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Abstract Resumen

The effect of cattle grazing on the genetic structure of native El efecto del apacentamiento del ganado en la estructura
grass populations has received little attention. We investigated genética de poblaciones de zacates nativos ha recibido poca ater
the effect of cattle grazing on genetic variation in Idaho fescue cion. Usando marcadores ISSR (secuencia repetida inter-simple )
(Festuca idahoensis Elmer) using ISSR (inter-simple sequence de DNA investigamos el efecto del apacentamiento del ganado er
repeat) DNA markers. The ISSR markers are hypervariable and la variacion genética del “Idaho fescue” Festuca idahoensis
are generally interpreted as being selectively neutral. Idaho fes- Elmer). Los marcadores ISSR son hipervariables y generalmente
cue tillers were sampled from inside (N = 31) and outside (N = son interpretados que son selectivamente neutrales. Se
34) a 64-year-old cattle exclosure in southeastern Oregon. Wemuestrearon hijuelos de “Idaho fescue” dentro (N = 31) y fuera
extracted DNA and used 2 ISSR primers to determine the geno- (N=34) de una area excluida del ganado de 64 afios de
types for grazed and ungrazed plants at 60 variable loci. No sta- antigiiedad situada en el sudeste de Oregon. Extrajimos el DNA
tistically significant differences were observed between grazed Y usamos 2 bibliotecas de ISSR para determinar los genotipos de
and ungrazed samples for percent polymorphic loci (grazed = las plantas apacentadas y no apacentadas en 60 loci viables. N
85%; ungrazed = 80%), mean expected heterozygosity (grazed =se observaron diferencias estadisticamente significativas entre
0.1393; ungrazed = 0.1365), or for a measure of loci dissimilarity 1as muestras apacentadas y no apacentadas para el porcentaje d
(grazed = 0.506; ungrazed = 0.536). We also found that theloci polimorficos (apacentado = 85%; no apacentado = 80%),
ungrazed individuals sampled inside the exclosure were not sig- la media esperada de heteocigocidad (apacentada = 0.1393; n
nificantly genetically differentiated from the grazed individuals ~apacentada = 0.1365) o para una medida de disimilaridad de
sampled outside the exclosure (= 0.0008 averaged across all loci (apacentada = 0.506; no apacentada = 0.536). También
loci). Our results differ from past studies that found demograph- encontramos que los individuos no apacentados muestreados
ic and physiological differences between ldaho fescue inside anddentro de la exclusion no fueron significativamente diferenciados
outside of grazing exclosures at the same site. Our results mirror genéticamente de los individuos apacentados muestreados fuere
those of other researchers who have also failed to detect geneticde la exclusion (G; = 0.0008 promediado a través de todos los
differences at marker loci in response to grazing. We propose loci). Nuestros resultados difieren de estudios pasados que
that either the mechanisms that must be present to cause change:encontraron diferencias demograficas y fisiologicas entre el
in neutral genetic variation are not affected by cattle grazing for “ldaho fescue” de dentro y fuera de exclusiones al apacen-
Idaho fescue at this site, or that any effects of grazing on neutral tamiento ubicadas en el mismo sitio. Nuestros resultados reflejan
genetic variation were overwhelmed by gene flow between the aquellos de otros investigadores quienes también han fallado en
grazed and ungrazed samples. detectar diferencias genéticas en loci marcados en respuesta a
apacentamiento. Proponemos que, en este sitio, tanto los mecan
ismos que deben estar presentes para causar cambios en I
variacion genética neutral del “ldaho fescue” no son afectados
por el apacentamiento del ganado o que cualquiera de los efectos
del apacentamiento en la variacion genética neutral son supera-
dos por el flujo genético entre las muestras apacentadas y no

There has been a general decline in the abundance and dist apacentadas.
tion of caespitose grasses of the shrub steppe region of wes
North America over the last 100 years (Mack and Thomps
1982). Grazing by livestock has often been cited as a possible ) ) )
cause of this decline because grasses native to this region didcAcgvolve with large ungulates making them less grazing toler.

(Mack and Thompson 1982). Researchers have investigate
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variation while investigating the impact offescuesrange extends north into southerrReed College greenhouse for 3 week
grazing on native grass population€anada, south to Arizona, and east to eastatil green material was present. Greel
(Carman and Briske 1985, Témas et akrn Colorado. Idaho fescue has beetissue was only produced on 31 individu-
2000, Liston et al. 2003). When grazingleemed “vigorous” in relation to cattleals from inside the exclosure and 36 fron
affects ecological features of plants suchrazing (Pond 1960) and is a predominardutside the exclosure.
as population size and gene flow, thisomponent of the diets of cattle in the Genomic DNA was extracted from each
should in turn influence genetic variationwestern United States (Jaindl et al. 1994)ndividual using QIAGEN DNeasy plant
measured at selectively neutral markershe study site is a junipedniperus occi- extraction kits. Approximately 50 mg of
Changes in genetic variation can therefordentallisHook), low sagebrustAftemesia fresh tissue was first frozen in liquid nitro-
be expected to provide important insightarbusculaNutt.), high desert ecosystem,gen and then ground and extracted accor!
into the mechanisms by which native graswhere Idaho fescue is abundant. We sanmg to the manufacturer’s protocol. All
populations are affected by grazing. pled Idaho fescue from inside and near DNA samples were randomly numbered tc
We investigated the effect of long-termof the 13 cattle grazing exclosures estatwbscure their site of origin to avoid bias.
cattle grazing on neutral genetic variatiotished in 1936 at the Northern Great Basisamples were amplified and run on gels i
in samples of Idaho fescu€dstuca ida- Experimental Range (NGBER; 43.483° Nthis randomized order. The ISSR primer:
hoensisElmer). Neutral genetic markers119.717° W) in southeastern Oregon842 (GAGAGAGAGAGAGAGAYA) and
allowed us to study the indirect effectsPrevious researchers observed differenc@35 (AGAGAGAGAGAGAGAGYC)
(i.e. changes in population size or gene physiological and demographic traitsfrom the University of British Columbia’s
flow) of cattle grazing rather than thebetween grazed and ungrazed Idaho fesci@SR primer set were used in PCR reac
direct effects (i.e. selection for grazing tol-at NGBER (Doescher et al. 1997, Liston etions to amplify DNA fragments.
erence). Reductions in population size oal. 2003). Amplification began after the template
restrictions of gene flow that could result Idaho fescue individuals were collectedNA was added to reaction tubes while
from grazing would be expected to reducérom pasture 13 at NGBER in Januanpeing held at 70° C and proceeded as fo
genetic variation at neutral loci.2000. Prior to establishment of the grazingpws: 1 minute 94° C denaturation, fol-
Alternately, grazing could increase genetiexclosure in 1936, range conditions weréowed by 34 cycles of 25 seconds at 94
variation, either by a direct mechanisnpoor due to continuous grazing of cattleC, 30 seconds at 50° C, 2 minutes and
where the substitution rate of mutationgnd sheep since the late 1800s (Rose et a&conds at 72° C, a final 5 minutes at 72
increases due to herbivore damag&994). The criteria used when selecting, and then held at 4° C. All PCR reac-
(Marcotrigiano 2000), or indirectly from the exclosure locations at NGBER werdions were carried out a second time fo
genome-wide selection for increasedhot recorded (Sneva et al. 1984) but it isach plant sample and the 2 replicate
genetic variation due to environmentathought that the exclosures were simplyvere run side by side on a 2% agrose g
stress (Keane et al. 1999). We used DNAerected in the center of each experimentéSigma), with a 100 bp ladder (New
based, inter-simple sequence repegiasture (personal communication Ton¥ngland Biolabs) used as a size standar
(ISSR) markers to quantify genetic variaSvejcar). The exclosure is 250 x 63m, wittGels were scanned on a Flour-S gel scal
tion in adjacent grazed and ungrazed sarthe long dimension oriented in an eastrer (BioRad) to produce digital images,
ples that have been part of a long-term (6#est direction. We chose to exclude fromwhich were analyzed using the Quantity
year) cattle grazing exclosure study. Theur sampling an area inside the exclosur®ne software package. Bands (loci) wer
ISSR method uses primers based othat was part of a burn treatment becauseored based on their presence or absen:
microsatellite (simple sequence repeat at was not replicated outside. This reducedhich was resolved using the magnifica:
SSR) di- or tri-nucleotide motifs to ampli-the sampling area inside the exclosure thon tool in the Quantity One software.
fy DNA fragments corresponding to200 x 63m. Sampling of grazed individu-Two of the samples from outside the
regions between matching microsatellitals was conducted on an area of the saregclosure yielded no bands in any of the
loci. Because the ISSR method uses SS§ze immediately south of the exclosureamplifications. Because of the low proba-
(microsatellite) loci as priming sites, it isOne hundred plants were sampled in totahility of observing a multilocus genotype
expected that these markers will be diss0 from inside the exclosure and 50 fronwith null alleles at each of the loci we
tributed throughout the nuclear genomeutside. Sampling of both 200 x 63m areascored, we interpreted this result as faile
(Wolfe and Liston 1998). The ISSR mark<grazed and ungrazed) was carried out inamplification and excluded these sample
ers can detect high levels of genetic polystratified random fashion by breaking thdrom all analyses. This left a final sample
morphism, even in plant populations63m width of each area into three, 21nsize of 31 individuals from inside and 34
where allozyme diversity is often minimalsections. Fence posts placed every 3 from outside the exclosure.
or entirely absent (Esselman et al. 1999). along the long dimension of the exclosure Genetic variation for plants inside and
were used as a sampling guide. Of the 6jutside the exclosure was quantified as tr
fence posts along the 200m length, 1vumber of unique multilocus genotypes ir
Material and Methods posts were randomly excluded to make aach sample, percent polymorphic loci (P)
sample of 50 for both grazed and ungrazemiean expected heterozygosity(taver-
: I ._areas. At each of these 50 posts, one of thged across loci), and using a dissimilarit
(er??hdroxiezg)le Is a long-lived tetraplmdglm sections was chosen at random ariddex based on band sharing,(DLynch
= 4x= grass native to the shru ked | it th directi 411990, Inter-simol t |
steppe of western North Americavalked in a north to south direction unti ). Inter-simple sequence repeat mar
; . i the first Idaho fescue plant was founders are dominant, with band absenc
(Darlington and Wylie 1955). Within the  till d usi flecting h itv of th .
intermountain west, and specifically in th Groups of ti ersh_vvelre removeh ulf,mg ae IIecl:nlg omcl}zygozl y of the recessive
shrub steppe plant community of souther ammer and chise due to the frozemull allele (Wolfe an Lllston 1998). For
Oregon, ldaho fescue is a dominangro.ur'd' Approximately 5 tillers from'eachexp_ected hef[erozygosny_, we used th
: : individual were potted and grown in theunbiased estimator described by Lyncl
species (Lentz and Simonson 1986). Idahd
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and Milligan (1994) for dominant mark- genotypes in our sample of 64 plants. Alal. 1998a, 1998b). Simple sequence repe
ers, including adherence to their recomplants within the grazed and the ungraze(SSR or microsatellite) loci are scatterec
mendation of excluding all loci for which samples possessed unique, multilocuthroughout the genome (Hancock 1999
the null allele frequency was less thahSSR genotypes, while a single, multilo-and are commonly interpreted as repre
3/N. Although Idaho fescue is a tetraploidcus genotype was shared between 2 plargenting non-coding regions that are no
Liston et al. (2003) observed disomidrom the 2 samples. influenced by natural selection (Wolfe anc
inheritance for allozyme loci in their study Overall, we found no evidence in any ofListon 1998, Schlttterer and Wiehe 1999
of ldaho fescue at NGBER. To calculateur genetic measures that genetic variatidout see Kashi and Soller 1999 for a con
the allele frequencies necessary for estdiffered between the 2 samples. Thérasting view). Because ISSR loci repre:
mating H,, we assumed both disomicgrazed sample displayed 3 more polymorsent short sequences between SSR loc
inheritance and that our samples were iphic loci than were observed in thelSSRs are also expected to be neutral ar
Hardy-Weinberg equilibrium. The secondungrazed sample, but this difference wascattered throughout the genome. The|
assumption was justified based on Listomot significant based on either a continpositions throughout the genome shouls
et al.’s (2003) observation of Hardy-gency test (X= 0.52, p = 0.47) or the minimize any influence on their variability
Weinberg equilibrium for allozyme loci in Monte Carlo procedure (Table 1).that could result from linkage to non-neu-
their study of Idaho fescue and NGBEREXxpected heterozygosity giwas greater tral loci (Wolfe et al. 1998a, 1998b). Our
We also determined the magnitude oin the grazed sample, but the differenceesults are consistent with the findings o
genetic differentiation () between the 2 was slight and not statistically significant.other researchers, who also observed hic
samples, calculated as both 1) the mearhe measure of band dissimilarity@ variation (overall 85% polymorphic loci)
Gg; across all loci, and 2) using the meashowed an opposite pattern, with greatén ldaho fescue at the Northern Grea
estimates of g for the total sample and dissimilarity inside the exclosure, but thisBasin Experimental Range (Liston et al
the subsamples from inside and outsiddifference was not statistically significant.2003). Our results differ from the level of
the exclosure (Culley et al. 2002). The differentiation between samples wagenetic diversity reported by Esselman e
The association between grazing statusinimal and not statistically significantal. (1999) in their ISSR survey of
and number of polymorphic loci was(mean G; across loci was 0.0008, theyG Calamagrostis porteriA. Gray ssp.
examined using a contingency test. To fubbased on mean heterozygosities waissperata(Swallen) C. W. Greene, but
ther examine the difference betwee®.0397). For both calculations ofthe their much lower measure of percent poly
grazed and ungrazed samples, we usedohserved value was well inside the empirimorphic loci (P = 24%) likely reflects the
Monte Carlo randomization procedure thatal 95% confidence intervals based on thearity and high clonality of that native
was carried out for 1,000 iterations usind.,000 Monte Carlo iterations (a rank ofgrass. The ISSR method has been found
Resampling Stats for Excel (Blank 2001)624 for the mean & and a rank of 748 detect more variation then either

In this procedure we randomly assignedor the G;based on the meanH allozymes or randomly amplified poly-
(without replacement) the 65 observed morphic DNAs (RAPDs; Esselman et al.
ISSR multilocus genotypes to 1 of 2 1999). Like RAPDs, no prior knowledge
groups (with N = 31 and N = 34). Our Discussion of the Idaho fescue genome was neede
measures of genetic diversity (Pg, Hind for us to use this method, but unlike

D,,) were then calculated for each group,

. We observed high levels of genetic vari- . )
and the difference between the 2 groups. - based on percent polymorphic lociible (Wolfe and Liston 1998) and less
was recorded for each measure. Th

: : xpensive (Yang et al. 1996).
observed difference between the sampl %ns(iS ; Tgi?]r 0|fntl:er;lgrrﬁ ?ee nsc;tyﬁgﬁ C'2 IrgazgtContrary to our expectations, the percer
inside and outside the exclosure for eac SSR) margkers Whilpe we qknow of ﬁopolymorphic loci (P), mean expected het
measure of genetic diversity was then co )

- ; ._erozygosity (H), number of unique geno-
pared with the distribution of 1,000 value igﬁcf&tg?ﬁeﬁ;r}ﬁ?;;;ig;%;?f E;atrk'gt pes, and ge?etic dissimilarity )(9 were

from the Monte Carlo data to test the nuﬁepr,esent non-coding sequence (Wolfe arﬁ/ot significantly different between our
hypothesis that the observed differencEiston 1998) and they have therefore bee%razed and ungrazed samples. Simile
was due to chance. The null hypOtheSiﬁnerpreted as selectively neutral (Wolfe e1Eesults were observed in 2 studies the
was rejected and the observed difference

. T o
was judge(_ii to be significant at the 5 /ﬂTabIe 1 Measures of genetic diversity for Idaho fescue sampled from inside (ungrazed) and adja-
alpha-level if the observed value was mor

- cent to (grazed) a cattle exclosure at the Northern Great Basin Experimental Range.
extreme than the empirically observe(

95% confidence interval found for the

RAPDs, the ISSR method is more repeal

Monte

Monte Carlo data for each diversity statis Difference Monte Carlo Carlo
tic (e.g. more extreme than the"2f 976" Measure Grazed Ungrazed (grazed-ungrazed)  95% C.l. 'Rank
among the ranked Monte Carlo values). ]

Polymorphic 85 80 5 -10to 15 714

loci (%)
Results Mean
Heterozygosity 0.1393 0.1365 0.0028 —0.0187 to 0.0200 573
(Ho

Primer 835 amplified a total of 34

bands, ranging in size from 190 to 150(pjssimilarity 0.506 0.536 ~0.030 ~0.055 to 0.055 829
bp. Primer 842 amplified a total of 26 index (Dy)

bands, ranging in size from 300 tO_ 105[1M0me Carlo estimates at this rank and below were equal to oexéssne than the observed difference (based o
bp. Overall we observed 63 multilocusy gog monte Carlo iterations)
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investigated genetic effects of grazingnly be reflected by allele frequencyscale of our sampling by gene flow
using allelic diversity at isozyme markerschanges in the coding regions of thdetween plants inside and outside th:
Carman and Briske (1985) failed togenome. In the absence of linkage betweajrazing exclosure. The plants in our stud
observe a difference in genetic variabilitytrait and marker loci, such direct genetichowed minimal and non-significant
(measured at 3 allozyme loci) in graze¢hanges would not be observed in a survgyenetic differentiation between the graze
and ungrazed samples of little bluesterthat sampled only neutral genetic variationand ungrazed samples. Liston et al.’
(Schizachyrium scopariurfMichx.) Nash. In a comparison of current plant distrib-(2003) estimate of genetic differentiation
var. frequens(FT.Hubb.) Gould) in utions with fine-scale maps made in 1937Gg) between their grazed and ungraze
Kansas. Tomas et al. (2000) did notdaho fescue individuals at the Northerisamples in their pasture was the sam
observe differences in allozyme geneti©Great Basin Experimental Range werenagnitude as our estimate. Within each c
variability at 3 loci when comparing sam-found to be long-lived (as long as 6Gheir permanent plots where they sample
ples of a native forage grag3ifftochaetium years; Liston et al. 2003). Their analysig|| individuals, they also failed to detect a
napostaens¢Speg.) Hack) either exposedalso showed that sexual recruitment oéjgnificant relationship between physical
to grazing by cattle, grazing by a nativddaho fescue has occurred during the timgistance and genetic dissimilarity. Téma:
rodent, orprotected from grazers by ansince the grazing exclosures were firsg; a1 (2000) also invoked gene flow to
exclosure for 20 years. In their study okstablished at NGBER, with a 10-foldng|p explain their failure to observe genet
sexual and clonal recruitment in Idaho fesincrease in the number of individuals in¢ gifferences between grazed anc
cue from a different Northern Great Basirtheir permanent plots over the past 69ngrazed plants in their study. Grasse
Experimental Range pasture than ourgears. Given sufficient time and the cIeaFe|y on wind to disperse pollen (and some
Liston et al. (2003) also failed to detect angvidence of other impacts from grazingimes seeds), and thus gene flow can occ
difference in genetic diversity at ISSR lociwhy has neutral genetic variation not beeg, o 5 large aistance (pollen in grasses cz
between plants sampled from inside andffected? We believe there are 2 biologic e moved as far as 800 m : Richard
outside a grazing exclosure. reasons why we did not observe a genetfg%) The scale of dispersal oyf wind-pol-

Our negative result does not guaranteeffect of grazing for plants in our StUdy'Iinated species could make it necessary fc
that grazing has had no affect on Idah&irst, our results may show that the ecograzing exclosures to be very large tc
fescue during the 64 years the cattle excldegical mechanisms we expected to PrOyetect a genetic chanae in response |
sure has been in place at the Northerduce a difference in neutral genetic varia- ~__. E' g h P b
Great Basin Experimental Range. Othetion (changes in population size, gene floy' 22!Ng. HMOWEVer, Tesearchers must

. - : - wary of the trade-off that exists betweer

researchers have noted differences fand mutation) are not impacted by grazm% ; ) .
Idaho fescue at NGBER between grazedt this site. However, results from othe creases in exclosure siz€ and the intrc
and ungrazed sites. Doesher et al. (1998judies have generally found that thesgucuon of bet_vvegen_—sne dlfferences_. Large
found physiological differences betweerecological features of plant populations‘excIOSUIres will limit the opportunity for
Idaho fescue individuals taken from insideare directly affected by herbivory. Grazinggene flow be;ween grazgd qnd ungraze
and outside one of the grazing exclosurgsas been shown to reduce the fecundity ants, but will necessarily increase the
at this site. Those differences persistedn invasive annual (Grigulis et al. 2001)distance between the samples of graze
when plants were grown in a common gadecrease seedling size and increasi!d ungrazed individuals. While limiting
den, suggesting a genetic basis for the digeedling density in several species (Miltoif1€ homogenizing effects of gene flow, ar
ference between grazed and ungrazed indi995), increase seedling emergence ificréased distance between grazed ar
viduals. Liston et al. (2003) sampled Idahdoth grass and composite speciegngrazed plants will increase the likeli-
fescue from a 9 fpermanent plot in an (Oesterheld and Osvaldo 1990, Bullock efl00d that between-site differences othe
ungrazed exclosure at NGBER andil 1994), and extend the season of recruift@n grazing, such as microhabitat, ma
observed a greater number of small plantsent in a grass (Butler and Briske 1988)contribute to differences in genetic struc:
when compared to individuals sampledsrazing or herbivory have also been foundure, with the_ consequence that_ an
from an equivalent sized permanent plot io influence characters related to fecunditpbserved genetic difference may be incor
the adjacent, grazed portion of the pasturand gene flow (Rausher and Feeney 198(gctly attributed to the impacts of grazing.
They also noted greater clone fragmentd3oak 1992, Molinillo and Farjibrener
tion in the ungrazed plot, which they1993, Bullock et. al 1994, Quesada et. al ] )
hypothesized to be the result of litter accu995, Lehtila and Strauss 1997, Herrera Literature Cited
mulation. At other sites, long-term cattle2000, Juenger and Bergelson 2000,
grazing of Idaho fescue has been found tulothershead and Marquis 2000, Smith egethienfalvay, G. J., J. Gabor, and D. Suren.
reduce overall plant helght, leaf |engtha| 2000, Van Der Wal et al. 2000) This 1984. Grazing effects on mycorrhizal colo-
and reproductive shoot height (Fahnestockealth of evidence that herbivory does nization and floristic composition of the veg-
and Detling 2000). Changes in morpholoaffect ecological traits that are expected to etation on a semiarid range in northerr
gy in response to grazing have beemmpact the distribution of neutral genetic Nevada. J. Range Manage. 37:312-316.
reported in a diversity of plant species fowariation leads us to favor a second expldlank, S. 2001.Resampling Stats for Excel,
traits such as leaf blade width (Gray andation for our observation that grazing has version 2.0. Resampling Stats Inc.,
Scott 1980, Carman and Briske 1985), leafot affected genetic variation in Idaho fes- Arlington, Virg. )
angle (Smith 1998), and silica contentue at NGBER. Bullock, J.M., B.C. Hill, and J. Silvertown.
(McNaughton et al. 1985, Cid et al. 1989). Although grazing may have impacted 1?§£6Dir;°3rriamp;¥t %Cgsgfr%; Lilgfﬁ'{]la
However, to the extent the traits are genetraits expected to affect neutral genetigfﬂer gJ Lp and D.D. Briske. 1988
ically determined, these changes in physiariation in Idaho fescue at the Northern” popjation structure and tiller demography o
ology and morphology are most likelyGreat Basin Experimental Range, this the bunchgrasSchizachyrium scopariufim
adaptive responses to selection that woulsffect may have been overwhelmed at the response to herbivory. Oikos 51:306-312.
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