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Abstract—|. Two races of Djunganan hamsiers { Phodopus sungarues sungorus and P s. campbeits) differ

in their responses 1o low ambient temperatures.

2. The lowesl temperatere Loterated is 6—10°C higher in P. 5. campbelli than in P. 5. sungorus, bolh in
sumyaer and in winter, but lhe highest (V,.-max) and lowest (BMR) meiabolie rales are similar in both

subspecies.

3. Body temperature and overall conductance in the cold appear 1o be more variable in £. 5. camipbelli

than in nominative sp.

INTRODUCTION

The Djungarian hamsters occupy arid steppes and
semideserts of central eastern Asia in low—dense,
scattered populations. A number of subspecies have
been distinguished, based mostly on morphological
traits (Flint, 1966; Figala er af., 1973; Meyer, 1967.

The two subspecies of Phodopus sungorus: P. s.
sungorus Pallas, 1770, and P. s. campbelli Thomas,
1905, differ in many attributes: fur celoration (both
in summer and winter), body sizc and the degree
of sexual dimorphism, behaviour, and reproductive
biology (Flint, 1966; Figala er al., 1973 Meyer, 1967
Wynne-Edwards and Lisk, 1984 and personal obser-
vations). Tt is widely accepled, that these two forms
represenl subspecics (Bannikov, 1954; Bobrinskij er
f.. 1965; Flint, 1966; Gromov and Baranova, 1981),
differing in geographical distribution, with 2. 5. cami-
pbelli occupying casternmost part of the area of
ooccurrance (Vesclovsky and Grundovd, 1965; Flim,
1966). Some authors, however, grant the laxonamic
rank ol scparat¢ specics 1o these forms (Yudin er al.,
1979: Yudin, 1980; Wynne-Edwards, personal com-
munication).

The nominative form, P. 5. sungorus, has become
a4 popular laboratory animal and iis physiology has
been intensively studied (e.g. Figala er al.. 1973:
Hecldmaier, 1975; Heldmaicer and Steinlechner, 1981
Heldmaier et al.. 1982; Sicinlechner e af.. 1983 and
others). On the other hand. unti] now not much has
becn known about the physiological trans of P. s.
campbeifi. The aim of 1his study was 10 compare the
basic melabotic and thermoregulatory characteristics
of the two forms.

MATERIALS AND METHODS

The ammals of both races werc bred and raised in the
taboratory, under nalural photoperiod and al a constant
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room temperature of 23°C (see Heldmaier and Sicinlechner,
1981 for the dewails). The measurements of oxygen con-
sumption and COQ, production at a wide range of ambient
temperatures {from =353 10 + 37°C) were performed using
an open respirometric system {(Oxylest-5 and Uras 2T,
Harimann angd Braun), following the procedures described
previously (Heldmaier, 1975, Heldmaier and Sicinlechner,
1981). Winler measurements were carricd out in January
and the summer series in Augusl 1985, Body wemperatures
{T,) were taken al the beginning and at the end of cach trial
by the use of 2 rectal thermastor probe. In cach expenmental
senes cight individuals of P. 5. campbeilr and lpur of P, 5.
sungorus were used for comparison. Additionally. a scries of
measur¢ments of Ty, alone in P. 5. campbells was made in
summer. in animals exposed for 30 min to vanous armbient
lemperatures. .

The ¢old limit is defined here as the ambient iemperature
below which the animals cannot mainlain a positive heat
balance: this is accompanied by a drop in T, and oxygen
consumpiion Vg -max s the highest ralc of oxygen con-
sumption achieved by the animals just above the cold limit.
Regressions of oxygen consumption vs temperature were
compuied by the method of least squares using an iterative
procedure, fillering out the uppermost outhers. The statisti-
cal significance of the differcnces belween group means and
regression coefficients were lesled by ANOVA and, wher:
approprate. the T-method (Sokal and Rohlll 1981).

RESULTS

The hamsters of both races were significantly heav-
ier in summer than in winter, with P. 5. campbelli
always being smaller than P. 5. sungorus (Table 1).
The basal melabolic rates (BMR), defined here as the
minimum oxygen consumplions at thermoneutrality,
were not slatistically distinguishable, cither between
subspecies or between seasons (P > 0.05; Table 1).
Initial body icmperalures were slightiy higher in
winter Lthan in summer; no subspecies-specific
differences were observed (Table 1)

In winter, the nominative subspecics could 10lerate
low ambtent lcmperatures below — 50 C. while P. 5.
campbeili had already entered a negalive cnergy
balance a1 a temperature of —44.6"C on average
(Tabie 1). However, both species reached quite simi-
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Table | Basic metabolic and thermoregulatory characieristics of (wa subspecies of Djungarian hamsters

Winter Summer

lemn P 5. campbelli P_ 5. sungorus P 5. campbelli P. 5. sungorus F
Body weight (g) 240 £ 5.1 274466 34+58 1592 5. 4.68*
BMR {ccmn Oy fg per hr) 1.63 +0.18 .55 +0.29 1.BR + 0,57 2121016 175
T, ('C) 3157+113 J65+10 Miz038 ¥5+09 985¢
Cald himu ~4d6 + 20 ~51.3 %32 -3EB+d6 — 424+ 4.1 1261t
Vopmax {cem Qyfg per hr) 14.56 + 1.96 14.33 + 2.5} 12.93 168 1382 £ 1.17 (AL
Conductance
(mean of slopes) 0214 2 0.035 0174 £0021 0.157 £ 0.018 0.135 £ 0.02) 10.40¢
{oem O,fg per hr per degree)
Conductance
(mecan of stopes)
{cem Oyfanimal per hr per degree) 504 + 094 4.67 +0.46 492 +095 487+ 1.19 0.14
Conduciance
{pooled regressions) 0191 0.179 0.15% 0.132 31.09¢%
{cem Oy/g per hr per degree) 8, = 0.003 5, = 0007 S, = 0.003 » = 0.005

{Avcrages + 5.0 Stalistical significations of differences: * — P <005, — £ <001

lar maximum Vg-max, averaging about 14.5ccm
O,/g per hr. (Table 1), This corresponds 10 the rate
of heat production ol about 80 mW/g (Table 1)

In summer, the maximum rate of heat production
of both hamster races were slighty lower than in
winter (about 13.5ccm Oyfg per hr on average,
Table 1), but all the V, -max values were not signi-
ficantly different (Table 1). The cold limit is about
10°C higher in summer than in winter for both
subspecies studied (Table 1).

Both races of hamsters also demonstrated different
behavioural reactions when exposed to cold. The
individuals of the nominative subspecies remained
quict during the whole trial, assuming a curled.
heat-saving posture at lower ambient temperatures,
wilh only short bursts of activity. In contrast, all the
individuals of P. 5. campbelfli excreised vigorously and
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continuously attempted to get out of the chamber,
except when expesed to extreme cold or warm tem-
peratures. The peak metabolic rate during this activ-
ity reached the level of Vo -max during cold exposure
(Fig. 1).

When taking into account only the minimum rest-
ing values of oxygen consumplion at each ambient
temperature, the two hamster races also differ with
regard 1o the slope of their metabolic response. This
was particularly striking in summer experiments. In
P. 5. sungorus. the mctabolic rate increases linearly
with falling ambient temperature, following the most
typical pattern for homeothermic animals {(Fig. 2). In
contrast, in P. s. campbelli, the metabolic raic in-
creases rapidly, reaching a near maximum level of Vi,
atabout — 10°C in some individuals. Al temperatures
below — 10°C there was either slight increase only, or
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Fig. 1. All records of metabolic rates of Djungarian haraslers at varicus ambient temperatures. Top: P.
5. campbefli: C, D (left = winter: right = summer). Bottom: P. 5. sungorus {lefl = winter; right = summer).
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Fig. 2. Resung melabolic rales of Djungarian hamsiers at various ambient icmperatures. Top: P, s
camphelft, C, D {lclt = winter; night = summer). Bottom: P. 5. suagorus (left = winter; right = summuer).

¥, remained conslant (Fig. 2). Al the end of each
trial the body temperature was only slightly lower
than normal in P. 5. sungorus (31.8 + 0.92°C), while
in P. 5. campbelli it dropped dramatically (23.7
1.75°C), even though the experiment was always
intcrrupted immediately after the drop in oxygen
consumption was noticed. In £. 5. campbelli which
were exposed lo various ambient temperalures for
aboul 30min each time, a distinet drop in body
tereperature was observed at about — 10°C (Fip. 3).
A similar, though lcss obvious tendency 1o a
non-lincar metabolic response to low ambient
termperature could also be observed in the winter
series (Fig. 2).

Duc 1o 1he lack of the continuous measurement of
body (ecmperature during metabolic measurements,
the overall conductance could only be estimated as a
slope coefficient of lincar regression forced through
the resting metabolism data vs temperature. The
group averages csbmated as arithmetic means of
individual slope cocfficicnts do not differ numerically
and in the pattern of variation from the slope
cocfficients of pooled regressions (Table 1). In P. 5.
campbelli the overall conductance was always greater
than in the nominative form (Table 1}, as well as the
weight-specific conductances in winter were always
grecater than in summer {(differences highly significant,
Table 1). However, when calculated per individual,
the overall conductances are virtually identical in
both scasons {Tablc 1).

At high ambient lemperatures the melabolic rate
tends to increase at about 32°C in a)l experimental
groups (Fig. 2). After exposure to high ambient
lemperatures, the 7, of both subspecics increased

uniformly by approx. 3-4°C in summer and by
approx. 2°C in winter.

DISCUSSION

Some interesting ecophysiclogical differences
between the two forms can be demonstrated. The
most obvious one concerns the metabolic response to
cold. Both subspecies of hamsters reached similar
maximum rates of oxygen consumptiion, bul in P, s.
campbelli this level was achieved at ambienl tem-
peratures up 1o 10°C higher than in P. 5. sungorus
(Table 1), indicating a less well developed cold toler-
ance in P. 5. campbelli. Taking into account the
similar body temperatures and basal metabolic rates
of both races, only different heat transfer coefficients
could be responsible for this effect. Indeed. the ap-
proximate cstimates of overall conductance arc
higher for P. 5. campbelli than for P. 5. sungerus in
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Fig. 3. Rectal 1emperatures of P. 5. campbelli aller expost-
lion to various ambient temperatures {mean £ 2 SE).
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both scasons. Paradoxically, the weight-specific val-
ues of conduciance tended to be higher 1n winler Lhan
in summer. This, however, can be fully explaineg by
the great difference belween summer and winter body
weights, the cffect has been thoroughly discussed
previously (Heldmaicr and Stemnlechner, 1981).

On the other hand, the pattern of thermogenic
response 1o cold of P. s. campbelli scems 10 deviate
from the most commonly accepled lincar model {Fig.
2). An cxaggeraled increase in oxygen consumption
can be observed in moderately cold lemperatures,
whilc a near maximum level of melabolism is main-
tained over an cxtended range of low ambient tem-
peratures. This eflect could be explained by substan-
tial changes in conductance below thermoncutrality.
Such a phenomenon has already been reported for
olher rodeals (¢.g. Dipodomys deserti, McNab, 1980);
also, Hcldmaier (1975} demonsirated a similar,
though less dramatic pattern in P, 5. sungorus in the
spring. The procedure used to fil a single linear
equalion ignores Lthe apparent non-linearity in the
data, and thus the slopc cocflicients approximate to
the minimum values of conductance. The striking
difference in behavioural reaction suggests that the
thcrmorcgulatory strategy of P, s. campbelli in the
cold is dominated by a behavioural response to
escape to a refuge, despite the high cnergetic cost of
such an activity, while P. 5. sungorus relies upon its
body insulation and heat-gencrating capabilities.

[n gencral. these findings scem to suppert the view
that the two hamsters deserve the taxonomic status of
separate species. The higher conductance and higher
critical temperatures of P. 5. campbelli suggest that
this Torm is adapied to less harsh cnvironmental
conditions than the nominative one. The geographi-
cal distribution of P. 5. campbelli is poorly known
(Yudin et al.. 1979). According to several authors, the
specimens of this form were collected in Mongolia,
Tuva, China and southern Trans-Baikal region (Ban-
nikov, 1954; Bobrinskij er af.. 1965; Gromov and
Baranova, 1981). On the other hand, the individuals
studied m cast-central Mongolia (Weiner and Gor-
ecki, 1981) belonged (o the nominative subspecies. [t
is possible, that the arca of distribution of P. s
camphelli cxiends to that region of caslern Asia,
where the contingatal climate is tempered by the
influcnce of the Pacific Ocean.
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