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Abgract

Theadyjettiveof thisstudy wasto daify whether the changesin percent cover of plant functiond types

(i.e, lifeformsand growth forms) dong agrazing gradient reflect thelivestock number, whichwould

renforcetherdighility of usng agrazing gradient design and improvethe manegement of rangdand. We

sHected twolivestock campsthet for many years have hed different numbers of livestodk, with

goproximatdy Sx timesmoreshegp-equivdentsa ste 1 thena Ste2. Vegadion wassampledin 10

quadratson fivetransactsaong the grazing gradient a each Ste. In each quedrat, werecorded peroant

cover of each plant gpedies. Our findings suggested that vegetation changes dong the grazing gradient

under different livestock numberswere characterized by changesinthe cover of lifeforms perenid

spedeswerergdlaced by annud oedesnear the camps (10-50 m). However, wedid nat find growth

form changetha reflected the differencein the number of livestodk.
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1 Introduction

Heavy grazing causes Sgnificant changesin vegetation. The veegetation degradation processis

genadly charadterized by changesin plant functiond types; thet is, by changesin lifeformssuch asan

increesein the abundance of annud gpedeswith aconcomitant decreesein perennid spedes(Mdntyre

and Lavord, 2001; Pakeman, 2004; Diaz et d., 2007), and severd sudieshavedso reported thisto bethe

casein Mongalia(Fernandez-Gimenez and Allen-Diagz, 1999, 2001; Sasski e d., 2005, 2007). Moreover,

dudiesof thesegppesof Inner Mongalia, northeestern Ching, and North Americareported achangein

growth form: theorigind dominant caespitose grassesweere being replaced by rhizomatous grassesdueto

the changefrom moderae or low-leve to heavy grazing (Madk and Thompson, 1982; Milchuneset d.,

1988, Xieand Wittig, 2003).

Tofadlitatethemanagement of arid and semi-arid ecosysemsfor both biologicd consavation

and sudainable use, underdanding theresponse of vegeiaion to different grazing intensitiesiscriticd.

According to Fermandez-Gimenez and Allen-Diaz (2001), grazing gradients provide away to obsarve

vegetation changes under different grazing intengtiesin aesswhereitisnot possbleto menipulate

livestock denditiesof freeranging grazers. Previous Sudies usad the digancefrom asource of water

(Femandez-Gimenez and Allen-Diaz, 1999, 2001; Saski et d., 2005) or from alivestock camp (Whdlley



et d., 1978; Rogersand Whalley, 1989; Riginosand Hoffman, 2003; Sescki et d., 2007) to assessthe

impact of grazing on rangd and sructure and fundtion, while contralling the bedkground environmenta

factors

Insudiesof grazing gradients, thenumber of livesock should beonearitica factor efecting the

petterns of vegetation responsesto thevaiaion inrdaive grazing intengty (Sasski e d., 2008). Mogt

previoussudies usng the grazing gradient gpproach assumed that the plant community differsaccording

tothegrazing intendty dong the gradient, and afew such sudiesinvedigated the effects of the period of

grazingdongthegradient (Ader e d., 2004; Nangulaand Oba, 2004) and the effects of livestock number

over ardaively short peariod of grazing (Dorrough et d., 2004). If the grazing gradiient does differ with the

number of livestock, however, it remainsundear how vegetation would changedong thegrazing

gradient. Therefore, inthisstudy weatempted to darify theinfluence of livestocdk number on changesin

vegetation, thusranfordng therdiability of sudiesusng agrazing gradient desgn and improving the

managemeant of rangdand. Theojective of thisstudy wasto daify whether the changesin the cover of

plant functiond types—thet is lifeform (annue vs peremnid) and growth form (caespitosevs

rhizomatous—aong agrazing gradient reflect thelivesock number.

2. Materialsand methods



21 Sudy aea

Thegudy araaislocated intheHuga Nationd Park (HNP), Mongolia(47°46-48N, 105°54—

56E, meendevation 1378 masl.). Basad onthe datafrom the HNP dimatic gaion, from 1999 to 2006

themean seasond temparatureswere goproximatdy 13 °C from April to Sgptember and—12 °Cfrom

October to March, and themean annud predpitation was goproximatdy 232 mm (CV, 31%). HNPis

surrounded by abuffer zone, wherethe number of livestodk hasbeen contralled and maneged, and the

HNP hasrecords of the number of livestock grazinginthearea

Wesdected two livestock campsthet hed long-term differencesin the number of livestodk but

gpproximatdy the same seesond useand environmentd conditions. These camps areusad by herders

during thewinter and goring to gether their livestodk together a night. Both Stesarelocated ontheesgtern

Sdeof amountain and haveadight dope (2-5%0). Basad on soil andyds (pipettemethod 3A 1 USDA-

NRCS 19%), thesoil textureat both Steswasloamy sand and the ol typewasdassfied as“dark

chestnut” (according to HNP documents).

Thesetwo camps hed records of the number of livestock for every year from 1977 to 2006, and

thenumber of livestodk before 1977 wesmore or lessthe same as during theseyears Thesenumbers

werereported by owvnersof thelivestock camps who sad these same camps had beenusd for d leest a



few hundred years Inthissudy, we usethe number of livestock asanindication of grazingintengity,

because grazing gradients arerepresantative of cumulaivegrazing intengty (Adler and Hal, 2005).

Thelivestodk weremainly shegp and goats The shegp-equivaent coeffidentsused by the

Nationd Saidica Officeof Mongdiaare7.0, 5.0, 6.0, 1.0, and 0.9for horse, camd, cattle, sheep, and

goat, repectivdy. The mean annud number of livestock a each sudy Stefrom 1977 to 2006 wesas

folows stel, horse23+ 1, camd 1+ 0, cattle 22 + 2, hegp 200+ 32, and goat 472 + 34, for ashep-

equivadent of 923+ 62, Ste2, horse9+ 1, cand 0+ 0, catle1+ 1, hegp 24 + 3, and goet 46 £ 14, fora

shegp-equivdent of 139+ 19. Thus, Ste 1 hashad alarger number of livestock then Ste2 over thelong

tem.

2.2. Samplingdesgn

A vegadion survey was paformedin early August 2007. Thegrazing gradient was & pardld

tothe contour linesfrom each camp to minimize the effects of topography. We st fivesurvey transects

perpendicular tothegradient & 10, 50, 100, 200, and 500 m from the camps. Vegetaionwassampledin

10quedrats(1 % 1 m) esablished a intervasof 1 maong each transat. In eech quedrat, werecorded

oover (%) for each oedes Our sampling procedureswere determined a priori based on previouswork in

Mongolian rangd ands (Fernandez-Gimenez and Allen-Diaz, 1999, 2001; Seseki e d., 2005, 2007). In



thosedudies transactswere sat 500-2000 m outward from camyps, but our gudy Stesinduded concave

dopesa digancesbatwean 500 and 2000 mfrom the camps Therefore, we conddered 10t0 500 m

transects asthemodt represantative. Therewereno fegures other then the camps such aswils thet

afectad animd movemantt.

23, Daaandyss

Weandyzed whether the changesin thecover of plant functiond types, withafocusonlife

formsand growth forms dong agrazing gradient arerdated to thelivestock number. Datafor eech

gradient were sulgjected to detrended correspondence andyss (DCA; Hill, 1979) usng vaduesfor plant

oove. Weexamined the corrd ations between the DCA axesand digances from campsusing Pearson

corrdation coeffidents All soedesweredassfied by lifeform (perennid grasses, perennid forbs annud

forbs drubs), and thedominant pedesof parennid grasssswearedassified by growth form (caespitose or

rhizometous). These dassficationswere based on Jgidsuren and Johnson (2003), Grubov (2001), and

informeation provided by Mongalian batanigs Wecdculaed theratio of eech lifeform dongthegradient

from each Ste, usng rdativevaduesfor plant cover. Dominant Joedeswere determined bessd onthe

rdativevauesof esch goadesa each transect. Thedfferenceinlifeform and growth form were

consdered fixed effectsinan ANOVA. When stex diganceinteractionsweredatidicaly Sgnificant, the



two-way ANOV A wasfallowed by post-hoc contrasts uang t-testswith Bonfearroni correctionsfor the

within-digance comparisons Befare paforming theseandyses dl dependent varianceswiere assessed for

normidity of didtribution and heterogenatty of variances Weusad In(y + 1) trandformetion where nesded

(Sokd and Rohif, 1995). Thelevel of sigrificancewasP < 0.05.

3. Reallts

Therewasanegative corrdation between DCA axis 1 and thedigancefrom camp (r =—0.68, P

<0.001), and thisaxisrepresanted the vegetation differences with increesing digance from the camps

Theoover vduesof parennid Spedesweredifferent between stes(Table 2), and thevdued Ste

2washigher thanthat & Ste 1(Fg. 1). Thesecover vduesincressed with inareesng the digance fromthe

campsa bath Stes The cover vaduesof annud forts (mogly Chenopodiumalbum) weresgnificantly

higher a Stel (higher grazingintengty) then a Ste2 a the 10-m transacts (Hg. 1). Thus thepattemn of life

formswasahigh vaue of annud forbscover within 10 mof thecamp a Ste 1 and ahigh vdueof

peremnid Pedesfa fromthecampsa Ste2.

Thevauesof caespitosegrasses (modlly Sipa krylovii) werehigher & stel thena Ste2. At 200

mfromthecamps S krylovii wasthe dominant soedesa both Stes(Table ). Thevduesof rhizomatous
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grassss(modly Leymuschinenss) weresgnificantly higher a ste2thenat Ste 1 (Hg. 1). Inaddition, the

cover of rhizomatous grasses a the 50-m transsctswas Sgnificantly gredter then a other transsctsa Stel

and sgnificantly gredter @ Ste2thena Ste 1.

4. Disousson

Dexpitethelimitation of small sampleSze, our findings suggest thet vegetation changesaong the

grazing gradient a steswith different numbersof livestock (Hg. 1) were characterized by changesinthe

cove of vaiouslifeforms, from annud forbsto perenid goedes dosetothecamps (10-50m).

Althoughwedid nat find changesin growth form from rhizomatousto caespitose grasses according to the

differenceinlivestock number, thelower vaue of rhizomatous grassesa Ste 1 then Ste2 may indicatethe

gronger grazing intendty a Stel.

DCA axis1 indicated differencesin the vegetation a eech transsct dong eech grazing gradient

(Hg. 1), withmoreannud forbs near the camps and more perenid Spedesfar from thecampsat both

stes Annud forbs (mostly C. allum) had gregter cover a Ste 1, suppoarting previousreportsof annud

forbsinareasng markedy with incresaing dengity of livesock (Stemberg e d., 2000). In addition, C.

albumgrowsat disurbed and nutrient-enriched Stes (Hilbig, 1995), which reflect the higher enrichment
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from dung by the numerouslivestock & ste 1, asdung frequency decresses with incressing digancefrom

the camps(T. Okayasu, unpublished detg). Therewas asgnificant differencein perennid oecescover

between Stes Thus, theinfluence of livestock number on vegetaionwasdear & shorter digancesfrom

thecamps

Rhizomeatous L. chinendswasthe dominant gpedesand caespitoe S krylovii wasnot the

dominant oedesat the 50-m transect of both Sites; reflecting the higher intensity of grazing duetothe

proximity of eech camp. Inaddition, thegredter rdative cover of L. chinengsa the 50-m transact & Ste 2

comparedtoSte 1 (Table ) reflected the differencein the number of livestock. Although L. chinengscan

toleraeherbivory (Wang, 2004; van Staelduinen and Anten, 2005), it gopearsthet theintengty of grazing

dill hesan effect onthe cover of thisgpedes, asthevaduewaslower a the camp with morelivestodk. If

rhizometous grasses replace caespitose grasses dueto incressed grazing intengity, then the cover vaue of

caepitoe grasseswould have been gredter & Ste 2 then & Ste 1. However, the cover vaue of caespitose

grasswasgede a Stel thana Ste2 Thus our resuitsindicatetha aninareeseinlivestock number did

not causeashiftin growth form from caespitaseto rhizomeatous. Oneresson for thismay havebeen

spetid heterogenaty of livestock at gregter digancesfrom the camps but wewereunadleto st morethen

onegradient dueto geomorphic changesa 500 m.
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Althoughit may bedfficult for ather researchersto obtain predse dataon the number of

livestock, sswewereddeto doin thisstudy, our findingsindicate thet information on the number of

livestodk in an areaisimportant in gudiesof grazing gradientsin tems of assumptionsabout the degree of

grazing intengity. Theplant functiond typesnear livestock campsarelikdy to depend on the number of

livestodk, and thelivestock number may be conddered asonefactor detlermining thelength of thegrazing

gradient. Theresuitsof thissudy may dso srveasamodd casefor the management of grazingin semi-

aidregons asmorelivestock aregrazed in an areafor long periods, theared svaue as grazing pesiure

will decressa
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Table 1. Dominant species composition at each study site

Distance from winter camps (m), relative cover (%)

Plant
Species functional Site 1 Site 2

type 10 50 100 200 500 10 50 100 200 500
Cleistogenes squarrosa PC 1.0 50.6 114 29.6 7.1 41
Stipa krylovii PC 15.7 40.6 85.8 34.6 5.7 45.1 335
Agropyron cristatum PR 6.8 6.3 6.1
Carex korshinskyi PR 0.7 26 115 71.8 24 117
Leymus chinensis PR 7.4 76.2 51 1.6 0.9 68.1 81.7 31
Cymbaria dahurica PF 15
Kochia prostrata PF 19.6 11 18.7 24.1 36.0
Caragana pygmaea SR 5.2 20
Artemisia adamsii AF 6.1 21 9.4 21
Chenopodium album AF 88.1
Kochia melanoptera AF 4.4 1.0 1.6 0.5 31.9

Only those species that occurred more than 10 times in each 1-m? quadrat. In each column, the boldface value indicates the dominant
species at each transect.

& PC: perennial grass, caespitose; PR: perennial grass, rhizomatous; PF: perennial forb; SR: shrub; AF: annual forb.
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Table 2. Results of the two-way ANOVA of the effects of distance from the camp
(Distance), site with different number of livestock (Site), and their interaction (Distance
x Site) on each life form and growth form

df MS F P
Perennial species
Distance 4 22.92 112.75 <0.001
Site 1 1.80 8.85 0.004
_ Distancex 4 0.26 1.26 0.29
Site
Annual species
Distance 4 8.77 99.44 <0.001
Site 1 3.76 42.62 <0.001
| Distancex 4 255 2887 <0001
Site
Caespitose perennial species
Distance 4 29.67 156.58 <0.001
Site 1 12.16 64.17 <0.001
_ Distancex 4 5.76 30.41 <0.001
Site
Rhizomatous perennial species
Distance 4 14.82 41.29 <0.001
Site 1 19.92 55.48 <0.001
Distance x 4 3.42 9.52 <0.001

Site
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100 200 500
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Figure 1. The cover value of each life form and growth form at each transect. *: means
that there is significant differencein cover value of each site at the same distance.



