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ABSTRACT

A STUDY OF THE GROWTH OF THE LEXNS
IN RELATICN TO AGE IN FCX SQUIRRELS
by Donald M. Beale

This thesis reports an investigation of the use

of the eye-lens of the fox sguirrel, Sciurus niger, to

establish, if possible, a correlation between lens-weight
and age. The study was based chiefly on eye lenses obtained
from 167 fox squirrels taken in 1959 and 8 in 1960 by hunters
on the Rose Lake Wildlife Experiment Station near Lansing,
ilichigan. ZEye-lenses from 5 nestling fox squirrels, ob-
tained from NMichigan State University woodlots, also were
studied.

Fox squirrels tagged while juveniles by biolo-
gists at the Rose Lake Wildlife Experiment Station and
taken subsequently by hunters furnished eye-lenses of known-
age individuals for this study. In addition, age-groups
classified from X-ray photographs of forelegs were used
for comparison with data obtained from lens-weight.

The fox squirrel eye-lenses were dried for 48
hours at 80° C. and then weighed to the nearest tenth of

a milligram. It was found that juvenile fox squirrels



could be positively distinguished from adults by differences
in lens-weight. Juvenile fox sguirrelscan be furtaer dif-
ferentiated into first litter or spring-born young and
second litter or summer-born young. The adult fox squir-
rels can possibly be separated into yearly age-classes up

to at least 3% years.

This method of determiping age in fox squirrels
probably has greater accuracy and wider range of use than
any technique previously suggested in the literature.

The fact that classifications are determined from numerical
values maxes the wethod more exact and less subject to
error than techniques which depend largely on the subjective

judgment of biologists.
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INTRODUCTION

The objective of this study was to investigate
the possibilities of a correlation between the weignt of

the lens and &sge in the fox squirrel, Sciurus niger. Such

a correlation, if found, might prove highly useful in de-
riving a simple technique for accurately determining ages
of examples of this important game species.

The ability to determine the age of individual
animals is of primary importance in the management of any
game species. Petrides (1949) discussed the importance
of the application of data on age-ratios obtained from
the hunter's kill. Some of the measurements that can be
made, as stated by Petrides, are estimates of rearing suc-
cess, juvenile mortality, peaks of breeding and meting,
hunting pressure, average longevity, age-group size in
older animals, and turnover periods. In his discussion,
Petrides further stressed the need and importance of a high
degree of accuracy in obtaining data on age-ratios. Tech-
nigues now in use for determining the age of fox squirrels
during the hunting season are not sufficiently accurate.
Allen (1943:123,127) and Unlig (1955:71) pointed out that
fluctuations of squirrel populations are closely related

to the proportions of adults and juveniles in that



population. If greater accuracy and ease could be obtained
in distinguishing between age-classes of fox squirrels a
substantial contribution would be made.

Lord (1959) first related eye-lens growth to
age as a technique for determining age in the cottonteil
rabbit. Nost of his information came from known-age animals
raised in captivity and killed for examination at wvarious
intervals. The difficulties of obtaining and raising young
fox squirrels as well as tane timne required made this ap-
proach prohibitive.

ilost data for this investigation caume from 167
fox squirrelskilled by hunters in Clinton and Shiawassee
counties on tne Rose Lake Wildlife Experiment Station of
the Michigan Department of Conservation during the 1959
small game hunting season. Eight known-age specimens were
also taken during the 1960 season. Data for young squirrels
also were obtained from 5 nestlings taken from nests in
Michigan State University woodlots. In addition to eye-
lenses, a foreleg of each squirrel studied was saved, making
possible a comparison of age-classification by both lens-
weight and degree of ossification (as snown by X-ray photo-
graphs) of the bones of the forelegs.

Evidence from this study proves that, by lens-
weight, juvenile fox squirrels (young-of-the-year) can be

distinguished from adults. Also evidence indicates that






spring or first-litter juveniles can be distinguished by
lens weight, from summer or second-litter juveniles, and
that adults probably can be segregated into yearly age-

grougs.



REVIE# OF LITERATURE

Determining the age of fox squirrels was first
attempted by observing the development of the external sex-
ual characteristics, chiefly the teats in females and the
scrotum in males (see description in Allen, 1943:123-126).
Brown and Yeager (1945:459-463) provided supplementary
criteria concerning tne development of the Cowper's gland
in males, the size of the uterus in females, and character-
istics of body length end tail pelage for both sexes. All
of these authnors pointed out weakness of their methods and
emphasized the need for a wmore reliable technique. Deter-
mining age in males by examining the reproductive organs
is difficult because of seasonal changes in the external
sexual structures. After tne mating season, the testes
shrink and may retract into the abdomen. The dark skin
of the scrotum is saed. (Allen, 1943:125). In this non-
breeding condition an adult male can easily bte mistaken
for a well-developed juvenile.

ilossman, Hoffman, and Charles (1955), in a study
of the accessory glands and testes of males of both fox
and gray squirrels, found that seasonal variations of the
Cowper's gland in size and weight were more than 100 per

cent. The variation of the testes in size and weight was






more than 50 per cent. These authors (op. cit.:259) fur-
ther stated that "...both the testis and accessories ob-
tain a greater infinitive size with each recurring rut
particularly the first few years of life; and the organ

of a late prepubertal wale may equal in size those of an
adult approaching a second or third rut, or an older male

in some stage of regression after the rutting season."

In a study by Kirkpatrick (1955) in waich observations of
the testes of male fox squirrel were made at all seasons and
were classified as infantile, prepubertal, functional, de-
generating, and redeveloping, it was discovered from trapped
specimens that individuals in tne functional stage could

be found in any month excevt August and infantile stages

in all montns except Larch. This is further indication

of the difficulties that are met when attempting to serarate
fox squirrelsinto eage-groups by developuent of sex charac-
teristics.

A metnod for aging subadult squirrels has been
worked out using body weight and development of the eyes,
ears and teeth. Shorton (1951) used such criteria in es-
tablishing a key for aging gray squirrels from birth to
seven weeks of age. Uhlig (1955) also found changes in
these features with age and expanded the age-key, relying
mostly on wmolars, from birth to about 14 weeks of age.

Brown and Yeager (1945) developed a key for aging subadult



fox squirrels up to eight weeks based on the same criteria.
Probably further study of the cheek teeth of fox squirrels
would provide enough informiation to extend the latter age-
key to individuals at least as o0ld as 14 weeks, as was done
in the case of the gray squirrel by Ualig.

In recent years, the use of X-rays to disclose
tne degree of ossification of the epiphyseal cartilages
of the long bones nave been used to determine age-groups
of small mammals. Thomsen and ilostensen (1946) were first
to use bone growtn in coitontail rabbits as a method of
separating different age categories. Hale (1949) developed
this method still furtner and determined the approximate
period of post-anatal life in wnich the method was success-
ful. Petrides (1951) used this method for separating young
from the adults in fox squirrels, particularly those in
hunters' kill. For several years biologists at the Rose
Lake Experiment Station of the iiichigan Department of Con-
servation have employed this tecnnique for determining the
age of fox squirrels taken by hunters.

Determining the age (or age-groups) of animals
by studying X-rays of the long bones depends largely on
the degree of cartilage displaced by bone in the epiphyseal
plate. However, biologists at Kose Lzke also use other
characteristics such as the shape and texture of the leg

bones near the epipaysis, and the "shade" of the X-ray



image which varies depending on the density of the calcium

deposition in the long bones.

By using these criteris,

limited success has been achieved in dividing first-year

fox squirrels,

from the hunters' kill,

into two age-groups

corresponding to the major birth periods, in spring and

in summer.

Examination of bones
nigue has several limitations;
placement of cartilage by bone
classifications by this method
In other words, animals can be
cation is complete, but cannot

classes.

by X-ray as an aging tech-
first of all once the dis-

is conmplete further age

are difficult or impossible.
defined as adults when ossifi-

be segregated into year-

A second limitation of the X-ray technigue is

the difficulty obtained when attempting to determine the

approximate date of birth of first-year or juvenile animals.

In Michigan fox squirrels, most young are born either in

early spring or in late summer

(Allen, 1943). To separate

these approximate age-groups by the X-ray technique is

often uncertain even with assistance of a good comparative

collection of X-ray pnotographs of bones of known-age in-

dividuals.

Two technicians mizht not make exactly the

same age classificatioans; in fact, a person might not sep-

arate a group of juvenile specimens exactly the same s

second time.



LENS STRUCTURE

The eye is formed in early embryonic life from
both ectodermal and mesodermal tissue. Development starts
with an outgrowth of neural ectoderm, the optic vesicle,
which presses against the layer of embryonic surface ecto-
derm. The tissue that later forms the lens is the surface
ectoderm (liann, 1950).

Structurally, the lens of the mammalian eye con-
sists of a nucleus and cortex formed from lens fibers,
covered on the anterior surface by a layer of epithelium,
and surrounded by a tough, elastic capsule. According to
Pirie and Heyninger (1956:30), the capsule is a non-cellular
membrane thought to be secreted by the lens epithelium.
The growth and elongation of the epithelial cells, begin-
ning at the lens equator and extending toward the anterior
and posterior poles, result in the formation of the lens
fivers. New lens fibers are laid down throughout life,
and as the central portion, which corresponds to the kera-
tin layer of the skin, cannot be shed, the lens continues
to grow (Wolff, 1955). The older cells become even more
compressed in the center of the lens by the young cells

at the periphery which in their turn become covered with



freshly formed lens fibers and are squeezed towards the
so-called nucleus of the lens. This growth of lens fibers
throughout life, within the capsule, lezds to a gradual
hardening of the lens nucleus and an increase in density
and volume of the lens.

On both the anterior and posterior surfaces,
sutures are formed by the meeting lens fibers. The pattern
of the sutures may vary but in the fox squirrel a three-
way or star-type pattern is usually observed. The suture
pattern on the anterior surface normally is turned 60° as
compared to the posterior surface. These sutures are easily
visible to the naked eye.

The lens is located within the eye just behind
the iris. A series of fibers, the zonule of Zinn, passing
from the ciliary body to the lens, holds the lens in posi-
tion and enables the ciliary muscles to act on it producing
accommodation (Wolff, 1955). The vitreous humour is a
colorless, transparent, and gelatinous mass which is slightly
adherent to the lens. However, it does not prevent the

lens from being removed with its capsule.



COMPOSITICH OF THE LZNS

Water is a major constituent of the lens. Dif-
ferent investigators report that in mammals water comprises
from 60 to 75 per cent of the totw.l lens weight. This
water exists in both free and bound states. As stated by
Bellows (1944:148), the free water but not the bound water
may be rewmoved by normal dehydration processes. Bellows
also determined that there is no sharp line of demarcation
between free and bound water, and tnat only an arbitrary
separation cen be nade.

Work with fox squirrel lenses also indicates
thet a distinct separation between free and bound water
cannot be made. Even after lenses were dried for 10 days,
a small amount of moisture loss continued. With increasing
age, according to Bellows, the percentage of water tends
to decrease, the cnange resulting largely from the increased

density of the nucleus.
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METHODS

The methods used in the study reported herein
are similar in many respects to those used by Lord (1959).
Several changes were made, however, in order that technigues
used to obtain my data could be more easily repeated and
might lead to a standardized method for determining the
age of fox squirrels.

The bulk of the data was obtained from fox squir-
rels taken by hunters at the Rose Lake Wildlife Experiment
Station durirg the small game hunting seasons (October and
Noveuber) of 1959 and 1960. Hunters are reguired to bring
to tne Station for examination all game animals taken on
the area during their hunts. ZFor each fox squirrel, one
foreleg and both eyes were removed. In addition, all ani-
mals were weighed, aged by external sex characteristics
(mainly by visual examination of teats of females and scrota
of males), measured (total length and tail length), and
examined for ear tags.

The most ideal procedure for developing an aging
technique is to have a large number of animals of known
age for each important age-group. When working with wild
animals this is often difficult, time consuming and, of

course, costly. Consequently, it was indeed fortunate

11
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that for a number of years, fox squirrels have been live-
trapped, examined for ege characteristics, tagged and re-
leased at Rose Leke Experiment Station prior to the hunting
season to provide data, when taken by hunters, for popula-
tion studies. Some of these animals, when handled in the
pre-hunting period could be aged, with little chance of
error, as young of the ycar, and in some instances the
birth period (spring or swammer) in which they were born
could be determined. Six of these marked animals examined
in the hunters' kill during the 1959 season and eight during
the 1960 season provided known-age individuals which were
used to help establish a growth-rate curve.

To determine the correlation of lens-weight with
age, it is important, or at least helpful, to have lenses
from very young animals as well as those of the age gen-
erally killed by hunters. To obtain these lenses, five
nestling fox squirrelswere taken from nests in woodlots
at Michigan State University. ZField estimates of the ages
of these young squirrels were obtained from inspecting
such physical features as incisor growth, condition of
eyes and ears, pelage, and body weight, following sugges-
tions of Brown and Yeager (1945:486).

Comparative data were obtained from the X-rays
taken of the forelegs collected from each specimen. These

data provided an excellent opportunity to compare the results
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of aging using the lenses and aging as determined by X-ray-
ing the forelegs.

The eyes of each fox squirrel were placed in a
vial containing a fixative, 10 per cent formalin (as used
by Lord, 1959), and labeled with the specimen's autopsy
number. The forelegs were trimmed and fitted on a card
for X-ray.

Eye lenses placed in the fixative become increas-
ingly more firm and are much easier to work with than un-
fixed, fresh lenses. When the lens was taken from the eye,
a certain amount of the vitreous humour often adhered to
the lens. This material and any iris pigment which may
have also adhered to the lens were removed by gently roll-
ing the lens on a paper towel. Care was taken with each
lens not to damege or peel the capsule, especially on the
thin posterior surface. After cleaning, the lens was then
placed in a vial for the drying process.

The vial used for drying was a blood sample tube
(1/2" by 4") with a frosted label area. Each lens could
be easily dried and stored separately in case further weigh-
ings would be necessary. A test tube rack provided an easy
and efficient means of handling the lenses while drying.
Before the vials were used, a test was conducted to deter-
mine the effect that they might have on drying of the lenses.

The initial rate of moisture loss of the lens was less
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in a vial than in an open dish with the result that the
rate of loss with lenses in vials did not taper off so
soon as did the rate for those in dishes. After 24 hours
of drying lenses processed by either method had lost com-
parable amounts of moisture.

All of the lenses were dried in a forced hot
air oven and the temperature, as suggested by Lord (1959),
was maintained at 80° C. Each lens was weighed after 24,
48 and 72 hours, respectively. Two weight readings were
taken for each lens. All lenses were weighed on an elec-
trical balance to the nearest tenth of a milligram.

The dried lens is to some extent hygroscopic
and, consequently, absorbs moisture from the atmosphere
when taken out of the dryer, at a rate of roughly 0.1 to
0.2 milligrams per fifteen minutes. To prevent an increase
in weight due to absorbed atmospheric moisture, the dried
lenses, still in vials, were kept in a desiccator until
weighed.

To determine the optimum drying time and rate
of moisture loss, a number of lenses were placed in the
oven and weighed periodically. Figure 1 shows graphically
the results of this experimental drying. In the first
few hours, moisture is lost rapidly and then the rate of
loss tapers off. After 40 to 48 hours the rate of moisture

loss is extremely low. Twelve lenses kept in the oven for
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16

ten days and weigned at intervals of 24 hours lost an aver-
age of 0.088 milligrams per day after the first 48 hours.
Because the rate of weight loss was almost constant and the
total amount of loss was slight after 48 hours, a 48-hour
drying time was adopted as standard for use in thisstudy.
Occasionally small fractures appear in lenses
wnile they are drying. These fractures neither occur in
all lenses of the sawme weignt nor occur always in both
lenses from the same animal, even though they are handled
identically. VWhen fractures do develop the loss of moisture
is more rapid for a short tiwme than in non-fractured lenses.
After lenses have dried for about 40 hours, usually no
additional fractures occur. Since an unfractured lens and
a fractured lens from the same squirrel had approximately
the same weights after the 48-hour drying period, it is
believed that fracturing had no adverse effects on the

final weights.



RESULTS

All of the dried weights of fox squirrel lenses
obtained from 167 specimens at Rose Lake during the 1959
small-game season are listed in the Appendix along with
the age classification for each squirrel as determined
by X-ray pnotographs of the forelegs. The listing is in
order of the date of kill and is by the autopsy number
given to each specimen. Whzre both right and left lenses
were available, the average weizht is given. The data
from known-age individuals, both from 1959 and 1960 hunting
seasons, are presented in Table 1. The data from nestling
squirrels are presented in Table 2.

The histogram, Figure 2, shows all of the sguirrel
lenses taken during the hunting season of 1959 arranged
in weight-groups of 1.0 milligrams. The peaks in the histo-
gram represent different birth periods. Lenses weighing
41 milligrams or more, presumably represent the adults.
Each high in this range starting with 41 milligrams and
from left to right in Figure 2 rerresent lenses of adults
believed to have been born in 1958, 1957, and 1956 respec-
tively. Lenses weighing less than 40 milligrams are from
animals believed to bte juveniles. The low points, probably,

result from time-periods of few or no births; for the first

17
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Table 1. The dry weight of lenses of known-age fox sqguir-
rels taken in the hunting seasons of 1959 and

1960.

Autopsy Ear tag Age* in Lens-weight
number number weeks in milligrams
19243 32732 62+4 41.1
20396 19064 62+4 41,2
20642 19374 62+4 41,5
19147 32744 58+ 46.8
19061 38250 82+4 46.0
20483 19379 82+4 42.7
20493 38333 82+4 47.6
20573 19392 82+4 46.6
20637 32941 134+4 48.8
19363 32840 162+ 54.4
19162 32372 186+4 53.7
19392 32113 186+4 52.0
19563 32124 186+4 53.72
20619 32838 186+4 50.6

*Ages of tagged squirrels were estimated as being either
adult or Jjuvenile at time of tagging and releasing by
biologist at Rose Lake Experiment Station. From these
data for first-year animals I have estimated as to whether
they were first litter (spring-born) or second litter
(summer born) chiefly by body weight.
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Table 2. The dry weigzht of lenses of known-age nestling

fox squirrels. -
Number Age in Lens-weight
weeks in milligrams
1 3 5.9
2 4 Te3
3 4 7.9
5 5 12.2

4 6 13.5
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FIG.-2  Weight distribution of Michigan fox squirrel eye-lenses collected in autumn.
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year the low represents the period between the spring and
late summer breeding peaks. Subsecuent low points (as
modified by variations in lens growth) between adult sge-
groups prooably represent autumn and winter periods when
no births occurred.

The picture presented by the histogram in Figure
2 assumes that all squirrels were killed on exactly the
sane date wnich, of course, is not the case. The first
day of the open season was October 20 and the last day
was November 10. The majority of the souirrels taken were
killed in the first week but some also were taken in the
latter part of the season. Eve: in this short period of
21 days, lenses of young squirrels may grow measurable
amounts and at different rates depending on age. Lord
(1959) and Bellows (1944:70) show that the growth rate
of lenses in juveniles is considerably greater than that
of lenses in adults. In the fox squirrel the eye-lens
attains a weight of about 37 milligrams by the time the
animal is 34 weeks of age. To make this gain an average
daily increment of avout 0.15 milligrams is required.
Therefore, if the growth-rate of the lens is most rapid
in the young fox squirrel one would expect an increase of
wore than 0.15 milligrams per day, at least for the first
few weeks of life. The lens-weights from nestling fox

squirrel indicate an increase during the first six or seven



weeks of about 0.28 milligrams per day.

In order to present a more accurate picture of
the different birth periods and tae proportion of individ-
uals making up these groups in the hunters' kill, it is
necessary that a correction be used to offset the differ-
ence in dates on which the young animals examined were
killed. A correction is not needed for lenses from adult
animals in such a histogram, because the amount of increase
in lens-weight in these older animals over the 21-day hunt-
ing season is negligible.

To show in a graphic fashion the rate of lens-
growth with age and also to assist in making the correc-
ticns for lens-weights representing young animals, an esti-
mated growth-rate curve, Figure 3, was constructed. The
weignts are those of lenses dried for 48 hours at 80° C.
Points for the curve are teken largely from the weights
of lenses of the known-age specimens; however, the point
representing the lens-weight of fox squirrels when 31 weeks
of age was estimated by other means. It is fairly well
establisned by Allen (1943) that the peak in litter-pro-
duction of spring-born fox squirrels in lMichigan is during
the second week of March. Therefore, on the first day
of tne hunting season, October 20, the average juveniles
from the spring litters would be approximately 31 weeks

of age. The average of lens-weights which make up the
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major peak of the juvenile lenses in Figure 2 is approxi-
mately 35 milligrams. This figure was used to establish

the 31-week point on the curve shown in Figure 3. Other
points plotted on the curve were estimated by averaging

the lens-weights for groups making up the approximate 1%,

2% and 3% year age-classes. The average lens-weights making
up these adult year-classes are undoubtedly from squirrels
born in both spring and summer. In plotting these points

it was assumed that the proportion of spring- and of summer-
born in each of these year-classes was the same as the pro-
portion of spring- and summer-born young meking up the
juveniles in the hunters' kill.

The histogram (Figure 4) represents the same
specimens as shown in Figure 2; only the lens-weight of
young of the year are correct in accordance with the growta
curve, so that they approximate a kill on one date, namely
October 20. This correction permits the first and second
litters to be shown graphically with a more accurate re-
presentation in proportion of each group. The first high
on the left in Figure 4 includes the lightest lenses and
presumably from tnose animals born in summer, or second-
litter juveniles. The second high represents lenses from
those born in spring, or first-litter juveniles. The rest
of the histogram is the same as in Figure 2 and represents

the lenses of adults. The scale above the histogram in
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Figure 4 shows the approximate age-classes of juveniles
and adults represented by each lens-weight. Any overlap
in adult age-classes is not taken into account here.

The two sample means using eye-lenses from known-
age animals in the 14 year age-class and in the 35 year
age-class can be differentiated statistically at the 5
per cent level. Enougn examvles of known-age squirrels
in the 2% year age-class were not available to make a sta-
tistical test, but the lenses from the one that was obtained
weighed exactly what would be expected. Variability of
lenses of known-age fox squirrel were such that one would
expect the 2% year age-class to dovetail with the upper
extreme of the 1% year age-class and the lower extreme
of the %% yecar age-class. It is possible that squirrels
more than 3% years of age would have lens weights only
slizntly heavier than those of the 3% year age-class and,
pernaps would not be readily distinguishable. If the dry
lens-weight is plotted against the log of time (a relation-
ship very close to that observed) a weight of about 55
milligrams is intersected at the 4% year point.

For further test of the accuracy of age and lens-
weight relationships, a comparison of age classifications
determined by X-rays was made with those determined by
lens-weight. In this comparison there was 100 per cent

agreement in separating juveniles from adults. There were
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discrepancies between the two methods, in separating spring-
and summer-vorn young, but all disagreements were among
borderline cases with respect to tne X-ray classification.
With all of thiese cases the body weight of each animal

in gquestion was much closer to that expected of a fox squir-
rel of the age estimated by lens-weight, than of the age
estimated by X-ray. In no case was there any disagreeument
in classification, among individuals of early spring lit-
ters or late sumuer litters.

Anothner point suggesting the possible precision
with which eye-lenses can be processed and, therefore,
related to the accuracy thzt may be achieved in such a
tecinique is the uwinute variation in weights of right and
left lenses wnen dried. The mean difference and 95 per
cent confidence limits between right and left lenses was
0.177 + 0.038 milligrauwm.

The greatest accuracy of the eye-lens method of
determining age evidently is during the first 10 months
after birth. The rapid increase in the weight of the eye-
lens at this time is shown in Figure 3. Data obtained
from nestling fox squirrels show that the rate of increase
in lens-weight is sufficiently great during this time (about
0.28 milligram per day) to produce a distinct difference

in weight within a week's time.



DISCUSSION

This study shows that the weight of the eye-lens
apparently can be useful in deterumining the age of fox
squirrels and seemingly permits greater precision than
any other method now available. If standard procedures
are followed there should be little difference in results
obtained by different workers. Although the greatest ac-
curacy using this method evidently is obtained during the
first ten months of age when the rate of weight-change is
highest, this method also should be useful for separating
annual age-groups up to 3% years with reasonable accuracy.

This study did not disclose completely the extent
of variation to be expected in the weignhts of eye-lenses
of the fox squirrel of given ages. Variation observed in
known-age specimens in the 1% and 33 year age classes was
large enough that overlap with the 2% year age class would
be expected. Even though there was no overlap in the known-
age specimens examined probably a larger sample, particu-
larly in the 2% year age-class, would show that some would
exist. Absence of complete breaks between age-classes in
the distribution of lens-weights of adults (Figures 2 and
4) suggests that overlap does exist.

Probably the strongest support for the use of

28



29

the eye-lens in an aging technique comes from the compari-
son made of X-rays of forelegs and lens-weight in an at-
tempt to separate juveniles from adults. It seems highly
improbable, if there were any significant errors in either
method in making this age separation, that complete agree-
ment would be obtained.

Correlation of lens-weight with age has contributed
to the methods of deterwining the age of fox squirrel by
providing a technigue which can be used without highly
specialized eguiprent and training and furthermore, one

that can odrooburly te applied equally well eny time of the

[$]

year. When used to separate juvenile fox sqguirrels from
adults the accuracy achieved is equal to thet obtained with
X-rays of forelegs.

Using lens-weignts in fox squirrels, it should
be ultinately possible to determine age to the weex or
month in juveniles and to yearly ege-classes in edults,
rather than having to separate the animals into broad cate-
gories of juveniles and adults. In order to develop further
accuracy in this method, several steps are suggested.
First of ell more lens-weizghits are needed of young animels
taken during the time when the lens is growing most rapidly
(between birth and at least 25 weeks of age). lore informa-
tion here would increase the accuracy in determining the

age of subadults and would help establish, more accurately,



30

the time of year and extent of birth periods as well as
detect any yearly variation in these birth periods. Pos-
sibly the best way to accomplish this would be to raise
captive young obtained from nests, and sacrifice them at
different ages to obtain the lens-weights. A second area
which needs furtaer investigation concerns the amount of
varigtion in lens-weights of adult fox squirrels of a given

age, particularly in the 1% and 2% year age-classes.



SUIZIARY AND CCONCLUSIONS

This study provides evidence that the dry weight
of the eye-lens can be used to determine age in fox squir-
rels., Lenses from 180 fox squirrels from southern lichigan
were oven-dried at 80° C. for 48 hours and weighed. A
growth-rate curve was prepared using the lenses, which
included 19 from known-age squirrels.

This metnod of age-determination proved to be
as reliable in separating juveniles (young-of-the-year)
from adults as X-ray pictures showing the degree of ossifi-
cation of the forelegs. Also, the second-litter juveniles
(summer-born) could be distinguished from first-litter
(spring-born) juveniles by the lens-weight. Because the
growth-rate of the lens is most rapid during the first 10
months after birth, age determination is most accurate at
tnis time, although adult animals can possibly be separated
into yearly age-classes up tarough 3% years of age.

Arranging lens-weights from fox squirrel taken
by hunters in 1959 in a histogram revealed that lens-weights
of summer-born animals ranged from 22 to 28 milligrams; and
for spring-born animals, 30 to 39 milligrams. Adult age
groups are not so clearly separated but without considering

overlap the lens-weights for 1li year-old animals ranged

51
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from 41 to ayproximately 46 milligrams; for 24 year-old
animals, approximately 47 to 50 milligrams; and for 3% year-
0ld animals, approximately 51 to 54 milligraus.

This tecnnigue should provide a means of study-
ing, witn greater zccuracy znd scope, the vopulatioan struc-
ture and dynamics of fox squirrel, thus increasing our under-

standing of the biology of this important game species.
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Appendix. The dry weight of lenses and X-ray age classifi-
cation of fox squirrels examined at Rose Lake
Experiment Station in 1959.

Autopsy Lens- X-ray Autopsy Lens- X-ray
nwaber weignt classifi- number weight classifi-
in mil- cation in mil- cation
ligranms ligrams

19029 48.0 ad. 19123 36.9 jue.
19030 36.1 ju. 19129 33.8 ju.
19031 3243 jue. 19132 34.4 ju.
19032 36,2 ju. 19133 35.8 ju.
19036 32.5 ju. 19136 42.4 ad.
19046 355 ju. 19140 47,0 ad.
19048 44,8 ad. 19147 46.8 ad.
19049 47.6 ad. 19148 32.9 jue.
19050 34,5 jue. 19149 32.6 Jjue.
19051 35.8 ju. 19153 36.7 Jju.
19058 372 ju. 19154 35.5 ju.
19059 35.2 Ju. 19155 35.9 jue
19061 46,0 ad. 19162 53.7 ad.
19065 31.5 ju. 19163 3645 ju.
19085 24,2 jue 19164 42.8 ad.
19088 50.1 ad. 19170 40.7 ad.
19099 50.9 ad. 19171 43,6 ad.
19098 33,6 ju. 19176 25.3 ju.
19100 34,3 ju. 19177 52.0 ad.
19101 37.1 ju. 19179 35.9 ju.
19102 30.4 ju. 19182 27.1 jue
19103 32.7 Jju. 19188 44,5 ad.
19104 44,5 ad. 19189 48.5 ad.
19105 4906 ad. 19190 4209 ado
19107 32.7 ju. 19191 35.7 ju.
19108 35.5 ju. 19193 23.5 ju.
19109 32.4 ju. 19194 31.0 jue
19111 32.7 ju. 19197 43.1 ad.
19112 29.9 ju. 19209 26.6 ju.
19113 33.7 ju. 19210 24.9 ju.
19114 32.3 ju. 19211 25.2 ju.
19115 35,2 ju. 19212 34.5 ju.
19117 40.7 ad. 19214 36.6 ju.
19122 26.5 ju. 19215 52.8 ad.
19123 35.2 ju. 19216 47.4 ad.
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19217
19218
19219
19220
19221
12225
19226
19227
19228
19231
19235
19238
19241
19242
19243
19244
19245
19259
19260
19261
19262
19263
19264
19271
19273
19274
19275
19276
19277
19284
19285
19286
19295
19301
19303
19305
19306
19308
19309
19311
19312
19316
19322
19337
19339
19340
19341
19342
193549

375
31.0
50.3
41.0
47.5
37.1
46.7
33-0
38.9
34.9
36.0
49.5
44.8
3600
41.1
37.0
35.4
33.1
37.0
28.3
40.4
25.9
38.3
36.2
31.7
53.3
53.0
44 .4
3Te3
36.7
32.8
51.3
32.7
2706
50.5
42.8
42.4
26.1
24.8
30.7
23.2
41.0
25.6
43,

32.8
25.4
47.6
35.1
36.8

Jjue.
ju.
ad.
ad.
ad.
Ju.
ed.
Jju.
ad.
jue.
ju.
ad.
ad.
jue
ad.
jue.
jue.
Jue.
ju.
ju.
ed.
ju.
Jjue
jue.
ju.
ad.
ad.
ad.
jue.
ju.
ju.
ju.
Jju.
Jju.
ad.
ad.
ad.
Jjue
Ju.
Jue
Jjue.
ad.
ju.
ad.
ju.
jue
ad.
ju.
ju.
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19356
19362
19363
19364
19365
19366
19380
19390
19391
19392
19397
19400
19401
19404
19405
19406
19412
19413
19423
19461
19471
19472
19473
19475
19477
19478
19485
19493
19495
19496
19497
19499
19500
19501
19512
19514
19539
19540
19550
19551
19554
19556
19557
19559
19561
19563
19564
19565

49.2
32.1
54.4
45.3
31.2
34.0
4302
47.6
52.3
52.0
37+6
53.7
45.7
27.4
35.0
42.3
3545
36.9
2902
42.0
38.4
47.6
27.1
30.9
27.4
44.4
48.9
335
43.1
45.1
44.1
49.4
34.7
29.7
34.0
2945
49.3
29.9
34.5
32.9
34.9
34.3
35.2
44.6
2749
53.3
353
31.3

ad.
ju.
ad.
ad.
jue.
ju.
ad.
ad.
ad.
ad.
ju.
ad.
ad.
ju.
ju.
ad.
ju.
ju.
Jju.
ad.
ju.
ad.
ju.
jue.
jue.
ad.
ad.
Ju.
ad.
ad.
ad.
ad.
ju.
ju.
ju.
Jue.
ad.
Jju.
Jju.
ju.
ju.
ju.
Jju.
ad.
jue
ad.
Jue.
Jju.
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