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Abstract: Serum proteins of the California ground squirrel (Spci-mnop/zilus beec/zeyi)

were analyzed by standard electrophoretic methods. Results were presented in terms
of total protein, albumin and albumin-globulin (A/G) ratios. Boundaries between
globulin fractions were too obscure to warrant analyses of these elements individu-
ally.Total protein means differed in squirrels live-trapped at two locations, and live-
trapped squirrels had higher total protein levels than squirrels shot. The mean A/G
ratios were also significantly different between locations but not between shot and
trapped squirrels. Mean total protein and A/G levels in animals with coccidia in the
large intestine were the same as from those without coccidia. There was no correlation
between adrenal gland weight and total protein or A/G levels.

INTRODUCTION

Serum electrophoresis is commonly

used as a clinical test in the diagnosis of

disease. While relative variations in the
electrophoretic fractions are not specific
for any particular disease, they do change
appreciably in many disease states and

may therefore be used in evaluating the

state of an animal’s health. In our current

studies of the effects of social conflicts

on the physiology of reproduction and

disease, we seek indicators of health and

disease that can be obtained in longitudi-

nal studies of California ground squirrels

(Spermizop/zilus heec/zevi) in their social

setting. Because blood samples are readily

available from live-trapped squirrels, we

are determining base levels of clinical

blood chemistry and hematology. This is

the first of a series of reports on these

levels.

Disease correlates of electrophoretic
patterns have been shown for many dis-
eases in humans where the subject has

been most intensively studied.’ Similar

information is less abundant for domestic

and wild animals. Payne et al.’ reported

progressive variations in the albumin-

globulin ratios (A/G) in the white-

footed mouse, Peromnyscus leucopus, in

the course of infestations by botflies.

Payne et al.’ found in six species of mam-
mals that the A/G was considerably low-

er in diseased conditions than in undis-
eased animals, except in one case of
rabies in a fox where the A/G was higher
than normal. Franzmann’ reported no
significant difference in serum electro-

phoretic patterns in captive and free big-
horn sheep. Woolf and Kradel’ presented
basal measurements for captive Rocky
Mountain bighorns.

METHODS

Ground squirrels were live-trapped at
East Garrison and Oil Well Road, Fort
Ord, California, and others were also
shot at Oil Well Road. The captured

animals were anesthetized with carbon

dioxide, and blood samples from them
and from the shot squirrels were taken
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by heart puncture. Serum from clotted,

centrifuged blood was analyzed electro-

phoretically at the Special Chemistry

Laboratory of the U.S. Army Hospital,

Fort Ord, California. Total protein was

measured by refractive index, and electro-

phoresis on cellulose acetate was by the

Microzone system (Beckman Instruments)

with quantitation by Analytrol (Model

RB) densitometer. The pooled human
serum regularly used at the hospital was

used as a control in measuring total pro-

tein and in the electrophoresis.

Data from all age and sex classes were

grouped in the analyses of variations due

to location and sampling methods, since

no clear evidence of differences in pro-

tein values were found between sexes or
ages. Sixteen of the squirrels in the total

sample from all treatment classes and

locations were young of the year; the

other sixteen were one or more years

older (adults). No differences were found

in any of the mean protein values be-

tween the two age groups when samples

from all treatment classes and locations
were averaged together. (Means were

so nearly identical that no tests of signifi-

cance was required.) Within-treatment

tests of differences of means between

young and adults was not possible be-

cause in all cases one age class or the

other was represented by less than three

individuals. In no case did the values for

the one or two individuals in the one age

class differ markedly from the range of

values in the other age class. Similarly,

there was no apparent difference in pro-

tein values between the sexes. In neither

the trapped squirrels at East Garrison nor

the shot squirrels at Oil Well Road was

there a significant difference in protein
values between the sexes. In the sample

of trapped squirrels at Oil Well Road

there were only two females, so no test

was made of the differences between

sexes.

All squirrels were autopsied after the

blood was drawn, with particular con-
cern for gross evidence of disease, adrenal

weight as an index of adrenocortical

secretion rate, and intestinal parasites.

A parasite survey of feces from the lower
intestine was made using the magnesium

sulphate flotation method.

RESULTS AND DISCUSSION

Only albumin and total globulins were
clearly distinguishable in the densitometer

traces (Figure 1). In only two instances
were the individual globulins sufficiently

distinguishable to warrant their differen-

tial evaluation. The problem is illustrated
in the three traces of Figure 1. In the

lower trace of a pooled sample of human
serum, the globulin fractions are readily

distinguishable. In the middle trace of a

squirrel’s serum the fractions are also
readily distinguishable, but this is excep-

tional. The upper trace, in which boun-

daries between fractions are obscure,
shows the more usual pattern for squir-

rels. Here globulins were also partially
masked by hemoglobulin and fibrinogen,
which occasionally resulted from hemoly-

sis and incomplete clotting.

In Figure 2 analyses of total protein
and the albumin-globulin ratio (A/G)

are shown in relation to the three “treat-

ment” classes - squirrels trapped at East
Garrison and trapped and shot squirrels

at Oil Well Road. The means of total

protein in all three classes differ signifi-

cantly, as indicated by lack of overlap of

their standard errors. Further research is
needed to determine whether the lower
protein levels from shot squirrels more
nearly reflect in i’is’o conditions than
those from trapped squirrels. No ready

explanation for the difference between

squirrels trapped at the two locations is

ALPHA BETA GAMMA

FIGURE 1. Densitometer scans of electropho-

retic patterns. The lower trace is from human

serum, the upper two traces are from the sera

of two squirrels. In the top trace H indicates

a hemoglobin peak and F may be a fibrino-

gen peak.
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* Values for ground squirrels given ± standard deviation.

* * Numbers in parentheses indicate sample size.
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FIGURE 2. Total serum protein and albumin-globulin ratios of samples from 13 squirrels at

East Garrison and from seven trapped and 12 shot squirrels at Oil Well Road.

TABLE I. Mean values of serum proteins and A/G’s for various domestic and wild animals

arranged in order of albumin percentage and A/G*

Total

Species

Protein

%

Albumin

% A/G

Bibliographic

Reference

Domestic rabbit - 61.8 1.64 7

Human 7.15 60.3 1.52 4

Domestic goat 6.25 60.0 1.50 3

Mountain sheep 6.5 52.8 1.19 5

Dog 6.95 51.5 1.08 3

Domestic sheep 5.81 50.9 1.04 3

White-footed mouse - 47.4 .90 7

Domestic pig 7.40 45.9 .85 3

Domestic cow 7.26 45.6 .84 3

Cotton rat - 43.9 .80 7

Calif. ground squirrel
E. Garrison (13)** 6.26 ± .57 43.6 ± 4.6 .78 ± .15

Oil Well Road
Trapped (7)** 6.91 ± .73 41.4 ± 2.1 .71 ± .06

Shot (l2)** 5.68 ± .71 40.6 ± 3.9 .69 ± .11

Striped skunk - 38.7 .64 7

Horse 6.72 38.7 .63 3

Gray fox - 37.4 .60 7
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apparent. Perhaps the two populations
are physiologically distinct because of
conditions of disease or stress, although
our studies have not yet revealed such

diversities.

Mean A/G’s differ significantly be-

tween East Garrison and Oil Well Road

but not between Oil Well Road’s shot

and trapped samples (Figure 2, right).

This is further evidence that an appreci-
able difference in physiological conditions

exists between the squirrel populations at
the two localities.

The mean A/G for squirrels (about

.74) is in the lower part of the range of
A/G’s for mammals (Table I). The data

reveal no marked trend in total protein,
albumin and A/G associated with phylo-

genetic relationships or domestication.

Mean total protein and A/G values
for 15 squirrels positive for coccidia ova

did not differ significantly from those of
13 squirrels without ova. Scatter dia-

Acknowledgements

grams of total protein and A/G’s plotted
over adrenal weights showed no correla-
ton. Payne et al.’ found that the A/G
ratio was strongly correlated with the
number of botfly larvae infesting white-
footed mice (r = 0.84). The A/G de-
creased progressively with the progress
of infestations and recovered after the
larvae left the hosts. Bierer2 found similar
effects on the A/G in turkeys artificially
infected with fowl cholera. Davidsohn
and Henry’ list many disease correlates of
variations in human electrophoretic pat-

terns. Our failure to find similar correla-
tions with coccidial infection and adrenal

physiology may be attributable to the
relatively chronic and low-grade effects
of the coccidia and adrenal secretion
rates on the blood protein. In spring and
early summer when breeding and the
entrance of young squirrels into the pop-
ulation may be expected to induce greater
social stress, we might expect to find
some influence on the electrophoretic
patterns.
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