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EFFECT OF PLATEAU ZOKORS ON VEGETATION
CHARACTERISTICS AND PRODUCTIVITY OF
AL PINE M EADOW
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(Northwest Plateau Institute of Bidogy , the Chinese Academy o Sdences, Xining, 810001)
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(Cdlege d Life Sdencss, Zhgiang University , Harzhou , 310027)

Absgtract :  This research was conducted on apine meadow dte at Menyuan county , Qingha Province , Peo-
ple’ s Republic of Chinato determine the dfectsof native, subterranean rodent of Qingha- Tibet grasdands,
the plateau zokors ( Myospalax baileyi) , on seasona alove-and below-ground plant biomass, plant pecies
dvergty and productivity.

Both totd peaks of above-and beow-gound biomass were the greates (413.600 g/nf and
2 297.502 g/nf) in the patch ro any plateau mkors colonized and leas (170. 200 g/nf , 489. 110 g/nt)
in the patch colonized by plateau zokorsover 10 yearsin Augugt and October , regoectively. Both above-and
below- ground biomass were dgnificantly increased in the patches where plateau zokors were renoved or the
burrow sygems were abandoned for five years conpared to the patches plateau zokors colonized over 10
years However , both above-and below- ground biomass in abandoned patches were dgnificantly lower than
that in uncolonized patches Moroootyledonous biomass was reduced greetly , but the rorrpaatabe dicots
were dgnificantly increased in colonized paiches The paatable biomass of morocots and dicots were in-
creased in abandoned patches Tota plant gecies divergty was the greates in uncolonized patchesand leag
in abandoned patch. The tota net primary production in colonized patches was reduced by 68. 98 % com-
pared with uncolonized patiches Although the patches were without any plateau zokors d gurbance for fives
years, the tota net primary production just reached 58. 69 % o the uncolonized patches The above-ground
net primary production in abandoned patches increased 28. 74 % and the below-ground increased 54. 91 %
oconpared with the colonized patches

We sugged that plateau zokor-induced changes in plart above- and below ground biomass and gecies
dversty may lead to further dterationsdof nutrient cycling and trophic dynamicsin this apine meadow eco-
ydem.
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Srmdl mammd s via their burrowing activities, can ater varieties of vegetation including gecies
composition , cover , height and above-and below-ground biomass* . Asfor subterranean herbivore
rodents, they forage plants underground or pull it down from below , consuming roots or entire pla-
nts Mearwhile , they continuoudy excavate underground and renmove il to the suface , and depost
in aboveground”®'. These activities may have a negative or positive efects upon vegetation , epe-
cialy when the densties of herbivores in seppe, prairie , and meadow are high® .

The plateau zokor ( Myospalax baileyi) , is highly goecidized subterranean herbivores which
is broadly digributed infarm , prairie , apine prairie and meadow in Qinghai- Tibet platead™ . They
exhibit severa ecological characterigics which could irfluence the plant communities under which
they live. Unlike aboveground herbivores, plateau zokors are condrained in their activities to burrow
sydems, they pend al ther lifetime underground. Few, if any, activities would be involved be-
yond burrow sysems throughout their life. There isonly subterranean rodent ecies in Qinghai- Tibet
plateau. The digribution and populaion densty of plateau zokors are grictly limited by natura fac-
tors such as eevation , vegetation, precipitation, tundra, and other artificia disurbancé™ . Be-
cause plateau zokors have been traditionaly viewed as damagers of vegetation and conpetitors with
cattle for range land reurces, eradication programs have been carried out by loca government and
farmers every year to reduce their populaions However, a present they gill davel on about
3.8 x10° hectares a average denstiesdf 5 - 20 animals/hnf in Qinghai province™'.

After colonizing over many years, plateau zokors have created large , diginct patcheswithin the
grasdand metrix , and ecosygem processes that occur within the patches may proceed a different
rates than those outd de the unoolonized area. Degpite their obvious irfluence on the ecological prop-
ertiesof grasdand in Qinghai- Tibet , their current satus asfarm and agriculture ped , and their nat-
urd role as agents intensed vegetation digurbance have not been well documented. Their ecological
characterigics are poorly known , and the efects on ecosysem gructure and dynamics have been ig-
rored or overlooked by those investigating diturbance and patch dynamics™ ™.

Anoveral god of this research isto assess the impact of plateau zokors on the seaona plant
biomass, Pecies diverdty , plant productivity on Qinghai- Tibet plateau alpine meadow , following
oolonization for different lengths of time. Soecific objectives of the present sudy were to:

1. Assess the magnitude of burrow activity by plateau zokors in this community ;

2. Determine the dfect of plateau zokor digging and grazing activity on plants;

3. Determine the irfluence of digging activity on net primary production in apine meadow.

The hypothedswill be tesged in this sudy is that the long-term colonization of plateau zokors
have negative dfects on plant biomass, including both above and below ground , and cause ecies
divergty and primary productivity to decrease. Those varieties may lead to further aterations of nu-
trient cycling and trophic dynamics in this apine meadow ecosysem.

1 MATERIALS AND METHODS

1.1 Sudy area
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This gudy was conducted in Haibei Research Sation of Alpine Meadow Ecosygem, the Chi-
nee Academy of Sciences, Menyuan Gounty , goproximetely 155 km rorth of Xining Gty , the capi-
tal of Qingha Province , with latitude 37°29 - 37°45 N, longitude 101°12 - 101°33 E, and eevar
tion a 3 200 - 3 300 m, from 1989 to 1998. There is the typical apine continental climeate, the
place does not have a red summer , only the cold and warm seasons can be recognized. The annud
mean temperature is - 2, rangngfrom27.5 inJulyto 35.0 inJanuary. Mean annud pre-
cipitation is 530 mm , of which 55 % occurs between June and August™ . Previous research works
about vegetation , animal community , and il types have been reported in this regon™ ™. There
are an extensve grasdand of Kobresia humilis apine meadow and shrubs. Dominant graminoids and
forbsin the meadow include Kobresia humilis, Stipa aliena, Bymus nutans, Kobresia pygmaea,

Poa 9. , Carex 9. , Potentilla anserina, Ajania tenuifolia, Leontopodium nanum, Potentilla
nivea, Potentilla bifurca, Hshodtza calycocarpa, Morina chinensis, Saussurea Katochaete, Aster
flaccidus, Taraxacum mongolicum, Gaux maritima, Anaphalis lactea, Pedicularis kansuensis,
Gentiana straminea, Gue denstaedtia diversifdia, Trigondla ruthenica, Gentianafarreri and < on.
Dasiphora fruticosa is the principal shrub in this region.

Hateau zokor is abundant at average dendties of 15 animals/hnf |, ranging from 10 - 25 ani-
mals/hnt'in this regon. There are do many other small manal's such as the marnota (Marmota
himalayana) , the plateau pika ( Ochotona curzoniae) , the kansu pika (O. Cansa) , and the root
vole (Microtus ceconomus) .

Sudy dteswere located in Kobresia humidis apine meadow of the broad valley bottoms, 2 km
rorth of the research dation. Hghteen circular udy Stes were slected in May 1989, each 0. 25
hni'sze (3.14 x 28.21 nf) . While investigating the population densities of plateau zokor , we d
marked the patches and nounds created by plateau zokors in gudy dteson megp. Hateau pika and
marnots in this regon were killed succesfully by loca government using poion baits in March and
April 1989. Only afew kansu pikas and root woles intruded into this region snce that time. Sme of
plateau okorsin 9 dtes were removed in 1992 and 1993. The patches €t by removed zokors in
those dtes were invedigated and marked on mep again. The invedigation of population dendty was
oonducted in October every year.

Acoording to the patches colonized by plateau zokorsfor different lengths of time in those stes,
three subsets were edablished for analyd's asfollows in 1998 :

1. The patches created and oolonized by plateau zokors over ten years, in which new nmounds
always appeared during the period of ten years invegigation.

2. The abandoned patches. The patches had created by plateau zokors before 1989, but , the
2okors were renoved or the habitat was abandoned in 1992 and 1993. No any other zokors intruded ,
and there are not any new nmounds and burrows formed dter 1993.

3. The uncolonized patches. There is o any nmounds or tunnels created by plateau zokors gp-
peared in this area.

1.2 Vegetation sanpling
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Aboveground plant biomass was measured nonthly in three subsets from May to September re-
ectively. In each patch , 5 sanpling quadrats (50 x 50 cnf) were randomly assigned , and other
20 sanpling quadrats (25 x 25 cnf) were selected for invedigating plant species, vegetation cover
and height in Augud. Vegetation were clipped , orted, dried a 60  for 48 hours and weighted.
Root biomass of three subsets were egtimated nonthly from May to October , 5 sanpling cuboids (25
x 25 x 30 cm’) were taken and separated into three layersat 0- 10 cm, 10 - 20 cm, and below 20
cmin each substs The roots were oollected carefully in each layer , washed , dried at 60  for 48
h and weighted.

1.3 Satidicd analyses

Satidica andyses condged of tegs and analyss of variance procedures (ANOVA) and were
acoonplished with the aid of the Satigtical Package for the Social Siences™ . Normality of datawas
teged with g, and @ gatigtics and appropriate tranformetions were utilized™ . Mean conpari ons
were performed usng Fsher’ s Potected LDs  Norrparametric teds were enployed in cases where
trandormations did not rormalize data™ . Aant gecies diversty was caculated with the Shannonr
Wiener index, H = -Z PInP..

2 RESUWTS

2.1 Vegetation characterigics and plant species diversty in three patches

Forty-two plant goecies were found in uncolonized patches, and twenty-four in both colonized
and abandoned patches (Table 1) . The vegetation diversty index is the grestest in uncolonized
patch as well as noroootyledon and dicotyledon diverdty index in Augug. There were dgnificant
differences in vegetation cover ( F=69.998, o =2, 57, P<0.001) and height ( F=33.904,
o =2, 57, P<0.001) between three paiches The vegetation diverdty index dightly decreased ,
although both vegetation cover and height significantly increased in abandoned patches conpared to
the oolonized patches (t =5.774, n=20, P <0.001 for vegetation cover , t =4.469, n=20, P

< 0. 001 for vegetation height) .
Table 1 Total number of plant species ampled, plant species diversity (H') , cover and height of vegetation on Augus 1998

on the patches o plateau zokors coonized over 10 years, abandoned for 5 yearsand uncdonized in al pine meadow

Vegetation characterigics - Feich -
olonized Abandoned Unoolonized
Rant ecies
Monocotyledon 3 5 10
Dicotyledon 21 19 32
Totd vegetation 24 24 42
Hant pedes dversty (H')
Monocotyledon 0.816 1. 504 2.199
Dicotyledon 2.558 2.067 2.887
Totd vegetation 2.719 2.506 3.197
Qover (%) 19.2+2.4 47.1+4.8 81.2+3.5
(n=20) (n=20) (n=20)
Height (cm) 9.7+1.4 23.8+3.2 42.2+3.4
(n=20) (n=20) (n=20)

2.2 Tota plant aboveground biomass in three patches
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Maximum total above ground biomass was recorded in Augug a all three patches in Kobresia
humilis alpine meadow , dthough it was dightly decreased in September (Fg. 1a) . The greased
peak biomass, 413. 601g/nT , was found on the uncolonized patches. The minimum val ue for peak
above-ground biomass was 170. 192 g/mzon the patches oolonized over ten years A 2-way ANOVA
was usd to detect differences in the tota above-ground biomass between patches, and between
months  There were sgnificant difference in the total above-ground biomass between patches ( F =
62.440, & =2, 8, P<0.001) , and between nonths ( F=62.440, o =4, 8, P<0.001) .
The unoolonized patches exhibited sgnificantly nore biomass than colonized patches ( F = 168. 753,
d=1,4, P<0.001) between May and Sgptember (F =38.398, of =4, 4, P<0.001) .
The biomass in abandoned patches were d 9 sgnificantly lower than that in uncolonized patches (F
=108.600, d =1, 4, P<0.001) during the growing seaon (F=53.023, & =4, 4, P<
0.001) , dthough there had not been disturbed by plateau zokors for five yearsin this area and the
vegetation had been in the gage of recovery.

2.3 Momoootyledon aboveground biomass in three patches

The intrassaona dynamics pattern of monoootyledon biomass in three patches showed the same
pattern asthat of total above-ground biomass (Fg. 1b) . The resultsof 2-way ANOVA reveded that
the biomass of nonoootyledon in unoolonized patches were dgnificantly higher than that in colonized
patches (F=189.692, o =1, 4, P<0.001) between May and October (F=10.561, o =4,
4, P<0.01) . The noroootyledon biomassin abandoned patches was sgnificantly increased (F =
41.432, d =1, 4, P<0.001) duringthe periodof growing season (F=12.161, d =4, 4, P
<0.01) ocompared to the colonized patches However , it was obvioudy lower than that of uncolo-
nized patch (F=151.795, o =1, 4, P<0.001) between different nonths (F=17.478, o =
4,4, P<0.01) .

2.4 Nonrpaatable dicot aboveground biomass in three patiches

In gite of dzeable reductionsin total and nonocotyledon above-ground biomass , the non-palat-
able diocot biomass was sgnificantly increased in colonized patches (Fig. 1¢) conpared to the uncolo-
nized patches (F=27.417, & =1, 4, P<0.001) between May and Sgptember ( F =53. 305,
od =4, 4, P<0.01) . There were not dgnificant difference in non-palatable dicot biomass be-
tween abandoned and colonized patches (F=4.115, o =1, 4, P=0.486) , dthough plateau
2okors in abandoned patches had been rermoved over five years. Meanwhile , the non-palatable dicot
biomass in abandoned patches was greater than that in uncolonized patches (F=5.250, o =1,
4, P<0.05) during the growing season (F=30.895, d =4, 4, P<0.01) .

2.5 Pdatable dicot aboveground biomass in three patches

In contragt , the palatable dicot biomass was highest in unoolonized patches, higher in abanr
doned patches and lowes in colonized patches between May and September. Each of the va ues was
dgnificantly different from all others at the 0. 05 level (Fig. 1d) .

2.6 Bdow ground biomass in three patches
In terms of below ground biomass (Table 2) , there was datidically sgnificant differences be-
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Fg. 1 Intraseasona variation in total aboveground plant biomass, and three plant functiona biomass on the patches of
plateau 2okors colonized over 10 years, abandoned for 5 years and uncolonized in apine meadow in 1998
tween three patches (F=197.248, o =2, 10, P<0.001) from May to October ( F=7.450,
d =5, 10, P<0.01) .
Table2 The total below-ground biomass of plants (g/m?) (Mean + SE) on the patches of plateau zokors

colonized over 10 years, abandoned for 5 yearsand uncoonized in alpine meadow in 1998

Patch
Morth olonized Abandoned Unoolonized
(n=5) (n=5) (n=5)
5 278.898 + 10. 378 1021. 220 £ 16. 085 1666. 550 * 13. 380
6 261. 470 + 6. 996 1111. 884 + 15. 776 1586. 248 + 12. 836
7 228.500 + 6. 809 968. 636 + 15. 294 1472. 267 + 16. 504
8 363. 236 +13. 129 1229. 546 + 16. 375 1960. 074 + 17. 302
9 426.152 +13. 189 1369. 760 + 16. 340 2297.502 + 12. 823

10

489. 110 + 13. 213

1546. 640 + 19. 360

2450. 306 + 16. 297

Unlike the intraseasona dynamic pattern of aboveground biomass, the below ground biomassin
three patches gradudly decreased form May to July , the loweg occurred inJuly , and then domMy in-
creaxed between July and October. The higheg of three patches were in October. The below ground
biomass in olonized patch reduced by goproximately 80 % conpared to the unoolonized patch.
There was increased nearly 3 - 4 times in below ground biomass in abandoned patch dter plateau
2okors were renoved over five years.
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2.7 Net primary production in three patches

Net primary production was calculated with the method introduced by Yang™ . We assumed
the biomass foraged by plateau zokors and cattle was zero , because the dtes sanpled in those patch-
es was excluded and o any nmounds gppeared in 1998. The net primary production in three patches

was sowed in table 3.
Table 3 The net primary production on the patches o plateau zokor s coonized over
10 years, abandoned for 5 yearsand uncdonized in alpine meadow in 1998

Patch
Vegetation procuctivty olonized Abandoned Unoolonized
Aboveground
Net primery production (g/m?- yr.) 170. 196 238. 842 413.601
Average net production per day in period of gowth (g/m?-d) * 1.261 1. 769 3.064
Slar energy dorage (KI/m?-yr.) = * 3292.525 4620. 515 8001. 313
Beowground
Net primary production (g/m?- yr.) 260. 610 578. 004 978. 046
Average net production per day in period of growth (g/m?- d) 1.930 4.282 7.245
Slar energy dorage (KI/m?- yr.) 4943. 564 10964. 270 18552. 750
Tota
Net primery production (g/m?: yr.) 430. 806 816. 846 1391. 647
Average net production per day in period of growth (g/m?- d) 3.191 6. 051 10. 309
Slar energy gorage (KJ/m?-yr.) 8236. 089 15584. 790 26554. 060

* The growth period is 135 daysin kobresia humilis meadow; * * The cdorific value of aboveground biomessis 19. 345 kl/g, adr
free, and the belowground is 18. 969 KJ/g , ashfreel*!

Dramatic diff erence occurred between three patches in the net primary production (Table 3) .
The total net primary production in colonized patches was reduced by 68. 98 % conmpared with uncol-
onized patches Although no any plateau zokors disturbed for fives years, the total net primary pro-
duction jugt reached 58. 69 % of uncolonized patches The aboveground net primary production in
abandoned patches increased 28. 74 % and the below-ground increased 54. 91 % conmpared with colo-
nized patches

3 DISCUSSION

Data from three patches indicated that with long-term colonized by plateau zokors, the plant di-
versty index , vegetation cover and height were obvioudy decreased in apine meadow (Table 1) .
Both above-and below-ground biomass are reduced gpproximately by 59 % and 80 % conpared to un-
oolonized patches in Augug , regectively (Fig. 1a, Table 2) . Mearwhile, the long-term colonies
o plateau zokors resulted in decreasng net primary production (Table 3) . These results supported
our hypothed s that the long-term excavating activities underground by plateau zokors had a negetive
efect on vegetation in apine meadow.

Unlike other aboveground herbivores, plateau zokors may inmpact plant community corrpostion
intwo basc ways: 1) Excavating tunnel sysems and foraging underground , and 2) Deposting
erpugh il during goring and fall on the surface. Bxcavating and foraging underground is basc eco-
logca characteridicsfor subterranean rodents, which isthe key factor in apectsof inmpacting vege-
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tation. Sencer e d.'™ | Foser and Layoock'™ and Richardson'® denongrated that areas with
pocket gophers present had reduced overall forage production with selective increase in ome plants
ot preferred by pocket gophers and decrease in plants they preferred. Although numerous gudies
have demondrated many subterranean rodents, such as pocket gophers and plateau zokors, are typi-
cal generdig herbivores *?" | some plants are preferred and others are not by plateau zokors, which
teded by feeding experiments in laboratory. The difference in biomass between three patches was
caused by the ggnificant difference of nonocotyledon, dicot paatable and non-pdatable on those
patches (Fig. 1a, b, ¢, d) . The non-pdatable dicot biomass was the greatest in colonized patch ,
this dfect may be due to the preference of plateau zokorsfor different plantsin apine meacow. The
differences between the nmorocots and dicots in this gudy illugrate that the dietary preferences of
herbivores , whatever aboveground or subterranean , may irfluence plant community conpostion and
successon process.

Williams and Cameron'® excluded pocket gophersfrom a Texas coagd prairie and found a de-
creaxe in bare ground and concomitant increase in cover , frequency , and biomass of certain plant
ecies, particularly little blue ¢em grass The reaults of this sudy suggested that dter plateau
2okors were renoved or the habitats were abandoned over five years, the cover , height and biomass
of nmoroootyledon increased in this patch (Fig. 1b, Table 1) . The difference between uncolonized
and abandoned patches indicated that the rate of recovery in the patch digurbed by plateau zokors
was © dow in adpine meadow that it would take very long time to recover the primary satus which
was undigurbed before.

Depodtion of congderable amounts of il in the surface could dfect gecies compostion,
abundance, and biomass of plants In apine meadow , plateau zokors depodted large numbers of
nounds during ring and fal to cover vegetation™ , Mean survival of plants buried by those
nounds are o different that intensively influence plant growth and productivity'****. Overdl , di-
ootyledon, epecidly ron-pdatable dicotyledon such as Ajania tenuifolia, Leontopodium nanum,
and Potentilla nivea , survived burial much better than herbages in alpine meadow/™ . In the long
run, this could be the reaults that the non-palatable dicotylendon became dominant gecies and the
biomass was the greates in this patch, athough the total aboveground biomass was greatly reduced
conrpared to the unoolonized patches.  In addition , the plant reponse to underground grazing i s obvi-
oudy different because of the fibrous roots and taproots anong different Pecies plants. The differ-
ence in this sudy could reflect the pherologica , morphological |, and life higorical difference anong
those plants in apine meadow.

Aspointed out by Qant e a™ | the overal dfect on the sructure of plant community will
depend on the relationship between rate of nmound and nature of successon process. Differences be-
tween three patches causng by plateau zokors in this gudy and the results about pocket gophers and
plateau zokors reported by other authors illudrated this point.
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