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Abstract-This work is undertaken as a portion oflong-term large-scale studies de veloped to deter
mine how climate and disturbance (primarily fire andgrazing) interact to structure desert grasslands. 
The results presented here are the initial gra zing portions of the study The analysis presented here 
indicates that following the reintroduction ofcattle to the research area in 2000 (following a decade 
ofrest) that the abundance '<JI7d diversity of vegetation and small mammals increased significantly 
on the treatment plots (P < 0.05), while remaining unchanged on the control plots. 

Introduction 
Conservationists, land managers, and scientists have debat

ed the role of livestock grazing in the degradation of rangelands 
for more than a century (Powell 1878; Bentley 1898; Leopold 
1924; Sears 1935; USDA 1936; National Research Council 
1994; Laycock 1994; Donahue 1999; Curtin et aL 2002; Knight 
et al. 2002). This debate has peeked in recent years as conser
vationists and researchers increasingly view ranching and the 
associated livestock grazing as either a crucial conservation 
strategy (Starrs 1998; Knight et a1. 2002; Maestas et al. 2002) 
or a major threat (Fleischner 1994; Donahue 1999; Wuerthner 
and Matheson 2002). It is impossible to after the fact tease
out the effects of a century of grazing or how the introduction 
of cattle may have altered the land at the time of European 
settlement. Yet, landscape level studies can provide important 
insights into the current effects of livestock. This analysis asks: 
Do cattle reduce the abundance and diversity of key ta;'(a in a 
desert grassland? Acceptance of the hypothesis would be the 
result of demonstrably lower biomass and diversity ; a negative 
answer would be the result of no effect or demonstrably higher 
biomass and diversity following reintroduction of cattle. 

Studies such as those at Konza Prairie have investigated the 
role of grazing and fire in more temperate grasslands in the 

Eastern Great Plains (Knapp et al. 1998). Yet relatively little 
work has experimentally examined the landscape-level role of 
grazing in arid lands west of the 100th meridian where most 
public lands ranching, and the debate of the appropriateness 
of grazing, occurs (Fleischner 1994; Laycock 1994; Donahue 
1999; Wuerthner and Matheson 2002; Curtin et al. 2002; 
Knight et al. 2002). Generally grazing has been documented 
to be more damaging in more arid ecosystems (Milchunas and 
Laurenroth 1993), with grazing in landscapes with rainfall 
below the 300-360 mm (12-15 inches) threshold often con
sidered intrinsically damaging and unsustainable (Fleischner 
1994; Donahue 1999). The conflict over the ecological effects 
ofgrazing is compounded by troubles with experimental design 
and statistical analysis that has plagued much of the grazing 

literature (National Research Council 1994; Hurlbert 1984; 
Brown and McDonald 1995; Stohlgren et al. 1999; Jones 2000; 
Curtin 2002a). In this study we seek to mitigate many of the 
short-comings of previous studies by conducting replicated 
experimental research at a landscape level. 

Methods 
In 1998 we initiated a study on the McKinney Flats grass

land on the Gray Ranch (Diamond A) in Hidalgo County in 
southwestern New Mexico, U.S.A. (E721033, N3472587). 
The study is designed to continue for at least 15 to 20 years 
and fom1s the anchor for cross-site studies developed in col
laborat ion with The Nature Conservancy to examine the biotic 
and abiotic interactions associated with grazing and fire across 
the Intermountain West. Ungrazed from 1990 until cattle were 
reintroduced in 2000, the McKinney Flats pasture is located at 
an elevation of 1,767 m (5,300 ft). It contains a gradient from 
Plains-Great Basin grasslands (Bouteloua association), to 
semidesert grasslands (Bouteloua-Hilaria-Sporobolus associa
tion), to Chihuahuan Desert grassland/shrub land (Prosposis 
assoc iation) . The average rainfall on McKinney Flats mea
sured at four recording stations once a month (o ne at each 
study block) between 1999 and 2002 was 292 mm (11.3 in). 
The period from 2000-2002 is considered a drought accord
ing to the Palmer Drought Index (Center Assessment for the 
Southwest 2002). Soils on McKinney Flats range from gravelly 
loams (aridiso ls) in the uplands to silty clay loams (mollisols) 
in drainage basi ns. 

The fundamental underpinning of our research design was 
the need for independent replication of study plots (Hurlbert 
1984; Hairston 1989). This means that there must be a mini
mum of four replicates of each treatment. Each treatment must, 
while being comparable to others in biotic and abiotic compo
nents, be independent of the others. In this paper analysis of 
results was conducted using paired t-test through the statistical 
program Statview ™ The sampling unit for both vegetation 
and vertebrate samples were the study plots containing the 
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Figure 1-Map depicting th e 3,668 ha (8,800 ac) McKinney Flats research site. The pasture was divided to create four, roughly 917 ha 
(2,200 ac), research blocks. The blocks, in addition to creating a four pasture rest-rotati on grazing system typical of conventional 
land management, also creates four replicate landsca pes for research purposes . Within each block a 1 x 1 km study area was 
divided into research plots con tain ing grazed and ungrazed sections. 

sampling area, with results pooled for each season resulting 
in 16 trea tment plots each year (8 grazed and 8 ungrazed). 

After applying grazing to treatment blocks in 2000 and 2001. 
in 2002 the blocks were rested one season to measure th e 
post-treatment response to removal of livestock. 

The original 3,668 ha (8 ,803 ac ) pasture was divided into 

four research blocks of about 917 ha (2,200 ac) through the Lise 

of a three strand "wildlife fence" in which the top strand is se t 

low, and the bottom strand is smooth and set high to facilitate 

deer and antelope movement (figure I). To mimic conventional 
livestock management of the region, and to crea te the four 
replicate treatment blocks, a four-p as ture rest-rotat ion grazing 

system was used in which three pasture s are grazed and one is 

rested each season. In this portion of the study we timed the 
treatment to include grazing of all four pastures within each 

calendar year to establish complete replication in each of the 

treatment years. Rather than removing cows fro m a grazed 
landscape, we instead introduced cattle into an ungrazed ma
trix fo llowing 10 years of rest (figure 2). Baseline sampling 
was conducted for two years prior to reintroduction of cattle, 

and the treatments were stocked at 200 to 250 head (cow/calf 

pairs). Cattle used in the study were primarily Hereford Fl 

crosses that are typical of herds in the borderlands. Targeted 

vegetation utilization was 50% as measured by conventional 

ocular estimates used by the U.S. Forest Service and loca l 

land managers. This approach to livestock management was 

selected because it is consistent with Federal land manage

ment guidelines and is typic al of g razing practices on publi c 

and private lands in the region . 

Data are collected at each of the treatment plots with

in 200 x 200 m focus areas creating a 100 m buffer 

around eac h sampling plot (figure 3 ). Driving variables 

measured are rainfall, livestock activity, and soils (not used 

in this analysis). The major response variabl es measured are 

vegetation (the primary production in the system), small mam

mals (plimary consumers and keystone guild in many grassland 

and shrubland ecosystems), and lizards (secondary consumers 

and an as say of invertebrate abundance ). 

Vegetation (Primary Production) 
Vegetation composition was sampled once a year (October

November) following the growing season by meas uring 
2frequ ency and cover within 0.40 m quadrates set at two 
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Figure 2-1 km x 0.5 km grazing exclosure in the southeast study 
block is one of four distributed ac ross the research area located 
on a northeas t facing bajada adjacent the Sierra San Louis 
in Chihuahua, Mexico. In contrast to many grazing studies, 
the reintrodu ction of cattle into an ungrazed matrix allows 
a landscape level analysis of the effects of grazing, and its 
interact ion with other processes in desert grasslands. 

m intervals along 5, ISO m transect lines within each sampling 
block (Curtin 2002b). Vegetation biomass was measured at 30 
m intervals along the ISO m transect lines within OAO m' square 
quadrates using techniques developed by the USDA ARS 
research center in Tucson, AZ (R.C. Marsett, AR -Tucson, 
personal communication 2002). Following this technique 
representative samples were clipped and weighted until the 
sampler's ability to estimate cover was consistently accurate 
with less that 5% variation . After the sampler's eye was trained , 
the technique was applied to measurements taken within the 
study plots. Samples are periodically retested to assure that 
the ability to estimate biomass is consistent throughout the 
sampling period. Though less accurate than weighing and 
clipping every sample, the variance in ocular estimates is con
siderably lower than the variation in biomass due to placement 
of sampling frame s. Because this is a long-term study where 
repeated measures are sought through time from the same plots, 
nondestructive approaches to sampling were our only option 
to assure the continuity of the project. 

USDA Forest Service Proceedings RMRS-P-36. 2005. 

Ungrazed Grazed 

D 
1000111 

D D 
Figure 3-Experimental design of the McKinney Flats project is 

intended to examine at a landsca pe level the interaction of 
grazing and climate, with additi ona l fire treatments scheduled 
for later in the life of the project (Cu rtin 2003). This core 
experimental protocol with five 150 m transect lines we 
repeated in bl ocks in all four sub-pastures as depicted in 
figure 1 . 

Small Mammals (Primary Consumers) 
Three times a year Shennan traps were placed one meter 

to the east of the base of an orange 7/16 inch fiberglass stake 
located at 30 m intervals along the fi ve 1SO meter transects in 
each study plot. This sampling coincides with the lizard sam
pling to more efficiently use resources and to make lizards and 
rodents as comparable as poss ible. To ensure the traps are all 
picked up by the heat of the day only one-half of the site was 
trapped at a time (240 traps per night). The duration of trapping 
is three days in each location, three times a season for a total 
of 9 sampling nights per year. Due to relativel y high mammal 
densities and diversities on the site (roughly 12 species on the 
site at a given time and two to ten captures per 200 x 200 m 
sampling area), thi s approach proved effective at documenting 
small mammal species composition. After capture species, sex, 
weight, body and tail length, and hind foot length are measured. 
All mammals are individually marked using ear tags. 

Rep tiles/ Amphibians (Secondary 
Consumers) 

In order to facilitate direct comparison be tween lizard and 
mammal populations, we have elected to place pit-fall traps 
along the same mammal trap lines one meter west of the stakes 
used for small mammal sampling. Pit-fall traps were censused 
three times yearly for three days each (total field time is 9 days 
to allow for lizard processing and data collection). These pe
riods include the late spring, after adults emerge and become 
active (early June), in early summer before the hot dry periods 
prior to the monsoon (early July), and in mid August after the 
monsoon (when heat and drought sens itive species are likely 
to be active). After capture weight, sex, snout-vent length , 
tail length and condition, and morphometric measurements 
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to analyze changes in body size are recorded. All animals are 

individually marked through a system of toe clips. 

Results 
A significant difference in the vegetation biomass in grazed 

and ungrazed portions of the pasture (P =0.0001) existed with 

mean biomass per 0.40 m' quadrate 41.6 (SD =286) and 61.9 

(SD = 37.6) gms in grazed and ungrazed plots, respectively. 

These recorded differences are conservative because fall rains 

cause some vegetative regrowth plior to sampling. Following 
a season of rest from livestock the mean biomass of grazed 

(30.5 gms, SD = 19.9) and un grazed (29.9 gms, SD = 1.4) plots 

were not significantly different (P = 0.77). Vegetation richness 

was not significantly different between grazed and ungrazed 

plots in 1999 and 2000 prior to livestock reintroduction (P =1 

0.69 and 0.18, respectively), was significantly higher on grazed 

plots in 2001 following reintroduction (P = 0.03), and returned 

to non-significant levels in 2002 after a season of rest (P = 

0.84) (table I). Climatic factors correlate with greater change 

than grazing effects with species number in 1999 prior to the 

drought in the low 30s, whereas by 2002 species number had 

dropped to the low 20s. Increases in species number on grazed 

plots were not the result of colonization of exotic species for 

Table l -Average vegetation species richness on treatment plots 
tor two years prior, immediately following, and one year after 
remova I of livestock grazi ng. 

Grazed Ungrazed P-Value 

Pre-tl'eatment (1999) 32.8 (3.8) 33.2 (4.1 ) P = 0.69 
(N == 8) (N = 8) 

Pre-treatment (2000) 23 (4.3) 20.5 (3 .1 ) P = 0.18 
(N = 8) (N = 8) 

Treatment (2001) 13.7 (14) 13.1 (1.3) P = 0.03* 
(N = 8) (N = 81 

Post-treatment (2002) 20.3 (3 .7) 20 .5 (3 .7) P = 0.84 
(N = 8) (N = 8) 

Table 2-Values of Mean and standard deviation (inside parenthesis) 
Biomass and Species Richness of small mammals two years before 
and following livestock grazing treatments. Due to th e relative 
timing of grazing treatments and vertebrate sampling, the 2001 
season did not contain sufficient replicates for all the study plots 
and was therefore excluded from the analysis. 

Small Mammal Biomass 
Grazed Ungrazed P-Value 

Pre-treatment (1999-2000) 

Post-treatment (2002) 

405.1 (232) 
(N =8) 

971.7 (429) 
(N = 8) 

354.2(213) 
U'~ = 8) 

662.5(2 14) 
(N = 8) 

P = 0.34 

P = 0.01" 

Small Mammal Species Richness 
Grazed Ungrazed P-Value 

Pre-treatment (1999 -2000) 7.0 (1.2) 7.1 (1.6) P = 0.61 
(N = 8) (N = 8) 

Post-treatment (2002) 6.1 (1.3) 4.8 (0.75) P=0.02* 
(N = 8) (N = 8) 

no detectable shif t in species composition occurred during, 

or following, implementation of the grazing treatments. A 

detailed analysis of species composition is beyond the scope of 
this paper and is currently being prepared as part of a separate 

analysis of the interaction of climate, grazing, and fire (Curtin 

and Traphagen, in preparation). 

Small mammal biomass was not significantly different be

tween plots in 1999 and 2000 prior to livestock reintroduction 

(P = 0.34), yet was significantly higher on grazed plots in 2002 

following reintroduction (P = 0.01). Small mammal richness 

(species number) was also not significantly different prior 

to livestock reintroduction (P == 0.61), but was significantly 
higher on grazed treatment plots following reintroduction (P 

= 0.02; table 2). Overall mammal biomass on both treatment 

and control plots increased during the sampling period (from 

1998 to 2002). while diversity declined (P < 0.05). 
Response to grazing by lizards was non-significant with 

biomass 341.8 gms (SD = 204) in grazed, and 408.8 (SD = 

262) in ungrazed treatments (P = 0.78). Species richness per 

plot averaged 5.2 (SD = 1.3) in grazed and 4.6 (SD = 09) in 

the ungrazed treatment (P =0.32). 

Discussion and Conclusions 
Globally, and particularly in North America, rangelands 

composed of grasslands and savanna have been dispropor
tionately damaged or lost to human activities (Manning 1997; 

Frank et a1.1998; Dinerstein et al. 2000; Curtin et al. 2002). 

At the core of the debate over how best to develop long-term, 

large-scale conservation strategies to sustain rangelands is the 

rol e of livestock grazi ng. On the one hand grazing has been a 

leading cause of declines in biodiversity and ecosystem func

tion (USDA 1936: B ahre and Shelton 1993: McPherson and 
Weltzin 2000; Curtin et al. 2002). On the other hand ecologi

cal theory states that moderate levels of disturbance maintain 

biodiversity (Darwin 1872; Le\vontin 1969; Connell 1978; 

Hobbs and Huenneke 1992). U nderstanding the effects of 

livestock as a disturbance agent is crucial to understanding 

if grazing is an appropriate, or inappropriate, conservation 

strategy in tbe arid West. 
The initial results of the McKinney Flats study reviewed 

here are consi , lent with those from other large-scale studies 

at Konza Prairie in Kansas (Collins 1987; Knapp et a1. 1998) 

and in more arid landscapes Southern and Eastern Africa 

(JvIcN aL1ghton 1984; 1985; Walker 1988; Frank et al. 1998). 

The results of Mc Kinney F lats and these other landscape-level 
studies support the "Intermediate Disturbance Hypothesis" 

(Darwin 1872: Lewontin 1969; Connell 1978; Hobbs and 

Huenneke 1992) by documenting a positive effect of grazing 

disturbance on biomass and diversity. While the exact mecha

nisms by which grazers increase biomass and diversity are not 

experimentally addressed here, the mechanism has long been 

generally understood. As stated by Charles Darwin in The 
Origin of Species (1872), "If turf which has long been mown 

be let grow, the more vigorous plants gradually kill the less 
vigorous, though fully grown plants; thus out of twenty species 

grown on a little plot of mown tUlf (three feet by four feet), 

nine perished. from the other species allowed to grow freely." 
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Thi s pattern is well documented inboth m arine and terrestria l 

ecosystems and illu s trates the importa nt role eng ineeling spe

cies p lay in s us taining eco logical system s (Jones et aL 1994). 
In researc h at McKinney Flats the results are part ic ul a rl y sig

ni ficant because lower rainfa ll levels have often been assoc iated 

w ith negative response to livestock (D onah ue 1999: Milchunas 

et a !. 1993). The resu lts presented here indicate that m oderate 

s tocking levels a nd rotational grazing programs even in per iods 

of d ro ug h t can m a intain or contribute to system diversity in 

I·angelands at o r below the 300 mm (12 inch) tl1Jesho ld . 

The res ults of this study sho uld in no way be in terpre ted 

as blanket support for grazing in arid lands. In contrast to 

many desert grass lands, the region of o ur s tud y has a recent 

hi s tory of large native he rb ivores with record s of bison (Bison 

bison) on the Chihua h uan fro ntier extending back to the early 

1800s (List 2002) . B ecau se an evolutionary hi story of inter-
I 

action with la rge grazers is cons idered an important factor 

in determining a system's ab ility to s us tain g raz in g ( Archer 

and Smeins 1991; Milchuna s and LaLleruoth 1993), additional 

studies are needed ac ross s ites withou t a recent hi story of large 

nat ive herbivores, a nd w ith d ifferent c limat ic pattems or levels 

of exotic spec ies colonizati on (such as the Great B as in), to 

test the broad e r a pplicability of the findings presente d here. 

Longer telm and cross-site s tu dies of not ju st g raz in g, but 

g razi n g in in teraction wi th o ther dis turbance fac to rs such as 

cli m a te and fire, are essential fo r more accurately documentin g 

the v iabil ity of li vestock grazing a s a conservation strategy 

in the American West. 
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