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SCHNEIDER, J. R., A. M. VELTRI, W. A. DEGRAW AND J. A. FRENCH. Telemetered temperature monitoring in preweanling 
Mongolian gerbils (Meriones unguiculatus). PHYSIOL BEHAV 57(I), 199-203, 1995.--Like most small mammals, Mongolian 
gerbils (Meriones unguiculatus) are born without the ability to maintain core body temperature (Tb). Breeding adults, juvenile 
alloparents, nest materials, and other litter mates probably contribute to the maintenance of core body temperature in neonates, 
but the relative role of each factor is unknown. We developed a procedure allowing biotransmitters to be implanted into 9-day- 
old pups for use with a radiotelemetry system. Experiment 1 demonstrated the development of thermoregulatory capacity over 
postpartum days l 1, 15, and t9. Pups at I 1 days of age lacked thermoregulatory capacity, and maintained Tb only slightly above 
the ambient temperature (15°C) of the testing environment. The transition from poikilothermy to homeothermy was clearly ac- 
complished by day 19, with pups maintaining Tb of 35.8 _+ 0.2°C for at least 100 rain. Experiment 2 measured Tb in l l- and 12- 
day-old pups during a thermal challenge (15°C) in the presence of nest materials, litter mates, or both. Pups provided with either 
nest materials, litter mates, or both maintained higher Tb during a 40-rain test than those without these resources. Our methodology 
minimizes disruptions and the thermal consequences associated with other invasive (rectal probe thermistors) and noninvasive 
(e.g., infrared thermography) procedures. 

Thermoregulation Nest material Biotelemetry Mongolian gerbil Littermates Alloparents 

CORE body temperature (Tb) is a critical measure in studies of 
the behavioral, nutritional, and physiological control of metab- 
olism and body temperature regulation. In rodents, Tb has tradi- 
tionally been monitored through colo-rectal temperature probes 
in both acute and chronic measurement regimes (23). However, 
several shortcomings have been identified with these procedures, 
such as variations in temperature with the depth of the probe 
(15,19), handling-induced temperature changes (23), and tem- 
perature elevations from the probe insertion itself (3,26). Further, 
the manual restraint and invasive nature of insertion of colo-rectal 
probes disrupts ongoing behavior and social interactions, ren- 
dering the technique unsuitable for monitoring inherent varia- 
tions in Tb as a function of changes in behavioral or social states. 
Two noninvasive methods have recently been developed to cir- 
cumvent the problems that have been associated with the han- 
dling and manipulation that accompany the use of colo-rectal 
temperature probes. Infrared thermography, in combination with 
quantitative image analysis, has been used to estimate not only 

overall body temperatures but also subtle within-subject quanti- 
tative differences in temperature of skin that overlies brown ad- 
ipose tissue vs. other areas (5,17). A second technique that has 
gained widespread application is remote biotelemetry of core 
temperature. A number of investigators have employed this tech- 
nique to monitor core temperature in a variety of contexts (3,4). 

We have been investigating factors that contribute to the 
maintenance of Tb in preweanling Mongolian gerbils (Meriones 
unguiculatus). The mean monthly temperatures in central Asia 
range from -19.8°(2 in January to 20.8°C in July (1). Further, 
gerbils may reproduce year-round, even when confronted with 
these environmental extremes (24). Mongolian gerbils exhibit an 
age-graded social group structure in both free- and semifree- 
ranging conditions, with older offspring often remaining in their 
natal group and assisting the adult pair in the care of the next 
litter (30). Given the temperature extremes during which repro- 
duction occurs, then, group demography may have important im- 
plications for regulation of nest and neonate temperature. Further, 
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the social dynamics of nest attendance and Tb regulation in pups 
may provide clues regarding the adaptive significance of "help- 
ers at the den" (10,11,25). 

The extant noninvasive methods for recording Tb in rodents, 
infrared thermography and remote telemetry, have disadvantages 
for monitoring Tb in preweanling gerbils. Thermography requires 
direct visualization of the pup via an infrared camera, and in 
undisturbed conditions the nesting pups are visible only a short 
period of time. Thermography is also ineffective in monitoring 
real-time variations in pup Tb as a result of changes in nest at- 
tendance by adults. Through the use of biotelemetry, changes in 
Tb can be recorded without the hindrances of altering nest atten- 
dance by adults and intermittent pup exposure. However, pre- 
weanling Mongolian gerbils have insufficient mass to success- 
fully receive even the smallest commercially prepared 
biotransmitter until they are well past the estimated poikilo- 
thermy-homeothermy transition at 14-18 days of age (21,29). 
We report in this paper modifications of a technique devised for 
rat pups by Kittrel and Satinoff (16). We describe several appli- 
cations of the technique that demonstrates the utility of this ap- 
proach for noninvasive monitoring of Tb in preweanling poikil- 
othermic gerbil pups. 

GENERAL METHOD 

Subjects 
Eighteen reproductive gerbil pairs and their pups were main- 

tained at a normal ambient temperature (23.0 +__ 1.0°C). Animals 
were housed in plastic cages that were 47 x 25 x 20 cm high 
with ground corn cob bedding. A 12:12 h photoperiod was main- 
tained with the light onset at 0600 h. Purina rat chow, sunflower 
seeds, and water were provided ad lib. On postpartum day 2, 
litters were culled to four pups per litter to ensure increased 
growth by the time of transmitter implantation. The experiments 
described here are based on telemetered temperature data from 
18 pups. They were implanted with a modified biotransmitter on 
day 9 postpartum. 

Transmitter Preparation 
Model XM-FH transmitters (Minimitter Co., Inc.) were re- 

duced from 1.2 g to 0.75- 0.8 g, which represents a mass of less 
than 10% of gerbil pups j weight (approximately 8-10 g) on day 
9 postpartum. The reduction in transmitter size was accomplished 
in two ways. First, the transmitter's casing and wax were re- 
moved and the battery (model S-319; mass of 0.27 g, volume of 
66 mm 3) was replaced with a smaller mercury battery (model 
379; mass of 0.23 g, volume of 55 mm 3, Radio Shack). Secondly, 
the packaging was reduced by stretching a 2-mm long strip of 
heat shrink tubing with a diameter of 5 mm vertically around the 
battery and transmitter. The transmitter was then coated with par- 
affin-elvax and allowed to harden. Once the elvax was hard, it 
was reduced to a thin layer surrounding the transmitter by shav- 
ing and buffing the elvax. 

Operative Procedure 
Nine-day-old gerbil pups were anesthetized by an injection of 

ketamine hydrochloride (87 mg/kg, IP). A depilatory agent was 
applied to the surgical region, followed by an antiseptic wash 
(70% ethanol). A longitudinal incision approximately 1.0-cm 
long was made along the linea alba of the ventral surface. A 
previously calibrated transmitter that had been soaked in 70% 
ethanol for at least 1 h was inserted into the peritoneal cavity of 
the pup. The incision along the abdominal wall was closed using 
4-0 chromic gut sutures and the dermal incision was closed using 

6-0 silk sutures. Nexband® (Tri-Point Medical), a formulate cy- 
anoacrylate skin glue, was applied to the surface of the abdominal 
wall to reduce bleeding and prevent the sutures from being un- 
done by parents. 

After surgery, the implanted pup was placed on a heating pad 
(35°(7) and observed periodically until it became alert, usually 
within 2 h. Alert pups were then returned to their nests and ob- 
served for the first hour and then observed on half-hour intervals 
for the next 6 h. We have attempted implants on a total of 91 
pups in this and other experiments. Of the 91, 69.2% (63/91) 
survived anesthesia, surgery, and anesthetic recovery. Accep- 
tance rate for pups reintroduced back into the family group was 
54% (34/63). 

Temperature Measurements 
All experiments began 48 h after transmitter implantation. 

Transmitter output frequency (in Hz) was monitored with a re- 
ceiver placed beneath the pup. Data acquisition was controlled 
by a Dataquest III (Minimitter, Inc.) computer board and soft- 
ware. Dataquest III recorded pup core temperatures at 1-min in- 
tervals. 

EXPERIMENT 1: ONTOGENY OF 
THERMOREGULATION 

McManus (21) reported the development of thermoregulation 
in Mongolian gerbil pups through the use of thermistor probes. 
Two techniques were used for pup core temperature recording. 
First, Tb for pups too small for rectal insertion (10 days old and 
younger) was recorded by placing the tip of a thermistor probe 
on the pup's mid-ventral surface and folding the pup to encom- 
pass the entire tip. The second technique, for pups older than 10 
days, involved inserting of colo-rectal probes. Thus, core body 
temperatures were obtained through restraint and insertion of rec- 
tal probes, both of which have shortcomings (26). The following 
experiment illustrates the ontogeny of thermoregulation in the 
Mongolian gerbil pup without the use of measurement proce- 
dures that, in and of themselves, potentially alter Tb. 

METHOD 

Subjects and Procedures 
Eight breeding pairs and their litters were utilized for this 

experiment. On day 9, the largest pup from each litter was chosen 
to be a recipient of a size-reduced transmitter. Only one pup per 
breeding pair received a transmitter. On postpartum days 11, 15, 
and 19, pups that had received a modified transmitter were re- 
moved from nests in their home cage when their Tb was between 
32 and 35°C and placed individually in a small plastic testing 
cage (46 X 16 x 13 cm). The testing cage was kept in an envi- 
ronmental chamber (Lab-Line Instruments, Inc.) that was main- 
tained at a constant 15.0 ± 0.1°(2; thus, the temperature of the 
testing cage was isothermic with ambient temperature. Further, 
the cage was void of any nest material. The pup's Tb was then 
sampled for 100 min. At the end of each testing session the pup 
was placed back into the home cage. 

RESULTS AND DISCUSSION 

We monitored Tb in Mongolian gerbil pups over postpartum 
days 11, 15, and 19 (Fig. 1). Tb at 20-rain intervals during the 
100-rain test were analyzed with a two-factor within-subjects 
ANOVA. The analysis indicated that both pup age, F(2, 14) = 
228.26, p < 0.001, and exposure time, F(5, 35) = 125.9, p < 
0.001, significantly affected Tb of Mongolian gerbil pups. Fur- 
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FIG. 1. Tb of Mongolian gerbil pups maintained at 15°C for 100 min. 
Analysis of Tb after 20 rain indicates a lack of thermoregulatory ability 
on postpartum day I 1 (0) with a poikilothermy-homeothermy transitory 
period evident by day 15 (11) and clear homeothermic abilities on day 
19 (A) (all p < 0.05). Values shown are means _+ SE. 

ther, a time × age interaction was present, F(10, 70) = 89.68, p 
< 0.001. Analysis of the simple effects indicated a significant 
difference in pup Tb across exposure time on postpartum day 11, 
F(5, 70) = 4.34, p < 0.01. Subsequent post hoc Newman-Keuls 
tests revealed that pup Tb at all time points was significantly 
different from Tb at time 0 (all p < 0.01). Tb in pups tested on 
postpartum days 15 and 19 did not differ significantly across the 
testing period, but Tb in 19-day-old pups was significantly higher 
than Tb in 15-day-old pups after 20 min (all p < 0.05). 

These data illustrate the development of thermoregulatory 
ability in the Mongolian gerbil. Pups 11 days old were not able 
to maintain their Tb relative to the ambient temperature of 15°C, 
and after 100 rain of exposure had temperatures only a few de- 
grees above those of the ambient temperature. However, post- 
partum day 15 seems to represent a transition phase from poi- 
kilothermy to homeothermy. Further, 19-day-old pups are able 
to maintain high and constant Tb in the presence of ambient tem- 
peratures of 15°C. Although McManus (21) obtained similar re- 
sults, our technique enables us to measure Tb's in the presence 
of other variables without disturbing or disrupting the nest or the 
pup. Colo-rectal temperature probe recording requires manual 
removal and handling of a pup, thus both disrupting nest condi- 
tions and tainting the measurement itself. Other factors, both bi- 
otic and abiotic, that contribute to a pup's Tb can be evaluated 
without disturbing the pup or the nest using a biotelemetry sys- 
tem. Experiment 2 illustrates one application of our methodol- 
ogy, by determining the relative roles of both littermates (biotic) 
and nest material (abiotic) in regulating pup Tb. 

EXPERIMENT 2: INSULATING VALUE OF NEST 
MATERIAL AND LITTER MATES TO Tb 

Many mammals give birth to altricial young that rely heavily 
on other resources for the maintenance of body temperature. Ex- 
periment 1 confirmed the finding that gerbil pups are unable to 
maintain Tb in the face of cold ambient temperatures prior to 15 
days of age. Under normal conditions, both biotic and abiotic 
resources may influence the regulation of Tb in these highly de- 
pendent young. Biotic resources, such as other litter mates (2,18), 

alloparents (12), and breeding adult females and males (9,13), 
may all serve as thermal resources for neonates. Further, nest 
materials are also likely to serve an important insulating role, 
reducing heat loss in poikilothermic neonates (7). In this exper- 
iment, we determined the relative roles of littermates and nest 
materials to the maintenance of Tb in 11- and 12-day-old gerbil 
pups. 

METHOD 

Subjects 
Ten breeding adult pairs and their litters were used in Exper- 

iment 2. Again, litters were culled to four pups on the day of 
birth, and on day 9, the largest pup from each of the 10 litters 
was chosen to be an implant recipient. The remaining three pups 
served as littermates. Housing conditions were similar to those 
in Experiment 1. 

Procedures 
Following a 48-h acclimation period after surgery, pups that 

bad received transmitters were exposed for 40 rain to an ambient 
temperature of 15 _+ 0.1°C in the environmental chamber de- 
scribed in Experiment 1. Pup(s) were removed from their home 
cage when Tb was between 32 and 35°C. They were placed in a 
250-ml glass beaker that had been kept at 15°C. All pups were 
tested in each of four experimental conditions: 1) beaker con- 
taining both nest material (Nest) and the implanted pup's three 
littermates (Litter); 2) beaker containing Nest only; 3) beaker 
containing Litter only; and 4) beaker containing neither Litter 
nor Nest (Alone). For trials with Nest, a standard volume (200 
ml) of nesting material (shredded newspaper) was placed in the 
beaker along with the subject. The first trial began on postpartum 
day 11 at 1000 h. The second trial was administered after a 6-h 
interval. Upon completion of the second trial, the pups were 
placed back into their home cage and returned to the colony. The 
remaining two trials were administered the following day (post- 
partum day 12). The order of the treatment conditions was coun- 
terbalanced across subjects. 

RESULTS AND DISCUSSION 

Pup core body temperature was analyzed at 10-min intervals 
for 40 min under each of the four conditions (Fig. 2). A two- 
factor within-subjects ANOVA showed significant effects on pup 
Tb for time intervals, F(4, 36) = 235.34, p < 0.001, and condi- 
tion, F(3, 27) = 112.54, p < 0.001. There was also a significant 
interaction between time and condition, F(12, 108) = 83.14, p 
< 0.001. A Newman-Keuls multiple comparison test deter- 
mined that at time 0 pup core body temperatures in each condi- 
tion were not statistically different. However, at 40 min, pups in 
the presence of Nest + Litter had significantly higher Tb than 
pups with Nest only (p < 0.01), Litter only (p < 0.01), or Alone 
(p < 0.01). Additionally, nest material aids in the maintenance 
of Tb more than litter mates, because Tb in pups with Nest only 
was significantly higher than Tb in pups tested with Litter only 
(p < 0.05). However, the presence of either nest materials or 
litter mates decreased the pups' heat loss throughout the 40-min 
trial, relative to heat loss in pups tested in isolation (p < 0.01). 

These results indicate that pups tested with nesting materials 
and three littermates are able to maintain optimal Tb longer than 
those without either/both resources. It was also shown that pups 
tested in the presence of nest material were able to maintain 
higher Tb than pups in the presence of other litter mates. Nest 
construction and the resulting thermal insulation provided by the 
nest material has been implicated as an important determinant of 
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FIG. 2. Tb of 11- and 12-day-old Mongolian gerbil pups maintained at 
15°C in the presence/absence of nest material and iittermates. After a 
cold exposure period of 40 rain, pups in the presence of both nest material 
and littermates (e) maintained higher Tb compared to pups in the pres- 
ence of nest material (&), littermates (ll), or pups alone (V) (all p < 
0.05). Values shown are means ___ SE. 

rates of  development in gerbils (9), and in the maintenance of Tb 
in other rodents such as rats (6), voles (8,14), mice (14,20), ham- 
sters (22), and rabbits (7). Further, we determined that pups tested 
in the presence of  other littermates were able to maintain higher 
Tb compared to those tested without nesting material or litter- 
mates. Huddling behavior in litters of developing rats reduces 
heat loss through decreased exposure of  body surface area of  the 
participants (2,28). Thus, we conclude that resources such as 
other litter mates and nest material are important resources for 
maintaining optimal Tb in poikilothermic gerbil pups. 

GENERAL DISCUSSION 

We were able to implant 9-day-old gerbil pups with biotrans- 
mitters for telemetry of  core body temperature. Our procedure 

allows temperature monitoring in animals that weigh as little as 
9 g without agitation or disruption of the family group. Other 
methods of recording core temperature have many drawbacks 
and may not give reliable or repeatable readings. Further, these 
techniques are inappropriate for monitoring temperatures over a 
long period of  time or in undisturbed social groups, both in the 
laboratory and field. These problems can be eliminated with the 
use of a biotelemetry system. Biotelemetry systems provide a 
convenient way to get information from undisturbed subjects. 

Manipulating the demography of social groups may provide 
valuable information about the relative contributions of each 
group member in maintaining nest and pup temperature. In sev- 
eral monogamous species, the presence of the breeding male has 
been demonstrated to reduce the exposure of  pups to ambient 
temperatures, which has been associated with increased rates of 
offspring development [see (32)]. Further, with the addition of 
alloparents to a family group, the frequency that pups are left 
alone in the nest decreases in both Mongolian gerbils (31) and 
pine voles (27) compared to groups without alloparents. Without 
the thermal assistance of other social factors, such as the breeding 
male or older juvenile offspring, the development of  pups may 
be hindered as they allot more energy for thermoregulation and 
less toward somatic development. The relative roles that external 
thermal resources, both biotic and abiotic, play in the mainte- 
nance of Tb in poikilothermic pups need to be determined to have 
a better understanding of the development of thermoregulatory 
abilities in small mammals. 
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