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Abstract—1. In order 1o elucidate some af the parameters of the circannual rhyihm in heterothermic-
hamothermic mammals. the ground squirrel Cirellie literalis was maintained for 3 years under constant,

high ambient temperature (34 C).

I Results indicate that the ground squirrel continues (o exhibit a circannual eycle of body weight

fluctuations despite the high temperature.

i. Furthermore, altheugh alternating perinds of heterothermy-homothermy were nol possible at
34 C. the body weight cyele did free run under this constant environmental condition, and thus demon-
strates the true endogenous nature of the circannual rhythm.

INTRODUCTION

Since the discovery of an endogenous circannual
rhythm in a hibernating mammal, Cirellus lareralis,
iPengelley & Fisher, 1957), the phenomenon has been
found to be present in many other specics of ground
squirrels {Pengelley, 1964, Pengelley & Kelly, 1966),
in¢luding one which does not hibernate (Pengelley et
al. 1976), as well as in deer (Goss, 19694, b), birds
(Gwinner. 1967, 19684, b. 1969 Berthold, 1974), inver-
tchrates (Jegla & Poulson, 1970; Brock. 1974) and
in other animals [Pengelley, 1974) The problem of
determining the eniraining agents or zeiteebers [or
these endogenous gircannual rhythms is a formidable
task due to the length of the time involved. Gwinner
{1967, 1968, b), Berthold (1974), Klein (1974) and
others have determined quite satisfactorily that the
primary zeitgeber in birds is photoperiod. This seems
te be trug also for the circannual cycle of antler
growth in deer (Goss er al, 1974 Goss, 19771 How-
ever in all other species so far studied, and despite
much effort (Pengelley & Fisher, 1963, 1966 Pengel-
ley, 1967 Pengelley & Asmundson, 1970, [972, 1974,
1975; Pengelley ¢t al., 1976; Heller & Poulson. 1970)
no clear entraining agent has been determined. This
lact led Mrosovsky (1970} to propose the alternate
theory of 8 “sequence of stages” to a circannual
rhythm, Both theories are still debated today (Mro-
sovsky. in pressl.

Hibernating mammals are unusual in that they
become heterothermic for long periods (Pengelley &
Fisher, 1961, 1963), and this fact led us to investigate
the effect of ambient temperatures, both high and low,
on the circannual thythm of Citellus lateralis, Prelimi-
nary experiments al a hyperthermic temperature of
35°C indicated that although the animals could not
hibernate they still exhibited a circannuoal rhythm of
body weight. Furthermore. it appeared that this endo-
genous circannual rhythm of body weight was shor-
lened as compared with controls kept at 0 and 23°C,
The experiments reported here were designed Lo eluci-

date the relationship of temperature and circannual
rhythm.

MATERIALS AND METHODS

Giolden-mantled ground sguirrels, Chellus lareralis, were
trapped in early September 1972, on the east side of the
Sierra Mevada mear Mammoth Lakes, CA, al an altitude
of approximately 8O0 [, They were brought Lo the labara-
tory and housed in individual cages in a room with a
photoperiod of 12hr, and an ambient temperature of
23 £ 1°C. The experiment was started on October Ist, at
which time 16 animals (seven males and nine females) were
transferred tooan environmental chamber with a constant
photoperiod of 24 hr fight and a constant 34 + 1°C
ambient temperature, At the same lime seven animals (four
males and three females) were placed in an environmental
chamber with the same artificial photoperied and a con-
stant 5 + 1°C ambient temperature. All animals in the ex-
periment were supplied with Purina lab chow [the mean
daily consumption of which was measured) and water ad
fih. They were maintained under the above conditions for
throe vears. Animals kept at 34 + 1°C were weighed once
a week. In the 5°C control group of animals, hibernation
wits determined by the “sawdust technigque”™ (Pengelley &
Fisher, 1961]. All results were analvzed by Student’s two-
tailed -lest. Figures 1 and 2 are plotted from original data
by a statistical technique which averages six successive
data points (6 weeks) thus producing a smooth curve. In
this way accurate weight records lor both groups were
obtained over the 3 yr of the experiment. Since it was
impossible 1o measure the heterother mic-homothermie cir-
cannual rhythm in animals kept at 34 + 1°C, the weight
rhiythm was the only one ohtainable, In order to avoid
disturbing the hibernating pattern of the 5 'C animals, they
were weighed during their periodic arousals in the winter,
and. once » week during their presumplive summer
months. when they were homaothermic.

RESULTS

O the 16 animals at an ambient temperature of
34 1I°C, 14 exhibited discernible  free-running
periods- of body weight with a total of 30 periods
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Table 1. All free-running circannual periods of body weight {maximum 10 maximum)
in days of . larerells, under constam light and environmental temperatures of 34

and 3 C

Free-running circannual periods of body weigh
(daysh
Second Third

Animals at First

M+ 1C {1972-1973]) {1973-1974) (19741975

I 3ls 263 40
2 290 256

3 47 35

4 06 3E0

5 265 365 375
i 08 3ls

7 325 4135

5 225 385

o 375 330
10 300 305
11 473 350

12 7 20
13 S0 463
14 330 30
Ammals at
3+ 1°C

15 Ehi 308
16 il4 174 311
17 385 RLE
18 68 298
19 386

imeasured maximum to maximum) Of the seven ani-
mals at 5 £ 1°C, 5 exhibited similar rhythms with
a 1otal of 10 periods. Table 1 summarizes these data.
The mean length of the circannual evcle for the 34°C
group was 344 days, while that of the 5°C group was
331 days. The variations from vear to vear in both
groups were greater than expected on the basis of
previous data [Pengalley ‘& Fisher, 1963; Penpelley
& Asmundson, 1969), Thus, the No. 3 animal had
a freerunning period of 225 in the first year and 385
the second and the No. 16 animal had a period of
314 days in the first, 174 in the second and 311 in
the third. On the other hand, some animals. e.g. No.
10, show a remarkably constant rhythm. There also
seems 1o be a sipnificant difference for the maxima
and minima weights reached between the two groups
during each circannual cycle. For the group at 5°C.
the mean maximum and minimum are 218 and 137 g,
respectively, and for the group at 34°C the corre-
sponding means are 312 and 201 g Analysis using
a two-tailed r-1est indicates that for both the weight
maxima and weight minima there is a significant dif-
ference (P < 0.001) between the two groups.

Four distinct phenomena concerning the results of
these gxperiments should be noted: (1) in most ani-
mals the maximum and minimum weights tend to
increase with each successive circannual evele (Pen-
gelley, 1967, 1968 Pengelley & Fisher, 1963 Pengel-
ley & Asmundson, 196%), (2) the maximum and mini-
mum weights increase with increasing ambient tem-
perature {op cif. and Fig. 1), (3) some animals kept
their maximum and minimum weights remarkably
constant i each successive circannual rhythm (Fig
2). {4p in all those animals which exhibited a circan-
nuil rhyvthm of body weight there was also a circan-
nual rhythm of lood consumption, and in all those

that did not there was no rhythm of food consump-
tion (data not shown),

In Figs 1 and 2, two of the phenoma referred to
above are illustrated. In both figures, the data are
derived from the 34°C group. It can be seen in Fig
1 that the maximum and minimum are increased with
each successive circannual cycle. and, after 3 yr reach
enormously high values for the species, In Fig 2. the
maximum and minimum remain constant, Similar
plots for control (5°C) animals have been previously
published (Pengelley, 1967; Pengelley & Asmundson.
1969, 1972, 1974 Pengelley & Fisher, 1963} It is im-
portant Lo note, however, that maximom body weight
is always achieved approximately at the beginning of
the heterothermic phase and the minimum shortly
after the beginning of the homothermic phase.

DISCUSSION

It has been pointed out by Aschofl (1963, 1963)
and Aschoff et al {1963), that in order for a rhythm
to be considered endogenous certain criteria must be
fulfilled. These are (1) the rhythm must exhibit a fre-
quency which is not synchronous with any environ-
mental periodic signal, (2) the period of the endo-
genous rhythm may deviate from the time being
measured (3655 days in this case) and (3) it must be
relatively tlemperature independent, These eriteria
have been shown to be fulfilled for the heterothermic
homothermic thythm of Ciellus lareralis [Pengelley
& Asmundson, 1974) and in the results reported here
the body weight rhythm is also shown to be endo-
genous even in the absence of hibernation. It s es-
pecially noteworthy that the endogenous circannual
rhythm 8 remarkably temperature independent. It
could be argued that mammals, by nature of their






