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Temporal change in body mass of two sympatric hamster
species and implications for population dynamics
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Abstract: Shifting of body size distributions of animals has been a long-time focus in population ecology, but the underlying
mechanism of density-dependent changes in body size and its implications for population dynamics of animals are largely
unknown. In this 26-year study, we investigated intrinsic and extrinsic factors affecting body mass of the Chinese striped
hamster (Cricetulus barabensis Pallas, 1773) and the greater long-tailed hamster (Tscherskia triton de Winton, 1899) in the Northern
China Plain. We proposed three hypotheses to explain body mass shifts in the two hamster species: growth, survival, and
reproduction hypotheses. Our results showed that mean and maximum body masses of both hamster species were positively
correlated with population density, and that this density-dependent change in body mass is more likely to be caused by a change
in mortality rates, not by a change in growth rates or reproduction rates. The sustained decline of body mass during the study
period was probably caused by increased mortality owing to an increase in the area of agricultural irrigation. Our results suggest
that, under the condition of lacking survival and growth data, the maximum body mass (which represents survival rate),
minimum body mass (which represents growth rate), and mean body mass are very useful criteria in revealing intrinsic and
extrinsic effects on population dynamics and the underlying mechanisms.

Key words: Cricetulus barabensis, Tscherskia triton, Chitty effect, density dependence, body mass, growth rate, survival rate,
reproduction rate, global warming, human disturbance.

Résumé : Si les variations des distributions de la taille du corps des animaux constituent depuis longtemps un sujet d’intérét en
écologie des populations, le mécanisme qui sous-tend la variation de la taille du corps selon la densité et ses répercussions sur
la dynamique des populations d’animaux demeurent largement méconnus. Dans la présente étude portant sur une période de
26 ans, nous avons examiné les facteurs intrinséques et extrinséques qui influent sur la masse du corps du hamster rayé
(Cricetulus barabensis Pallas, 1773) et du hamster-rat nain (Tscherskia triton de Winton, 1899) dans la plaine de Chine septentrionale.
Nous avons proposé trois hypothéses pour expliquer I’évolution de la distribution de la masse du corps chez les deux especes
de hamsters, soit les hypothéses de la croissance, de la survie et de la reproduction. Nos résultats indiquent que la masse moyenne
du corps et la masse maximum du corps des deux espéces de hamsters sont positivement corrélées a la densité de la population
et que cette variation de la masse du corps en fonction de la densité est plus probablement le fait de la variation des taux de
mortalité que de celle des taux de croissance ou de reproduction. La diminution soutenue de la masse du corps durant la période
d’étude découle probablement d’une mortalité accrue en raison de I'augmentation des superficies irriguées a des fins agricoles.
Nos résultats donnent a penser que, dans des conditions ou des données sur la survie et la croissance ne sont pas disponibles, la
masse du corps maximum (qui représente le taux de survie), la masse du corps minimum (qui représente le taux de croissance)
et la masse du corps moyenne sont des critéres trés utiles pour cerner les effets intrinseques et extrinseques sur la dynamique
des populations et les mécanismes qui sous-tendent ces effets. [Traduit par la Rédaction)]

Mots-clés : Cricetulus barabensis, Tscherskia triton, effet de Chitty, dépendance de la densité, masse du corps, taux de croissance, taux
de survie, taux de reproduction, réchauffement planétaire, perturbation d’origine humaine.

individuals could be a r-selected genotype adapted to increasing
populations, or they could be an a-selected genotype adapted to
high population density. Other hypotheses such as energy alloca-
tion and size-selective predation have also been proposed to
explain this positively density-dependent body size change (Oli
1999; Sundell and Norrdahl 2002). However, a negative relation-
ship is observed in some species (e.g., red deer, Cervus elaphus L.,

Introduction

Body size or mass is a fundamental feature of animals, linking
to many physiological and life-history traits of organisms such as
metabolic rate, growth rate, and life span (Peters 1986). Previous
studies have suggested that body mass of animal populations is
closely associated with population density (Chitty 1952; Both

1998; Yom-Tov et al. 2007). In cyclic populations of voles and lem-
mings, body mass is found to be higher in high-density years than
in low-density years, known as the “Chitty effect” (Chitty 1952;
Boonstra and Krebs 1979). Boonstra and Krebs (1979) propose two
alternative hypotheses for the origin of large individuals. Large

1758: Mysterud et al. 2001; brown bear, Ursus arctos L., 1758:
Zedrosser et al. 2006; lynx, Lynx canadensis Kerr, 1792: Yom-Tov
et al. 2007) and food shortage in high-density years is suggested to
be the explanation for these negative relationships (Yom-Tov et al.
2007). To disentangle these different views, it is necessary to
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Fig. 1. Three hypotheses on the effects of growth, survival, and
reproduction on the mean, maximum (Max.), and minimum (Min.)
body masses (BM) of animals. Solid line indicates positive effect and
broken line indicates negative effect. Growth hypothesis implies
three positive associations between growth and three BM criteria.
Survival hypothesis implies positive associations between survival
and two (mean and maximum) BMs. Reproduction hypothesis
implies a negative association between reproduction and mean BM.
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investigate this question in terms of long-term data sets from
more species.

Several studies have demonstrated that animals tend to have
smaller size as a result of on-going climate warming, such as
some species of ectotherms, birds, and mammals (Sheridan and
Bickford 2011). But increasing body size in response to global
warming has also been observed (Gardner et al. 2011; Li et al. 2013).
Interaction of temperature with precipitation would complicate
the relationship between temperature and body size of animals
(Boyce 1978; Yom-Tov and Geffen 2006). Climate may affect body
size directly via Bergmann’s rule, or indirectly through food avail-
ability (Gardner et al. 2011). It is necessary to clarify the direct and
indirect effects of climate change on body-mass changes of ani-
mals.

It is likely that both intrinsic and extrinsic factors affect body-
mass changes of animals at temporal scales. Previous studies sug-
gest that a change in body mass may be affected by growth rate of
body mass (McCay et al. 1935), mortality rates or life span (Deevey
1947), and reproduction rate (Sutherland et al. 2004). In this study,
we propose three hypotheses to explain how the three basic fac-
tors affect body-mass change of a population (Fig. 1). First, high
growth rate of body mass would increase body mass of animals at
all ages; thus, we predict that high growth rate should be posi-
tively related with the mean, maximum, and minimum body
masses of the population (growth hypothesis). Second, high sur-
vival rate should be positively related with the mean and maxi-
mum body masses, but not related to the minimum body mass
(survival hypothesis). Third, high reproduction rate should be
negatively related with the mean body mass of the population,
but not related with the maximum or minimum body mass (re-
production hypothesis).

The effects of intrinsic and extrinsic factors on body-mass
change can be inferred by looking at its association with
growth rate, survival rate, and reproduction rate. For example, if
the body-mass change of a population is adaptive because of ge-
netic (Boonstra and Krebs 1979), energetic (Oli 1999), or metabolic
(Sheridan and Bickford 2011) rates, the growth hypothesis should
be applicable. If the body-mass change is caused by external fac-
tors affecting reproduction or mortality, the reproduction hy-
pothesis or survival hypothesis may be applicable. Some factors
may affect the three hypotheses of growth, reproduction, and
survival rates. Understanding the effects of the three factors on
body-mass changes of a population would be helpful in identify-
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ing potential effects of intrinsic and extrinsic factors on popula-
tion dynamics.

The Chinese striped hamster (Cricetulus barabensis Pallas, 1773)
and the greater long-tailed hamster (Tscherskia triton de Winton,
1899) are dominant rodents in croplands of the Northern China
Plain of China. Our previous studies indicate that both intrinsic
and extrinsic factors affect the population dynamics of these ham-
sters (Yan et al. 2013), but it is still not clear how these factors
affect body-mass changes over long temporal scales. The purpose
of this study is to test the three hypotheses (i.e., growth, reproduc-
tion, and survival) in identifying potential intrinsic and extrinsic
factors that affect body-mass change in the two sympatric ham-
ster species and their population dynamics.

Materials and methods

Study site

The study area is located in Wugong village (38°5'N-38°9'N,
115°34'E-115°44'E), Raoyang County, Hebei Province in China. It
lies in the warm temperate zone with four distinct seasons. Veg-
etation is mainly composed of crops such as wheat, corn, peanuts,
and cotton. There are several sympatric rodent species, including
Chinese striped hamster, greater long-tailed hamster, striped field
mouse (Apodemus agrarius Pallas, 1771), house mouse (Mus musculus
L., 1758), and brown rat (Rattus norvegicus Berkenhout, 1769) in the
study site. Irrigation and ploughing are the most important agri-
cultural disturbances faced by these rodents. During the past
three decades, the area of flood irrigation has increased consis-
tently in this region. Flood irrigation significantly increased crop
yields, but it also destroyed the burrow systems of hamsters,
which led to a sustained decline in hamster populations (Yan et al.
2013).

Studied species

The Chinese striped hamster and the greater long-tailed ham-
ster are the predominant rodent species in croplands of Northern
China Plain (Zhang et al. 1998). The Chinese striped hamsters
reach sexual maturity around 3 months of age and breed all year,
but the pregnancy rate in winter is very low. They have 3-5 births
per year and the litter size ranges from 4 to 8. Their life span is
about 10 months in the wild (Zhang et al. 1998). The greater long-
tailed hamsters reach sexual maturity around 1.5 months of age
and breed from March to September. They have 3-4 births per
year and have a mean litter size of around 9. Their life span is
about 1 year in the wild and 3-4 years in laboratory conditions
(Zhang et al. 1998).

Body mass and population data

The abundance of rodents was surveyed monthly in croplands
from 1984 to 2009 using wooden snare traps (Yan et al. 2013). The
rodents captured were identified, weighed, and dissected to ascer-
tain pregnancy. The sample sizes of the two hamsters every year
are shown in Supplementary Table S1'. Monthly population abun-
dance was estimated by trap success (%), defined as (total number
of captured animals | total number of snare traps set) x 100. An-
nual abundances were calculated by averaging the monthly data.
Annual mean body mass was calculated by averaging all the indi-
viduals captured in 1 year after excluding the pregnant females
(sample size = 30 per year; Fig. 2). The maximum and minimum
body masses are also used for analysis (sample size > 30 per year;
Fig. 2). The pregnancy rate is defined as the number of pregnant
females/adult females (sample size > 30 per year; Fig. 2). Because
the age of the two species is not easy to infer by visual examina-
tion, the body mass is used to identify age group. Adult is defined
as body mass > 20 g for Chinese striped hamster and body

1Supplementary Tables S1and S2 are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/cjz-2014-0004.
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Fig. 2. Original data of mean, maximum, and minimum body masses (BM), pregnancy rate, and abundance of Chinese striped hamsters
(Cricetulus barabensis) and greater long-tailed hamsters (Tscherskia triton) during 1984-2009. Open circles indicate small sample size (N < 30).
Some pregnancy rate points are missing because of small sample size (N < 30).
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mass > 80 g for greater long-tailed hamster, from data collected on
the reproductive status of these two hamsters in previous studies
(Zhang 1985; Zhang et al. 1998). Juveniles (body mass < 15 g for
Chinese striped hamsters and body mass < 40 g for greater long-

tailed hamsters) are not mature; subadults (15 g <body mass <20 g
for Chinese striped hamsters; 40 g < body mass < 80 g for the
greater long-tailed hamsters) have only a small percentage of be-
ing mature.

< Published by NRC Research Press
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Fig. 3. Spearman’s correlation analyses for Chinese striped hamsters (Cricetulus barabensis) and greater long-tailed hamsters (Tscherskia triton).
The two plots are constructed by pairwise Spearman’s correlations among body-mass criteria, population abundance, irrigation area, and
pregnancy rate. Solid lines indicate positive correlations, while broken lines indicate negative correlations. T, annual temperature;

P, population abundance; [, irrigation area; R, pregnancy rate; M, mean body mass; Max., maximum body mass; Min., minimum body mass.
Line thickness denotes the value of the correlation coefficient and arrows denote possible causal directions.
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In this study, we define three body-mass criteria of a population
to test the effects of growth rate, reproduction rate, and survival
rate. First, the mean body mass is the mean value of body mass of
all captured animals in a population within 1 year after excluding
pregnant females. Second, the maximum body mass is the body
mass of the individual with the highest body mass in a population
after excluding pregnant females. The maximum body mass from
a population can be used to indicate the maximum life span and
then survival rate of the year. Third, the minimum body mass is
the body mass of the individual with the lowest body mass in a
population. The minimum body mass indicates the minimum
body mass of a juvenile that becomes active outside its nest and
can be captured by the use of traps. Animals with minimum body
mass were mostly juveniles. Thus, the minimum body mass can be
used to represent growth rate of the year. Because all three factors
(i.e., growth, survival, and reproduction) may influence mean
body mass (Fig. 1), we did not use mean body mass of juveniles or
adults to represent growth or survival.

Hypothesis testing procedures

Because we lacked growth and survival data, the three hypoth-
eses were tested based on correlations between mean, maximum,
and minimum body masses and population abundance, preg-
nancy rate, and external factors (e.g., temperature, precipitation,
irrigation). Growth hypothesis was confirmed by positive asso-
ciations of population abundance with minimum body mass.
Survival hypothesis was confirmed by positive associations of pop-
ulation abundance with the maximum body mass. Reproduction
hypothesis was confirmed by negative associations of body mass
with pregnancy rate, as well as evaluating the complex associa-
tions among pregnancy rate, body mass, and other factors.

Climate and agricultural data

Local data on annual temperature (°C) and annual precipita-
tion (mm) were obtained from the China Meteorological Data
Sharing Service System (http://cdc.cma.gov.cn). Annual data on
irrigation area (ha) were obtained from the local Bureau of Agri-
culture of the Raoyang County. These data were presented in an
earlier study (Yan et al. 2013).
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Statistical analysis

Spearman’s rank correlations (rg) were used to identify associa-
tions among body mass, population abundance, reproduction,
annual temperature, and irrigation area. Correlation analysis may
report multiple associations, but it is difficult to disentangle var-
ious casual assumptions. Spurious noncausal effects may emerge
when two variables share causal influences. Path analysis is a
statistical tool that can break down noncausal relationships and
also decompose direct and indirect effects (Lleras 2005). There-
fore, it was used to identify the relative importance of the poten-
tial factors affecting the body mass of the two hamster species.
Path analysis is based on a path diagram that included multiple
casual assumptions with sufficient data points (i.e., degrees of
freedom), as well as the requirement of normal distributions for
all variables. The greater long-tailed hamsters did not have
enough data for path analysis because the sample size in some
years was too small to calculate pregnancy rate (only 13 years of
data) and body-mass criteria. We also found no appropriate way to
normalize their population abundance data. Therefore, path anal-
ysis was performed only on the normalized data from the Chinese
striped hamsters. Path analysis was conducted in SPSS AMOS ver-
sion 17.0 (SPSS Inc., Chicago, Illinois, USA).

Results

Chinese striped hamsters

As shown in Fig. 3, mean body mass of Chinese striped hamsters
was positively correlated with population abundance (rg = 0.78,
N = 26, P < 0.05), but negatively correlated with pregnancy rate
(r¢ =-0.73, N = 24, P < 0.05) and irrigation area (rg = -0.6, N = 25,
P < 0.05). The maximum body mass was positively correlated with
population abundance (rg = 0.84, N = 26, P < 0.05), but negatively
correlated with annual temperature (rg =-0.56, N = 26, P < 0.05),
pregnancy rate (rg=-0.74, N=24, P < 0.05), and irrigation area (rg =
-0.67, N = 25, P < 0.05). Pregnancy rate was also positively corre-
lated with annual temperature (rg = 0.46, N = 24, P < 0.05) and
irrigation area (rg=0.66, N = 23, P < 0.05), but negatively correlated
with population abundance (rg = -0.80, N = 24, P < 0.05). Popula-
tion abundance was also negatively correlated with annual
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Fig. 4. Path analysis for Chinese striped hamster

(Cricetulus barabensis). The path diagram is constructed by path
analysis based on the casual assumptions after breaking down
nonsignificant effects. T, annual temperature; P, population
abundance; I, irrigation area; R, pregnancy rate; M, mean body
mass; Max., maximum body mass; el-e4, variances. Values beside
single-headed arrows indicate estimates of standardized regression
weight, while the value beside the double-headed arrow indicates an
estimate of covariance.
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temperature (rg = —0.53, N = 26, P < 0.05) and irrigation area (rg =
-0.74, N =25, P < 0.05).

Path analysis was conducted based on the correlation structure
of Chinese striped hamsters (Fig. 4; also see Supplementary Ta-
ble S2%). After the model was selected by discarding nonsignificant
coefficients (P = 0.05), the performance of the final pathway was
adequate (XZQ‘ =13.7, P = 0.13; comparative fit index (CFI) = 0.947)
(Byrne 2009). The result showed mean and maximum body masses
were directly positively associated with population abundance,
suggesting that survival was high during high-density years. The
maximum body mass was directly negatively associated with
temperature, suggesting that survival was low during high-
temperature years. Pregnancy rate and irrigation area were not
directly associated with body mass, but irrigation area was indi-
rectly negatively associated with population abundance, suggest-
ing that reproduction was not a significant factor, but survival
was low during high-irrigation years. The minimum body mass
was not significantly associated with other variables, suggesting
that growth rate was not significant in affecting body mass. Be-
sides, population abundance had a negative effect on pregnancy
rate. In summary, survival rate was a key factor in explaining
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density-dependent and irrigation-linked body-mass changes in
Chinese striped hamsters.

Greater long-tailed hamsters

Mean body mass of the greater long-tailed hamsters was posi-
tively correlated with population abundance (rg = 0.70, N = 18,
P < 0.05). The maximum body mass was positively correlated with
population abundance (rg = 0.69, N = 18, P < 0.05), but was nega-
tively correlated with annual irrigation area (rg = -0.47, N = 18,
P < 0.05), suggesting that survival rate was high during high-
density years or during low-irrigation years (Fig. 3). The minimum
body mass was negatively correlated with population abundance
(r¢ =-0.48, N =18, P < 0.05), suggesting that growth rate was low
during high-density years, which would decrease the mean and
maximum body masses. These results suggest that the high body
mass during high-density years was mainly determined by high
survival rate, not by the low pregnancy rate or the high growth
rate. The positive effect of survival on body mass outweighed the
negative effects of growth. The low body mass during high-
irrigation years was related to low survival rates. Besides, preg-
nancy rate was negatively correlated with population abundance
(r¢ =-0.63, N =13, P < 0.05). Population abundance was also nega-
tively correlated with irrigation area (rg = -0.64, N = 25, P < 0.05;
Fig. 3), suggesting that irrigation may also have indirect effects on
body mass through population abundance.

Discussion

The “Chitty effect” and underlying mechanisms

Consistent with previous studies on voles and lemmings (Chitty
1952; Boonstra and Krebs 1979), we found body mass of both ham-
ster species during high-density years to be heavier (for both mean
and maximum values) than during low-density years. These re-
sults support the previously observed “Chitty effect”.

The Chitty-Krebs model emphasized the genetic adaption of
high body mass during high-density years (Boonstra and Krebs
1979), but relatively recent literature have shown that larger indi-
viduals do not have higher fitness and that body size is not a
highly heritable trait (Boonstra and Boag 1987; Lidicker and
Ostfeld 1991). Oli (1999) proposed that the “Chitty effect” might
result from limiting reproduction during high-density years that
forced individuals to allocate more energy resources to body
growth. Both hypotheses rely on fast body growth rate during
high-density years to achieve a large body size. However, no sig-
nificant correlation between population abundance and mini-
mum body mass (which indicates growth rate) was found in the
Chinese striped hamsters. Rather, we found a significant negative
correlation between population abundance and minimum body
mass in the greater long-tailed hamsters, suggesting that body
growth rate is low during high-density years. These results do not
support the earlier genetic or energy-allocation hypothesis, and
thus do not support the growth hypothesis.

Although Spearman’s correlation analysis showed, for the Chi-
nese striped hamster, mean body mass to be negatively associated
with pregnancy rate, path analysis showed pregnancy rate to be
not significantly associated with mean and maximum body
masses. No significant correlation between body mass and preg-
nancy rate was found in greater long-tailed hamsters. These re-
sults tend to reject the reproduction hypothesis.

Spearman’ correlation analyses in both hamster species showed
population abundances to be negatively associated with preg-
nancy rates (Fig. 3); path analysis confirmed such association for
Chinese striped hamsters (Fig. 4). These results suggest that if
reproduction rate was low during high-density years, survival rate
would have to be high to achieve a high-density population. In-
deed, this speculation was supported for both hamster species by
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the observation that maximum body mass (which indicates sur-
vival) and mean body mass were significantly positively correlated
with population abundance (Figs. 3, 4). Thus, the observed posi-
tive association of population abundance with mean and maxi-
mum body mass tends to support the survival hypothesis. Higher
survival rate would increase the life expectancy of animals (Deevey
1947). If growth rate is constant, then longer life span implies
larger body mass of animals.

In summary, our results tend to support only the survival hy-
pothesis to explain the observed “Chitty effect” in both hamster
species.

Impacts of extrinsic factors

For endothermic species, Bergmann (1847) described the pat-
tern whereby larger animals are found in colder environments,
while small animals are found in warmer environments (known
as Bergmann’s rule). This rule may also work on temporal scales
(Yom-Tov 2001). Data on animal body size have accumulated over
the past century and significant changes in body size in many
species have been detected, but the changing pattern is not con-
sistent (Gardner et al. 2011; Sheridan and Bickford 2011). Both
decreases and increases in rodent body size in response to tem-
perature change have been reported in the literature (Smith et al.
1998; Koontz et al. 2001; Yom-Tov and Yom-Tov 2004; Pergams and
Lawler 2009). Body mass of woodrats (genus Neotoma Say and Ord,
1825) in an arid region of New Mexico, USA, was observed to de-
crease as temperature increased (Smith et al. 1998). The skull size
in two species of Japanese rodents (large Japanese field mouse,
Apodemus speciosus Temminck, 1844; Smith’s red-backed vole,
Eothenomys smithii (Thomas, 1905)) increased with elevated ambient
minimal temperature (Yom-Tov and Yom-Tov 2004). Pergams and
Lawler (2009) reported that 20 out of 28 museum rodent series
collected on four continents showed a general increasing trend
over the last 100 years. In this study, annual temperature has
increased during the past 26 years (Yan et al. 2013). As for the
Chinese striped hamsters, both Spearman’s correlation analysis
and path analysis showed that maximum body mass was signifi-
cantly negatively correlated with increasing mean annual temp-
erature, which is consistent with Bergmann’s rule. However,
Bergmann’s rule works in situations of low growth rate during
high-temperature years. In fact, we did not find the effect of
growth rate on body-mass change. This may be a covaried effect of
temperature with irrigation because they are highly positively
correlated (Fig. 4).

In our previous study, we demonstrated that an increase in
irrigation area decreased population abundance by destroying
burrow systems of hamsters (Yan et al. 2013). During the study
period, the irrigation area was consistently increased due to an
increase in governmental investment on agricultural infrastruc-
ture. In this study, we found both mean and maximum body
masses of the Chinese striped hamsters and maximum body mass
of the greater long-tailed hamsters to be negatively correlated
with irrigation area. The path analysis for Chinese striped ham-
ster also indicated that irrigation might reduce maximum and
mean body masses through population abundance. These results
support our previous hypothesis that the increase in irrigation
area during the past decades has resulted in continued popula-
tion decline of hamsters by increasing mortality through flood
irrigation.

To conclude, the present study suggests that changes in survival
rates most likely contributed to the density-dependent and
irrigation-related changes in body mass of the two hamster spe-
cies populations. During high-density years, reproduction of ham-
sters was reduced, but survival increased, which resulted in large
mean and maximum body masses during high-density years. High
irrigation contributed to low mean and maximum body masses by
increasing the mortality rate of hamsters.
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