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Abstract The reproduction of the plateau pika (Ochotona
curzoniae) was investigated in Guoluo District at an
elevation of 4,000 m on the Qinghai-Tibetan plateau,
China, from April 2007 to August 2008. Reproduction
was seasonal, and the breeding season lasted from April to
late June/early July. Adults produced two litters in each
year, and the mean litter size, estimated by counting the
number of embryos in utero, was 3.3+0.1 (n=52) in 2007
and 3.2£0.1 (n=66) in 2008. The timing of reproduction
showed high inter-annual variation; lower precipitation and
the concomitant delay in spring vegetation phenology may
have retarded the onset of the breeding season in 2007
compared with 2008. The most frequent litter sizes were 3
and 4, which together comprised 71.2% and 83.3% of
litters in May and June of 2007 and 2008, respectively.
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Compared with previous studies, reproduction was highly
variable between geographic areas. Pikas produced between
one and five litters per year in different regions of the
plateau over different breeding seasons. This geographic
and inter-annual variation appeared to be associated with
the duration of plant growth at each site, suggesting that
plateau pikas adjust the length of their breeding season to
match the period when sufficient energy is available to
support the high energy demands of reproduction.
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Introduction

Plateau pikas (Ochotona curzoniae) are small, non-
hibernating, herbivorous lagomorphs that are distributed
widely over the Qinghai-Tibetan plateau from 3,200 to
5,300 m in altitude (Smith and Xie 2008). They inhabit open
alpine meadows and typically live in social groups composed
of two to six adults and their young that together occupy a
family territorial burrow system (Dobson et al. 1998, 2000;
Liang 1981; Qu et al. 2008; Smith and Wang 1991). The
plateau pika is an endemic species that evolved during the
uplift of the Qinghai—Tibetan plateau (Yu et al. 2000), and its
life histories and physiology are well adapted to the extreme
cold and hypoxic environment of the plateau (Li et al. 2001;
Wang et al. 2006; Yang et al. 2006, 2007). Many previous
studies have examined the social behavior and reproduction
of pikas, but most data to date have been collected from
marginal parts of the plateau at altitudes between 3,200 and
3,300 m (Li et al. 1998; Wang and Dai 1991; Yin et al.
2009), with only sporadic reports from higher elevations
more characteristic of the plateau as a whole (Shen and Chen
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1984). On the Qinghai-Tibetan plateau, the plant growth
period and aboveground biomass vary with differences in
altitude and ambient temperature (Wang et al. 2004a). At
altitudes of 3,200-3,300 m, the plant growth period is about
134-152 days and the maximum aboveground biomass is
about 420 g/m” (Li et al. 2004; Zhong and Wei 2010);
however, at 3,800-4,500 m, the plant growth period is
shorter (90-120 days) and the maximum aboveground
biomass is correspondingly reduced to only 75-110 g/m>
(Shen and Chen 1984; Yang et al. 2010). Since reproduction
is energetically expensive (Speakman 2008), the availability
of plant vegetation and food resources may have dramatic
effects on reproductive output (Ylonen et al. 2003).
Consequently, reports from lower elevations cannot be easily
extrapolated to pikas inhabiting the high plateau. In this
paper, our aim was to investigate the reproductive character-
istics of plateau pikas at medium elevations on the Qinghai—
Tibetan plateau (3,900-4,000 m above sea level) and to
compare the reproductive characteristics of this population
with data gathered from lower altitudes (3,200-3,500 m).

Material and methods
Study area

This study was carried out on the southeastern flank of the
Qinghai-Tibetan plateau, about 15 km east of the small town of
Dawu, Guoluo state, Qinghai Province, People’s Republic of
China (34°25' N, 100°22" E, elevation 3,950 m; Fig. 1). The
study site (~800 ha) was on a gentle slope. The climate in the
area is harsh with an average annual temperature of 0°C. Frost
can occur year-round, and soils freeze to more than 2 m deep
in the winter. The daily variation in temperature is great (up to
about 25°C). Most precipitation falls in the summer between
June and August, with the annual mean precipitation being

Fig. 1 Map of the study area in
the Qinghai-Tibetan plateau
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580 mm. Heavy winter snowfalls are rare. The vegetation at
the study site is typical Kobresia humilis alpine steppe
meadow and is grazed year-round at low density by domestic
livestock (yak, Bos grunniens, and sheep, Ovis aries).

Data collection

The total vegetation cover, the green vegetation cover, and the
area of bare ground within the study site were measured
monthly from April to August in both 2007 and 2008. Ten
50%50-cm quadrats were chosen randomly near the core area
of the study site. Local climate data, including monthly
precipitation and temperature, were obtained from the Qinghai
Provincial Meteorological Bureau 15 km from the study site.

Pikas were captured using the string noose method
(Dobson et al. 1998). The gestation period of plateau pikas
is about 21 days, so the work schedule was divided to cover
two to three sample periods per month to obtain sufficiently
fine-grained data. We distinguished the adults from the
young by body mass and color of fur, as well as the
hardness and length of toes. About 20 adult males and 20
adult females were captured during each sampling period
and killed and dissected. In total, 186 males and 181
females were dissected in 2007, and 157 males and 220
females were dissected in 2008. Once a pika was captured,
it was immediately placed into a plastic cage measuring
0.4%0.2x0.2 m. Two to three pikas were placed in each
cage and dry grasses were added to the cage to reduce
fighting. Vegetables such as fresh carrots were provided as
food. After pikas were taken back to the laboratory in 2 h,
body mass and gender were recorded. Pikas were anesthe-
tized and killed by cervical dislocation. The animals were
then dissected and tissue samples were obtained. Testes and
the left epididymal tail of males, as well as the uterus and
ovaries of females, were weighed with an electronic balance
(nearest to 0.001 g). If placental scars and embryos were
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detected in a female simultaneously, we concluded that the
individual had two or more litters. Litter size was
determined by counting viable embryos in utero. All the
procedures were reviewed and approved by the ethical
review board of the Northwest Institute of Plateau Biology,
Xining, Qinghai Province, China.

Statistical analysis

To test for significant differences in vegetation coverage,
adult body mass, reproductive organ mass, and litter
size between months and years, we used ANOVA and
LSD tests. Independent samples ¢ tests were used to
analyze the differences in body mass and reproductive
organ masses in the same study area between years.
Occurrences of scrotal testes in males and pregnancy in
females in different months were analyzed using one-
sample ¢ tests. Differences with a P value of 0.05 or less
were considered significant. All values are expressed as
the meantSE. All the statistical procedures were per-
formed using SPSS (version 16.0, SPSS Inc., Chicago, IL,
USA).

Results
Climate and vegetation

The monthly temperature ranged from —12.7°C to 11.4°C
over the two study years, and the total annual
precipitation was 584.5 mm in 2007 and 581 mm in
2008. There were no dramatic differences in average
monthly temperatures between early spring in 2007 and
2008. From February to April, the mean temperature
was —3.3°C in 2007 and —4.5°C in 2008; in April, the
average temperature was 1.7°C in 2007 and 1.9°C in
2008. However, there was a difference in spring
precipitation between the 2 years. In spring 2007, total
precipitation was only 14.2 mm, and just 2.3 mm of
rainfall fell in April, while 22.1 mm of rain was
recorded during spring 2008, with 12.5 mm in April.

Predictably, there was also a significant difference in
green vegetation cover between the 2 years in May, June,
and August—May, F| 13=84.827, P<0.001; June, F ;s=
15.420, P=0.001; August, F ;5=5.399, P=0.032—but the
differences in April and July were not significant: April,
Fl,lg:0.037, P20850, July, F1’1820.343, P=0.565 (Flg 2)
However, the total vegetation coverage was not significant-
ly different between years, except in June and August when
there was greater total vegetation in 2008 (April: Fy 5=
1.027, P=0.324; May: F, 135=3.057, P=0.097; June: I, ;3=
15.420, P=0.001; July: F,,5=1.986, P=0.176; August:
F118=5.399, P=0.032).
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Fig. 2 Total vegetation coverage and coverage by green vegetation
from April to August within the study site in 2007 and 2008. Asterisks
above bars denote significant annual differences in the same month.
**P<0.01

Pika body mass

During both 2007 and 2008, significant differences in male
body mass were detected between sampling periods (2007:
F10,176:3'341> PZOOOI, 2008: F10,146:5~5735 P<0001,
Fig. 3). In 2007, body masses from late May to June as well
as from mid-July to late August were significantly higher
than between late April to mid-May and early July (Fig. 3).
In 2008, body masses from late April to early July and late
August were significantly higher than between mid-July to
mid-August. Body masses of females also showed signif-
icant differences among sampling periods in both 2007 and
2008 (2007 F10’193:11.326, P<0001, 2008: F10,199:
14.388, P<0.001; Fig. 3). In 2007, body masses in late
May and early June were significantly higher than in other
periods; in late August, adult female body masses recovered
and were significantly higher than in July and early or mid-
August. In 2008, body masses from late April to early June
were significantly higher than between mid-June and
August. Between years, the body masses of both sexes
were significantly lower from April to mid-May in 2007
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190 ~ @ =2007 female
g0 —&— 2008 male
1 ~ & = 2008 female

1704
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140 1
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Fig. 3 Body mass (in grams, means+SE) of plateau pikas over the
summers of 2007 and 2008 in Guoluo, Qinghai, China. Body mass
data were pooled two or three times monthly
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compared with 2008 (P<0.01), while no significant differ-
ences between years were detected from late May to August
(P>0.05).

Masses of reproductive organs

For males, the testes became much larger from April to
June, but the average testis mass dropped to <0.1 g in
August (Fig. 4a). There were significant differences in the
mean masses of testis over the sampling periods (2007:
F10’346:100.138, P<0001, 2008: F10,2882122‘658a P<
0.001). On average, testis mass in April and May was
significantly higher than in June for both years, and the
average testis mass in June was also significantly higher
than in July and August. The average testis mass in late
April was slightly higher in 2008 compared with 2007
(F170=5.850, P=0.018); however, the average testis mass
from late May to early July was significantly lower in 2008
compared with the same period in 2007 (late May: F 490=
28.494, P<0.001; early June: F,s,=15.596, P<0.001;
mid-June: F,s4=13.837, P<0.001; early July: F)¢3=
18.859, P<0.001). The seasonal variation in the average
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o testis

£ uterus

Apr.
Date

mass of the left epididymal tail mirrored the results for
testes (Fig. 4b). There were significant differences in the
mean mass of the left epididymal tail over the sampling
periods (2007 F10’167:23.433, P<0001, 2008: F10’117:
21.598, P<0.001). The average mass of the left epididy-
mal tail from April to early June was significantly higher
than in July and August in both years. Overall, the mean
mass of the left epididymal tail was slightly lower from
April to May in 2007 compared with 2008 (late April:
F134=1.343, P=0.255; early May: F; 5,=2.509, P=0.123;
mid-May: F; ,7,=0.897, P=0.352; late May: F; ,3=1.162,
P=0.292), but was significantly higher from June to early
July 2007 compared with 2008 (early June: F 55=5.720,
P=0.025; mid-June: F,6=4.153, P=0.05; early July:
Fi3,=4.717, P=0.038).

There was also seasonal variation in the average
masses of the uterus and ovary. Significant differences
in average uterus mass were detected over the sampling
periods in both years (2007: Fjg 35=16.636, P<0.001;
2008: F9,135=34.858, P<0.001). The mean uterus mass
from April to June was significantly higher than between
July and August (Fig. 4c).The mean uterus mass peaked at

0251 (b) -« =2007
—a— 2008
0.204
E
E 0.154
-3
=
=
£ 010
z
I
0.05
0.00 +— — . - - - - -
0.06 (d) -+ =2007
0.04
£
g
=
0.02
0.00 - ;
25 5 15 | 25 5 ‘15 5 15 5‘15!25
Apr. May Jun. Jul. Aug.
Date

Fig. 4 Average masses of testis (a), left epididymal tail (b), uterus (c¢), and ovary (d) from April to August. Statistical comparisons are given in

the text
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1.02£0.17 g (n=6) in early June 2007 and at 1.07+0.11 g
(n=6) in early May 2008. The average uterus mass from
April to mid-May was significantly lower in 2007 compared
with 2008 (late April: F0=20.076, P<0.001; early May:
F16=25.754, P<0.001; mid-May: F; ,3=20.864, P<0.001),
but significantly higher in June 2007 than in June 2008
(early June: F; 1,=7.818, P=0.017; mid-June: F; 33=7.397,
P=0.01). Significant differences in the average ovary masses
were also apparent over the sampling periods in both years
(2007: Fy0383=22.045, P<0.001; 2008: F19409=35.677, P<
0.001). The mean mass of a single ovary from late April to
June was significantly higher than from July to mid-
August in both years (Fig. 4d). The average ovary mass
from late April to early May 2008 was significantly higher
than in 2007 (late April: F,,=148.176, P<0.001; early
May: F 19=263.622, P<0.001).

Fertility level

Fertility varied over the summer breeding period. Fluctua-
tions in the proportion of males with scrotal testes matched
the proportion of females pregnant. From late April to early
June, the proportion of males with scrotal testes was
significantly higher than in July and August (2007: ¢o=
4.030, P=0.002; 2008: #,,=3.182, P=0.01; Fig. 5a). The
pregnancy rate of adult females also showed significant
changes over the summer (2007: #,9=2.592, P=0.027,
2008: £,p=2.819, P=0.018; Fig. 5b). In 2007, the pregnan-
cy rate was 5.9% in April and peaked at 90% in late May.
In June, the pregnancy rate was 60% and then declined in
July and August to 8.7% and 0%, respectively. In April
2008, all captured females were pregnant, and pregnancy
rates remained high (40-100%) until early June, while no
adult females were caught that were pregnant in July and
August.

Twelve of 16 females captured in mid-June in 2007 and
2008 were pregnant while still suckling young. Only 2 of
23 lactating females were pregnant in July. In 2007,
pregnancies occurred from late April to early July and
peaked between early May and mid-June, while in 2008
they occurred between late April and mid-June (Fig. 5b).
We estimated that the breeding season of plateau pikas in
Guoluo lasts about 50—70 days. The uterus of some females
we dissected during the late breeding season consisted
secondary uterus spots. Tertiary uterus spot has not been
recorded in this population. Therefore, we concluded that
the plateau pika produced up to two litters annually at our
study site in Guoluo.

Litter size

The mean litter size was 3.3+0.1 (#=52) in 2007 and 3.2+
0.1 (n=66) in 2008 (Fig. 5c). It peaked in early May at a

value of 4 (n=3) in 2007 and 3.39 (n=18) in 2008 and
peaked again in mid-June with 3.75 (n=12) in 2007 and
3.33 (n=3) in 2008. The litters conceived were first
observed in late April of both years, and the last were
found in early July 2007 and mid-July 2008. Since there
were relatively few samples in late April and early July, we
only compared litter sizes in May and June. Significant
differences were detected among periods in 2007 (Fy447=
3.405, P=0.016), with the mean litter size from mid-May to
early June being significantly smaller than in early May and
mid-June. However, no significant difference in litter size
was detected in 2008 (F46,=1.313, P=0.275). The most
common litter sizes were 3 and 4, which together accounted
for 71.2% of all litters in 2007 and 83.4% in 2008 (Fig. 6).

Discussion

Reproduction in mammals is costly (Speakman 2008). Its
process, including onset of breeding, litter size, and number
of litters in a breeding season, is thus likely affected by the
resources available in its habitat to sustain the energy
demands of reproduction. Plateau pika is a native herbiv-
orous species of lagomorphs inhabiting the Qinghai—
Tibetan plateau (Smith and Xie 2008). They have short
spring—summer breeding seasons typical to herbivorous
small mammals inhabiting alpine environments (Smith and
Ivins 1983). Early breeding is advantageous for increasing
the time available for both offspring and parents to prepare
for the coming winter (Millar 1973). However, the breeding
cannot commence until resources are adequate to support
the reproductive attempt. Our data showed that the onset of
breeding in a pika population in Guoluo Region is earlier in
2008 than in 2007. This annual variation may be due to the
annual change of climate. In the alpine meadow ecosystem
of the Qinghai—Tibetan plateau, temperature and precipita-
tion are the two main factors that influence plant phenology.
Increasing temperature and precipitation in spring can
advance the start of the plant growth period, resulting in
increased aboveground biomass on the plateau (Yang and
Piao 2006). In the Guoluo region where our study site was
located, there were no significant differences in temperature
during spring and summer between 2007 and 2008. Yet,
early spring precipitation in 2008 was twice that in 2007 on
average. The highest precipitation was recorded in April
2008, when the rainfall was 5.5 times that in April 2007.
This increased rainfall was correlated with improved
coverage of green vegetation in early summer 2008. Early
commencement of pika breeding may be a response to the
earlier availability of food resources. These data were
consistent with previous suggestions that reproduction of
plateau pikas in Guoluo regions is energy-limited (Shen and
Chen 1984; Smith 1988).
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Early onset of breeding may have important fitness
implications for herbivorous animals inhabiting the alpine
ecosystem where the plant growing season is short; early
breeding can increase the time available for both offspring
and parents to prepare for the coming winter (Millar 1973;
Smith and Ivins 1983). However, the breeding cannot
commence until resources are adequate to support the
reproductive attempt. Small mammals usually meet energy
demands for reproduction by increasing food intake (Degen

@ Springer

et al. 2004; Johnson et al. 2001; Liu et al. 2003), meaning
that food availability has a major effect on the rate and
timing of reproduction in herbivorous small mammals
(Santos et al. 2006; Ylonen et al. 2003). Precipitation can
therefore be a key driver for mammalian reproduction
(Krebs et al. 2004; Masters 1993) by increasing the food
resources available (Singleton et al. 2001) in the early
breeding season. The increased precipitation in spring 2008
was correlated with advanced plant growth, improved
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mortality of parents and their young. There were three
main reasons for the actual litter size to be lower than the
maximal litter size. Firstly, maternal mortality might be
influenced by litter size. Previous studies have suggested
that maternal survival declined with excess reproductive
investment by reducing the body condition of mothers
(Charnov and Krebs 1974; Millar 1973). Second, offspring
survival might decline in relation to litter size because
generally, pups from larger litters wean at lower body
mass than those from smaller litters (e.g., Millar 1977;
Johnson et al. 2001). Hence, an intermediate litter size
might maximize juvenile recruitment and survival (Morris
1986). This is supported by observations from experi-
ments where litter size has been manipulated in the field,
which indicated that the maternal body mass and growth
rate of juvenile were significantly higher in reduced litters
compared with control litters (Koskela 1998; Mappes et al.
1995). Since plateau pikas are social and territorial
mammals (Qu et al. 2007), the larger individuals are
generally more competitive and benefit from the ability to
defend their territories. Third, the observed variance in the
litter size across the population may reflect age-related
variation in reproductive strategies. Older individuals may
invest more in reproduction because their own future
reproductive value is lower (McElligott et al. 2002).

In the Qinghai—Tibetan plateau, the plant growth season
restricts the pika breeding season to between 3 and 6 months
(Dobson et al. 1998; Li et al. 1998; Smith and Wang 1991;
Wang and Dai 1991; Wang et al. 2004b). An increased
duration of plant growth can extend the pika breeding
season (Table 1). The masses of the reproductive organs, as
well as the presence of scrotal testes or pregnancy,
confirmed that the breeding season of plateau pikas at
Guoluo lasted from mid-April to late June or early July. Our
results also suggested that two litters were produced during
this breeding season. In another site 5 km away for mark-
recapture study, we recorded two cohorts of young pikas in
the same year (Qu et al. 2008). Comparing our study with
previous findings from other regions, the reproduction of
pikas showed a large geographic variation across the
Qinghai-Tibetan plateau, with different populations pro-
ducing from one to five litters per year in different areas
(Fig. 1 and Table 1). In Heimahe region, the breeding
season also varied in duration across years (early April to
early July 1986, from late March to early August 1987, and
from mid-April to late July 1988), and adults produced
variable numbers of litters in each year (Wang and Dai
1991). At Haibei, the breeding season lasted from early
April to early August, and two to four litters per season
were produced (Nie 2005; Wang et al. 2004b; Yin et al.
2009). In Guinan and Ganzi, two or three litters were
produced even though the altitude in Ganzi was about
700 m higher than in Guinan (Ding et al. 2000; Dobson et
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al. 1998; Li et al. 1998; Zhang and Liu 1996). In Guoluo
and Naqu, the pika breeding season lasted about 3 months,
and only one to two litters were produced (Shen and Chen
1984; Luosang 2002; present study). In conclusion, plateau
pikas seem to adjust the length and start of the breeding
season to match the availability of resources to support
reproductive energy demands.

Although the increased spring precipitation resulted in
earlier food abundance in Guoluo region, the plant growing
season may not be long enough for pika to increase the
annual number of litters and litter size. Whether plateau
pika in this region can potentially respond to prolonged
plant growing season with increased number of litters and
litter size will require further investigations.

Acknowledgments This work was supported by Key Innovation
Research Programs of the Chinese Academy of Sciences (no. KSCX2-
YW-N-06, KSCX2-YW-N-90) and grants from the “973” Project of
China Ministry of Science and Technology (no. 2007CB109105). We
thank the editor and two anonymous reviewers for their invaluable
comments. We thank Zhibin Zhang and John R. Speakman for
comments on earlier drafts of the manuscript. This study could not
have been completed without the friendly help of local people in
Guoluo. Our experiments complied with the laws of China.

References

Barnes Al, Partridge L (2003) Costing reproduction. Anim Behav
66:199-204

Both C (1998) Experimental evidence for density dependence of
reproduction in great tits. J Anim Ecol 67:667-674

Charnov EL, Krebs JR (1974) On clutch size and fitness. Ibis
116:217-219

Degen AA, Khokhlova IS, Kam M, Snider I (2004) Water budget
during reproduction in female common spiny mice (Acomys
cahirinus). J Mammal 85:1106-1110

Ding XT, He XQ, Chao YQ, Li FM, Xie WB (2000) Preliminary
studies on the breeding and population renew of plateau pika
in Ganzi Autonomous Prefecture. Sichuan Anim Vet Sci
27:54-55

Dobson FS, Smith AT, Wang XG (1998) Social and ecological
influences on dispersal and philopatry in the plateau pika
(Ochotona curzoniae). Behav Ecol 9:622-635

Dobson FS, Smith AT, Wang XG (2000) The mating system and gene
dynamics of plateau pikas. Behav Proc 51:101-110

Frick WF, Reynolds DS, Kunz TH (2010) Influence of climate and
reproductive timing on demography of little brown myotis Myotis
lucifugus. J Anim Ecol 79:128-136

Harshman LG, Zera AJ (2007) The cost of reproduction: the devil in
the detail. Trends Ecol Evol 22:80-86

Johnson MS, Thomson SC, Speakman JR (2001) Limits to sustained
energy intake: I. Lactation in the laboratory mouse Mus
musculus. J Exp Biol 204:1925-1935

Koskela E (1998) Offspring growth, survival and reproductive success
in the bank vole: a litter size manipulation experiment. Oecologia
115:379-384

Krebs CJ, Kenney AJ, Singleton GR, Mutze G, Pech RP, Brown PR,
Davis SA (2004) Can outbreaks of house mice in south-eastern
Australia be predicted by weather models? Wildlife Res 31:465—
474



Eur J Wildl Res (2012) 58:269-277

271

Li ZW, Sun RY, Du JZ (1998) Seasonal reproductive cycles in male
plateau pika (Ochotona curzoniae). Acta Their Sin 18:42-49

Li QF, Sun RY, Huang CX, Wang ZK, Liu XT, Hou JJ, Liu JS, Cao
LQ, Li N, Zhang SZ, Wang Y (2001) Cold adaptive thermo-
genesis in small mammals from different geographical zones of
China. Comp Biochem Physiol A 129:949-961

Li YN, Zhao XQ, Cao GM, Zhao L, Wang XQ (2004) Analyses on
climates and vegetation productivity background at Haibei
Alpine Meadow Ecosystem Research Station. Plateau Meteorol
23:558-567

Liang JR (1981) Family structure of plateau pika (Ochotona
curzoniae). Acta Their Sin 1:159-165

Liu H, Wang DH, Wang ZW (2003) Energy requirements during
reproduction in female Brandt’s voles (Microtus brandtii). J
Mammal 84:1410-1416

Luosang JC (2002) Study of plateau pika in Naqu. Tibet Anim Vet Sci
1:12-14

Mappes T, Koskela E, Ylonen H (1995) Reproductive costs and litter
size in the bank vole. Proc R Soc Lond B 261:19-24

Masters P (1993) The effects of fire-driven succession and rainfall on
small mammals in spinifex grassland at Uluru National Park,
Northern Territory. Wildlife Res 20:803-813

McElligott AG, Altwegg R, Hayden TJ (2002) Age-specific
survival and reproductive probabilities: evidence for senes-
cence in male fallow deer (Dama dama). Proc R Soc Lond B
269:1129-1137

Millar JS (1973) Evolution of litter-size in the pika, Ochotona
princeps (Richardson). Evol 27:134-143

Millar JS (1977) Adaptive features of mammalian reproduction. Evol
31:370-386

Morris DW (1986) Proximate and ultimate controls on life-history
variation: the evolution of litter size in white-footed mice
(Peromyscus leucopus). Evol 40:169-181

Morris DW (1992) Optimum brood size: tests of alternative
hypotheses. Evol 46:1848-1861

Nie HY (2005) Study on the evolutionary ecology of small
herbivorous mammals: life history strategy of plateau pika
(Ochotona curzoniae). Dissertation, Zhejiang University

Qu JP, Li KX, YangM LiWJ, Zhang YM, Smith AT (2007) Seasonal
dynamic pattern of spacial territory in social groups of plateau
pikas (Ochotona curzoniae). Acta Their Sin 27:215-220

Qu JP, Yang M, Li WJ, Li KX, Zhang YM, Smith AT (2008) Seasonal
variation of family group structure of plateau pikas (Ochotona
curzoniae). Acta Their Sin 28:144—150

Santos P, Fernandez-Llario P, Fonseca C, Monzon A, Bento P,
Soares AMVM, Mateos-Quesada P, Petrucci-Fonseca F
(2006) Habitat and reproductive phenology of wild boar
(Sus scrofa) in the western Iberian Peninsula. Eur J Wildlife Res
52:207-212

Schorr RA, Lukacs PM, Florant GL (2009) Body mass and winter
severity as predators of overwinter survival in preble’s meadow
jumping mouse. ] Mammal 90:17-24

Shen SY, Chen YG (1984) Preliminary research on ecology of the
plateau pika at Dawu area, Guoluo, Qinghai Province. Acta Their
Sin 4:107-115

Singleton G, Krebs CJ, Davis S, Chambers L, Brown P (2001)
Reproductive changes in fluctuating house mouse populations in
southeastern Australia. Proc R Soc Lond B 268:1741-1748

Smith AT (1978) Comparative demography of pikas (Ochotona):
effect of spatial and temporal age-specific mortality. Ecol
59:133-139

Smith AT (1988) Patterns of pikas (genus Ochotona) life history
variation. In: Boyce MS (ed) Evolution of life histories: theory
and patterns from mammals. Yale University Press, New Haven,
pp 233-256

Smith AT, Ivins BL (1983) Reproductive tactics of pikas: why have
two litters? Can J Zool 61:1551-1559

Smith AT, Wang XG (1991) Social relationships of adult black-lipped
pikas (Ochotona curzoniae). ] Mammal 72:231-247

Smith AT, Xie Y (2008) A guide to the mammals in China. Princeton
University Press, Princeton

Speakman JR (2008) The physiological costs of reproduction in small
mammals. Philos Trans R Soc B 363:375-398

Wang XG, Dai KH (1991) Studies on the population reproduction
ecology of plateau pika. Zool Res 12:155-161

Wang CT, Wang QJ, Long RJ, Jing ZC, Shi HL (2004a) Changes in
plant species diversity and productivity along an elevation
gradient in an alpine meadow. Acta Phytoec Sin 28:240-245

Wang JL, Wei WH, Zhang YM, Yin BF, Cao YF (2004b) The sex ratio
of plateau pika’s population. Acta Their Sin 24:177-181

Wang JM, Zhang YM, Wang DH (2006) Seasonal thermogenesis and
body mass regulation in plateau pikas (Ochotona curzoniae).
Oecologia 149:373-382

Yang YH, Piao SL (2006) Variations in grassland vegetation cover in
relation to climate factors on the Tibetan plateau. J Plant Ecol
30:1-8

Yang J, Zhao XQ, Guo SC, Li HG, Qi DL, Wang DP, Cao JH (2006)
Leptin cDNA cloning and its mRNA expression in plateau pikas
(Ochotona curzoniae) from different altitudes on Qinghai-Tibet
plateau. Biochem Biophysical Res Commun 345:1405-1413

Yang YZ, Cao Y, Jin GE, Bai ZZ, Lan M, Yun HX, Ge RL (2007)
Molecular cloning and characterization of hemoglobin at and
chains from plateau pika (Ochotona curzoniae) living at high
altitude. Gene 403:118-124

Yang K, Lin ED, Gao QZ, Wan YF, JiangCun WZ, Wang BS, Li WF
(2010) Simulation of climate change impacts on grassland
productivity in Northern Tibet. Chin J Ecol 29:1469-1476

Yin BF, Yang SM, Wei WH, Zhang YM (2009) Male reproductive
success in plateau pikas (Ochotona curzoniae): a microsatellite
analysis. Mamm Biol 74:344-350

Ylonen H, Jacob J, Runcie MJ, Singleton GR (2003) Is reproduction
of the Australian house mouse (Mus domesticus) constrained by
food? A large-scale field experiment. Oecologia 135:372-377

Yu N, Zheng CL, Zhang YP, Li WH (2000) Molecular systematics of
pikas (genus Ochotona) inferred from mitochondrial DNA
sequences. Mol Phylogenet Evol 16:85-95

Zhang ZH, Liu RT (1996) Study of reproduction and population
dynamics of platau pika. Gansu Agr Techn 3:30-32

Zhong C, Wei P (2010) Effect of weather change on crops growth in
Guinan county of Qinghai Province. Guizhou Agr Sci 38:75-78

@ Springer



	Reproduction of plateau pika (Ochotona curzoniae) on the Qinghai–Tibetan plateau
	Abstract
	Introduction
	Material and methods
	Study area
	Data collection
	Statistical analysis

	Results
	Climate and vegetation
	Pika body mass
	Masses of reproductive organs
	Fertility level
	Litter size

	Discussion
	References


