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Body weight regulation and gonadal hormone
manipulations in female Eastern chipmunks

KATHERINE BRUCE and DANIEL ESTEP
University of Georgia, Athens, Georgia

Vulval size, body weight, food intake, and food hoarding of 20 female Eastern chipmunks born
in the wild were monitored for 3 weeks following ovariectomy or sham operation and subsequent
estradiol benzoate (EB) or oil-vehicle replacement therapy. EB treatment induced vulval swell-
ing; however, neither ovariectomy nor EB affected body weight, food intake, or food hoarding.
The relationship between gonadal hormones and body weight regulation in chipmunks appears
to be more complex than is assumed by current theory.

Gonadal hormones can affect body weight, food intake,
and food hoarding in several species (Beatty, 1979; Ber-
mant & Davidson, 1974; Leshner, 1978). A theory of a
lipostatic set point about which body weight is regulated
has been postulated (Beatty, 1979; Roy & Wade, 1977;
Wade, 1972) to explain the interrelationships among these
variables. When weight falls below or rises above this
set point, an animal engages in behavior which restores
the weight. For rodents, it has been suggested that both
daily food intake (short-term regulation) and hoarding
(longer-term regulation) are activated when body weight
falls below the set point and are depressed when body
weight rises above the set point (Nyby & Thiessen, 1980).

The research to date has focused primarily on labora-
tory species. Cycling rats and hamsters show an inverse
relationship among the circulating levels of endogenous
estrogen and body weight, food intake, and food hoard-
ing (Estep, Lanier, & Dewsbury, 1978; Herberg, Pye,
& Blundell, 1972; Morin & Fleming, 1978; Wade, 1972).
Ovariectomy may result in hyperphagia, weight gain,
and/or increased food hoarding for both rats (Coling &
Herberg, 1982; Pye & Herberg, 1972; Roy & Wade,
1977) and hamsters (Morin & Fleming, 1978). These ef-
fects can be reversed by estrogen therapy. Such therapy
produces transient hypophagia and weight loss in both rats
and hamsters, and, additionally, depressed food hoard-
ing in rats (Coling & Herberg, 1982; Morin & Fleming,
1978; Pye & Herberg, 1972; Roy & Wade, 1977; Wade,
1972, 1975).

Nyby (1974; Nyby & Thiessen, 1980) proposed a
hypothetical environmental mechanism to explain how
seasonally induced body weight fluctuations and hormone
levels may be related in seasonally breeding wild animals:
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Either this mechanism causes a change in both hormone
secretion and weight regulation or a change in hormone
secretion, which in turn affects body weight. To inves-
tigate this hypothesis, we used Eastern chimpmunks
(Tamias striatus), which are both seasonal breeders and
hoarders.

Eastern chipmunks have one or two breeding seasons
a year, in early spring and/or midsummer (Yahner, 1978).
They hoard large amounts of food in the wild (Elliott,
1978; Yahner, 1978). Females show seasonal fluctuations
in body weight; increases in weight are observed under
laboratory conditions from late summer into winter
(Wrazen & Wrazen, 1982). Thus, a circannual rhythm
may be associated with gonadal hormone levels and long-
term weight regulation. Therefore, we examined the ef-
fects of gonadal hormone manipulations on body weight,
food intake, food hoarding, and, in addition, vulval area,
a physiological change associated with estrus.

METHOD

Subjects

Twenty female Eastern chipmunks of unknown ages had been trapped
within the city limits of Athens, Georgia, and housed in the laboratory
for periods ranging from 10 months to 4.5 years. The animals were main-
tained in a temperature-controlled environment on a natural light-dark
cycle. Food and water were freely available.

Apparatus

The subjects lived in individual terraria, measuring 62 X32 X29 cm,
with hardware cloth tops. A 1,892-ml mason jar painted black served
as a nesting area, with paper towels as nesting material. Sanicel bed-
ding material covered the floors of the terraria. Plastic containers (600 ml)
suspended from the side of each terrarium were filled with fresh Purina
Laboratory Chow daily.

Procedure

The animals were tested from April to July of 1980 during their nor-
mal breeding seasons. At 1700 h each day, body weight, food intake,
and food hoarding (larder and scatter hoarding) were measured. Vul-
val size (mm length X mm width) was measured daily to detect any
changes in estrous swelling, as vulval enlargement is characteristic of
females in estrus (Smith & Smith, 1975).

After 7 days of baseline measurements were taken, half the chipmunks
were ovariectomized by bilateral flank incisions (ovx group, n = 9;



1 subject died after surgery). In the other group (sham group, n = 10),
each ovary was exposed and touched. Body weight, food intake, food
hoarding, and vulval size were recorded for 21 days.

Members of the sham group were then ovariectomized and monitored
for an additional 21 days. Twenty-one days after their respective ovariec-
tomies, half of the subjects in both groups were given subcutaneous daily
injections of 2 g estradiol benzoate (EB) in .05 ml sesame oil (EB group,
n = 9) for 21 days and half were injected with oil alone for 21 days
(oil group, n = 9; 1 subject died during treatment). This dosage of EB
falls within the range used for other small rodents in body weight regu-
lation studies (Coling & Herberg, 1982; Landau & Zucker, 1976; Maass
& Wade, 1977; Morin & Fleming, 1978; Roy & Wade, 1977). Body
weight, food intake, food hoarding, and genital size were recorded daily
for the 3-week injection period and for 7 days postinjection.

RESULTS AND DISCUSSION

Table 1 presents the means and standard errors for the
ovx and sham groups for each dependent measure during
the 3 weeks after initial surgery. Ovariectomy, compared
to sham operation, produced no significant changes in
body weight, food intake, food hoarding, or vulval size
(p > .05). However, for both groups, body weight and
food intake increased significantly over the 3 weeks af-
ter surgery [F(2,28) = 15.51 and F(2,28) = 12.74,
p < .001, for body weight and food intake, respectively].
Post hoc Newman-Keuls tests revealed that both measures
were lower during the first week after surgery than dur-
ing the second and third weeks after surgery (p < .05).
This suggests that the subjects’ body weight and food in-
take were affected by postsurgical trauma.

The lack of effect of ovariectomy was unexpected and
may have been due to the fact that the subjects were “func-
tionally ovariectomized’’ prior to surgery. Even though
this study was conducted during the breeding seasons, the
subjects’ ovaries appeared to be small and their vulvae
were not enlarged. If the ovaries were inactive, ovariec-
tomy would not be expected to have an effect.

As seen in Table 2, EB treatment, compared to oil
alone, had no effect on body weight, food intake, or food
hoarding during the 3-week injection period (p > .05).
For both groups, body weight and food intake increased
over the 3-week injection period [F(2,28) = 18.91,
p < .001 and F(2,28) = 15.98, p < .001, for body
weight and food intake, respectively]. This suggests that
the subjects may have experienced trauma from the onset

Table 1
Mean Weekly Scores for Ovariectomized (Ovx) and
Sham Operated (Sham) Animals
Week 1 Week 2 Week 3
Body Weight (g) Ovx 117.52.9) 119.7 (3.1) 1204 (2.7)
Sham 119.6 (5.3) 126.0 (5.2) 126.7 (5.7)
Food Intake (g) Ovx 102(0.9) 11.9(l.1) 11.9(.0)
Sham 104 (0.6) 11.7(0.5) 11.5(0.7)
Food Hoarded (g) Ovx 14.8(5.2) 11.6 3.6) 8.8 (3.6)
Sham 12.5(4.3) 13.4(4.8) 16.7(5.3)
Vulval Area (mm) Ovx 16.8 (0.5) 17.0(0.4) 16.2 (0.6)
Sham  15.4 (1.0) 17.0 (0.9) 17.1(0.9)

Note—Standard errors are presented in parentheses.
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Table 2
Mean Weekly Scores for Animals Injected
with Estradiol Benzoate (EB) or Oil

Week 1 Week 2 Week 3
Body Weight* (g) EB 1193 3.1) 121.53.1) 1254 (3.1)
Oil 127.9 4.5) 130.2 (4.9) 131.6 4.9)
Food Intake (g) EB 102 (1.3) 12209 12.9(0.6)
Oil 11.30.77 12.6(1.0)0 12.4(1.2)
Food Hoarded* (g) EB 86(3.2) 109 (2.9 9.5 2.5)
0il 4.4 (2.5) 55@4.5) 34 (L))
Vulval Area (mm) EB 33422 44032 452@3.3
Oil 19.3(0.6) 19.0(1.0) 18.7(1.0)

Note—Standard errors are presented in parentheses. *Preinjection values
for these variables were significantly different across groups. There-
fore, we conducted analyses of covariance, using the preinjection value
as the covariate.

of injections. Vulval area significantly increased for the
EB treated female [F(2,28) = 115.56, p < .001]. Thus,
the circulating estradiol levels were sufficient to produce
the physiological changes characteristic of estrus, but not
to induce the expected changes in body weight, food in-
take, and food hoarding.

The reasons for the negative findings of this study are
not clear. It is possible that factors such as the choice of
hormone dosage, age of the animals, housing and testing
conditions, season of testing, or individual differences
were involved. However, the levels of these factors (es-
pecially hormone dosage) in the present study were chosen
to be similar to those used in studies that have reported
positive findings for other rodent species. These specific
factors should be investigated more precisely in future
studies, since not all rodent species respond in the same
ways (see Wade, 1976).

Even though support for Nyby’s (1974; Nyby & Thies-
sen, 1980) hypothesis was not obtained, the present find-
ings are critical since this study was designed to inves-
tigate several factors vital to the validity of Nyby’s
hypothesis. First, wild-born, rather than laboratory-born,
animals were tested. Second, the subjects were maintained
under natural photoperiod conditions, rather than condi-
tions of constant lighting. Third, food hoarding, which
represents an often neglected component of body weight
regulation, was monitored. These factors should be exa-
mined more closely in body weight regulation studies.

It is clear that the environmental mechanism underly-
ing circannual body weight regulation and gonadal hor-
mone secretion is not as simple as that proposed by Nyby
(1974; Nyby & Thiessen, 1980). The generalizability of
the proposed inverse relationship between gonadal hor-
mones and body weight regulation has been challenged
by data obtained for at least three other species. Nega-
tive results similar to those found in the present study have
also been reported for gerbils (Maass & Wade, 1977) and
for hamsters (Zucker, Wade, & Ziegler, 1972). Further-
more, the relationship between gonadal hormones and
food hoarding by hamsters found by Estep et al. (1978)
has not been reliably replicated in our laboratory (Estep,
Bruce, & Forand, 1978-1981). In addition, in golden man-
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tled ground squirrels, gonadal hormone levels were not
found to affect circannual body weight regulation (Zucker
& Boshes, 1982).

In a recent review, Crews (1984) concluded that there
may be no causal relationships among gamete production,
gonadal hormone production, and mating in seasonally
reproducing vertebrates. It seems reasonable to suggest
that gonadal hormones and body weight regulation may
also be dissociated. It is difficult to confirm that causal
relationships do not exist among variables, and the present
data certainly provide no such confirmation. However,
investigators should be aware of two possibilities: (1) the
relationship between gonadal hormones and body weight
regulation may be more complex than previously sus-
pected, and (2) in some species, the variables may be un-
related.
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