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a b s t r a c t

The life history of a species is a result of natural selection and reflects how the species is adapted to its
environment. Knowledge of life history is crucial for further ecological studies and conservation man-
agement. This paper presents aspects of the life history of the plateau pika (Ochotona curzoniae), a small
mammal native to alpine meadows of the Tibetan Plateau. The mean lifespan of juveniles from first lit-
ters was longer than the mean lifespan of juveniles from second litters. The population consisted of more
juveniles than adults (over-wintered animals) in August and these juveniles came primarily from the
first litter of the year. The sex ratio of juveniles was female-biased even though the sex ratio of adults did
not differ from 1:1. The mortality rate of juveniles and adults during the warm season (May–August) was
greater than the mortality rate of these groups during the cold season (September–April). Mean juvenile
growth rate during the warm season was 1.4 g/d and the growth rate of the first litters was remarkably
slower than that of the second litters.

© 2012 Deutsche Gesellschaft für Säugetierkunde. Published by Elsevier GmbH. All rights reserved.

The life histories of animals are the result of natural selection and
are determined by multiple factors, such as food type (Kasparian
and Millar, 2004), climate (Castellarini et al., 2002), population den-
sity (Karels and Boonstra, 2000) and predation (Korpimäki et al.,
2002). Examinations of life histories give critical insight into how
species adapt to their environment.

The plateau pika (Ochotona curzoniae) is small lagomorphs
endemic to the alpine meadow of Tibetan Plateau. It is regarded as a
keystone species since it provides foods for predators and nests for
small birds which live in the burrow of pikas (Lai and Smith, 2003).
However, detailed information on the life history of this species
is scarce. Pikas are non-hibernators and winters in this region are
long (September to April) and cold (average winter temperature is
−14 ◦C). The breeding season lasts from April to August. Over this
time, females can produce between two and five litters (litter size
range = 2–7) with a 3-week interval between each litter (Shen and
Chen, 1984; Wang and Dai, 1991; Qu et al., 2012). Pikas are social
mammals that live in family groups consisting of two to five adults
and their young (up to eight) that do not disperse in their year
of birth (Dobson et al., 1998). In August, population densities may
range from 100 to 400 pikas ha−1 (Liu et al., 1982).

Plateau pika evolved with the uplifting of the Tibetan Plateau
(Yu et al., 2000). It inhabits areas from 3200 to 5300 m above
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sea level; however, in this study we examine plateau pikas at
an elevation that is at least about 800 m higher than the eleva-
tion in previous research on this species (Smith and Wang, 1991;
Wang and Dai, 1991; Dobson et al., 1998; Nie, 2005). The envi-
ronmental conditions in our site are characterized by a growing
season that is at least one month shorter and by ambient temper-
atures that are at least 5 ◦C and 3 ◦C colder in winter and summer,
respectively. Mountain-dwelling small mammals exhibit different
patterns of life history characteristics in habitats at different eleva-
tions (Dobson and Murie, 1987). Using mark-recapture we followed
the fate of individual plateau pikas over four years. Specifically,
we (1) determined the age distribution, lifespan and sex ratio, (2)
quantified the mortality rate in the cold and warm seasons and (3)
estimated the growth rates of juveniles during the warm season.

The study was conducted from May to August, 2005–2008 in
the northeastern region of Tibetan Plateau, 17 km east of Dawu
(34◦24′N, 100◦21′E, elevation 3946 m) in Qinghai Province, China.
The climate of the study site is cold and dry. Annual mean tem-
perature is <0 ◦C and daily temperature varies from −15 ◦C to 0 ◦C
in January and 0 ◦C to 16 ◦C in July. No season is frost-free and in
the winter the soil may be frozen to a depth of >2 m. More than
70% of yearly precipitation (330–500 mm) occurs between June
and August. Heavy snowfalls during winter are rare. The domi-
nant plants in our alpine meadow study site are Kobresia humilis,
Stipa spp., Kobresia pygmaea, Elymus unmans, Ajania tenuifolia, Leon-
topodium nanum, Aconitum szechenyianum, Gentiana straminea and
Morina chinensis. The growing season begins in May and it lasts for

1616-5047/$ – see front matter © 2012 Deutsche Gesellschaft für Säugetierkunde. Published by Elsevier GmbH. All rights reserved.
http://dx.doi.org/10.1016/j.mambio.2012.09.005



Author's personal copy

J. Qu et al. / Mammalian Biology 78 (2013) 68–72 69

110–130 d (Wang et al., 2004a). The region is grazed year round
by domestic herbivores (yak, sheep and horses). Common preda-
tors of plateau pikas in the region include weasel (Mustela altaica),
steppe polecats (Mustela eversmannii), ravens (Corvus corax) and
upland buzzards (Buteo hemilasius). Several other small mammal
species have been observed at this study site including lacustrine
voles (Microtus limnophilus), pine mice (Pitymys irene), Himalayan
marmots (Marmota himalayana) and woolly hares (Lepus oiostolus).

The study site is located in an alpine basin surrounded by moun-
tains. A 4.0-ha (200 m × 200 m) area was used for this study, which
was divided into 10 m × 10 m grid cells. Each grid cell was fur-
ther divided in to 1 m2, which was used as a location parameter.
We determined the location of all capture events and behavioral
observations with respect to the stakes to an accuracy of 1 m. Our
mark-capture study was conducted in the middle 1.0 ha of the study
area in 2005 and 2006 and the middle 2.56 ha of the study area in
2007 and 2008.

Plateau pikas were live-captured using string nooses anchored
near the active burrow entrances with chop sticks. We trapped for
pikas every day when it did not rain between late-April to late-
August in each year of this study. Researchers monitored the active
nooses from a distance of ∼30 m and the pikas were removed from
nooses immediately after capture. Captured animals were anes-
thetized using gaseous Metofane and were permanently marked
with metal ear tags with unique numbers and collared with plas-
tic disks to facilitate field identifications. The fur on the heads
of males and the backs of females was also marked with black
hair dye to allow us to determine the sex of individuals at a dis-
tance. Live-captured juveniles that weighed less than 30 g were
only marked with hair dye. Following each capture, we recorded
the mass, capture location, gender and reproductive condition of
each animal. Animals recovered from anesthetic within 10 min and
were released at the location of capture.

Fig. 1. Population density of plateau pika from May to August, 2005–2008, near
Dawu county, People’s Republic of China. May* indicates the population density of
pika in early-May when no juveniles were observed.

Absolute density was obtained by MNA method (minimum
number of individuals known to be alive) (Buckland, 1980). Individ-
uals were grouped into juveniles (the mass of juvenile pikas at first
capture was <60 g) and adults (over-wintered animals; the mass
of all adult pikas at first capture in their second year was >110 g).
Juveniles were further divided into two discrete groups: juveniles
that first emerged in May late April–early May (L1 = first litter juve-
niles) and juveniles that were first observed in June late May–early
June (L2 = second litter juveniles). We also knew whether juveniles
came from L1 or L2 because we were able to follow essentially
all reproductive events of all females on our study areas. The pro-
portions of adults as well as L1 and L2 juveniles were square root
transformed for all analyses. Post hoc least squared difference tests
were used to compare the proportions of these groups in May and
August.

Fig. 2. Monthly mortality of male and female L1 and L2 juvenile plateau pikas in (a) 2005, (b) 2006, (c) 2007, and (d) 2008.
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Fig. 3. The growth rate of juvenile plateau pikas with respect to days since emergence, where Mt is the mass of the individual at time t. The line of best fit represents the
Gompertz model estimate of the masses of (a) L1 males, (b) L1 females, (c) L2 males, and (d) L2 females over the course of their first summer of life. P values were <0.05 in
four models.

We determined the sex ratio and lifespan of each L1 and L2
juvenile cohort in 2005–2008. Sex ratio was calculated as the
number of males divided by the number of females in each lit-
ter cohort. Chi-square tests were used to determine whether the
sex ratios of the litter cohort were biased towards one sex. Cohort
lifespan was calculated from the average estimated age of the juve-
niles at first capture (based on Nie, 2005) to the average last day
that juveniles within the cohort were captured. One-way ANOVA
was used to test the differences of lifespan between litters or
sexes.

The average growth rate of males and females within the L1
and L2 cohorts from May or June to August were determined using
a Gompertz model. The date of birth was estimated according to
Nie (2005). Specifically, we used all measures of mass and pooled
all four years of data to calculate the average daily growth rate
constant K (g/day) for both males and females within the two litter
cohorts.

Alpha was set at 5% for all statistical tests. All pro-
portions and means ± SE are reported throughout the text.
Kolgomorov–Smirnov tests were used to check for the assumption
of normality. The homogeneity of variance assumption was tested
using Levine’s F test. SPSS version 16.0 (SPSS Inc., Chicago, IL, USA)
was used to conduct all statistical analyses.

During the four-year study period, we marked 1599 plateau
pikas. Pika densities peaked in May or June, and then declined in

July and August. The peak density of pikas in 2006 reached higher
densities than in the other three years (Fig. 1).

Of the 1599 pikas captured, 327 were juveniles born and marked
in 2005. Among these individuals, 14 were recaptured in 2008.
Therefore, the maximum lifespan of plateau pikas was at least
51 months. The mean lifespans of L1 males and females were
8.2 ± 0.4 (n = 94) and 7.1 ± 0.4 (n = 94) months respectively, whereas
the mean lifespans of L2 males and females were 4.9 ± 0.2 (n = 57)
and 4.1 ± 0.2 (n = 82) months respectively. There was no difference
in the lifespan of the two litters (F1,52 = 1.341, P = 0.301) or sexes
(F1,52 = 0.972, P = 0.513).

The age distribution of our population varied dramatically from
May to August (Supplementary material 1). The proportion of L1
juveniles in the entire population differed significantly between
the months (F3,28 = 4.4, P = 0.012). Specifically, the proportion of
L1 juveniles in May was significantly lower than in other three
months (P = 0.024, June; P = 0.009, July; P = 0.002, August; respec-
tively). The proportion of L2 in the entire population was low from
June to August (0.09 ± 0.013) and the proportion of L2 juveniles in
the population did not differ between these months (F2,21 = 2.454,
P = 0.110).

The sex ratio of L1 and L2 juveniles was tested in May and June,
respectively (Supplementary material 2). The sex ratio of L1 juve-
niles was significantly female-biased in 2006 and 2008, whereas
the sex ratio did not differ from one to one in 2005 or 2007.
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However, the sex ratio of L2 juveniles was significantly female-
biased during all four years of this study. The sex ratio of adults did
not differ from 1:1 in any year of this study.

The monthly mortality rates of both juveniles and adults
were higher from May to July than during the overwinter period
(Fig. 2). The monthly adult mortality rate did not differ between
the two sexes. The mortality rate of L1 juveniles was signifi-
cantly higher than the mortality rate of L2 juveniles during the
first two months of life (males: F1,14 = 12.243, P = 0.004; females:
F1,14 = 10.952, P = 0.005).

The mean growth rate of L1 and L2 juveniles, pooling both
sexes, was 1.4 ± 0.08 g/d. The growth rate of male juveniles was
(1.39 ± 0.07 g/d) faster than the growth rate of female L1 juveniles
(1.26 ± 0.05 g/d)(Fig. 3a and b). The growth rate of male juveniles
from L2 (1.59 ± 0.05 g/d) also exceeded the growth rate of female
juveniles from L2 (1.38 ± 0.04 g/day) (Fig. 3c and d). Male juveniles
from L1 were significantly larger than female juveniles from L1 in
July (F1,507 = 6.822, P = 0.009) and August (F1,300 = 25.418, P < 0.001);
however, this mass difference between the males and females
from L1 was only a trend in May (F1,251 = 3.148, P = 0.077) and June
(F1,656 = 3.413, P = 0.065). L2 males were significantly heavier than
L2 females in August (F1,84 = 16.463, P < 0.001).

Since juveniles do not disperse during the summer of their birth
(Dobson et al., 1998), population density increases dramatically fol-
lowing the recruitment of juveniles. In each year of our study, the
population density of plateau pikas peaked in May or June. These
changes in population density can be attributed to the recruitment
of juveniles into the population and the death of adults and juve-
niles over the course of summer. These results differ from the trend
reported by Shen and Chen (1984), which reported that the density
of pikas peaked in November in the same region. When comparing
the density among years, a significantly higher level of abundance
was detected in 2006 which could have resulted from the excep-
tional warm weather in January (Hou and Tang, 2008).

The age distribution of a population reflects its history of repro-
duction and potential for future growth (Molles, 2002). In August,
the population was mainly composed of juvenile pikas, most of
which were produced in L1. Since the reproductive potential of
2-year-old adults was much higher than 3-year-old pikas (Nie,
2005), a younger age distribution was beneficial to the reproduction
and future growth of the population (Molles, 2002). In this study,
the sex ratio of juvenile pikas at emergence tended to be female-
biased, especially in L2. These results are consistent with Wang
et al. (2004b). However, the work of Shen and Chen (1984) as well
as Nie (2005) suggested that the sex ratio of pikas at birth was not
biased. One interpretation of this discrepancy is that the sex ratio
is not biased at birth, but that pre-emergence mortality is higher in
females. The post-emergence sex ratio that we documented in this
study is likely to be more important because these are the individ-
uals that will recruit into the population. A possible explanation for
the female-biased post-emergence sex ration that we documented
in this study is that plateau pikas have a polygynous mating system
(Yin et al., 2009); therefore, it is more advantageous for the fitness
of females to produce female-biased sex ratio.

Future research is required to determine the sources of mortal-
ity following the peak of pika densities in May–June. Rainfall has a
negative effect on the survival of juvenile small mammals (Wang
and Dai, 1989). Most precipitation (60–70%) on the Tibetan Plateau
occurs from June to August in our study area which corresponds
to the high mortality of juveniles. Moreover, the higher mortal-
ity rate of juveniles from L2 as compared to L1 may be the result
of increased competition among siblings compared to the level of
competition among juveniles from L1 (Wang et al., 2004b; Hudson
and Trillmich, 2007). Interestingly, in our study the mortality rate
of plateau pikas in the cold season was quite low compared to the
mortality rate in the warm season. These results are consistent with

the results presented in Nie (2005) and they suggest that food lim-
itation in the cold season is not an important factor influencing the
mortality rate of pika.

The growth rates of plateau pikas were among the fastest ever
documented for lagomorphs (Golian and Whitworth, 1985). The
mean growth rate of juvenile plateau pikas (1.4 g/d) also exceeded
the growth rate of collared pikas and American pikas, both of which
had average growth rates of less than 0.06 g/d (Franken and Hik,
2004). Such a faster growth rate is likely to be an adaptation to
shorter growth seasons on Tibetan Plateau. L2 juveniles face a
shorter growing period than L1 juveniles before the winter, thus,
this may explain why L2 juveniles have faster growth rates than L1
juveniles.

Acknowledgements

This work was supported by the Key Innovation Research
Program, Chinese Academy of Sciences (KSCX2-EW-N-05), Key
Projects in the National Science and Technology Pillar Program
(2009BAI83B01), West Light Foundation of The Chinese Academy
of Sciences (Y229161211), K.C. Wong Education Foundation, Hong
Kong, and Qinghai Province Youth Science Foundation (2012-Z-
925Q). Andrew T. Smith, John R. Speakman, Andrea Byrom, and
Roger Pech gave constructive comments on earlier versions of this
manuscript. We would like to thank Dr. Quinn Fletcher of Uni-
versity of Aberdeen for his comments and careful editing of this
manuscript. We thank the editor and anonymous reviewers for
their invaluable comments.

Appendix A. Supplementary data

Supplementary data associated with this article can be
found, in the online version, at http://dx.doi.org/10.1016/j.
mambio.2012.09.005.

References

Buckland, S.T., 1980. A modified analysis of the Jolly–Seber capture–recapture
model. Biometrics 36, 419–435.

Castellarini, F., Provensal, C., Polop, C.J., 2002. Effect of weather variables on the
population fluctuation of muroid Calomys venustus in central Argentina. Acta
Oecol. 23, 385–391.

Dobson, F.S., Murie, J.O., 1987. Interpretation of intraspecific life history patterns:
evidence from Columbian ground squirrels. Am. Nat. 129, 382–397.

Dobson, F.S., Smith, A.T., Wang, X.G., 1998. Social and ecological influences on dis-
persal and philopatry in the plateau pika (Ochotona curzoniae). Behav. Ecol. 9,
622–635.

Franken, R.J., Hik, D.S., 2004. Interannual variation in timing of parturition and
growth of collared pikas (Ochotona collaris) in the southwest Yukon. Interg.
Comp. Biol. 44, 186–193.

Golian, S.C., Whitworth, M.R., 1985. Growth of pikas (Ochotona princeps) in Colorado.
J. Mammal. 66, 367–371.

Hou, W.J., Tang, H.Y., 2008. The analysis of the weather variation characters in Dawu,
Guoluo in the past 47 years. Qinghai Technol. 1, 26–30.

Hudson, R., Trillmich, F., 2007. Sibling competition and cooperation in mammals:
challenges, developments and prospects. Behav. Ecol. Sociobiol. 62, 299–307.

Karels, T.J., Boonstra, R., 2000. Concurrent density dependence and independence in
populations of arctic ground squirrels. Nature 408, 460–463.

Kasparian, K., Millar, J.S., 2004. Effects of extra food on nestling growth and survival
in red-backed voles (Clethrionomys gapperi). Can. J. Zool. 82, 1219–1224.

Korpimäki, E., Norrdahl, K., Klemola, T., Pettersen, T., Stenseth, N.C., 2002. Dynamic
effects of predators on cyclic voles: field experimentation and model extrapo-
lation. Proc. R. Soc. B-Biol. Sci. 269, 991–997.

Lai, C.H., Smith, A.T., 2003. Keystone status of plateau pikas (Ochotona curzo-
niae): effect of control on biodiversity of native birds. Biodivers. Conserv. 12,
1901–1912.

Liu, J.K., Liang, J.R., Zhou, X.M., 1982. Communities and quantity of rodents in Alpine
Meadow Ecosystems. In: Xia, W.P. (Ed.), Alpine Meadow Ecosystem. Gansu Peo-
ple’s Publishing House, Lanzhou, pp. 24–43.

Molles, M.C., 2002. Ecology: Concepts and Applications. McGraw-Hill Publishing
Company, New York.

Nie, H.Y., 2005. Study on the evolutionary ecology of small herbivorous mammals:
life history strategy of plateau pika (Ochotona curzoniae), Zhejiang University.
Doctorate Thesis. Hangzhou: Zhejiang University.



Author's personal copy

72 J. Qu et al. / Mammalian Biology 78 (2013) 68–72

Qu, J.P., Liu, M., Yang, M., Zhang, Y.M., Ji, W.H., 2012. Reproduction of plateau pika
(Ochotona curzoniae) on the Qinghai- Tibetan plateau. Eur. J. Wildl. Res. 58,
269–277.

Shen, S.Y., Chen, Y.G., 1984. Preliminary research on ecology of the plateau pika at
Dawu area, Guoluo, Qinghai province. Acta Theriol. Sin. 4, 107–115.

Smith, A.T., Wang, X.G., 1991. Social relationships of adult black-lipped pikas
(Ochotona curzoniae). J. Mammal. 72, 231–247.

Wang, C.T., Wang, Q.J., Long, R.J., Jing, Z.C., Shi, H.L., 2004a. Changes in plant species
diversity and productivity along an elevation gradient in an alpine meadow. Acta
Phytoecol. Sin. 28, 240–245.

Wang, J.L., Wei, W.H., Zhang, Y.M., Yin, B.F., Cao, Y.F., 2004b. The sex ratio of plateau
pika’s population. Acta Theriol. Sin. 24, 177–181.

Wang, X.G., Dai, K.H., 1989. Natural longevity of plateau pika (Ochotona curzoniae).
Acta Theriol. Sin. 9, 56–62.

Wang, X.G., Dai, K.H., 1991. Study of the population reproduction ecology of plateau
pika. Zool. Res. Sin. 12, 155–161.

Yin, B.F., Yang, S.M., Wei, W.H., Zhang, Y.M., 2009. Male reproductive success in
plateau pikas (Ochotona curzoniae): a microsatellite analysis. Mamm. Biol. 74,
344–350.

Yu, N., Zheng, C.L., Zhang, Y.P., Li, W.H., 2000. Molecular systematics of pikas (genus
ochotona) inferred from mitochondrial DNA sequences. Mol. Phylogenet. Evol.
16, 85–95.


