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Abstract—1. Free-running circannual rhythms of the hibernator, Citellus lareralis, have been studied
for nearly 4 yr in relation to light intensity and photoperiod. Animals were kept under constant tempera-
ture of 3°C. but under a variety of lighting conditions ranging from constant light at 500 Ix to total

darkness,

2. It was found that the circannual period is virtuallv always less than 365 days (mean about 300
days), but that light did net affect the free-running period and did not appear to act as a Zeilgeber.

The significance of this is discussed.

1 Varmtions of the normal physiological behavior are also discussed,

INTRODUCTION

Since the discovery of endogenous circannual rhythms
about [3 years ago, one of the principal lines of inves-
tigation has been to try to determine whether the
mechanisms by which they are entrained are essen-
tially the same as those for circadian rhythms (Pengel-
ley, 1967 Pengelley & Asmundson, 1972, 1974; Pen-
gelley er al, 1972). Endogenous circannual rhythms
have now been demonstrated m a wide variety of ani-
mal species including invertzbrates such as the cave
cravfish (Jegla & Poulson, 1970) and a marine cnidar-
ian (Brock, 19741 a variety of birds (Gwinner, 1967,
19684, b, 1969; Berthold, 1974; Klein, 1974; Rutledge,
1974} the insectivorous hedgehog (Kristoffersson &
Soivio, 1964; Johansson & Senturia, 1972}, many spe-
cies of hibernating rodents (Pengelley & Asmundson,
1974; Dawis, 1967a, b; South et al, 1972), the sika
deer (Goss et al, 1974) and even possibly man
(McKerrow & Rossiter, 1968; Reinberg, 1974; Sen-
turia & Johansson, 1974) A recent symposivm [Pen-
gelley. 1974) has emphasized the fact that it is only
after many vears of research to establish these circan-
nual rhythms that precise and meaningful exper-
iments can be performed using various external zeit-
gebers as potential entraining agents.

Following the discovery of a circannual rhythm in
the golden-mantled ground squirrel, Cirellus loteralis,
by Pengelley & Fisher (1937), subsequent experiments
on entrainment have apparently implicated ambient
temperature (Pengelley & Fisher, 1963), locomotor
activity (Pengelley & Fisher, 1966), light (Pengelley
& Asmundson, 1970) and more recently the effects
of mating on female amimals m the form of gestation
and lactation (Pengelley & Asmundson, 1975), Since
it has been known for many years that both the inten-
sity of light and the photoperiod have profound
effects on the behavior and physiclogy of a variety
of animals (Rowan, 1923), including mammals {Bis-
sonette, 1933), and since light in one form or another
15 almost invariably a zeitgeber for circadian rhythms

(Cold Spring Harbor Symposia, 1960; Aschoff, 1963),
it seemed a worthwhile approach to explore in greater
depth the relationship of light to crcannual rhythmi-
city in the golden-mantled ground squirrel. The ani-
mals involved in this experiment were born under
controlled laboratory conditions to rule out any poss-
ible effect of previous natural environmental entrain-
ment (Pengelley, 1966).

Due to the long term nature of this experiment
(4 yr} a variety of individual behavioral differences,
which many investigators consider to be important
for a full understanding of circannual rhythmicity
{Pengelley e wl., 1972) in hibernating mammals, were
also investigated. These included variations in the
[ree-running period—whether it is greater or less than
the geophysical period of a wear, variations in the
length of the homothermic period relative to the
heterothermic period, variations in the relationship
of the body weight rhythm to the homothermic heter-
othermic thythm, and others. The results of these
observations will also be reported here.

MATERIALS AND METHODS

During the first hall of May 1970, pregnant females of
the golden-mantled ground squirrel, Citellus lareralis, were
trapped at an altitude of about 7500 i, near Big Bear Lake
in the San Bernardino Mountains of California. They were
brought to the laboratory, housed in individual cages in
@ room with a photoperiod of [2hr and an ambient tem-
perature of 23 + 1°C. Purina lab chow, water and bedding
material were supplied ad [ih, and this was supplemented
with fresh carrots 3-times a week. Under these conditions
(Pengellev, 1966) young were horn between the middle of
May and the first week in June. They were weaned at
about 35 davs after birth, and kept together until 31 July
when each animal was placed in a separate cage. Subse-
guently they were divided into five groups of about 17
amimals in each, which were matched as far as possible
for sex and body weight. Two of these groups were then
bilaterally enucleated (Pengelley & Asmundzon, 1970} On
31 Auwgust the experiment was started with each group
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