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Abstract

　 　A nnual changes of the rep roductive activity in adu lt m ale p lateau p ika (O chotona

cu rz on iae) , a sm all endem ic m amm al in Q inghai2T ibet P lateau, w ere investigated from Jan2
uary to D ecem ber, 1991. A ll of the an im als w ere k illed and decap ita ted during the n igh t (23÷

00～ 24÷00) and the p lasm a, p ineal glands, testes ep ididym is, sem inal vesicles, deferen t ducts

w ere co llected and used fo r b iochem ical, and h isto logical studies. Sign ifican t changes associa t2
ed w ith seasonal cycles w ere found. (1) In February～ early A p ril, the resto rat ion phase, the

w eigh ts of testes, ep ididym ides and deferen t ducts w ere increased; the p rocess of sperm atoge2
nesis w as strengthened and testo sterone level in p lasm a w as increased, bu t the p ineal w eigh t

and its m elaton in con ten t w ere decreased. (2) D uring the m iddle of A p ril～ la te M ay, the sex2
ually active phase, a sign ifican t elevation of gonadal activity w as observed. In th is period, go2
nadal w eigh ts w ere increased, sperm atogenesis w as comp leted, p ineal w eigh ts w ere decreased

and m elaton in con ten ts w ere fluctuated at a low level. T hese resu lts suggested the increasing

in sexual activity as w ell as in the ab ility of testo sterone secret ion. (3) A strik ing reduction of

test icu lar activity appears in June～A ugust. In th is inh ib it ion phase, gonadal w eigh t, p rocess

of sperm atogenesis, p lasm a testo sterone level w ere decreased w h ile the p ineal w eigh t and

p ineal m elaton in con ten t w ere increased. (4) D uring Sep tem ber～ January, the sexually qu ies2
cen t phase, declin ing in w eigh ts of testes and ep ididym ides, arrest of sperm atogenesis, de2
creasing of p lasm a testo sterone concen tra t ion, fluctuating in p ineal w eigh ts and increasing in

p ineal m elaton in level w ere observed. O ur findings indicated that the m ale p ikas under natu ral

condit ions exh ib ited an annual rep roductive cycle. A po ssib le rela t ionsh ip betw een p ineal activ2
ity and rep roductive function w as also suggested.
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　　M any seasonal b reeding m amm als are ab le to respond to annual clim at ic changes by
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adap t ive altera t ion s in physio logica l as w ell as in behavio ra l sta tu s. T he sw itch ing on

and off of rep roduct ive funct ion is the mo st st rik ing examp le of such a pho toperiodica lly

induced p rocess. T he ro le of p ineal g land in the regu la t ion of seasonal rep roduct ive cycle

w as demon stra ted in severa l m amm alian species. O ne of the mo st studied species is the

Syrian ham ster (M esocricetus au ra tus) , in w h ich gonadal regression is induced by expo2
su re to sho rt pho toperiod (R eiter et a l. , 1983).

P la teau p ika (O chotona cu rz on iae) , as a sm all endem ic m amm al, lives in Q inghai2
T ibet P la teau and show s typ ica l characterist ics of seasonal b reeding. T he circadian

rhythm of the p ineal m ela ton in con ten t in the an im als show ed that p ikaπs p ineal g land

w as ab le to respond to pho toperiods ( L i et a l. , 1994a ). T he experim en ta l studies of

the rep roduct ive endocrine of p ika in differen t pho toperiods also indica ted that p la teau

p ika m igh t be classif ied as a long2day b reeder ( L i et a l. , 1994b, 1994c ). T he p resen t

study w as designed to exam ine the annual rep roduct ive cycle of the adu lt m ale p la teau

p ika in natu ra l hab ita t and analyze the po ssib le rela t ion sh ip betw een p ineal act ivity and

rep roduct ive funct ion in natu ra lly acclim at ized an im als.

M ATER IAL AND M ETHOD S

1. An ima ls

　　N ine group s ( the to ta l of 286 an im als) of adu lt m ale p ika w ere trapped in the field

of Gu inan coun ty, Q inghai p rovince du ring January～D ecem ber. T hey w ere sen t to lab2
o rato ry of N o rthw est P la teau In st itu te of B io logy, the Ch inese A cadem y of Sciences ( in

X in ing city) and hou sed in w ire cages individually in a room w ith natu ra l ligh t th rough

w indow s. Food ( carro t and cabbage ) w ere supp lied ad lib itum.

2. Collection of Sam ples

F ive days after arriva l in the labo ra to ry, p ikas in each group s w ere k illed by decap i2
ta t ion du ring 23÷ 00～ 24÷ 00 under a dim red ligh t ( 20～ 30 lux ). T he p ineal g lands

w ere qu ick ly removed, w eighed, frozen in liqu id n it rogen and sto red at - 20℃ fo r m ela2
ton in assay. T runk b lood w as co llected w ith heparin ized syringe, cen trifuged and sto red

at - 20℃ fo r testo sterone assay. Paired testes, ep id idym ides, sem inal vesicles and def2
eren t ducts w ere dissected and w eighed. T hen they w ere fixed in Bou inπs f lu id and p ro2
cessed fo r h isto logica l studies. C ro ss sect ion s (8 Λm th ickness) w ere exam ined under

ligh t m icro scope ( O lympu s BH 22, AD System ). Pho tom icrograph s w ere taken at ran2
dom at 100 x, 200 x and 400 x and en larged up to 2 x du ring p rin t ing.

3. Horm one A ssay

M elaton in: Each p ineal g land w as homogen ized by son ica t ion (Son ics and M ateria ls

IN C. ) fo r 5 sec. in 110 Λl ch illed 011 mo l perch lo ric acid con ta in ing 011% asco rb ic

acid. P ineal m ela ton in w as m easu red by h igh2perfo rm ance liqu id ch rom atography (

V arian t 5000 ) w ith fluo rim eter detect ion ( Sh im adzu R F530 ) described by W akabayas2
k i et a l. (1986). T he recovery ra te of the p ineal m ela ton in w as 9612±312 %.

T esto sterone: P lasm a testo sterone w as determ ined by radio imm unoassay k it ( D i2
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agno st ic P roduct, Shanghai In st itu te of Endocrino logy ). T he recovery ra te w as 96. 9±

215 %.

4. Sta tist ica l Ana lysis

D ata are show n as m ean SE. D ifferences betw een group w ere analyzed by studen tπs

t test and one2w ay2ANOVA.

RESUL TS

1. Body we ights

Seasonal p rofiles of body w eigh ts ( BW ) in m ale adu lt p ikas are show n in tab le 1.

Its w eigh t gained du ring Feb ruary～M ay, and reach ing peak ( 14715±118 g , n= 25 )

du ring June～ Ju ly. R ap id lo ss of body m ass occu rred in A ugu st, w ith the low est w eigh t

( 12819±314 g, n = 22 ) at early Sep tem ber. Slow recovery of body w eigh t w as ob2
served du ring O ctober～D ecem ber.

Table 1　Seasona l changes of body we ights, con ten ts of plasma

testosterone and pinea l mela ton in (mean±SE) in Pla teau pika

　T im e of
　co llection

　Body w eigh t
　 (g)

　T esto sterone con ten t
　 (pgöm l p lasm a)

　M elaton in con ten t
　 (pgögland )

　a. Feb. 9 　13210 ±116 (39) 3 　19215±2310 (15) 3 3 　15416±1519 (12) 3

　b. A p r. 3 　13716±210 (24) 　108410±9616 (14) 3 3 　10916±210 (12) 3

　c. A p r. 27 　14013±315 (22) 　253113±22014 (16) 　7214±514 (11)

　d. M ay 26 　14715±118 (25) 3 　291710 ±28015 (15) 3 3 　8515 ±1113 (12) 3 3

　e. June 29 　14012±215 (21) 　46915±5817 (17) 　13616±1311 (14) 3 3

　f. A ug. 5 　14512±119 (22) 3 3 　32719±5315 (18) 3 　20019±2212 (14)

　g. Sep. 3 　12819±314 (22) 　19911±2015 (17) 　18616±2218 (14) 3 3

　h. O ct. 11 　13316±211 (30) 　12918±1813 (17) 　42213±3310 ( 8)

　i. D ec. 21 　13810±211 (19) 3 　8914±1019 (15) 　33615±4510 (12)

　ANOVA 　P < 0101 　P < 0101 　P < 0101

　　　T he samp le size are given in paren theses

　　　3 P < 0105; 3 3 P < 0101, comparison w ith the fo llow ing co llecting group

2. Reproductive organ we ights

T he annual changes in the w eigh ts of paired testes, ep id idym ides, sem inal vesicles

and deferen t ducts in p ikas are show n in tab le 2. A ll their w eigh t w ere low in Feb ruary

and the mo re elevated values w ere ob served du ring A p ril～M ay. T he m ax im al values in

la te M ay w ere fo llow ed by rap id and sign if ican t (P < 0101) decrease in June～ Ju ly, and

rem ained low th rough w in ter.

3. H istology of reproductive organ

Sign if ican t st ructu ra l changes associa ted w ith the seasonal cycles of rep roduct ive ac2
t ivity w ere found in natu ra l popu la t ion. D u ring A p ril～M ay, the con to rted sem in iferou s

tubu les and the ducts of ep id idym ides and deferen t ducts w ere large in diam eter and

m any m atu re sperm atozoa w ere p resen t in ducts of ep id idym ides and deferen t ducts. A n
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inact ive gonadal sta te w as ob served du ring Ju ly～ Feb ruary. It w as characterized w ith a

gradual reduct ion of sem in iferou s tubu les and lo ss of tubu lar lum en. Sperm atozoa w ere

ab sen t in lum en. So the h isto logica l studies w ere w ell conco rdan t w ith changes in go2
nadal w eigh ts in seasonal aspects.

F ig. 1　Seasonal changes in testes2w eigh t, p lasm s testo sterone,

　　　　p ineal m ass and p ineal m elaton in in p lateau p ika

4. Pla sma testosterone

P lasm a testo sterone con ten ts of

natu ra l m ale adu lt p ikas show ed a

m arked annual changes, w ith it con2
cen tra t ion rising sign if ican t ly ( P <

01001) du ring A p ril and M ay ( tab le

1 ) , peak ing in la te M ay, then fell

sharp ly to basal levels du ring la te

June, rem ain ing low th rough the

w in ter.

5. P inea l ma ss and m ela ton in

T he p ineal m ass w as the h ighest

in early Feb ruary (1132±0108 m gö
100 g, BW , n= 32) and the low est in

la te M ay ( 0194 ± 0106 m gö100 g

BW , n= 25 ). P ineal m ela ton in lev2
els show ed a m arked seasonal pat tern

(T ab le 1) : w ith con ten ts sign if ican t2
ly low er (P < 0105) betw een A p ril～

M ay than that in early Feb ruary,

and rap id recovery of its con ten t oc2
cu rred in early Ju ly and reached the

h ighest a t m iddle O ctober ( 42213±

3310 pgögland, n= 8).

D ISCUSSION

1. Sea sona l cycle of reproduction

Studies on the eco logy ( W ang et a l. , 1991 ) , behavio r ( W ang et a l. , 1981) and

rep roduct ive funct ion ( p resen t study ) show ed that there w as a m arked seasonal cycle

of rep roduct ion in adu lt m ale p la teau p ikas in natu re. Fo r the pu rpo ses of d iscu ssion,

the p ikaπs rep roduct ive cycle in th is paper w as divided in to fou r phases w ith reference to

go lden ham ster ( R eiter et a l. , 1983 ) : (1) T he resto ra t ion phase, from early Feb ruary

to early A p ril, the daylength in Q inghai2T ibet P la teau becom es longer and the clim ate

gets w arm er ( - 810～ 117℃, the average mon th temperatu re).
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P ikaπs testes and their gam etogen ic funct ion recrudesce, bu t there is st ill no eviden t

ex ternal rep roduct ive act ivity in the field. (2) T he sexually act ive phase, from m iddle

A p ril to la te M ay, the clim ate gets fu rther w arm er ( the average mon th temperatu re is

above 5℃) w ith a longer daylength. P ikaπs testes reach the m ax im al w eigh t, th is co in2
cides the m ax im al rep roduct ive capab ility in th is period. (3) T he inh ib it ion phase, from

June to la te A ugu st, is characterized by rap id ly atrophy of testes and term inat ion of re2
p roduct ion, w h ile the clim ate is st illw arm ( the average mon th temperatu re is 1110℃ in

June). (4) T he sexually qu iescen t phase, from early Sep tem ber to January of nex t year,

the testes reduce to m in im al w eigh ts and gam etogenesis has ceased, w h ile the clim ate is

get t ing co lder and co lder from 815 to - 1117℃ ( the average mon th temperatu re from

Sep tem ber to January ). P ikas rem ain in non2rep roduct ive sta te th roughou t the long

w in ter.
Table 2　Seasona l changes of the reproductive organ we ight ( mean±SE) in male pla teau pikas

T im e of
Co llection

T estes w t.
m ean±SE

Ep ididym ides w t.
m ean±SE

D eferen t ducts w t.
m ean±SE

Sem inal vesicle w t.
m ean±SE

a. Feb. 9 6814±319 (36) 3 3 1414±114 (36) 3 3 118±011 (37) 3 3 710±014 (38) 3 3

b1A p r. 3 87010±3716 (24) 3 3 3210±211 (24) 3 3 715±016 (24) 3 3 2011±117 (24) 3 3

c1A p r. 27 140911±5619 (23) 3 3 15610±1017 (19) 3 3 1214±016 (18) 3 3 6010±417 (19) 3 3

d. M ay 26 162416±5315 (28) 3 3 20818±1216 (28) 3 3 1918±112 (28) 11919±1414 (27) 3 3

e. June 29 35118±1619 (21) 3 3 14917±119 (21) 3 3 1618±017 (19) 3 3 3615±213 (19) 3 3

f. A ug. 5 7819±313 (22) 1718±018 (22) 3 3 614±014 (22) 1312±014 (22) 3

g. Sep. 3 7219±219 (20) 1319±016 (18) 3 3 517±015 (19) 3 1114±016 (19) 3 3

h. O ct. 11 6719±214 (30) 3 3 1010±016 (30) 3 3 415±012 (30) 3 3 815±014 (29) 3

i1D ec. 21 4317±215 (19) 3 418±015 (18) 3 3 119±012 (19) 619±017 (19)

ANOVA P < 0101 P < 0101 P < 0101 P < 0101

　　T he samp le size are given in paren theses; T he un it of the w eigh ts is: 1×10- 5 pair w töbody w t.

　　　3 P < 0105; 3 3 P < 0101, comparison w ith the fo llow ing co llecting group

2. Photoper iod, p inea l m ela ton in , and reproduction

A s show ed in F ig. 1, du ring the sho rt day period, from late June to la te D ecem ber,

there w as a con t inued atrophy of gonads and low testo sterone level in p lasm a of m ale

adu lt p ika, and a con t inued increasing in p ineal m ela ton in con ten ts. It seem s like the

go lden ham ster, the sho rt days, act ing by w ay of the p ineal g land , m ain ta ined the go2
nads in the inact ive sta te ( the sexually qu iescen t phase). Experim en ts w ith differen t

pho toperiods in th is phase also show ed that p ikas w ou ld develop their rep roduct ive func2
t ion and appeared m atu re sperm atozoa in the testes under long pho toperiod; w h ile p ikas

under sho rt pho toperiod con t inued p resen t the inh ib ito ry sta te of the rep roduct ive func2
t ion ( L i et a l. , 1994b ). W ith increasing of daylength ( early January～ early A p ril ) ,

the low er p ineal m ela ton in level decreased its inh ib ito ry influences to the neu roen2
docrine2gonadal ax is. A t th is t im e, p ikas w ou ld resto re their rep roduct ive funct ion un2
der bo th long pho toperiod and sho rt pho toperiod. (L i et a l. , 1994c ). A s soon as the
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re2estab lishm en t of the rep roduct ive funct ion s, p ikas are imm edia tely capab le of m at ing

and b reeding lit ters in the early sp ring of the Q inghai2T ibet P la teau ( sexually act ive

phase ). T he low er p ineal m ela ton in level, h igh level of p lasm a testo sterone concen tra2
t ion and the heaviest gonadal m ass co incided w ith the m ax im al rep roduct ive capab ility of

the an im als. It w as st ill unclear to the reason of the st rongly inh ib ito ry effects on p ikaπs

rep roduct ive funct ion in June. A s show ed at F ig. 1, in June, befo re the daylength reach2
es its m ax im um , natu re p ikaπs popu la t ion already show ed the gonad atrophy and low er2
ing of p lasm a testo sterone con ten ts. T h is is an in terest ing featu re and m igh t be specif ic

to p la teau p ika, living in hab ita ts of h igh elevat ion w ith sho rter summ er. T he resu lts of

ou r experim en ta l research indica ted that p la teau p ika w as a long2day b reeder and long2
day pho toperiod induced increasing m ale rep roduct ive funct ion and decreasing p ineal

m ela ton in secret ion (L i et a l. , 1994c) , bu t its natu ra l popu la t ion show ed decreasing re2
p roduct ive funct ion even in June, befo re daylength reached m ax im um. T herefo re, it

m u st have an ano ther con tro lling facto r beside the pho toperiod. Secondly, F ig. 1 also

show ed that the increasing in p ineal m ela ton in level began in M ay, that is, befo re the

gonad atrophy and testo sterone decline. So , p ikas p robab ly an t icipated the changes in

days to com e, and the p ineal secreto ry p roducts cau sed the co llap se of the neu roen2
docrine2gonadal ax is ( the inh ib it ion phase from Ju ly to la te A ugu st) to adap t ing sho rter

summ er in h igh elevat ion. T herefo re it seem s that the con tro lling of rep roduct ive func2
t ion is a comp lica ted phenom ena and it is necessary to study it on differen t w ild m am 2
m als w ith differen t rep roduct ive st ra tegy.

3. P inea l ma ss and p ikaπs reproductive function

Studies suggested that bo th m amm alπs p ineal m ass and its m etabo lizing act ivit ies

exh ib ited sign if ican t ly seasonal varia t ion, and th is w as in clo se rela t ion sh ip w ith pho2
toperiods (T am ark in et a l. , 1985). T he p ineal m asses in p ikas also p resen t sign if ican t ly

seasonal changes, a lthough the co rrela t ion betw een p ineal m ass and p ineal m ela ton in

level does no t show sta t ist ica lly sign if ican t du ring the year. D u ring the resto ra t ion phase

bo th p ineal m asses and m ela ton in level show ed a sign if ican t ly decreasing tendency w ith

the daylength increasing. Fo llow ing tho se changes, gonads con t inuou sly recrudesced

and reached its heaviest; w h ile the p ineal m ass decreased con t inuou sly to its ligh test

w ith low er m ela ton in con ten t from early A p ril to early M ay. T hen the rep roduct ive ac2
t ivit ies gradually decreased and cam e in to the inh ib it ion phase. A t the sam e t im e, p ikaπs

p ineal m ass go t heavier and heavier w ith a h igher m ela ton in level. It w as mo re diff icu lt

to exp la in the sexually qu iescen t phase, w h ile p ikaπs gonads show ed the strongest in2
h ib it ing w ith ligh ter p ineal m ass and h igher m ela ton in con ten t. T h is is du ring the t im e

of sho rter pho toperiod.

4. O ther factors affecting p ikaπs sea sona l reproduction

It w as test if ied that pho toperiod w as of mo re impo rtance to regu la te p ikaπs seasonal

rep roduct ion ( L i et a l. , 1994b, 1994c). In the m ean w h ile, there are a lso som e o ther

po ssib le facto rs part icipa t ing in the regu la t ion. D u ring the inh ib ito ry period ( from late
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M ay to la te June ) of p ikaπs rep roduct ion, tempera tu re, hum idity and ra infa ll in the field

seem s no t effect ive to inh ib it ing the rep roduct ion. A cco rd ing to the m eteo ro logica l in2
fo rm at ion of Q inghaiM eteo ro logica l O b servato ry: du ring th is period, the environm en ta l

tempera tu re increases from 918℃ to 1213℃, the ra infa ll amoun t of 2411 mm decreases

to 2119 mm , bo th temperatu re and ra infa ll w ere no t changed great ly du ring M ay～ June.

N o paper had been repo rted on the effects of socia l facto rs on p ikaπs seasonal rep roduc2
t ion. F rom ou r field invest iga t ion, it seem ed that the behavio r and the popu la t ion den si2
ty w ou ld no t st rongly inh ib it the seasonal rep roduct ion du ring M ay～ June. Bu t w h ich

facto rs w ou ld p lay the impo rtan t ro le in inh ib it ing the rep roduct ion du ring th is period?

It p robab ly rela ted to p ikaπs foods, nu trien ts and energet ic st ra teg ies. R esearches

show ed that m amm als needed ou tw eigh mo re energy fo r their rep roduct ion: grow th of

the rep roduct ive o rgan, gam etogenesis, nest ing site, m ale dom inance, territo ria l de2
fen se, p regnancy, lacta t ion, g ive b irth ( B ron son, 1994 ). Fem ale p la teau p ika w ou ld

increase her food in take mo re than 30% w hen she becam e p regnan t o r gave b irth ( W ang

et a l. , 1980 ). D u ring the“green up”pheno logica l period ( A p ril～M ay) in Q inghai2T i2
bet P la teau, the energy in take of a p ika w as abou t 150 Calöday ( W ang et a l. , 1980 ).

P ikas w ou ld ou tw eigh mo re calo ric no t on ly fo r their body grow th (from 140 g to 148 g,

n= 25, p resen t study ) , bu t a lso fo r the b irth. A no ther invest iga t ion show ed that the

sto red fa t decreased sign if ican t ly du ring M ay～ June ( W ang et a l. , 1989 ). A ll tho se

energet ic changes p robab ly w ou ld inh ib ited the rep roduct ion at th is t im e.
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中　文　摘　要

高原鼠兔的季节性繁殖
Ξ

李子巍　孙儒泳　　　　　　　杜继曾3

(北京师范大学生物系, 北京, 100875) 　　 (中国科学院西北高原生物研究所)

　　作者对成年雄性高原鼠兔 (O chotona cu rz on iae) 野外繁殖进行了全周年的调查。同时, 对松果腺在

其季节性繁殖周期调控中所起的作用进行了探讨。2月至4月上旬为其季节性繁殖的恢复期, 睾丸、附睾、

输精管和精囊腺的重量增加, 血浆睾硐水平升高; 但松果腺重量和褪黑素 (M elaton in, M L T ) 含量降

低。4月中旬至5月下旬为性活跃期, 性腺器官显著增重, 睾硐水平升至最高; 而松果腺重量和M L T 含

量呈现最低水平。6月至8月, 鼠兔的性腺功能明显减弱; 而松果腺重量和M L T 含量开始升高, 此时为

抑制期。9月至1月为性休止期, 性腺器官的重量及血浆睾硐水平维持在最低水平; 而松果腺重量和M L T

含量在较高的水平波动。结果表明, 高原鼠兔的繁殖呈现明显的季节性。其松果腺活动的年周期反映了

自然光周期的变化, 并与鼠兔的季节性繁殖密切相关。

　　关键词　高原鼠兔; 繁殖; 松果腺; 褪黑激素
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