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Abstract

Theobjectiveof thisstudywas toclarifywhether thechanges inpercentcoverofplant functional types

(i.e., lifeformsandgrowthforms)alongagrazinggradient reflect the livestocknumber,whichwould

reinforcethe reliabilityofusinga grazinggradientdesignandimprovethemanagementofrangeland.We

selected twolivestockcampsthat formanyyearshavehaddifferentnumbersof livestock,with

approximatelysix timesmoresheep-equivalentsat site1 thanatsite2.Vegetationwassampledin10

quadratsonfivetransectsalongthegrazinggradientateachsite. Ineachquadrat,werecordedpercent

coverofeachplantspecies.Our findingssuggested thatvegetationchangesalongthegrazinggradient

underdifferent livestocknumberswerecharacterizedbychanges in thecoverof lifeforms:perennial

specieswere replacedbyannualspeciesnear thecamps(10–50m).However,wedidnot findgrowth

formchangethat reflected thedifferencein thenumberof livestock.

Keywords: rangelandecology; grazingintensity;plant functional type;Mongolia; semi-arid
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1.Introduction

Heavygrazingcausessignificant changes invegetation.Thevegetationdegradationprocess is

generallycharacterizedbychanges inplant functional types, that is,bychanges in lifeformssuchasan

increase in theabundanceofannualspecieswithaconcomitantdecrease inperennial species (McIntyre

and Lavorel,2001;Pakeman,2004;Diazet al.,2007),andseveral studieshavealsoreported this tobethe

caseinMongolia (Fernandez-GimenezandAllen-Diaz,1999,2001;Sasakietal.,2005,2007).Moreover,

studiesof thesteppesof InnerMongolia,northeasternChina,andNorthAmericareportedachangein

growthform: theoriginaldominantcaespitosegrasseswerebeingreplacedbyrhizomatousgrassesdueto

thechangefrommoderateor low-level toheavygrazing(MackandThompson,1982;Milchunaset al.,

1988;XieandWittig,2003).

Tofacilitate themanagementofaridandsemi-aridecosystemsforbothbiologicalconservation

andsustainableuse,understandingtheresponseofvegetation todifferentgrazingintensities iscritical.

AccordingtoFernandez-GimenezandAllen-Diaz (2001),grazinggradientsprovideawaytoobserve

vegetationchangesunderdifferentgrazingintensities inareaswhere it isnotpossible tomanipulate

livestockdensitiesoffree-ranginggrazers.Previousstudiesusedthedistancefromasourceofwater

(Fernandez-GimenezandAllen-Diaz,1999,2001;Sasakietal.,2005)or fromalivestockcamp(Whalley
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et al.,1978;RogersandWhalley, 1989;RiginosandHoffman,2003;Sasakietal.,2007) toassess the

impactofgrazingonrangelandstructureandfunction,whilecontrollingthebackgroundenvironmental

factors.

Instudiesofgrazinggradients, thenumberof livestockshouldbeonecritical factoraffecting the

patternsofvegetationresponses to thevariation inrelativegrazingintensity(Sasakietal.,2008).Most

previousstudiesusingthegrazinggradientapproachassumedthat theplantcommunitydiffersaccording

to thegrazingintensityalongthegradient,andafewsuchstudies investigated theeffectsof theperiodof

grazingalongthegradient (Adleretal.,2004;NangulaandOba,2004)and theeffectsof livestocknumber

overa relativelyshortperiodofgrazing(Dorroughetal.,2004). If thegrazinggradientdoesdifferwith the

numberof livestock,however, it remainsunclearhowvegetationwouldchangealongthegrazing

gradient.Therefore, in thisstudyweattemptedtoclarifytheinfluenceof livestocknumberonchanges in

vegetation, thusreinforcingthe reliabilityofstudiesusingagrazinggradientdesignandimprovingthe

managementofrangeland.Theobjectiveof thisstudywas toclarifywhether thechanges in thecoverof

plant functional types—that is, life form(annualvs.perennial)andgrowthform(caespitosevs.

rhizomatous)—alongagrazinggradient reflect the livestocknumber.

2.Materialsandmethods
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2.1.Studyarea

Thestudyareais located in theHustaiNationalPark (HNP),Mongolia(4746–48'N,10554–

56'E,meanelevation1378ma.s.l.).Basedonthedata fromtheHNPclimaticstation, from1999to2005

themeanseasonal temperatureswereapproximately13CfromApril toSeptemberand–12Cfrom

October toMarch,andthemeanannualprecipitationwasapproximately232mm(CV,31%).HNPis

surroundedbyabufferzone,where thenumberof livestockhasbeencontrolledandmanaged,andthe

HNPhasrecordsof thenumberof livestockgrazingin thearea.

Weselected twolivestockcampsthathadlong-termdifferences in thenumberof livestockbut

approximatelythesameseasonaluseandenvironmental conditions.Thesecampsareusedbyherders

duringthewinterandspringtogather their livestocktogetheratnight.Bothsitesare locatedontheeastern

sideofamountainandhaveaslightslope(2–5%).Basedonsoilanalysis (pipettemethod3A1:USDA-

NRCS,1996), thesoil textureatbothsiteswas loamysandandthesoil typewasclassifiedas“dark

chestnut”(accordingtoHNPdocuments).

Thesetwocampshadrecordsof thenumberof livestockforeveryyear from1977to2006,and

thenumberof livestockbefore1977wasmoreor less thesameasduringtheseyears.Thesenumbers

were reportedbyownersof thelivestockcamps,whosaid thesesamecampshadbeenusedforat leasta
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fewhundredyears. In thisstudy, weusethenumberof livestockasanindicationofgrazingintensity,

becausegrazinggradientsarerepresentativeofcumulativegrazingintensity(AdlerandHall,2005).

Thelivestockweremainlysheepandgoats.Thesheep-equivalentcoefficientsusedbythe

NationalStatisticalOfficeofMongoliaare7.0,5.0,6.0,1.0,and0.9forhorse, camel, cattle, sheep,and

goat, respectively.Themeanannualnumberof livestockateachstudysitefrom1977to2006wasas

follows:site1,horse23±1,camel1±0,cattle22±2,sheep200±32,andgoat472±34, forasheep-

equivalentof923±62;site2,horse9±1,camel0±0,cattle1±1,sheep24±3,andgoat46±14, fora

sheep-equivalentof139±19.Thus,site1hashadalargernumberof livestockthansite2over thelong

term.

2.2.Samplingdesign

AvegetationsurveywasperformedinearlyAugust2007.Thegrazinggradientwassetparallel

to thecontour lines fromeachcamptominimizetheeffectsof topography.Weset fivesurveytransects

perpendicular to thegradient at10,50,100,200,and500mfromthecamps.Vegetationwassampledin

10quadrats (1×1m)establishedat intervalsof1malongeachtransect. Ineachquadrat,werecorded

cover (%)foreachspecies.Oursamplingproceduresweredeterminedaprioribasedonpreviousworkin

Mongolian rangelands(Fernandez-GimenezandAllen-Diaz,1999,2001;Sasakiet al.,2005,2007). In
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thosestudies, transectswereset500–2000moutwardfromcamps,butourstudysites includedconcave

slopesatdistancesbetween500and1000mfromthecamps.Therefore,weconsidered10to500m

transectsas themost representative.Therewerenofeaturesother thanthecamps,suchaswells, that

affectedanimalmovement.

2.3.Dataanalysis

Weanalyzedwhether thechanges in thecoverofplant functional types,withafocusonlife

formsandgrowthforms,alonga grazinggradientarerelated to thelivestocknumber.Dataforeach

gradientweresubjected todetrendedcorrespondenceanalysis (DCA;Hill,1979)usingvalues forplant

cover.WeexaminedthecorrelationsbetweentheDCAaxesanddistances fromcampsusingPearson

correlationcoefficients.All specieswereclassifiedbylifeform(perennialgrasses,perennial forbs,annual

forbs, shrubs), andthedominantspeciesofperennialgrasseswereclassifiedbygrowthform(caespitoseor

rhizomatous).TheseclassificationswerebasedonJigjidsurenandJohnson(2003),Grubov(2001),and

informationprovidedbyMongolianbotanists.Wecalculated the ratioofeach lifeformalongthegradient

fromeachsite,usingrelativevaluesforplantcover.Dominantspeciesweredeterminedbasedon the

relativevaluesofeachspeciesat eachtransect.Thedifferencein lifeformandgrowthformwere

considered fixedeffects inanANOVA.Whensitedistanceinteractionswerestatisticallysignificant, the
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two-wayANOVAwasfollowedbypost-hoccontrastsusing t-testswithBonferronicorrectionsfor the

within-distancecomparisons.Beforeperformingtheseanalyses, alldependentvarianceswereassessed for

normalityofdistributionandheterogeneityofvariances.Weusedln(y+1) transformationwhereneeded

(SokalandRohlf,1995).ThelevelofsignificancewasP<0.05.

3.Results

TherewasanegativecorrelationbetweenDCAaxis1andthedistancefromcamp(r=0.68,P

<0.001),andthisaxis represented thevegetationdifferenceswith increasingdistancefromthecamps.

Thecovervaluesofperennial speciesweredifferentbetweensites (Table2),andthevalueatsite

2washigher thanthatat site1(Fig.1).Thesecovervalues increasedwith increasingthedistancefromthe

campsatbothsites.Thecovervaluesofannual forbs(mostlyChenopodiumalbum)weresignificantly

higherat site1(highergrazingintensity) thanatsite2at the10-mtransects (Fig.1).Thus, thepatternof life

formswasahighvalueofannual forbscoverwithin10mofthecampatsite1andahighvalueof

perennial species far fromthecampsatsite2.

Thevaluesofcaespitosegrasses (mostlyStipakrylovii)werehigherat site1 thanatsite2.At200

mfromthecamps,S.kryloviiwasthedominantspeciesatbothsites (Table1).Thevaluesof rhizomatous



10

grasses (mostlyLeymuschinensis)weresignificantlyhigherat site2 thanatsite1(Fig.1). Inaddition, the

coverofrhizomatousgrassesat the50-mtransectswassignificantlygreater thanatother transectsat site1

andsignificantlygreaterat site2 thanatsite1.

4.Discussion

Despite thelimitationofsmallsamplesize,ourfindingssuggest thatvegetationchangesalongthe

grazinggradientat siteswithdifferentnumbersof livestock(Fig.1)werecharacterizedbychanges in the

coverofvarious lifeforms, fromannual forbs toperennial species,close to thecamps(10–50m).

Althoughwedidnot findchanges ingrowthformfromrhizomatous tocaespitosegrassesaccordingto the

differencein livestocknumber, the lowervalueof rhizomatousgrassesat site1 thansite2mayindicate the

strongergrazingintensityat site1.

DCAaxis1 indicateddifferences in thevegetationat eachtransectalongeachgrazinggradient

(Fig.1),withmoreannual forbsnear thecampsandmoreperennial species far fromthecampsatboth

sites.Annual forbs (mostlyC.album)hadgreatercoverat site1, supportingpreviousreportsofannual

forbs increasingmarkedlywith increasingdensityof livestock(Sternbergetal.,2000). Inaddition,C.

albumgrowsatdisturbedandnutrient-enrichedsites (Hilbig,1995),whichreflect thehigherenrichment



11

fromdungbythenumerous livestockatsite1, asdungfrequencydecreaseswith increasingdistancefrom

thecamps(T.Okayasu,unpublisheddata).Therewasasignificantdifferenceinperennial speciescover

betweensites.Thus, the influenceof livestocknumberonvegetationwasclearat shorterdistancesfrom

thecamps.

RhizomatousL.chinensiswasthedominantspeciesandcaespitoseS.kryloviiwasnot the

dominantspeciesat the50-mtransectofbothsites, reflectingthehigher intensityofgrazingdue to the

proximityofeachcamp. Inaddition, thegreater relativecoverofL.chinensisat the50-mtransectat site2

comparedtosite1(Table1)reflected thedifferencein thenumberof livestock.AlthoughL.chinensiscan

tolerateherbivory(Wang,2004;vanStaalduinenandAnten,2005), it appears that the intensityofgrazing

stillhasaneffectonthecoverof thisspecies, as thevaluewas lowerat thecampwithmorelivestock. If

rhizomatousgrasses replacecaespitosegrassesdueto increasedgrazingintensity, thenthecovervalueof

caespitosegrasseswouldhavebeengreaterat site2 thanatsite1.However, thecovervalueofcaespitose

grasseswasgreaterat site1 thanatsite2.Thus,our results indicate thatan increase in livestocknumberdid

notcauseashift ingrowthformfromcaespitose torhizomatous.Onereasonfor thismayhavebeen

spatialheterogeneityof livestockatgreaterdistances fromthecamps.butwewereunable tosetmorethan

one gradientduetogeomorphicchangesat500m.
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Althoughitmaybedifficult forotherresearchers toobtainprecisedataonthenumberof

livestock,aswewereable todoin thisstudy,ourfindings indicate that informationonthenumberof

livestockinanareais important instudiesofgrazinggradients in termsofassumptionsabout thedegreeof

grazingintensity.Theplant functional typesnear livestockcampsare likelytodependonthenumberof

livestock,andthelivestocknumbermaybeconsideredasonefactordeterminingthelengthof thegrazing

gradient.Theresultsof thisstudymayalsoserveasamodelcase for themanagementofgrazinginsemi-

aridregions: asmorelivestockaregrazedinanareafor longperiods, thearea’svalueasgrazingpasture

willdecrease.
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Table 1. Dominant species composition at each study site

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

Site 1 Site 2Species
Plant

functional
typea

10 50 100 200 500 10 50 100 200 500

Cleistogenes squarrosa PC 1.0 50.6 11.4 29.6 7.1 4.1

Stipa krylovii PC 15.7 40.6 85.8 34.6 5.7 45.1 33.5

Agropyron cristatum PR 6.8 6.3 6.1

Carex korshinskyi PR 0.7 2.6 11.5 71.8 2.4 11.7

Leymus chinensis PR 7.4 76.2 5.1 1.6 0.9 68.1 81.7 3.1

Cymbaria dahurica PF 1.5

Kochia prostrata PF 19.6 1.1 18.7 24.1 36.0

Caragana pygmaea SR 5.2 2.0

Artemisia adamsii AF 6.1 2.1 9.4 2.1

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-m2 quadrat. In each column, the boldface value indicates the dominant

species at each transect.

a 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

 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
Distance 

Site
4 0.26 1.26 0.29

Annual species
Distance 4 8.77 99.44 <0.001
Site 1 3.76 42.62 <0.001
Distance 

Site
4 2.55 28.87 <0.001

Caespitose perennial species
Distance 4 29.67 156.58 <0.001
Site 1 12.16 64.17 <0.001
Distance 

Site
4 5.76 30.41 <0.001

Rhizomatous perennial species
Distance 4 14.82 41.29 <0.001
Site 1 19.92 55.48 <0.001
Distance 

Site
4 3.42 9.52 <0.001



20

Figure 1. The cover value of each life form and growth form at each transect. *: means

that there is significant difference in cover value of each site at the same distance.


