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THE USE OF TORPOR BY PEROGNATHUS AMPLUS IN
RELATION TO RESOURCE DISTRIBUTION

O. J. REICHMAN AND JAMES H. BROWN

ABSTRACT.—Small (11 g) pocket mice (Perognathus amplus) were tested in a labo-
ratory study for their use of torpor in relation to the distribution of food resources
(seeds). Generally, the rodents spent more time in torpor the deeper the seeds were
buried, but there was essentially no relationship between the dispersion of the seeds
and the time spent in torpor. Regardless of the depth or spatial distribution of seeds,
the pocket mice maintained similar weight loss patterns, indicating that they can adjust
the amount of time spent in torpor to the environmental conditions under which they
find themselves.

Hypothermic torpor is employed as a mechanism of energy conservation by a num-
ber of small homeotherms (Bartholomew et al., 1957; Brown and Bartholomew, 1969;
Calder and Booser, 1973; Carpenter, 1976; French, 1976; Hainsworth et al., 1977;
Howard, 1951; Tucker, 1962, 1966). During periods of food shortage, especially when
coupled with low environmental temperature, these animals abandon normal tem-
perature regulation and allow their body temperatures to fall to low levels with con-
sequent reductions in metabolic rate. Evidence is accumulating that torpor is utilized
only under certain conditions of food availability and environmental temperature;
small vertebrates appear to enter torpor only when they are unable to maintain long-
term positive energy balance (Brown and Bartholomew, 1969; Hainsworth et al.,
1977). This suggests that these animals are able to monitor precisely rates of energy
gain and loss, and include torpor within their behavioral repertoire as a means of
conserving energy. Small birds and some mammals may do this by sensing changes
in their internal state, but those seed-eating rodents that store food appear to be able
to assess the rate at which they are accumulating stores, because they will enter torpor
even with large quantities of cached food on hand if they are unable to add signifi-
cantly to their stores by continued foraging (Brown and Bartholomew, 1969).

These observations suggest that torpor can be used as a bioassay for those environ-
mental conditions under which foraging yields a net energy deficit. Recent studies
indicate that different species of seed-eating desert rodents use different foraging
behavior and harvest different spatial distritutions of seeds (Reichman and Oberstein,
1977). It is inferred that these foraging patterns are adaptive and that they maximize
the net rate of energy income for species of diverse body sizes and locomotor spe-
cializations. This inference can be substantiated by observing how those species ca-
pable of torpor use it in response to abundance and distribution. Whereas previous
studies have investigated the relationship between food abundance and the use of
torpor, in this study we investigated the utilization of torpor by Perognathus amplus,
an 11-g pocket mouse from the Sonoran Desert, in response to manipulations of quan-
tity and dispersion (in three dimensions) of seeds in the laboratory.

MATERIALS AND METHODS

A total of 23 individuals of Perognathus amplus was used in our experiments. The mice were
captured 50 km northwest of Tuscon, Arizona, on 15 October 1974. Immediately after capture,
average weight of the mice was 11.4 g. Before and between experimental runs mice were housed
in small Plexiglas and wire mesh cages containing a layer of dry sand in the bottom. They were
kept at room temperature (approximately 22°C) on a daily photoperiod of 10L:14D. Animals were
provided with mixed bird seed and lettuce ad lib.

Experiments were conducted from November 1974 through April 1975 in a large environ-
mental chamber which maintained a temperature of 9°C and a photoperiod of 10L:14D. Mice
J. Mamm., 60(3):550-555, 1979 550
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were housed in 56.8 1 (15 gallon) aquaria containing a deep layer of dry sand on the 31 by 53 cm
floor. At any one time 10 individuals were used in a 4-day experimental run and then were kept
for 4 days at room temperature and given food ad lib. while an alternate group of animals was
run.

Experimental treatments consisted of 10 g of mixed bird seed in various combinations of
dispersions and depths (3 dispersions: 10 g scattered over the entire area, four widely spaced
clumps of 2.5 g each, and one single clump of 10 g; 5 depths: surface, and buried at 1, 2, 8, and
12 cm beneath the sand; this yields a total of 15 treatments). In addition, we ran two controls,
one with an excess of seeds clumped on the surface, and one with no seeds. The three most
shallow depths and the control without food were run together (10 treatments), and then the two
deepest regimes and the control with ad lib. food were run (7 treatments). The seed densities
presented to the rodents were somewhat less than those generally available in the desert (Reich-
man and Oberstein, 1977), and were just sufficient to maintain active animals of this size for 4
days at 9°C. One individual was used in each treatment during each 4-day experimental run, and
no individuals were used twice in any treatment. This produced sample sizes of 10 for each
treatment, including controls. Animals were checked visually three times each day (1 h before,
in the middle of, and 1 h after the end of the light period) to determine whether they were
torpid. Each observation of a torpid animal (as determined by their inability to right themselves
when turned over) was recorded. At the beginning and end of each 4-day experimental run, mice
were weighed, and at the end the sand was sifted, with uneaten seeds being recovered and
weighed. We used Pearson’s product moment correlation (r) and the Spearman rank correlation
(Rr; Dixon and Massey, 1969) for statistical analyses of results. We calculated depth to clump
size ratios (D/S) using depths in cm and sizes of clumps in g; we assumed a value of 0.1 g for
clump size of the scattered distributions.

RESULTS

In general, the pocket mice spent more time in torpor and consumed fewer seeds
when the seeds were deeply buried than when they were clumped and located near
the surface. No relationship between seed distribution and torpor was indicated (Figs.
1, 2). Animals with ad lib. seeds available on the surface did not enter torpor, ate an
average of 17.6 g of seeds during the 4 days of the experiment, and gained weight
slightly despite the low temperature. Individuals with no food lost weight and spent
as much or more time in torpor as those subjected to any other treatment. Although
the correlations between the D/S ratio and torpor were significant (Table 1), depth
had a much greater effect than dispersion on the frequency of torpor and the quantity
of seeds harvested and consumed. Consideration of all comparisons between depths
indicates that the mice gathered significantly more seeds, and spent significantly more
time in torpor (P = <0.05 — 0.01) when encountering the deeper treatments. The only
treatments between which there were no significant differences in the number of
torpor events were 0 cm and 1 cm, and 1 cm and 2 cm. Statistical significance was
lacking between all comparisons at 0 cm, 1 ¢cm, and 2 cm for the amount of seeds
gathered. When the seeds were buried at 12 cm few were harvested, and the mice
spent as much time in torpor as did unfed controls. At any given depth, the more
densely clumped seeds resulted in higher rates of seed consumption and fewer bouts
of torpor. However, the magnitude of this effect was slight, and the mice were able
to find virtually all of the seeds down to 2 cm, regardless of dispersion.

Although the quantity of seeds eaten by the experimental group through the 4 days
varied from 0 to 10 g, mice on experimental regimes and the control runs with no
seeds all had remarkably similar rates of weight loss (1 to 2 g, with no statistical
differences across treatments except for controls with no food: Fig. 1; Table 1). Al-
though mice of these groups lost some weight in comparison to mice maintained on
excess food, weight loss was affected minimally by relative food scarcity resulting
from the experimental treatments because of the utilization of torpor. This is reflected
in the high negative correlations between number of torpor events and quantity of
seed consumed (Table 1; Figs. 1, 2). Animals that ate less food were able to conserve
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FiG. 1.—Data relating the relationships between the dispersion and depth of seed distribution
treatments and the average number of torpor events by Perognathus. The vertical box indicates
1 SE either side of the mean, and the solid vertical line represents the range. There were 10
replicates for each experimental treatment.

energy and maintain a relatively homeostatic body weight by spending more time in
torpor.

An interesting feature in our results is the great variability in the response of mice
to seeds buried at 8 cm, and to a lesser extent at 12 cm. Some individuals harvested
no seeds and spent a considerable amount of time in torpor, whereas others remained
active and searched for and consumed all or nearly all of the available seeds (Figs. 1,
2), at least those buried at 8 cm. Regardless of whether or not they exhibited one of
these extreme responses or an intermediate one, all individuals had comparable rates
of weight loss.

DiscussiON

Literature on optimal foraging suggests that organisms should evolve to maximize
the net rate of intake of energy (or other limited resources) while they are foraging
(see Pyke et al., 1977, for a review). Such behavior would require that organisms
be able to assess precisely and respond appropriately to variations in energy intake
and expenditure. Desert rodents and hummingbirds use torpor in a way that indicates
they are capable of such integration and regulation over time periods of a day or so
(Pyke et al., 1977).
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treatments and the mean weight loss and the mean g of seeds consumed by Perognathus. See
Fig. 1 for details of figure.

Our results confirm and extend published reports on utilization of torpor by seed-
eating desert rodents and other animals. Perognathus amplus did not enter torpor
when provided with food ad lib. at 9°C, but readily became torpid when food avail-
ability was restricted by altering its distribution. This supplements the growing lit-
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TABLE 1.—Correlation statistics (r = coefficient of correlation, Rr = Spearman rank corre-
lation) for various parameters in the experiment. D/S is the depth of the buried seeds divided
by their size (weight), and the numbers in parentheses indicate significance levels.

Grams
Parameters Weight loss consumed D/S Distribution Depth
Number of r = .53 (.05)* r = —.98(.01) r = .52 (.05) r = —.89(.05) r=.99(.01)
torpor events Rr = .50 (.05)* Rr = -.86(.01) Rr = .72 (.01) Rr = -.90(.05) Rr = 1.0(.01)
Weight loss r=—-.64(.01) r = .49 (.05) r = —.93(.05)* r = .34 (NS)
Rr = —.78 (.01) Rr = .89(.01) Rr = —.90(.05)* Rr = 40 (NS)
Grams consumed r = —.47(.05) r =.91(.05) r=-.99(.01)

Rr = —.48 (.05) Rr = .90 (.05) Rr = -1.0(.01)

* The significance of these calculations is based entirely on the two controls. With these excluded, there is no relationship
between weight loss and distribution or number of torpor events.

erature which suggests that the relatively facultative torpor (as opposed to obligate
seasonal hibernation or estivation) of some seed-eating desert rodents and some hum-
mingbirds is a response to immediate environmental conditions that affect energy
exchange (Tucker, 1966; Brown and Bartholomew, 1969; Chew et al., 1965; French,
1976; Hainsworth et al., 1977). These animals do not enter torpor except when it is
required to maintain positive energy balance. This suggests that there is a significant
cost of some sort associated with being torpid. These costs might include rapid re-
sponse to predators or response to environmental changes, both advantageous (e.g.,
increased food abundance) or disadvantageous (e.g., rapid changes in ambient tem-
perature). In such small organisms with limited capacity to store fat, however, this
cost is outweighed by the even greater cost of enduring as much as a few days of
negative energy balance. These animals have evolved the ability to assess rapidly
energy income and expenditure and to enter and leave torpor rapidly for periods
sufficient to remain in positive energy balance for several days. Although our exper-
imental treatments lasted only 4 days and were interspersed with 4-day periods of ad
lib. food and warm temperatures that permitted net energy gain, the pocket mice
responded with variable degrees of torpor that matched their reduced foraging success
and resulted in a relatively precise homeostasis of body weight and general physical
condition (i.e., there were no general maladies evident).

Similarly precise utilization of torpor to maintain day-to-day energy balance has
been reported for other species of Perognathus (Tucker, 1966; French, 1976), for the
desert rodent Microdipodops (Brown and Bartholomew, 1969), and for hummingbirds
(Hainsworth et al., 1977). French showed that utilization of torpor by Perognathus
longimembris is a complex process that involves daily and seasonal metabolic rhythms
and selection of warm ambient temperatures, as well as immediate food supply. Many
desert rodents accumulate stores of cached seeds, and we would expect the state of
these stores, as well as physiological energy balance, to influence the utilization of
torpor. Indeed, Microdipodops pallidus will enter torpor when it still has large stores
if it is unable to forage successfully and increase its stores, but it will remain active
when it has few stored seeds so long as foraging is sufficient to produce a net positive
energy balance (Brown and Bartholomew, 1969). Our animals were given all of their
food at the beginning of an experimental run so we had no opportunity to look for
this sort of response. Because of its obvious adaptive value, however, we expect torpor
to be widespread in desert rodents and perhaps other mammals that cache food.

Although carefully controlled experiments to assess the role and precision of torpor
in energy conservation are only practical in the laboratory, there is growing evidence
that torpor is also facultative in nature. Thus, in a field study of P. amplus (at the site
where our animals were collected) it was found that mice were inactive on the surface
for only one month (January) during a mild winter when ephemeral vegetation and
seeds were abundant; however, the following winter there were fewer plants and
lower temperatures and the pocket mice were inactive for 5 months (Reichman, 1975;
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Reichman and Van De Graaff, 1973). Kenagy (1973) reported a similar pattern for P.
longimembris in the Great Basin desert.

There is growing evidence that coexisting species of desert rodents may obtain
sufficient food to avoid competitive exclusion in part by foraging differentially on
different seed dispersions (Price, 1978; Reichman and Oberstein, 1977). The fact that
P. amplus in this study appeared to maintain energy balance equally well on all
dispersions of surface and shallowly buried seeds is in agreement with suggestions
that small pocket mice tend to collect seeds in the proportions that they encounter
them, regardless of seed distribution; they differ in this respect from the larger kan-
garoo rats (Dipodomys), which appear to specialize on energy-rich clumps of seeds.
Because Perognathus and Microdipodops characteristically disappear from the sur-
face and presumably enter torpor during periods of food scarcity and/or cold weather,
it is likely that the energy saving advantages of torpor also are important, enabling
these tiny rodents to balance their energy budget, rapidly enter and leave torpor, and
compete successfully for scarce seeds with larger, more mobile kangaroo rats.
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