Syracuse, for wild life research, library, and for publication, the sum
of ... ... .. +-..., or the following hooks, lands, etc.
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