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Abstract—1. In order to clucidate the differences in the temporal behavior between captive males
and females of the hibernating ground squirrel, Citellus lateralis, animals were kept for 4¥r at an
ambient temperature of 5 + 1°C and a photoperiod of 12L/120, with food and water ad (ib.

2. Seven parameters were measured, with the following results: (1) the mortality rate of males is
higher than females, (2) males hibernate less often than females, (3) the length of the heterothermic
period is greater for females than males; but both sexes increase the length of this in successive years,
{4) there is noe difference between the sexes in the length of the free-runming circannual peried, provided
the females do not breed, (5) the circannual body weight rhythm is dependent upon the homothermic-
heterothermic thythm, or viee versa (6) males spend fess time than females in hibernation during
a heterothermic period, due to a shorter period, but (7) males exhibit longer continuous periods of

hibernation within a whole heterothermic period,

3. The physiological and ecological significance of these differences between the sexes is discussed,

INTRODUCTION

As far back as the first symposium on mammalian
hibernation {Lyman & Dawe, 1960}, the gquestions
were raised as to whether males and females of a
particular species of hibernators behaved differently
in their temporal responses to the environment. This
is an important problem for it should help to eluci-
date the mechanisms by which various species are
adapied to such important factors as annual breeding
and the alternation between heterothermic and
homothermic states in the environments in which the
mammals live, Subsequently it was determined that
mammalian hibernators exhibit  distinet  periodic
arousals during their heterothermic phase (Pengelley
& Fisher, 1961, 1967 ; Pengelley & Asmundson, 1972;
Pengelley & Kelly, 1966; Pengelley et al., 1972; Heller
& Poulson, 1970; Johansson & Senturia, 1972;
Richter, 1978). Although the mechanism of these
arousals 15 fairly well understood (Horwitz, 1968), the
apparent physiological necessity for them is quile un-
known. Additionally, they have different temporal
rélationships in different species (Pengelley & Kelly,
1966), and they can also be correlated temporally 1o
the environmental temperature (Pengelley & Fisher,
1963; Pengelley er al, 1971).

In addition to these periodic arousals during the
heterothermic phase, many species of hibernators, in-
cluding Cirellus lateralis, exhibit an endogenous cir-
cannual rhythm within which they alternate between
a heterothermic and homothermic state (Pengelley &
Fisher, 1957; Pengelley & Kelly, 1966; Pengelley &
Asmundson, 1969, 1974: Richter, 1978), and the sum
of these two periods represents the [ree-running
period of the circannual thythm. This is a major tem-
poral aspect in the life of the species, because to sur-

vive nol only must it become heterothermic at the
right time of vear, but it must also become homother-
mic at the right time to breed. It has in fact already
been demonstrated in Citellus lateralis [Pengelley &
Asmundson, 1975), that female gestation and lactation
are important factors as Zeitgebers in the overall circ-
annual rhythm. Thus it seemed important to investi-
gate the potential differences in the temporal behavior
of male and female hibernators. Because of the length
of the experiments (4 yr), it was possible to observe
accurately seven different and pertinent phenomena
between males and females. These were (1) the morta-
lity rate, {2) vears when particular animals did not
hibernate, (3) the length of the whole hibernation
(heterothermic) period, (4) length of the circannual
freerunning period, (5) the circannual body weight
rhythm, (§) days spent in hibernation during the
whole heterothermic period, and (7) length of con-
tinuous hibernation periods within the whole heter-
othermic period.

MATERIALS AND METHODS

Golden-mantled ground squirrels, Citellus lareralis, were
trapped in September 1970, on the east side of the Sierra
Nevada near Mammoth Lakes, CA, at an altitude of
approx 3000 ft, They were brought to the laboratory and
housed in individual cages in a room with a pholoperiod
of 12L/12I3, and an ambient temperature of 23 + 1°C, The
experiment was started on October 13, at which time 33
ammals (29 males and 24 females) were transferred 1o an
environmental chamber at an ambient temperature of
5 £ 1°C and a photoperiod of 12L/12D. All animals in
the experiment were supplied with Purina lab chow and
water ad [ih. They were maintained under these conditions
for over 4 yr. Disturbances were kept 1o a minimum. but
the animals were observed and maintained daily. The
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hibernating (heterothermic) state was determined by the
“sawdust technigue™ (Pengelley & Fisher, (Y010 In addi-
tion accurate weight records were kept for each animal
All statistical data (where appropriate) were done using
Stedent’s -test (two-tailed) for significance, and data from
vears where there was no hibernation were excluded.

RESULTS

The temporal hibernating behavior of all male and
female C. lareralis in the experiment is graphically
displaved in Fig. 1, This clearly shows a higher morta-
lity rate for males. The figure alse shows that there
is a greatly increased number of free-running circan-
nual periods in which the males did not exhibit a
heterothermic period, 7:1. which we take to mean
that in comparison to females, males in captivity do
not behave as much in conformity to what is prob-
ably their normal behavior 1n the wild state. This fact
also agrees with other emperical knowledge (Pengel-
ley, personal observation). From the data used to plot
Fig. 1, statistical analysis reveals that females hawve
a significantly longer hibernation period (heterother-
mic period) than do males (# - 0L001), but both sexes
increase the length of this in sucoessive years. The
data also indicate that for those ammals exhibiting
a regular circannual free-running period there is no
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Fig. 2. Body weight in grams (ordinate) ploted over a

4 yr period (abscissa) to show coordination with homother-

mic and heterothermic periods. Symbaols and environmen-
tal conditions as for Fig. 1.

significant statistical difference between males and
females. Furthermore, it is obvious from the graph
that male hibernating behavior s more irregular and
less predictable than female and thus the lemale
hibernates lor a longer period of time than males.
This fact can be seen from inspection of the graph,
but even more striking by comparing lemales such
as 878 and 529 with males such as 964 and 876,
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Fig. |. Comparison of hibernation patterns of male and femabe C. lareralis over a 4 yr period. Black

bars represent heterothermic periods, open bars homothermic periods. » indicates death, 0 indicates

experiment terminated. J indicates January, A indicates August. Ambient temperature 5 + 1°C, photo-
period 12107120






