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ADVANCE IN sECONDARY PRODUCTIVITY REsEARCH

IN ALPINE MEADOW ECosYsTEM

Wang zuwang

(Wo/f乃 ″Ff`p`。 ie'“ `ヵ f:;:″ ‘‘ °

` BJo′

og', '亻 cddc`ヵ氵c sja钅 c)

sincc thc establishmcnt of Haibci Rcscarch station oF Alpinc N】cadow Ecosystcm, studiCs

on subsystcm of consurncr havc ccntcrcd on secondary aIld third productivity of alpinc Fnca一

dow ccOsystcrn which is onc of thc major proiect of the Chinese Academy of scicnces.

studics on seCondary productivity can start from thc lcvcl of individual,  population,

cornnlunity or ccosystcnl and thc rcsearch directions gcrncrally involve in: (1) analysis of cn-

crgy budgct and cncrgy flow of thc individual population;  (2) arlalysis of cncrgy flon` of

ccrtain f(9c)d chain; (3)analysis of thc encrgy flow of thc cc“ 阝tCm as a wholc. of coursc,

thcsc three researching dircctions arc not s,cparatc, instcad thcy arc intcrdcpendcnt and Inutll-

ally colnplemcntary.

Sincc 1976-1986, around the abovc-n1cntioncd rcscarching dircctions, “̀e haVc unfoldcd a

scrics of studies at diffcrcnt lcvcls with the objccts of thc inajor livestock in 31pinc nleadow

as Tibctan shccp,yak(Bos gr″ 刀历c`,s)and the dominant bcrbivor()11s small mammals in the

ec(xystem like platcau pika (oc乃 。
`o″
口c'rto”

`ce), platcau zokor (iW.yo‘
pc`口t 诊口J`c” ), root

volC(′′
`‘

·
/口

``Fα
:ro″ o″″F). As to thc birds nesting in alpinc△ lcadow,horncd lark (E/矽励。̄

p乃 JJ口 口

`p“

″订),small skylark('′ 口″
'cg“ `g`杨

)and m。 untain finch(I'″ cos泫″ ;/夕刀J订)havc

bccn takcn as thc main obiccts togcthcr witll somc insccts. For the last ten ycars,ncar 50 paˉ

pcrs havc bccn publishcd on thc relcvant iournals likc“ A.cta Biologica platcau sinioa’
’
, 
“
A.cta

·
rhcri。 1。 gica sinica’

’
 and sonlc Oth.cr publications both at homc and abroad, and furthern1orc,

bcttcr achicvcmcnts have becn obtaincd.  
·
I· he progrcss in conccrncd   studics arc introduccd

bclow.

1. InVestigations or basic data

晒7ith thc help of McnytIan stud Ranch of H· aibci,Qinghai provincc,wc wound 0ut thc

data on compositions of livcstock in the rcgion of thc rescarch station, on thc grazing and uti-

lization of grassland resourccs, and on thc production status and cconomic bcncfit ctc.

1·he tcrrestrial vertcbratcs in thc arca had bCcn cxtcnsivcly invcstigatcd.   1· herc arc 86

spccics in all, including 2 spccics of Anlphibia, 1 specics of R.eptilia,61 spccics of .Avcs and

22 spccics of 加1arnrnalia, of which 3 specics bclong t°  Artiodactyla and 10 spccics fa11 into

Rodcntia.  Moreovcr, tcrrcstrial invcrtcbratcs (taking thc insects as the n)aior obiCcts) in thC

arca wcrc invcstigatcd as wel1.  .A.ccording to the prclitninary survey, 9 ordcrs of insccta and

thrcc Ordcrs of Arachnoida wcrc rccorded on thc ground, 7 ordcrs of insecta bc1oIlg to 27

familics and 66 genera and specics 、vcre rccordcd in so11.  More than half gencra and specics

and altIlost 80% of individuals be1ong to Diptera.
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2. EXploration and improvement of studyinig lnethods

Wc tricd to usc the incthods dcfiIlcd by IBP as far as possible.  I-Iowevcr, in inany cascs

thcrc、`crc no mcthods to follow duc t° somc spccific.charactcristics of the objccts in alpine

rllcadow ccosystcⅡl,so that wc had to cxplorc and in△ provc the ineans of study on our 0砜,n.

F.or instancc, in thc Incasurcin.ent for food intakc of ·ribctan shccp, 、vc usCd rnask, to d。 thc

、̌ork and. obtaii△cd.bcttcr rcsuIts aftcr rcpcatcd expcrinlcnts, for thc nlcthods availablc did

not fit for our cxp· crin)cnts,  In thc rncantinle evaluations wcre inadc On thc A1A Incthod of

diffcrcnt cquivalcnt in thc n)easurcmcnts of daily food intakc by yaks,  `Vc dcsigncd by our~

selvcs thc livc~trap For thc capturc of plateau zokor and improvcd thc clcctr。 lvtic oxygcn sup~

plcmcnt rcspiro】 n.ctcr in coopcration △̀ ith sonlc othcr Conccrncd units, and wc also dcvclopcd
an activity rccordcr for snlall Ⅱlarnrnals ctc,.

3. studies at i11dividual level

studies on sccondary productivity at individual lcvcl involve:intakc by animals (C)), di-

gcstion (D),assimilation (A),thC cxcrction of fcccs and urinc(F· ;U),rcspiritory mctabolism
(including resting mctablism ratc, avcragc daily nletabolic ratc, m.ovcmcnt mctabolism) and

cncrgy rcquiremcnt during rcproductioil, nlcasurcnncnts of caloric valuc of natural food for

various aninlals and caloric valuc for aninlal body.  studies lik.c thcsc bcIong to thc physio~

logical ficId, thus thc above data can b.c rcfercd to physiological paramctcrs 、vhich rcquire
prccisc dctcrmination,  Oncc thcy arc conlbincd with population nuInber, scx ratio, agc struˉ

Cturc and sornc Othcr Charactcristics of ccology, thc productivity of a poplllati。 n, cornmunity
or a ccrtain ccosystcm Can be cstimatcd.  ·rhcrcf。 rc studics at individua1 1cvcl arc rundanlen~

tal to thc abovc cstimations, so that considcrablc labours and n1atcria1s havc bccn put into thc

、tudics at individual lcvcls. iProgrcsscs achicvcd involvc in thc follo硒 冫ing aspccts;
(1) Domcstic animals:

Mask rncthod 、̀as adoptcd to detcrIIlinc thc daily Food intakc alld cxcrcti。n of fcccs and
urinc of Tibctan shecp and thc rcsult of 、vhich indicatcd that thc annual avcragc daily inta-
kc by a shccp was 1.81 kg(dry lnattcr),making up 3.75% of thc body wcight and showing

significant scasona1 changcs.  Thc highcst nlight rcach 2.38● iO.13 kg (dry Inattcr)/individua1/

day during grccn up pcriod.

Bcsidcs, Kiblcr’s open~circuit rcsp△ ration apparatus n】 cthod was also uscd in thc studv of
basal mctabolism of Tibctan shccp and Xinjiang Tibetan hybrid shecp, AII of thc achicvcmc-

nts providcs thc basic data for thc undcrstanding of cnergy rcquircmcnt and efficicncy of cnergy

utilizati。 n of shccp undcr diffcrcnt production status.

(2) sinall mammals:

'Γhc rcsting inctablisna ratc and avcrage daily nlctablic ratc of platcau pika, (Cansu pika

(oc杨
`。

″口 r口″‘日),platcau zokor,r° ot volc,marmot(M口 /勿 口
`夕

乃′勿 口

`召

y日 ″四)polCcat and al-
pinc wcascl 、vcre nlcasurcd by thc usc oF kalabullov~skvortsov’ s rcspiro∶Πletcr.  A.lot of para一
nletrcs of encrgitics lvcrc obtaincd as basal nactabolisnl ratc, resting rnetabolisnn ratc, critical

tctupcraturc, critical gradicnt, conductivity, thcrnlal conductance and thcrmal insulatity of

fur ctc.

`V·

ang zu、vang (1980) and Liang JicrO【lg ct a1. (1985)tricd to usc thc balancc method
to nlcasurc thc prcfcrcnccs of natural food~in platcra11 pika, zokor, polcct and alpinc wcasc1,

and thcir food intakc, digcstibili】 y,assinlilation and excretion of fcccs and urinc in intabolic

c agcs, Thc data conccrncd may bc summarizcd as fo11ows(TablC 1).

zcng Jixiang (1981)use(I Animcx(DSE modcl)rccordcr of animal activity and combincd
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】∶)igcstibility

%

4.6669.24 30.75

77.72 4.9822,12

5.29I4,8685.42

5.58s8.21 11.79
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%

Table 1 Data Coocor。 ed to Food,^● ●:miilatoi:o● ooe s~】II noo:,ai●

Energy 1tltake
Assi:【 lils“ on
%species

o‘乃。
`。 `,'

Kcal/animal/
day

Kcal/g·
wt· /day

1.07

0.68

o,709

‘4.59

^r“

‘Je`￠

^`,`oFP'J‘

’:
乃oi`c,`i

~f〃‘
`rJ'。:`‘ :ic'

130.94

159.07

721.27

72.78

80.I8

82,631.259

小̀ith thc mcasurcnlcnt oF avcrage daily inctabolic ratc, studied thc activity rhytbⅡ
l of platcau

pika, platcau zokor, root volc, po1ccat and alpine 、vcasc1.  It 
ˉ
llas b·ccn found that p1atcau pika

is d.iurnal for thc most part and root volc is nocturnal in activitics wllilc platcau.zokor is activc

both in daytiine and in night.  
·
1·hc daily rhythm of polccat and alpinc.、 vcascl vary w· ith

thcir prcy,  Thc co-cvolution of thc prcdator and its prcy, is rcflcctcd in thc activity rhythn·
j,

sho、ving thc dctachll△cnt of thc nichc of t、 vo carniVorcs.

(3)  Birds
·
rhc study conccntratcs on thc cffcct of tcmpcraturc On cncrgy balancc of th.c mountairl

finch and thc rclatiorl of oxygcn consu∏ lption to an】 bicnt tcmpcraturc.  lt mcrits attcntion that

the thcrmal conductancc is  2.18 kcal/n1·  which  is  caculated according to thc cquation

c=3,·r/Δ
`.  It indicatcs that thc thcr:】

al insulatity is lowcr and g highcr 1evcl cncrgy consulnp~

tion at thc thcrn10regulation tllan othcr PassCrincs.

(4) MCasurmcnts of caloric value

Altogcthcr, 250 plant samplings (including 15 spccics of plants),859 animal samplings

(including 32 spccics of animals),490 fcccs and urinc samplim.gs havc bccn 1】 1casurcd.

4. studies at population level

Exc1uding thc population structure of 
·
ribetan shecp, thc variations of population (N),

l)od~y一、vCight (W), sCx, agC structurc, brccding status, ccological longevity, hoInc rangc, fanlily

structurc of threc donOinant srnall habivorous Jllalnrnals $`erc 】Iladc for a long tiinc.  卜【o re。
~

ver, two s111all Carnivorous inamluals, polccat a nd wcascl, Ⅵ̀ crc also invcstigatcd concerning

thcir population numbcrs, rcproduction, habit ctc.. Fron) the abovc studics conlbining `vitll thc

rcsearch rcsults at individual lcvcls, thc population cncrgy budgct, biomass, production, tur~

novcr rate and Cncrgy flo、 ` through the population of the abovc-Ⅱ
lCntioncd animals wcrc csti-

matcd.  
·
rhc rcsults indicatc: |Energy floⅥ ` through thc population of 

·
I′ ibctan shccp is A·=

0.798× 106 kca1.ha^1 ycar^1; and cncrgy flo、 ` through population of platcau plka is 64051-

6094.65 10skJ ha^1yca r^1 rcspcCtivcly.  
·
rhc cncrgy consuInption pcr grann body 、vcight pcr

day by plateau pika or platcau zokor arc 6.l and 4.l tiincs thc consuluption of Tibctan shec|p

rcspcctivcly.  ∶Encrgy lost in fcccs and urinc of thcsc t`vo slna11 1naⅡ lnlals is 46 and 22 tirncs

of the caloric valuc of thcir body tissuc rCspcctivcly, and this indicatcs that tllc t``o snlall

l)lanlnlals play an iinportant rolc in accclcrating energy flow in alpinc nlcado、 v ccosystCIn.

Encrgy flow through thc populations of two carniVourous sma11 mammals(polcct and wc-

asCI)is O· 917× l Os;0,376× lOs kcal ha^l yr^1 rcspectivcly.
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In addition, studics 、vcrc also made on popt|lation dcnsity, brccding and ncstling pcriods,

clutch sizc, survival ratc and thc n1can nurnbers of flcdgclings pcr ncst of lO spccics of pas-

scrinc birds,  It has bccn found that birds ncsting on thc ground havc highcst survival ratc

and thc potcntail of population gr° Ⅵ
`th is largcst.

As to thc insccts,the population of alpinc mcadow rcd-thorax forcst and (For勿 Jc口 sp.)

飞Vas CXtcnsivcly studicd upon its lifc history, sociality, food.habit and rclations 、vith somc cco-

1ogical factor.

5. Regoarches at cO1oununi1y leve】

R.cscarchcs in sccondary productivity at cotnnlunity lCvcl pays grcat attention to birds and

insects,  
·
rhc pr。 gresscs arc as follo、 vs:

zhang Xiaoai (1982a, b) studicd thc brecding bird colnm.untity on alpinc 1】 cadow· and

found that thcrc arc 18 spccics oF breeding birds bclonging to passerine cxcept 2, among thc!n

78%,wcrc ground n(癸 tcrs; 61%wcrc rcsident bilds; 56%wcrc Olnnivorous birds.In six habi-

tats,thc divcrsity indcx (1.48) and evenness (0· 83) on thc swamp mcadow arc highcr, thc-
rcforc, thc stability of bird comnlunity is thc grcatcst, wllilC On thc E·

`,″

”‘‘ `,留′口″‘ lu.Cadob′ ,

divcrsity indcx (0· 66)and cvcnncs (0,47) arc IowCr, Conscqucntly, this community is thc

lowcst in stability.

Based on thc data obtaincd from studies at both individual and population lcvcI, z|hou I.i

(1986)constructcd a sirnulation in。dcl for thc population dcnsitics and cncrgy flow of cach

spccics considcrcd.  Bird conln1unitics consist of 10 spccies that arc highcr dcnsitics within avian

COI1surnCrs in alpinc nlcado“ 7 ccosystcm. ·
I′ hc dynamics of t11c population dcnsitics and encrgy

flow of thc nestling, fledgcling, juvenilc and adult agc classes of cach spccics wcrc sin)utatcd.

Estimation for thc total community as wc11 as for cach population wcrc madc.Rcsults ob~

taincd Inay bc suin1。 arizcd bclow:

1.  1.Duc to the lo、 、̀ dcnsity and bion1ass of birds,thc cncrgy flob`through thc avian con1·
m.unity is small,amounting to 18.5 kcal/m2/yr.

2.  △
·
he encrgy flow through thc adIIlt and juvcnilc agc classcs in thc cncrgy agc distri-

bution within bird communitics is 95%.

3. Thc clim~atc in alpinc illcadoW is cold and annua1 mean tcinpcraturc is O.6° C, thc
cncrgy c()sts of thcrm。 regulation within bird communiti“ arc 28.4%of thc cncrgy flow through

bird cominunitics.

4,  
·
rhc cncrgy cost for cgg production is rathcr small a1110unting to 0.04% of thc cncrgy

flo柄` through thc birds comn、 unities.

A survcy of inscct comn】 unitics

charactcr of soil inscct con1.munities

Thc rcsults show:

and their structurcs at different space and tiInc and thc

werc madc by Wu Yar and Jin Cuixia(1980,1982a,b).

(1)  From.thc food habit point oF vicw, almost half of thc inscct ocCurring on alpinc

n△.cadow arc harn)ful to plants, 。nly 9% of thc insccts arc bcncficial to plant production.

Predator and parasitc anlount to 22% and play an effcctivc role of rcgulation in dynanlic

balancc.  Pcccs~catcr, saprophagous insccts con.tintlously d.cstroy and rcn)ovc thc Organic 
、̌a-

stcs accunlulating on thc rncadow and the dctritus of 、vhich bccolncs thc dcConlposablc rnatcrial

for nlicroorganism,  such intcrdcpendant and intcractivc rc13tions fornl a rathcr co1-nplicatcd

food 、vcb of insccts,

(2)  For the divcrsity indiccs and sirnilarity indices of thc cOInrnunity, divcrsity index

of swamp incadow is highcst,whilc thosc of sllrub and slopc mcadow arc 1。 wcst. It is noti-
ccablc that thc nurllbcr of insccts speCics havc dccrcascd grcatly after alpinc 1】

cado呐' bcing rc-
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clail△lcd and it rcsu1ts in thc decrease of

6.  Iltesearches a.t ecosyste1△ .level

(liversity of inscct conln】 unities.

R.cscarchcs in secondary productivity at ccosysten1 1cvcl arc rathcr coⅡ lplicatcd and inca-

surcnlents of Variotls relations of encrgy are targcly involved.  It puts for、 vard a question.ab-

out lnode of thinking, should 、vc rigidly adhcrc to thc dctails of various cncrgy rclations or

lay particular e111phasis on 11】 acroscopica11v approxinnatc con】 parison, cxpccting to gain impor-

tant cnlighteninentsP `Vc considcr thc lattcr to bc a right nlodc of thinking.  Achicvcnlcnts

obtaincd arc introduccd bclow:

Jiang zhigang(1982a,b)studics thc nichcs and hichc Ovcrlaps of domc、 tic yaK,Tibctan

-shccp and platcau pika, and thcir variation in diffcrcnt phcnolgical pcriod, in alpinc lncado、 v

ecosystcn1.  
·
I· hc rcsults indicatc∶  (a) 

·
rhr。ugh thc analvsis of food resourCe  spccies  and

rcsource utilization~ spectra, pick food 11ight, vcgctatioll and.phcnological period as the fou~r

nichc tIilncnsions,it dcmonstratcs that thc nichc brcadth of yck in alpinc n△ cado、` ccosystcnl is

1argcst,Tibctan shccp takes thc sccond platcau pika is thc smallcst, (b)Mucll ovCrlap occurs in

thc nichc of yak and 
·
I′ibetan shccp, and next conlcs platcau pika and·ribctan sllccp’ s,the sn】 a11cst

onc is plateau pika and yak’ s,  (c) .rhcrc cxists a variation in nicllc brcadth (as wcll as nichc

overlap) of yak and 'ribctan shccp in diffcrent phCnological pcriod.  (d) WhCn prcssurc of

intraspccific compctition incrcascs, it cnablcs thc nichcs of hcrbivorcs to gcncralize.  
·
rhc 。c~

curcn.cc of this gcncralization is not onty orl onc dill△ cnsion and~ thc rcslllt of 环̀hich givcs risc

to tllc incrcasc in nichc Ovcrlap bct、 vccn 1;pccics and as a rcslllt aggravating intcrspccific 9ona-

pctition. (e) BCcausc 。f thc diffcrcnccs of niChc, considcring spacc and tinic nnanagcnlcnt, lly-

drophytc-grass1and should bc uscd to grazc vak and sumlller bush grasslaad should l)c uscd

for grazing'I· ibctan shccp, (f) CoCfficicnt of connpctition has bccn cstinlated according to lli-

chc Ovcrlap, and balancc population densitv of yak and 'ribctan shccp is l:3.1 calculated by

Lotaka-Voltarra cquation.

(2) P1ants~phytophagous animals systcln is not only confor1△ ablc to prcy-prcdator systcm

bu~t als。  a spccial casc of that systcin.  With this enlightenmcnt, I..iu Jikc, 
ˉ

`Vci shanwu ct al
(1986) pr。 posCd a dynimic model for produccr (plants)-consumcr (platCau pika) systCm.
·
rhc in。 diel sirnulatcd thc connection and intcraction betvvccn thC production °f plant and

thc production of plateau pika.  C)nc thc 、vholc, thc sirnulatcd rcsults conform to thc actual

data and it can bc usied in practica1、 vork.

(3) A simulation modcl or biomass dynamics for consumcr subsystclll in thc alpinc lnc-

ado、v ccosystcl△ 1 11as bccn bllilt according to studics of sec。 ndary l)roduction at i1△ divid11al, po-

Pulation and c()nnnnunity lcvc1s,

Thc objcctivc of thc modcl is to simulatc thc biomass dynamics of six consumcrs(TibCtan

shcep, p1atcau pika, platcau zokor, 、vcascl, horncd-lark and steppˉ c catcrpillar  (Cy刀 日c`乃 orc

召
```g乃

口氵召
`2J氵

s))·  Produccrs consist of thc above-ground part of four typcs of plants (grasscs,

~scdgcs, forbcs and `9cJ``乃 口/四 ∫r```Jcof四 ), littCrs and thc undcrground part of plants, 'rllc l.l。 -

dcl uscs a set of non-1incar d.iffcrcncial cquations to describc thc instantancOus variations of

principal statc variables, nanlcly dcnsity, body-weight, fcccs and dead bodics.  
·
rhc nnathcn△a-

tical rcprcscntation biomass is prcscntcd  in product of dcnsity and body-Ⅵ `cight. 
·
I· hc purprJsc

.of this nlodcl is to quantativcly Cxplain tllc changing la环`s of cach consumcr in thc alpinc nla-

cdow ccosystcn】  such as thc gro、vth of bodv-vceight, fluctuations in nurnbcrs, changcs in bio-

1)n.ass and~ cnergy flo、 v, tllc productivity of consun△ crs, cCological cfficicncy aIld.sollnc Otllcr rˉ lcˉ

.chanisins.  On t11c Ot1】 cr 
ˉ
虹and does thc systc1】】 respo血 sc thc cOn△ sul△△cr to tllc disturbanccs of

.othcr subsystc111s or faCtors con1ing fron△  thc Outsidc cnvironn△ cnt.  .·rhr。ugh thc ca1culation,

:21·



n1ost of basic rcsults bcing sinlulatcd、 vith thc naodel, c.g. thc nurnbcrs of thc consu【 ncr, body-
、vcight, daily fo0d intake, cncrgy blldgct, food utilizati。

n by c()n1suil△ crs ctc. arc conformabl(I
、vith thc obscrvcd Valucs,  In thc l△ lcan tinlc, somc problen· ls havc bccn point out and thc fu~
turc g· 0als to achicve havc also bccn sugg· estcd.

For thc last tcn ycars, n1uch progrcss ilas been n)adc in thc studics on sccondary producti~

vity in ccosystcin and it fills Ilot only thc gaps in this ficld in our country but also rcduccs

thc d.istancc bct、 vccn thc intcrnatioIla1 1cvcl as 、̀cl1.  No nccd.for rcticcncc that wc still llavc
a long way to go in tcrms of c()mbining thc disciplinc dcvclopmcnt 职̀ith production practicc.
△
·
o considcr from thc devclopn1cnt of thc scicntific rcscarchcs in scc。

ndary pro·ductivity at
diffcrcnt lcvcls arc Out of balancc to sonnc cxtcnd, for thc fact that sttldics in individual and

population lcvcls, conlparativcly spcaking, arc wcll developcd, howcver, studics at con】
inunity

and ccosystcm lcvcls should not bc ncglccted.As to thc objects of studics,sn1a11 naamma1s and

bird.s havc t|记 en bctter studicd, but 、vcck in cnton1o1ogy, csp· ccially on~soil insccts at individllal
aIld population lcvcls.

In thc vicw of scrving thc production, so111c wOrk has bccn donc, c.g, thc application of

thc achicve】 1】 cnt of sccondary productivity and thc thcOry of ccosystcm to solvc thc problclyls.

in changing thc backward status 。f production and Ⅱlanagclllcnt, rodcnt pcst dontrol, and
find optirnal population structurc of livcstoCk and optinlal slaughtcr ratc ctc. and an optinluln

g·razing· systcnl arc also in prog· r css.  Ncvcrthcrlcss, 、Vc arc (icficicnt in activcly propagating~
our achicvclncnts to using dcpartmcnts and popularizing them.  usually, a good idca 

。r plan~
for raising thc pro(luctivity is not cascly recognizcd or acccptcd by thc lcadcrs or thc pcoplc,.

particularly in a p。 。r arca 、̌hcrc cconornic and tcchnological lcvel arc backward.
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高寒草甸生态系统次级生产力研究的进展

王 祖 望
(中国科学院西北高原生物研究所)

们   要

自 1976年海北高寒草甸生态系统定位站建立以来,消费者亚系统的研究是作为中国

科学院院属重点课题之一而进行的.次级生产力的研究,可以从个体、种群、群落或生态

系统不同水平出发,今结合基础情况调查与方法的改进,介绍于下 :

1,基础资料的调查. 除查明定位站所在地一 门源马场的畜牧业情况外 ,着重调查

了陆栖脊椎动物 ,计有 86种 ,其中两栖纲 2种 ,爬行纲 1种 ,鸟纲 61种 ,哺乳纲 22种 ,以

啮齿目占优势。另外,昆虫纲 9目 ,蛛形纲 3目 ,而以双翅目的种类及数量为最多.

2.研究方法的探讨与改进.对藏系绵羊日食量的测定用:口 罩法 ,认为比较符合自然

放牧的情况。 对牦牛日食量的测定采用 AIA法 ,以浓盐酸消化粪便加以推算,比较简
便.对小哺乳动物与鸟类的代谢率研究,则改装了封闭式流体压力呼吸计和电解式补氧

呼吸计.研制成小哺乳动物活动记录仪,并制备特别运用于鼢鼠的活捕笼。

3.个体水平的研究。包括动物的摄人、同化、粪便和尿、呼吸代谢的静止代谢率、平均
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每 日代谢率、运动代谢和繁殖时期的能量需要以及各种天然食物和动物身体热值、研究的

动物包括绵羊、高原鼠兔、甘肃鼠兔、高原鼢鼠、根田鼠、旱獭、艾虎、香鼬和高山岭雀等 .此

外还研究了一些鼠类和食鼠小兽(文虎、香鼬)的昼夜活动节律 .

4.种群水平的研究.作了种群的数量、生物量、年龄、寿命、出生与死亡、周转率和种
群结构等。包括绵羊、草食和肉食的小哺乳动物、小型鸟类等.

测得通过绵羊种群的同化能为 0.798× 10‘ 大卡/(公顷 ·年),而摄人能为 1· 136×

10‘ 大卡/(公顷 ·年). 并据优化原则提出绵羊的合理种群结构及出栏率,预计可增加
17%的活重。
以标志流放法研究了根田鼠、高原鼠兔、高原鼢鼠、艾虎、香鼬、小型鸟类的种群数量

变动、种群结构、巢区、繁殖、家庭结构 ,生命表等问题,认识到高原鼠兔每公斤体重消耗的

能量为绵羊的 2,5倍 .∷ 注意到鼠类的粪便在能量与物质流动中的重要性。 同时研究了赤
胸林蚁的生态学.

5.群落水平上的研究。研究了高寒草甸繁殖鸟类的群落结构 ,发现 6个生境中,金露

梅灌丛的群落种类最多、密度最大;沼泽化草甸者生物量最大.多样性指数变化也较大 ,
沼泽化草甸鸟类群落的多样性指数最高(⒈ 48),垂穗披碱草草甸者最低(0.66).建造了高

寒草甸鸟类群落能流的模拟模型,发现在鸟类低密度、低生物量的条件下,流人鸟类群落

中的能量仍有 0.185× 10“ 大卡/(公顷 ·年 )。 计算了成鸟、幼鸟、卵的能量分配.

对昆虫的群落也作了研究 ,从食性方面提出了食物网的结构 ,同时观察到不同生境下

昆虫群落的差异、相似性的不同.注意到开垦为农田后 ,种类减少,数量增加 ,多样性指数
降低,故开垦后应注意虫害的发生。

6,生态系统水平上的研究.重点在初级生产与次级生产两个营养层次的关系上,如
放牧对草地群落的影响等.研究了牦牛、藏系绵羊和高原鼠兔的生态龛,通过食物谱,食
物利用谱,采食高度和植被类型四个生态龛维上结合物候期进行分析 ,计算出它们的生态

龛宽度与重叠,探讨了它们种内与种间斗争的问题,提出牦牛与绵羊的平衡种群密度应为
1:3.1.

以捕食被捕食的关系探讨了生产者(草 )与消费者(高原鼠兔)的动态数学模型.模拟
结果符合实际资料。

建立了
“
高寒草甸生态系统消费者亚系统生物量动态模型

”(摘要见本集),内容包括
6种消费者和 4类植物.涉及植物摄人、消化、同化、能量收支、二级消费者对一级消费者
的捕食。给出种群密度、体重与种群生物量的季节动态过程.
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