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SEASONAL REPRODUCTIVE CYCLES INMALE
PLATEAU PIKA (OCHOTONA CURZON IAE)
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(N orthw est Plateau Institute d B iology, theChineseA cademy o Sciences)

Abstract

Annual changes of the reproductive activity in adult male plateau pika (Ochotona
curzoniae), a snall endemic manmal in Q inghai-T ibet Plateau, w ere investigated from Jan-
uary to Decanber, 1991 A Il of the animalsw ere killed and decapitated during the night (23
00 24-00) and theplasna, pineal glands, testesepididymis, saminal vesicles, deferent ducts
w ere mollected and used for biochamical, and histological studies Significant changes asociat-
edw ith seasonal cycleswere found (1) In February early April, the restoration phase, the
w eightsof testes, epididym ides and deferent ductsw ere increased; the processof spematoge-
nesisw as strengthened and testosterone level in plasnaw as increased, but the pineal w eight
and itsmelatonin contentw ere decreased  (2) During themiddle of April lateM ay, the sex-
ually active phase, a significant elevation of gonadal activity wasobserved In thisperiod, go-
nadal w eightsw ere increased, gpematogenesisw as completed, pineal w eightsw ere decreased
and melatonin contentsw ere fluctuated at a low level These results suggested the increasing
in sexual activity asw ell as in the ability of testosterone secretion (3) A striking reduction of
testicular activity gppearsin June A ugust In this inhibition phase, gonadal w eight, process
of gpematogenesis, plasna testosterone level were decreased w hile the pineal weight and
pineal melatonin contentw ere increased (4) During Septamber January, the sexually quies-
cent phase, declining in weights of testes and epididymides, arrest of gpematogenesis, de-
creasing of plasna testosterone concentration, fluctuating in pineal w eights and increasing in
pineal melatonin level w ere observed Our findings indicated that themale pikas under natural
oconditions exhibited an annual reproductive cycle A possible relationship betw een pineal activ-
ity and reproductive function w as al suggested
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adaptive alterations in physiological aswell as in behavioral status The avitching on
and off of reproductive function is themost striking example of such a photoperiodically
induced process The roleof pineal gland in the regulation of seasonal reproductive cycle
w as demonstrated in several mammalian gecies One of themost studied gecies is the
Syrian hanster (M esocricetus auratus), inw hich gonadal regression is induced by expo-
sure to short photoperiod (Reiter et al , 1983).

Plateau pika (Ochotona curzoniae), as a snall endemic mammal, lives in Q inghai-
Tibet Plateau and show s typical characteristics of seasonal breeding The circadian
rhythm of the pineal melatonin content in the animals show ed that pika's pineal gland
was able to repond to photoperiods (Liet al , 1994a ). The experimental studies of
the reproductive endocrine of pika in different photoperiods al® indicated that plateau
pikamight be classified as a long-day breeder (L iet al , 1994b, 1994c). The present
study w as designed to exam ine the annual reproductive cycle of the adult male plateau
pika in natural habitat and analyze the possible relationship betw een pineal activity and
reproductive function in naturally acclimatized animals

M ATERIAL AND M ETHOD S

1 Animals

N ine groups (the total of 286 animals) of adult male pikaw ere trapped in the field
of Guinan county, Q inghai province during January Decanber. Theyw ere sent to lab-
oratory of Northw est Plateau Institute of Biology, the Chinese A cademy of Sciences (in
Xining city) and housed in w ire cages individually in a room w ith natural light through
w indow s Food ( carrot and cabbage ) were supplied ad libitum.
2 Collection of Samples

Five days after arrival in the laboratory, pikas in each groupsw ere killed by decapi-
tation during 2300 24-:00 under a dim red light ( 20 30 lux ). The pineal glands
w ere quickly removed, w eighed, frozen in liquid nitrogen and stored at - 20 formela-
tonin assay. Trunk bloodw as collectedw ith heparinized syringe, centrifuged and stored
at - 20 for testosterone assay. Paired testes, epididymides, saminal vesicles and def-
erent ductsw ere dissected and w eighed T hen they were fixed in Bouin's fluid and pro-
cessed for histological studies Cross sections (8 ym thickness) were examined under
light microscope (OlympusBH-2, AD Systamn). Photomicrographsw ere taken at ran-
dom at 100 x, 200 x and 400 x and enlarged up to 2 x during printing
3 Hormone Asay

M elatonin: Each pineal gland w as homogenized by sonication (Sonics andM aterials
NC ) for 5 sec in 110 ul chilled 0.1 mol perchloric acid containing 0. 1% ascorbic
acid Pineal melatonin was measured by high-performance liquid chromatography (
V ariant 5000 ) w ith fluorimeter detection ( Shimadzu RF530) described by W akabayas-
kietal (1986). The recovery rate of the pineal melatonin was 96. 2+ 3.2 %.

Testosterone. Plasna testosterone w as determ ined by radioimmunoassay kit (D i-
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agnostic Product, Shanghai Institute of Endocrinology ). The recovery ratewas 96 9+
2.5 %.
4 Statistical Analysis

Data are shown asmean SE D ifferences betw een group w ere analyzed by student’s
t test and onew ay-ANOVA.

RESUL TS

1 Body weights

Seasonal profiles of body weights (BW ) inmale adult pikas are shown in table 1
Itsw eight gained during February M ay, and reaching peak ( 147.5+ 1.8 g, n= 25)
during June July. Rapid lossof body massoccurred in A ugust, w ith the low est w eight
(128.9% 3.4 g, n= 22 ) at early Septanber. Slow recovery of body w eight w as ob-

served during October D ecanber.
Table1l Seasonal changesof body weights, contentsof plasna
testosterone and pineal melatonin (mean+ SE) in Plateau pika

Tme of Body w eight T estosterone content M elatonin content
collection (g) (pg/m| plasna) (pg/gland )
a Febh 9 132.0+ 1.6 (39) " 192.5+ 23.0 (15) " " 154.6+ 15.9 (12) "
h Apr 3 137.6+ 2.0 (24) 1084.0+ 96.6 (14) "~ 109. 6+ 2.0 (12) "
c Apr 27 140.3+ 3.5 (22) 2531. 3+ 220.4 (16) 72.4+ 5.4 (11)
d May 26 147.5+ 1.8 (25) " 2917.0 % 280.5 (15) "~ 85.5+ 11.3 (12) " *
e June 29 140. 2+ 2.5 (21) 469. 5+ 58.7 (17) 136.6+ 13.1 (14) " "
f Aug 5 145.2+ 1.9 (22) " ° 327.9+ 53.5 (18) ° 200. 9+ 22.2 (14)
g Sep 3 128.9+ 3.4 (22) 199. 1+ 20.5 (17) 186.6+ 22.8 (14) " "
h Oct 11 133.6+ 2.1 (30) 129. 8+ 18.3 (17) 422.3+ 33.0 ( 8)
i Dec 21 138.0+ 2.1 (19) " 89.4+ 10.9 (15) 336.5+ 45.0 (12)
ANOVA P < 0.01 P < 0.01 P < 0.01

The sanple size are given in parentheses

* P< 0.05 * * P < 0.01, comparisonw ith the follow ing collecting group
2 Reproductive organ weights

The annual changes in thew eights of paired testes, epididymides, saminal vesicles
and deferent ducts in pikas are show n in table 2 A |l their weight w ere low in February
and themore elevated valuesw ere observed during April M ay. Themaximal values in
lateM ay w ere follow ed by rapid and significant (P< 0.01) decrease in June July, and
renained low through w inter.
3 Histology of reproductive organ

Significant structural changes associatedw ith the seasonal cyclesof reproductive ac-
tivity w ere found in natural population DuringApril M ay, the contorted sam iniferous
tubules and the ducts of epididymides and deferent ducts were large in dianeter and
many mature pematozoaw ere present in ductsof epididym ides and deferent ducts An
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inactive gonadal statew asobserved during July February. Itwas characterizedw ith a
gradual reduction of saniniferous tubules and loss of tubular lumen Spematozoaw ere
absent in lumen So the histological studiesw erew ell concordant w ith changes in go-

nadal w eights in seasonal aspects

e
© N ey

Daylength(hrs >

Pineal Melatonin
(ng/gland)
O = N W

pair wt/body wt)

Pineal Mass (1 X10—5

(ng/ml)

S~ N W

Plasma Testoterone

[ I

Wt. of Testes(g)

[=3

Fig 1 Seasonal changes in testesweight, plasns testosterone,

pineal mass and pineal melatonin in plateau pika

4 Plasna testosterone

Plasna testosterone contents of
natural male adult pikas showed a
marked annual changes, w ith it con-
centration rising significantly (P <
0.001) duringApril andM ay ( table
1), peaking in lateM ay, then fell
sharply to basal levels during late
June, remaining low through the
w inter.
5 Pinealmassand melatonin

Thepineal massw as the highest
in early February (1.32+ 0.08 mg/
100 g, BW, n= 32) and the lowest in
late M ay ( 0.94% 0.06 mg/100 g
BW, n= 25). Pineal melatonin lev-
els show ed amarked seasonal pattern
(Table 1): with contents significant-
ly lower (P< 0.05) betweenApril
M ay than that in early February,
and rapid recovery of its content oc-
curred in early July and reached the
highest at middle October ( 422. 3%
33.0pg/gland, n= 8).

D ISCUSSION

1 Seasonal cycle of reproduction

Studies on the elogy (Wang et al , 1991 ), behavior (W ang et al , 1981) and
reproductive function ( present study ) showed that therewas amarked seasonal cycle

of reproduction in adult male plateau pikas in nature For the purposes of discussion,
the pika's reproductive cycle in thispaper w as divided into four phasesw ith reference to
golden hanster (Reiter et al , 1983 ): (1) The restoration phase, from early February
to early April, the daylength in Q inghai-T ibet Plateau becomes longer and the clmate

, the averagemonth temperature).

getswamer (- 8.0 1.7
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Pika's testes and their gam etogenic function recrudesce, but there is still no evident
external reproductive activity in the field (2) The sexually active phase, from middle
April to lateM ay, the climate gets further wamer (the average month temperature is
above 5 ) with a longer daylength Pika's testes reach themaximal weight, this coin-
cides themaximal reproductive capability in thisperiod (3) The inhibition phase, from
June to late A ugust, is characterized by rapidly atrophy of testes and tem ination of re-
production, while the climate is stillwam ( the averagemonth temperature is11.0 in
June). (4) The sexually quiescent phase, from early September to January of next year,
the testes reduce to minimal w eights and gan etogenesis has ceased, w hile the clmate is
getting colder and colder from 8.5to - 11.7  ( the average month temperature from
September to January ). Pikas remain in non-reproductive state throughout the long

w inter.
Table 2 Seasonal changesof the reproductive organ weight ( mean+ SE) in male plateau pikas

Time of Testeswt Epididym idesw t D eferent ductswt Saminal vesiclewt
Collection meant SE meant SE meant SE meant SE
a Feb 9 68.4+ 3.9 (36) " " 14.4+ 1.4 (36) " " 1.8+ 0.1 (37)"° 7.0 0.4 (38)" "

0
b.Apr. 3 870.0+ 37.6 (24) "~ 32.0+£ 2.1 (24) " 7.5+ 0.6 (24) " 20.1+ 1.7 (24) ™"
0

C.Apr. 27 1409.1+ 56.9 (23)" " 156.0+ 10.7 (19) " " 12.4+ 0.6 (18) "~ 60.0+ 4.7 (19) " "
d May 26 1624.6+ 53.5 (28) " " 208.8+ 12.6 (28) " " 19.8%+ 1.2 (28) 119.9+ 14.4 (27) "
e June29 351.8+16.9 (21)"" 149.7+ 1.9 (21)"" 16.8+ 0.7 (19) "~ 36.5+ 2.3 (19) " °
. Aug 5 78.9+ 3.3 (22) 17.8+ 0.8 (22) "~ 6.4+ 0.4 (22) 13.2+ 0.4 (22) "
g Sep 3 72.9+ 2.9 (20) 13.9+ 0.6 (18) " © 5.7+ 0.5 (19) ° 11.4+ 0.6 (19) " °
h Oct 11 67.9+ 2.4 (30) " " 10.0+ 0.6 (30) " * 4.5+ 0.2 (30) " ° 8.5+ 0.4 (29) "
i.Dec 21 43.7+ 2.5 (19) " 4.8+ 0.5 (18) "~ 1.9+ 0.2 (19) 6.9+ 0.7 (19)
ANOVA P < 0.01 P < 0.01 P < 0.01 P < 0.01

The sanple size are given in parentheses The unit of theweights is 1x 10 5 pair wt/body wt

* P< 0.05 ** P < 0.01, comparisonw ith the follow ing collecting group

2 Photoperiod, pineal melatonin, and reproduction

A sshowed in Fig 1, during the short day period, from late June to lateD ecanber,
there w as a continued atrophy of gonads and low testosterone level in plasna of male
adult pika, and a continued increasing in pineal melatonin contents It seans like the
golden ham ster, the short days, acting by way of the pineal gland , maintained the go-
nads in the inactive state ( the sexually quiescent phase). Experimentsw ith different
photoperiods in thisphase also show ed that pikaswould develop their reproductive func-
tion and appeared mature pematozoa in the testes under long photoperiod; w hile pikas
under short photoperiod continued present the inhibitory state of the reproductive func-
tion (Lietal , 1994b ). W ith increasing of daylength ( early January early April ),
the lower pineal melatonin level decreased its inhibitory influences to the neuroen-
docrine-gonadal axis At this time, pikaswould restore their reproductive function un-
der both long photoperiod and short photoperiod (Lietal , 1994c ). A s soon as the
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re-establishment of the reproductive functions, pikas are imm ediately capable of mating
and breeding litters in the early spring of the Q inghai-T ibet Plateau ( sexually active
phase ). The lower pineal melatonin level, high level of plasna testosterone concentra-
tion and the heaviest gonadal mass coincided w ith themaximal reproductive capability of
the animals Itwas still unclear to the reason of the strongly inhibitory effectson pika's
reproductive function in June A sshowed at Fig 1, inJune, before the daylength reach-
es itsmaximum, nature pika'spopulation already show ed the gonad atrophy and low er-
ing of plagna testosterone contents This is an interesting feature and might be gecific
to plateau pika, living in habitatsof high elevationw ith shorter summer. T he resultsof
our experimental research indicated that plateau pikaw as a long-day breeder and long-
day photoperiod induced increasing male reproductive function and decreasing pineal
melatonin secretion (Lietal , 1994c), but its natural population show ed decreasing re-
productive function even in June, before daylength reached maximum. T herefore, it
must have an another controlling factor beside the photoperiod Secondly, Fig 1 al®
show ed that the increasing in pineal melatonin level began in M ay, that is, before the
gonad atrophy and testosterone decline So, pikas probably anticipated the changes in
days to come, and the pineal secretory products caused the collgpse of the neuroen-
docrine-gonadal axis ( the inhibition phase from July to late A ugust) to adapting shorter
summer in high elevation T herefore it seem s that the controlling of reproductive func-
tion is a complicated phenomena and it is necessary to study it on different wild man-
malsw ith different reproductive strategy.
3 Pineal massand pika's reproductive function

Studies suggested that both mammal’s pineal mass and its metabolizing activities
exhibited significantly seasonal variation, and thiswas in close relationship w ith pho-
toperiods (Tamarkin et al , 1985). Thepineal masses in pikas al present significantly
seaonal changes, although the correlation betw een pineal mass and pineal melatonin
level doesnot show statistically significant during the year. During the restoration phase
both pineal masses and melatonin level show ed a significantly decreasing tendency w ith
the daylength increasing Follow ing those changes, gonads continuously recrudesced
and reached its heaviest; while the pineal mass decreased continuously to its lightest
w ith low er melatonin content from early April to earlyM ay. Then the reproductive ac-
tivities gradually decreased and cane into the inhibition phase A t the sane time, pika's
pineal mass got heavier and heavier w ith a higher melatonin level Itwasmore difficult
to explain the sexually quiescent phase, while pika's gonads showed the strongest in-
hibiting w ith lighter pineal mass and higher melatonin content This is during the tme
of shorter photoperiod
4 Other factorsaffecting pika's seasonal reproduction

It w as testified that photoperiod w asof more mportance to regulate pika's seasonal
reproduction (Lietal , 1994b, 1994c). In themeanw hile, there are also some other
possible factors participating in the regulation During the inhibitory period ( from late
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M ay to late June) of pika's reproduction, temperature, hum idity and rainfall in the field
seam s not effective to inhibiting the reproduction A ccording to the meteorological in-
fomation of Q inghaiM eteorological Observatory: during thisperiod, the environmental
temperature increases from 9.8 to 12.3 , the rainfall anount of 24. 1 mm decreases
to 21. 9mm, both temperature and rainfall w ere not changed greatly duringM ay June

No paper had been reported on the effects of scial factorson pika's seasonal reproduc-
tion From our field investigation, it seemed that the behavior and the population densi-
ty would not strongly inhibit the seasonal reproduction duringM ay June But w hich
factorswould play the mportant role in inhibiting the reproduction during this period?
It probably related to pika's foods, nutrients and energetic strategies Researches
show ed that mammals needed outw eigh more energy for their reproduction: grow th of
the reproductive organ, gametogenesis, nesting site, male dominance, territorial de-
fense, pregnancy, lactation, give birth (Bronson, 1994 ). Female plateau pikawould
increase her food intakemore than 30% w hen she becanepregnant or gave birth (W ang
etal , 1980). During the' green up” phenological period (April M ay) inQ inghai-T i-
bet Plateau, the energy intake of apikaw as about 150 Cal/day (W ang et al , 1980 ).

Pikaswould outw eigh more caloric not only for their body grow th (from 140 g to 148 g,
n= 25, present study ), but also for the birth A nother investigation showed that the
stored fat decreased significantly duringM ay June (Wang et al , 1989 ). Al those
energetic changes probably would inhibited the reproduction at this time
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