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Timing, distances, and durations of above-ground activity were monitored during three 
successive years in wild populations of dwarf hamsters (Phodopus). Both P. campbelli 
(Djungarian hamsters) and P. sungorus (Siberian hamsters) were nocturnal. However, P. 
campbelli arose earlier (before dark or soon after dark versus well after dark) and remained 
above ground 2.5 times longer than P. sungorus. Longer expeditions allowed female P. 
campbelli to travel farther than both sexes of P. sungorus at the same speed. In contrast, 
P. campbelli males were active for the same amount of time as females but travelled almost 
three times faster, covering much greater distances and larger areas. Patterns of wheel 
running by females in the laboratory confirmed the earlier onset and longer duration of 
activity in P. campbelli, demonstrating that differences between species in the wild were 
not simply responses to different environmental stimuli. Activity before and after dark and 
prolonged activity throughout the dark are interpreted as evidence that resource acquisition 
in the colder, drier, more seasonal habitat of P. campbelli requires more energy and time 
than resource acquisition in habitat of P. sungorus. As such, constraints on energy and time 
during the breeding season may have been important in the evolution of biparental care in 
P. campbelli but not P. sungorus. 
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The Siberian hamster (Phodopus sungo
rus) and Djungarian hamster (P. campbelli) 
are native to the middle latitudes of conti
nental Asia, are phenotypically similar, and 
were long considered subspecies (Honacki 
et aI., 1982; Kartavtsev et al., 1984a, 
1984b; Vorontsov et al., 1967). They share 
morphological and physiological adapta
tions to withstand extreme cold (superb in
sulation and spherical shape) and scarce 
water (highly concentrated urine, low evap
orative water loss) and are the same body 
weight (20-35 g) in adulthood (Flint, 1966; 
Heldmaier, 1975; Meschersky, 1993; Scrib
ner and Wynne-Edwards, 1994a; Trojan, 
1977). 

However, habitat of P. campbelli has 
50% less rainfall, shorter seasonal rains, 
and colder mid-winter temperatures than 
habitat of P. sungorus. For P. campbelli, 
limited water availability combines with 
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limited maternal tolerance for elevated core 
body temperatures. (a consequence of ad
aptations to withstand extreme cold) and 
constrains physiological responses of preg
nant and lactating females to the thermo
regulatory and water-balance stresses of re
production (Newkirk et al., 1998; Scribner 
and Wynne-Edwards, 1994a, 1994b, 
1994c). Continued male presence alleviates 
those maternal thermoregulatory stresses 
and improves maternal ability to care for 
the young (Walton and Wynne-Edwards, 
1998). Thus, physiological constraints on 
maternal survival that conflicted with phys
iological demands of rapid reproduction in 
the cold, dry, seasonal habitat are consid
ered the ultimate selective force that result
ed in biparental care in P. campbelli but not 
P. sungorus (Wynne-Edwards, 1998). 

Females also differ in their use of mater
nal energetic reserves during reproduction. 
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In contrast to female P. sungorus, which 
gain weight during gestation and lose it 
again during lactation, female P. campbelli 
lose weight and the majority of their white 
fat reserves by the time they wean a litter 
(Koteja et aI., 1993; Stulberg and Wynne
Edwards, 1998). Likewise, survival of 
young declines more rapidly in P. camp
belli than P. sungorus when environmental 
conditions are suboptimal (Newkirk et al., 
1997; Scribner and Wynne-Edwards, 
1994a; Wynne-Edwards and Lisk, 1989). 

Different plant communities, which re
sult from the differences in climate, may 
contribute to those differences in maternal 
energetics. P. campbelli is found in a semi
desert of stabilized sand dunes dominated 
by Caragana shrubs, and P. sungorus is 
found in ungrazed, short-grass steppe (Flint, 
1966; Meyer, 1967; Wynne-Edwards et aI., 
1992). Resulting differences in resource 
(nutrient and water) availability (Weiner et 
aI., 1982; Zvereva, 1982) may constrain 
patterns of foraging and limit energy avail
ability in habitat of P. campbelli (Khokh
lova et aI., 1997). 

If resource availability was more limiting 
in the semi-desert than in the short-grass 
steppe, we hypothesized that P. campbelli 
would be forced to travel farther from the 
burrow and spend mOre time above ground 
than P. sungorus. To test the hypothesis, we 
analyzed observations of each species in the 
wild over 3 successive years. To test the 
additional hypothesis that differences in ac
tivity were endogenous, we compared pat
terns of running wheel use in the laboratory 
where climate, photoperiod, food, and wa
ter were controlled. 

MATERIALS AND METHODS 

Hamsters were caught by live trapping or cap
tured by hand. Captures by hand were made dur
ing behavioral interactions between hamsters ac
tive above-ground or by waiting at the entrance 
to a burrow for a hamster to emerge. In the latter 
case, scent-marking behavior by another hamster 
at the entrance to the burrow or sounds of inter
action while another hamster was in the burrow 

were used to identify appropriate locations to 
wait (Wynne-Edwards et aI., 1992). Each ham
ster received an intraperitoneal radio-transmitter 
implant (L.L. Electronics, Urbana, IL) under Ke
tamine (75 mg/kg)-Acepromazine (7.5 mg/kg) 
anesthetic and was released within 2 h of the 
surgical procedure. Telemetry (Custom Elec
tronics, Urbana, IL) was used to confirm the 
continued presence of a hamster in a burrow, 
identify other hamsters in the same burrow, and 
relocate hamsters temporarily lost from view in 
the vegetation. Otherwise, all data were collect
ed by direct observation using battery-operated 
headlamps and hand-held flashlights. 

The combination of open habitat and slow lo
comotion by the hamsters made it possible to 
maintain visual contact, usually < 1 m from the 
hamster, throughout its above-ground activity 
(Wynne-Edwards et aI., 1992). Behaviors, in
cluding the onset and termination of all above
ground activity, were recorded into a voice-ac
tivated Olympus Pearlcorder® microcassette re
corder equipped with an electronic time-date 
stamp. Spatial locations were determined by 
placing unique flags at known times linked to 
behavior and then mapping those flags during 
daylight. 

Above-ground activity by each hamster was 
categorized as belonging to an expedition or a 
temporary emergence. An expedition was de
fined as any absence from a sleeping burrow 
with a duration of >5 min and a maximum dis
tance of > 1 m from the burrow entrance. Any 
time spent underground in a burrow other than 
a sleeping burrow was included within the ex
pedition unless that burrow became a sleeping 
burrow during the next day. A sleeping burrow 
was any burrow that the hamster was last seen 
entering at the end of a night's observations and 
in which that hamster remained until first emer
gence the following evening. The first night after 
release was excluded from analyses in case the 
combination of anesthesia, handling, and ob
server presence had biased the activity of the 
hamster. Activity that did not meet the definition 
of an expedition (Le., short appearances around 
the burrow entrance and movements within the 
burrow that approached the burrow opening) 
was considered a temporary emergence and was 
excluded from analyses. 

We assumed that there was no above-ground 
activity during full daylight. During 215 h of 
daylight observations (1989 and 1990), only one 
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animal was active above ground. That female P. 
campbelli travelled 15 m to enter a second bur
row. She had been implanted with a radiotrans
mitter the previous night and had not emerged 
since her release. Therefore, her behavior may 
have been an attempt to return to her preferred 
sleeping burrow. In all other cases, the last bur
row entered in the morning was always the bur
row in which that hamster was located the fol
lowing evening. 

Results for the onset of activity (start of the 
first expedition) were included only when the 
observations began ~30 min before sunset and 
the hamster remained in the burrow for ~30 min 
after the beginning of observations. Likewise, 
observations continued for ~30 min after sun
rise before the conclusion of activity (end of the 
last expedition) was used in analyses. The span 
of above-ground activity included only nights in 
which the animal was followed from before the 
start of the first expedition until after the end of 
the last expedition. We quantified the duration 
of above-ground activity only on those nights 
for which activity span was available and 
summed the number of minutes during which 
the hamster was active above-ground (as op
posed to below-ground in the sleeping burrow). 
Distance travelled in a single night was estimat
ed as the sum of the straight-line distances be
tween successive flag locations. Because dis
tance measures depended on the location 'of suc
cessive flags and did not include local activity 
in the region of any flag, all distances were min
imum estimates of the actual distance travelled 
by the hamster. The maximum distance from the 
burrow during a night was the largest straight
line distance between any locator flag and the 
sleeping burrow. Speed of travel (m/min) was 
calculated on a nightly basis using distance trav
elled and duration of above-ground actvity. 

To test the hypothesis that species differences 
in activity were endogenous, running-wheel use 
in the laboratory, where climate (lSoC ± 1 SE) 
and photoperiod (14L: lOD) were identical and 
both food (Purina Rodent Chow) and water were 
available ad lib., was compared. Adult females 
of each species that were neither pregnant nor 
lactating were acclimated (4 or 5 days) to mod
ified aquaria equipped with nest boxes and run
ning wheels. For 5 consecutive days, revolutions 
of the running wheel were summed to give a 
total for each hour of the 24 h day. Full details 
of the apparatus and data reduction are provided 

in Scribner and Wynne-Edwards (l994b). Data 
were used to generate average light- and dark
phase values for running-wheel use in that study. 

All times, including local sunset, dusk, dawn, 
and sunrise, were converted to decimal hours be
fore analyses. We used JMP Version 3 running 
on a Power Macintosh (SAS Institute Inc., Cary, 
NC). Data were analyzed using two approaches. 
The first approach reduced all information for 
each hamster to single values representing the 
average of all measures for that animal (i.e., sta
tistical independence was assumed at the level 
of individual hamsters). The second approach 
recognized the limited power of analyses based 
on a small number of hamsters to detect real 
differences (Thomas and Juanes, 1996) and con
sidered each hamster-night to be an independent 
measure of activity. Assumptions of indepen
dence at the level of hamster-nights were statis
tically valid. Each night of observation was sep
arated by a day without above-ground activity 
and, for the 13 hamsters with ~7 nights of ob
servations, coefficients of variation of each ham
ster were as large as coefficients of variation 
across hamsters. For example, standard devia
tions for the total distance travelled by a hamster 
over successive nights ranged from 31 %-91 % 
of its mean with a median of 66% while coef
ficients of variation for the same measure across 
hamsters of the same species and sex ranged 
from 37%-79% with a median of 52%. Thus, 
distances travelled over successive nights by one 
hamster were as variable as distances travelled 
by different hamsters 'of the same species and 
sex. Results were qualitatively similar for both 
statistical approaches. Parametric ANOV A fol
lowed by post-hoc testing with a critical alpha 
level of 0.05 was applied. Means ± 1 SE are 
presented. 

RESULTS 

From 1988 to 1990,24 P. campbelli and 
11 P. sungorus were studied. Sample sizes 
for each sex, species, and year were small 
but included all animals in each local pop
ulation followed for all nights after their 
initial capture (Table 1). The small local 
populations and highly social interactions 
between individuals complicated designa
tions of independence for statistical analy
ses. Sample sizes had insufficient power to 
detect real differences (Thomas and Juanes, 
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1996), animals could not be considered a 
random subset of a larger population be
cause they encompassed the entire local 
population (Wynne-Edwards et aI., 1992), 
observations were effectively continuous, 
and events such as mating were the focus 
of activity for most (or all) animals in the 
local population (K.E. Wynne-Edwards, in 
litt.). Intensity of observations also ranged 
from 2 nights to 19 nights/hamster so that 
statistical confidences in estimates for in
dividuals were not the same for all ham
sters. 

Because these limitations were genuine 
constraints imposed by the social structure 
of the species, activity was analyzed by in
dividual and on the basis of a hamster-night 
(59 male-nights and 77 female-nights for P. 
campbelli; 35 male-nights and 18 female
nights for P. sungorus). Results were sim
ilar with both approaches. Statistical anal
yses emphasize comparisons in which each 
hamster is represented only once by the av
erage of all estimates for that individual. Il
lustrations assume independence between 
hamster-nights. 

Duration of activity.-Individual P. 
campbelli often emerged before dark 
(27.2% of 122 nights) and remained above 
ground after dawn (29.3% of nights). No P. 
sungorus emerged before dark and few P. 
sungorus (11.3% of 53 nights) were active 
after dawn (Chi-squared with continuity 
correction = 15.9, dj = 1, P < 0.0001 for 
emergence; X2 = 5.7, d.! = 1, P < 0.02 for 
return to the burrow; Fig. 1). Thus, individ
ual P. campbelli began above-ground activ
ity significantly earlier relative to sunset 
(1.52 ± 0.20 versus 3.02 ± 0.30 h after 
sunset; F = 18.2; dj = 1, 29; P < 0.0005) 
and remained active significantly later rel
ative to sunrise (1.86 ± 0.25 versus 3.86 ± 
0.40 h before sunrise; F = 19.3; d.! = 1, 
29; P < 0.0005) compared with individual 
P. sungorus. Males and females did not dif
fer in activity relative to the light-dark cycle 
(P = 0.41) and there was no interaction be
tween species and sex (P = 0.75). 

Activity span (5.69 ± 0.34 versus 3.51 
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1996), animals could not be considered a 
random subset of  a larger population be
cause they encompassed the entire local 
population (Wynne-Edwards et  aI., 1992), 
observations were effectively continuous, 
and events such as mating were the focus 
of activity for most (or all) animals in the 
local population (K.E. Wynne-Edwards, in 
litt.). Intensity of observations also ranged 
from 2 nights to 19 nights/hamster so that 
statistical confidences in estimates for in
dividuals were not the same for all ham
sters. 

Because these limitations were genuine 
constraints imposed by the social structure 
of the species, activity was analyzed by in
dividual and on the basis of  a hamster-night 
(59 male-nights and 77 female-nights for P. 
campbelli~ 35 male-nights and 18 female
nights for P. sungorus). Results were sim
ilar with both approaches. Statistical anal
yses emphasize comparisons in which each 
hamster is represented only once by the av
erage of all  estimates for that individual. Il
lustrations assume independence between 
hamster-nights. 

Duration of activity.-Individual P. 
campbelli often emerged before dark 
(27.2% of 122 nights) and remained above 
ground after dawn (29.3% of nights). No P. 
sungorus emerged before dark and few P. 
sungorus (11.3% of 53 nights) were active 
after dawn (Chi-squared with continuity 
correction ~ 15.9, dJ. ~ 1. P < 0.0001 for 
emergence;)(2 = 5.7, d..f = 1, P < 0.02 for 
return to the burrow; Fig. 1). Thus, individ
ual P. campbelli began above-ground activ
ity significantly earlier relative to sunset 
(1.52 ± 0.20 versus 3.02 ± 0.30 h after 
sunset; F ~ 18.2; dJ. ~ 1, 29; P < 0.0005) 
and remained active significantly later rel
ative to sunrise (1.86 ± 0.25 versus 3.86 ± 
0.40 h before sunrise; F ~ 19.3; dJ. ~ 1, 
29; P < 0.0005) compared with individual 
P. sungorus. Males and females did not dif
fer in activity relative to the light-dark cycle 
(P == 0.41) and there was no interaction be
tween species and sex (P = 0.75). 

Activity span (5.69 ± 0.34 versus 3.51 
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FIG. I.-Time of day for the beginning of the 
first expedition (triangles pointing up) and the 
end of the last expedition (triangles pointing 
down) for male (black) and female (white) P. 
campbelli and P. sungorus. Local sunset, dusk, 
dark, dawn, and sunrise are shown for Erzin (P. 
campbelli) and Beya (P. sungorus) sites. 

± 0.52 hlnight; F = 12.63; d.f = 1, 26; P 
< 0.002) and duration of above-ground ac
tivity (222.0 ± 31.1 versus 83.4 ± 43.0 min 
per night; F = 6.90; d.f = 1, 16; P < 0.05) 
confirmed that P. campbelli was active for 
a greater proportion of each night than P. 
sungorus. There was no evidence for a dif
ference between sexes in either measure (P 
::: 0.89, P = 0.98). Above-ground activity 
averaged 65% of the activity span of P. 
campbelli and 40% of P. sungorus. Results 
were similar when all nights of observation 
were considered with an effect of species 
(F ::: 27.86; d.f = 1, 112; P < 0.0001) but 

not sex (F = 0.61; d.f = 1, 112; P = 0.44) 
on activity span. Activity spans of males 
and females were similar for P. camp belli 
(6.3 ± 0.5 h versus 5.6 ± 0.3 h; t = 1.05, 
d.f = 76, P = 0.30) and P. sungorus (3.0 
± 0.5 versus 4.3 ± 0.5 hlnight; t = 1.74, 
d.f. = 33, P = 0.09), although the direction 
of the differences between males and fe
males differed, resulting in a significant in
teraction term (P = 0.05). Duration of 
above-ground activity was effected by spe
cies (F = 34.39; d.f. = 1, 73; P < 0.0001) 
but not sex (F = 0.00; d.f = 1, 73; P = 
0.98), and the interaction term was not sig
nificant (P = 0.31). Thus, P. campbelli 
emerged from the sleeping burrow earlier 
than P. sungorus, remained active longer 
into the morning, and spent >2.5 times as 
much time above ground each night. 

Within each night, activity was organized 
into expeditions. Expeditions were longer 
in P. campbelli than P. sungorus (51.2 ± 
5.6 versus 32.9 ± 3.8 min; F = 4.94; d.f. 
= 1, 30; P < 0.05), with no effect of sex 
(P = 0.35) and no interaction term (P = 
0.70). Results were similar when all expe
ditions were considered. Expeditions were 
more than twice as long for P. campbelli 
than P. sungorus, and no differences be
tween male (= 174) and female (= 257) P. 
campbelli or male (= 89) and female (= 
54) P. sungorus expedition durations were 
found (Fig. 2). 

Distance travelled.-The difference in 
time budget between species translated to 
differences in distances travelled. In a night, 
P. campbelli travelled farther than P. sun
gorus (1,167 ± 203 versus 267 ± 31 mJ 
night; F = 14.94; d.f. = 1, 29; P < 0.001) 
with male P. campbelli travelling farther 
than female P. campbelli (1,641 ± 348 ver
sus 822 ± 195; t = 2.19, d.f = 17, P < 
0.05) but no difference between male and 
female P. sungorus (254 ± 38· and 283 ± 
56; t = 0.44, d.f. = 9, P = 0.67). Greater 
distances travelled by P. campbelli included 
travel that ranged farther from the sleeping 
burrow than P. sungorus (232 ± 48 versus 
68 ± 9 m; F = 11.46; d.f. = 1, 29; P < 
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Male Female Male Female 
P. camp belli P. sungorus 

FIG. 2.-Mean (± SE) duration of above
ground expeditions for male and female ham
sters of each species. A total of 174 male and 
257 female expeditions was included for P. 
campbelli. For P. sungorus, 89 male and 54 fe
male expeditions were included. 

0.005) and did not differ between males and 
females. Male P. campbelli reached dis
tances three times farther from the burrow 
than female P. campbelli (370 ± 92 versus 
131 ± 19 m; t = 2.95, d.f. = 17, P < 0.01) 
while male and female P. sungorus did not 
differ (71 ± 13 and 64 ± 12 m; t = 0.41, 
d.f. = 9, P = 0.69). 

Results were similar when all nights 
were considered independent estimates of 
activity with P. campbelli travelling signif
icantly farther (F = 38.86; d.f. = 1, 188; P 
< 0.0001) and reaching greater distances 
from the sleeping burrow (F = 36.48; d.! 
= 1, 188; P < 0.0001) than P. sungorus. 
Likewise, m.ale and female P. campbelli 
differed in total distance travelled per night 
and maximum distance from the burrow 
whereas male and female P. sungorus did 
not (Fig. 3). 

Speed of travel.-The interaction of time 
above ground and distance travelled was 
represented as travelling speed (m/min; Fig. 
3). As in the measures that define speed, 
there was a significant difference between 
the species with P. campbelli travelling 
faster than P. sungorus (F = 35.30; d.f. = 
1, 23; P < 0.0001). However, there also 
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FIG. 3.-Mean (± SE) and underlying distri
butions for a) the total distance travelled by in
dividuals of each species and sex during a night 
of activity, b) the maximum distance the trajec
tory took the animal from its sleeping burrow, 
and c) the mean (± SE) speed travelled. 
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was an effect of sex (F = 11.82; d.f = 
1,23; P < 0.005) and an interaction be
tween species and sex (P < 0.005). Male 
and female P. sungorus travelled the same 
speed (4.1 ± 0.8 and 4.1 ± 1.0 mlmin; t = 
0.01, d.f = 9, P = 0.99), and that speed 
did not differ from P. campbelli females 
(6.1 ± 0.7; t = 1.61, d.! = 10, P = 0.14), 
so that the longer time spent active above 
ground explruned the greater total distance 
travelled by P. campbelli females relative 
to P. sungorus females. In contrast, the av
erage speed travelled by male P. campbelli 
was twice as fast as female P. camp belli 
(11.4 ± 0.6; t = 5.65, d.! = 11, P < 
0.0001) and almost three times as fast as P. 
sungorus of either sex. Thus, male P. camp
belli did not spend more time active than 
females, but they travelled much faster and 
covered greater total distances each night. 

Annual variability.-Although the ab
sence of females from the 1990 sample, use 
of two locales, and separation of Julian 
dates in different years of P. sungorus ob
servations would have precluded meaning
ful interpretation of activity differences be
tween years, there was no evidence for 
changes in distance travelled per night (F 
= 0.33; d.! = 2, 52; P = 0.72), duration 
of above-ground activity per night (P = 
0.63) or speed of travel (P = 0.92) across 
years in P. sungorus. 

In contrast, there was an effect of year 
on the distance travelled by P. campbelli (F 
= 17.64; d.! = 2,135; P < 0.0001). How
ever, the basis for that difference was not 
shared by male and female P. camp belli 
(effect of sex, F = 7.66; d.f = 1, 135; P 
< 0.01; interaction between year and sex, 
F = 6.86; d.! = 1, 135; P < 0.005) because 
males travelled significantly farther in 1989 
(2,863 ± 386 m) than either 1988 (926 ± 
127 m) or 1990 (1,191 ± 164 m) while fe
males travelled farthest in 1990 (1,628 ± 
172 m), less distance in 1989(1,258 ± 111 
m), and very little distance in 1988 (263 ± 
41 m). Results for maximum distance from 
the burrow were similar except that there 
Was no effect of year on female P. camp-

belli. The annual changes in distance did 
not affect speed of travel for male (P = 
0.90) or female (P = 0.91) P. campbelli. 

Use of running whee I.-Laboratory mea
sures of wheel-running activity confirmed 
differences between species seen in the wild 
(Fig. 4). In both species, wheel use was 
linked to photoperiod. However, P. camp
belli was more likely to begin running be
fore lights-off than P. sungorus (X2 = 50.2, 
d.f = 1, P < 0.0001). Wheel running al
ways began before lights-off in P. camp
belli (7 females over 5 days) while wheel 
running began after lights-off 90% of the 
time in P. sungorus (6 females over 5 
days). Peak wheel running was similar for 
P. camp belli and P. sungorus females 
(5,412 ± 260 and 5,206 ± 213 revolutions/ 
h). During a 24 h period, wheel revolutions 
by P. campbelli were 42% higher than 
wheel revolutions by P. sungorus (t = 11.3, 
d.! = 12, P < 0.0001). The difference in 
wheel running in the laboratory between 
species was smaller than the 2.5 fold dif
ference in the duration of above-ground ac
tivity each night or the almost three fold 
difference in the distance travelled by fe
males measured in the field but supported 
those results. Thus, under controlled con
ditions, P. campbelli began running earlier, 
remained running longer, and had run far
ther by the end of a day. 

DISCUSSION 

Our prediction that the harsher, less pro
ductive, drier habitat of P. campbelli would 
increase the time spent in above-ground ac
tivities relative to P. sungorus was sup
ported by these results. P. campbelli arose 
earlier, remained above-ground longer, 
spent more time away from the burrow on 
each expedition, and returned to the burrow 
later than P. sungorus. Within each sex, 
males and females were similar in each of 
the above measures. Thus, P. campbelli was 
active above ground for a larger percentage 
of a longer activity span, resulting in >2.5 
fold more time exposed on the surface dur
ing a night. 
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FIG. 4.-Hourly mean (:!: SE) wheel-running 
activity for a) 7 adult female P. campbelli and 
b) 6 adult female P. sungorus that were neither 
pregnant nor lactating. Data were collected as 
revolutions per minute over 5 days, then col
lapsed to revolutions per hour for each female 
before this analysis. Thus, error bars represent 
only the variation among females. Panel c) 
shows the difference between P. campbelli and 
P. sungorus with earlier and later activity in P. 
campbelli. Shading indicates the lO-h dark 
phase of the l4L: IOD photoperiod. 

During that longer exposure on the sur
~ce, P. campbelli also travelled farther 
.ach night and reached greater distances 

from the burrow than P. sungorus. Within 
each species, neither the number of expe
ditions nor their duration differed for males 
and females. However, male P. campbelli 
travelled farthest in a night and reached the 
greatest distances from the burrow. That 
was achieved by tripling the average speed 
of travel relative to female P. campbelli and 
both sexes of P. sungorus. Thus, although 
male and female P. sungorus appeared to 
use space and time in similar ways, male 
and female P. campbelli clearly differed in 
the use of space despite their similar time 
budgets. 

For females of the two species, more 
time spent above ground equated with more 
distance travelled at the same speed. There
fore, earlier activity, greater time above 
ground each night, longer duration of each 
expedition, and greater distances from the 
burrow in the course of each expedition 
could each be interpreted as evidence that 
resource acquisition required larger home 
ranges and more foraging effort in P. camp
belli. 

Results for male P. campbelli were more 
complex. Although male and female P. sun
gorus were similar in all measures of activ
ity, male P. campbelli differed from fe
males in the speed of travel, reaching great
er distances from the burrow each night, 
and travelling farther. Therefore, behaviors 
other than foraging and maintenance activ
ities were probably important determinants 
of the activity patterns of male P. camp
belli. The most obvious candidate for this 
sex difference would be increased time al
located to social interactions and searching 
for mates. Scent-marking ranges of female 
P. campbelli were non-overlapping and 
much smaller than the extensive areas vis
ited by males (Wynne-Edwards et aI., 
1992). That larger area included the sleep
ing burrows of several females, and en
croached on the scent-marking ranges of 
other males (Wynne-Edwards et aI., 1992). 
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Therefore, greater distances and faster 
speeds of male P. campbelli than females 
probably involved increased time allocation 
to social interactions rather than increased 
effort for individual maintenance. 

Several cues might have been involved 
in the difference in the timing of first activ
ity between species. For example, the two 
species could differ in their responses to 
photoperiod. Photoperiod is a strong sea
sonal and laboratory entraining signal for 
activity in P. sungorus (Hamann, 1987). 
For that reason, activity data were analyzed 
as differences from local sunset and sunrise. 
However, temperature cycles also can en
train circadian wheel-running activity in P. 
sungorus (Tokura and Oishi, 1985) and en
train seasonal activity in many species (Ha
mann, 1987; Randall and Theissen, 1980; 
Rowsemitt, 1991). The large circadian tem
perature change typical of continental cli
mates could provide a strong entraining 
rhythm, particularly because the high air 
temperatures typical of mid-day are lethal 
to dwarf hamsters (Heldmaier, 1975). Thus, 
although burrow temperatures are stable 
(Walton and Wynne-Edwards, 1998), local 
differences in absolute temperature at sun
set, the rate of cooling after sunset, or the 
minimum temperature reached during a 
night may explain some of the variation be
tween species. 

A voidance of aggressive social interac
tions (Janson, 1990), including temporal 
niche segregation from other syntopic spe
cies (Bruseo and Barry, 1995), also can in
fluence patterns of activity and may have 
contributed to differences between species. 
At each field site, there were other similarly 
sized, nocturnally active rodents present at 
> 50 times the popUlation density of these 
hamsters (P. campbelli with Cricetulus bar
abensis and P. sungorus with Lagurus la
gurus) and larger-bodied rodent species. 
Competition with those species may have 
influenced activity in either habitat. 

Likewise, risk of predation could have 
influenced patterns of above-ground activi
ty. Longer exposures above ground and 

greater distances from the home burrow 
were expected to increase predation risk in 
P. campbelli when compared with P. sun
gorus (Brillhart and Kaufman, 1991; Daly 
et aI., 1992). However, that increased risk 
could have been offset if the predator den
sity or predation intensity were less in hab
itat of P. campbeUi (Brown et aI., 1988). 
Unfortunately, quantitative assessment of 
risk of predation was not possible because 
population densities were extremely low 
and continuous observer presence effective
ly deterred potential predators. Steppe ea
gles (Aquila rapax) were active at dusk and 
dawn in both habitats, a short-eared owl 
(Asio flammeus) was nocturnally active in 
the habitat of P. sungorus, and small mus
telid (Martes and Mustela) carnivores had 
the potential to locally devastate popula
tions of Phodopus but were transient. 
Therefore, predation was certainly a risk in 
each habitat, but it was not possible to es
timate a comparative risk of predation for 
each habitat or year. 

Although local environmental cues may 
have influenced activity at different sites, 
those cues were not sufficient to explain the 
earlier onset of above-ground activity in P. 
campbelli because endogenous differences 
persisted under constant conditions. In the 
laboratory with ad lib. food and water, 
tightly controlled ambient temperature, and 
invariant light cycles without dusk or dawn, 
P. campbelli began running on the wheel 
earlier (before lights off) and sustained 
wheel running longer than P. sungorus. Be
cause the difference between species was 
still expressed under constant conditions, it 
must have a genetic basis and be the result 
of divergent evolution during the time since 
hamsters shared a common ancestor. Thus, 
the interaction of circadian pacemaker(s), 
melatonin signals, and behavior would be 
expected to differ at a neuroendocrine level 
in the two species (Bernard et aI., 1997; 
McArthur et aI., 1997). 

Limited resource availability may have 
selected directly for paternal behavior in P. 
campbelli. In the laboratory, the positive 
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impact of paternal presence on care of 
young is not the direct result of paternal 
behavior directed towards young; it is pri
marily the indirect result of alleviation of 
maternal thermoregulatory and water-bal
ance stresses (Walton and Wynne-Edwards, 
1998; Wynne-Edwards, 1998). In the wild, 
a male P. campbelli spends time alone with 
a litter when the female is absent and pro
visions weaned pups in the natal burrow 
(Wynne-Edwards, 1995). Therefore, direct 
paternal care for young and paternal re
source acquisition to nourish young may 
contribute directly to survival of young in 
the wild. Female activity already spans the 
majority of the time from dusk until dawn 
in P. campbelli, and a second adult may be 
needed to acquire sufficient nutrients and 
water from a harsh environment (Khokh
lova et aI., 1997) to raise a litter success
fully. 

As predicted by the relative harshness of 
the two habitats, P. campbelli was active 
longer each night and travelled farther from 
the burrow than P. sungorus. Differences 
between species were so extensive that, 
even in the peak breeding season of July 
and August, the ability of female P. camp
belli to acquire resources may have been 
limited by the length of the night. Thus, di
vergent evolution in activity patterns joins 
evidence of divergent evolution in male and 
female behavioral endocrinology between 
P. campbelli and P. sungorus (McMillan 
and Wynne-Edwards, 1998; Reburn and 
Wynne-Edwards, 1999) and supports the 
hypothesis that physical features of the en
vironment (temperature, aridity, and sea
sonality) ultimately were responsible for di
vergence of social systems between P. 
campbelli and P. sungorus (Wynne-Ed
wards, 1998). 
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