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Effects of livestock grazing on bird abundance
vegetation structure in shortgrass prairie
By DAN L. REINKING. DONALD H. WOLFE, AND DAVIDA.
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The shortgrass prairie ecosystemevolved under substantial grazing
pressureby herbivores,suchas bison(&s bison),black-tailed prairie dogs
(Cynomysludovicianus),and, to a lesserextent, elk (Cervuselaphus)and
pronghorn (Antilocapra americana).Thesespecies,particularly the bison
and black-tailed prairie dog,havebeenlargely removedfrom their former
ranges in shortgrass prairie and replaced with domestic livestock.
Milchunas et al. (1988) suggested that shortgrass prairie may have
changedvery little sincethe introduction of livestock becausebison were
simply replacedby cattle as the primary large herbivore. However,ecological differencesbetweencattle and bison coupledwith other changes
to the landscape,such as the installation of fences,suppressionof fires,
and implementation of agricultural practices,havealtered the shortgrass
prairie ecosystem.Free-rangingbison probablyinfluencedthe shortgrass
prairie ecosystemdifferently than present-daycattle that are confinedby
fences(Benedict et al. 1996).Unfortunately, information on the historic
(pre-livestock) composition and structure of avian communities in the
shortgrassprairie ecosystemis sparseand anecdotal.Grasslandbird popu.
lations are currently undergoingwidespreaddeclines(Askins 1993;Knopf
1994).Information on avian responsesto present-daygrazing systemsis
neededby land managerswishing to sustain or increasebird populations
on lands under their control.
Our goals were to determine the present avian community composition in a shortgrass prairie ecosystem,and to determine the effects of
differing grazing regimeson this composition.Wealso wishedto evaluate
vegetation and insect responsesto varying regimes of grazing, as both
are of importance to nesting birds. Relatively few studies have examined
the effectsof livestockgrazingon birds in shortgrassprairie (Wiens1973a,
1973b;Graul 1975;Milchunas et al. 1988, 1998;Rotenberry and Wiens
1980;Ryder 1980),and mosthave not specificallystudied the differential
effectsof various grazing regimeswithin a local area. The practice of incorporating diverse methodsof grazing in adjacentor nearby pasturesat
the Rita Blanca National Grasslandin Texasprovided an ideal opportunity to comparethe effectsof different grazing regimes.~
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Our research was conducted April-July, 1996, at the Rita Blanca National Grassland in the northern portion of the Texas Panhandle. The
Rita Blanca National Grassland is jointly managed with the Kiowa National Grassland, and both are administered by the Cibola National Forest. The two grasslands constitute 100,000 ha and are partially contained
within New Mexico, Texas, and Oklahoma. Our study sites were located
within Dallam County, Texas, 24 km east of the town of Texline and 10
km south of the Oklahoma border.
Much of the Rita Blanca National Grassland (hereafter referred to as
the grassland) was plowed for cultivating crops prior to the Great Plains
Dust Bowl (1933-1940), and, as a consequence, much of the topsoil has
been lost or redistributed through erosion. The federal government purchased the land in the 1930s and ceased cultivating it in favor of restoring native vegetation. 'Ibday, the grassland has been re-vegetated with
plant species that are indicative of the native shortgrass prairie ecosystem. Common plant species include broom snakeweed (Gutierrezia
sarothrae), blue grama (Bouteloua gracilis), buffalograss (Buchloe
dactyloides), wooly Indian-wheat (Plantago purshit), prairie coneflower
(Ratibida columnifera), and green verbena (Verbena wrightit). The grassland is grazed by privately owned cattle under paid permits, and several
different grazing systems (e.g., continuous grazing through the growing
season and several variations of rotational grazing) are employed within
the grassland.
We used eight 16.2-ha study plots within five management units on
the grassland. Plots OA and OB were in Rita Blanca National Grassland
Unit 32 (373 ha), which had not been grazed since 1992 and was not grazed
for the duration of our study. Plots lA and IB were in Unit 34 (741 ha),
which was grazed continuously by 100 cattle during the growing season
(16 May to 15 October). Plots 4A and 4B were in units 24 (398 ha) and 25
(166 ha), respectively. These two units were being managed as one, using
a 4-pasture rotational grazing system, where 140 cattle were moved together between pastures approximately every 30 days from 1 April to 30
September. Plots 8A and 8B were in Unit 23 (774 ha). This unit was managed as an 8-pasture rotational grazing system, where 190 cattle were
moved together between pastures approximately every seven days from 1
April to 30 September.

METHODS
A total of 169 evenly spaced,numberedwoodenstakesprovided a grid
system to serve as referencepoints for conducting vegetation surveys,
insect surveys,and point counts.Thesestakeswere short, 10-15 cm above
ground, so as to be unobtrusive and not provide perchesfor raptors or
other predators.The study plots were originally intended to serveas nest
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searchingareas,but becauseof severedrought (seeDiscussion),few nests
were found, and we report here only on bird abundance,vegetationstructure, and insect abundance.
Nine 67.m fixed-radius point counts (Ralph et al. 1993, 1995) were
conductedin associationwith eachplot, onceeachin May and June. Five
of the nine point count centerswerelocatedwithin the boundariesof each
plot, one in the center and four near the comers.Thesewere arranged so
that count circles were nonoverlapping.In addition, to obtain a more representativesampleof the entire managementunit and increasethe amount
of area sampled,four additional 67-mfixed radius point countswere conducted outside the study plot boundariesbut still within the sameman.
agementunit. The locationsof theseadditional point count centers were
selectedusing random distancesand compassdirections (taken from a
randomnumberstable) from the center grid point of eachstudy plot. Each
point count was initiated between 15 min post sunrise and 08:00, and
was completedwithin 10 min. This procedureprovided two replicates at
eachof 18 point-count stations per treatment group (grazing regime).
Vegetation height and density were sampled in late April, late May,
late June, and late July. Twenty grid points on each plot were randomly
selectedusing a random numbers table and used as referencepoints for
sampling vegetation. The same 20 points were used during each sampling period. Sampleswere taken 1 m north, south, east, and west of each
grid point. An aluminum rod of 0.63 cm diameter was held vertically by
one personwhile another countedthe number of contactsthe vegetation
made with the rod within three strata: < 10 cm, 10-30 cm, and> 30 cm
(modified from Wiens 1969).The height of the tallest pieceof vegetation
within a I-m radius of the grid point was also recorded.
Insects were sampled on each study plot during mid May, mid June,
and mid July. Both sidesof a 6.3-cmby 7.6-cmstep-stakeflag were coated
with Tanglefoot brand, nontoxic insect-trapping adhesive before being
placedat four evenly-spacedpoint count centersnear the comers of each
plot. Twoof the flags on eachplot wereoriented east-west,while the other
two were oriented north-south. Flags were collectedbetween22 and 26 h
after being placed.Insectsadheringto either side of the flag were counted
and categorizedby taxonomicorder and sizeclass« 2 mm, 2-5 mm, 6--10
mm, and> 10 mm). Counts were adjusted as neededby multiplying the
number of insects captured per hour in eachcategory by 24 h to reduce
sampling time bias. The meansize of all insectscaptured was calculated
by multiplying the number of insectsin eachsizecategorytimes the midpoint of that category (in mm), totaling the resulting figures from each
category,and dividing by the total number of insects captured.An insect
biomassindex was then calculatedfor eachplot by taking the mean size
of insects captured times the mean number captured per trap.
Continuous variables were comparedindividually among treatment
groups using analysis of variance (ANOVA),blocking by May and June
replicates.Post hoccomparisonsbetweentreatments were conductedusing least significant difference(l.-sD)tests (Snedecorand Cochran 1967).
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Table 1. Speciesand number of individuals observedwithin four grazing treatments (seetext) at Rita Blanca National Grassland.Texas.
- - -Species

Ungrazed

13'
Horned Lark
WesternMeadowlark 29GrasshopperSparrow 6
4
Mourning Dove
1
CommonNighthawk
0
Killdeer
53
Total

4-Pasture
21'
18
7
0
1
0
47

'Ungrazed and 8-pasture differed significantly (P
-~~

-.-

~--~

S.Pasture Continuous
27
291
2
0
1
60

= 0.06)

Total
102
82
14
6
2
1
207

410...

6"
0
0
0
0
47

from continuous.

although

not

from each other.

In contrast to accepted convention, we accepted statistical significance at
a level below P 0.10.All statistical analyseswere carried out using the
statistical package CBS (StatSoft, Inc. 1988).

=

RESULTS
We recorded207 birds of six speciesduring 144point-counts (Table 1).
HomedLarks (Eremophilaalpestris)and WesternMeadowlarks(Stumella
neglecta)madeup 49%and 40%of the birds observed,respectively(Table
1). Sixty birds, the highest number recordedfor any treatment group,
were observedon the 8-pasture rotational grazing treatment, while the
lowest number, 47, was observedon the 4-pasture and the season-long
continuously grazed treatments. All treatments contained at least four
bird species,except the continuously grazed treatment that contained
only two species.
Twospeciesof birds, Homed Lark (102),and WesternMeadowlark(82),
were recordedin sufficient numbers on the plots to allow comparisonof
treatments within species.While no significant patterns emergefrom the
comparisonof all speciescombined,individual speciesdid vary in relative abundanceaccording to treatment type. Homed Larks were most
abundant in the continuously grazedtreatment, differing significantly (P
= 0.02) from the ungrazed treatment and from the 4-pasture treatment
(P = 0.07).Differencesin the 8.pasture vs. 4-pasturetreatments and the
ungrazed vs. 8-pasture treatments were not significant (P= 0.55 and 0.18,
respectively). Western Meadowlarks were most abundant in ungrazed and
8-pasture treatments, which differed in meadowlark abundance from the
continuously grazed treatment (P = 0.06). Relative abundancein the 4-

pasture treatment was intermediate.
The mean insect biomassindex for May, June, and July on the eight
plots was 48.8, 151.8, and 10.6,respectively.Ungrazed plots contained
the highest meaninsectbiomassindexof83.4,while 4-pasturerotationally
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grazedplots containedthe lowest mean index of 62.4.None of the differencesin the insect biomassindex were significant amongtreatments (P >
0.21).
The overall mean number of vegetationcontacts(at height of < 30 cm)
for all eight plots was 7.6. The highest mean number of contacts, 8.7,
occurredon the ungrazedplots, while the lowestnumber, 5.9,occurredon
season-longcontinuously grazedplots, with the 4-pasture and 8-pasture
treatments being intermediate. The meannumber of contactsin the < 10
cm stratum during May and June on ungrazed,4-pasture,8-pasture,and
continuously grazedplots was 7.75,6.08,6.09, and 5.34,respectively.No
differences betweenplots were significant in the < 10 cm stratum (P>
0.18).The meannumber of contactsin the 10-30 cm stratum during May
and June on ungrazed,4-pasture,8-pasture,and continuouslygrazedplots
was 0.94, 0.46, 0.64, and 0.10, respectively. Continuously grazed and
ungrazed treatments differed significantly (P = 0.03).
The mean maximum vegetation height was highest at 42.4 cm on the
ungrazed plots and lowest at 23.2 cm on the continuously grazed plots.
The overall mean maximum vegetationheight was 32.7 cm. Mean maximum vegetation height in May and June on ungrazed, 4-pasture, 8-pastille, and continuously grazed plots was 42.44, 26.54, 24.50, and 21.18
cm, respectively. Mean maximum vegetation height in the ungrazed treatment was significantly different from that in the 4-pasture, 8-pasture,
and continuously grazed treatments (P < 0.01).
DISCUSSION
~

Results of the vegetation sampling suggest that Western Meadowlarks
are not responding to maximum vegetation height, since un grazed and 8pasture treatments showed equal abundance despite significant differences in maximum vegetation height. Likewise, Horned Larks are not
responding to maximum vegetation height since relative abundance was
similar on ungrazed and 4-pasture treatments that also differed significantly with regard to maximum vegetation height. Four-pasture, 8-pasture, and continuously grazed treatments did not differ significantly in
terms of maximum vegetation height. Rotenberry and Wiens (1980) showed
a strongly negative correlation between Horned Lark abundance and
maximum vegetation height, due perhaps to a larger sample size, wider
variety of habitat types sampled, and a different method of measuring
this characteristic. They defined maximum height as the maximum decimeter interval in which vegetation contact occurred while conducting vegetation density index sampling with a vertically held rod, while we measured actual maximum vegetation height within a 1-m radius of each
sampling point.
Horned Larks did respond positively to heavy grazing pressure, with a
significantly higher relative abundance on the continuously grazed plots
than on ungrazed plots, a response consistent with other studies in short-
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grass habitat (Wiens 1973; Ryder 1980).Meadowlarks had an opposite
response,being more abundant in treatments with no or light (i. e., short
duration) grazing pressure, again consistent with Wiens' (1973) and
Ryder's (1980)results.
The mean insect biomassindex for the eight plots peakedin June and
droppeddramatically by July. Differencesin insect biomassindex among
plots were not significant and therefore may not have affectedbird populations.
It is unknown what effectsa drought may have had on bird and insect
abundanceon our study sites. From January through May 1996,nearby
Dalhart, Texas,receivedonly 4.6 cm of precipitation, about 30%of the 30year average(1971-2000)of 15.5cm for this sametime period (J. Ashby,
pers. comm).Western Meadowlarks and GrasshopperSparrows showed
declining trends of 17.5% and 26.2 %, respectively,from 1995to 1996in

I,...'

the Breeding Bird Survey Staked Plains physiographic region in which
our study sites were located (Sauer et al. 1997). Lark Buntings
(Calamospiza melanocorys) were nearly absent from U.S. Fish and Wildlife Service Breeding Bird Survey Routes in areas near Rita Blanca National Grassland where they had been abundant in previous years, and
showed a 77 % decline from 1995-1996 in U.S. Fish and Wildlife Service
Region 2, which includes our study sites (Sauer et al. 1997). George et al.
(1992) noted reduced species richness, reduced species diversity, and reduced total grassland bird density in mixed grass prairie of western North
Dakota during a severe drought year, although, as noted above, avian
responses to grassland habitat disturbance may vary among regions. However, we suspect that the severe drought during our study may have affected the results.
The point count data provide some useful information for land managers wishing to enhance habitat for grassland bird species. The grazing
regime in use does influence the relative abundances of some passerine
species using shortgrass prairie habitat. The responses to particular regimes are species-specific and may be opposite for different species (e.g.,
Western Meadowlark and Horned Lark). Thus. if managing for diversity
of grassland bird species is a priority, then providing the mosaic of habitats produced by varying grazing regimes across a landscape will be important.
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Apt~nOOytes
forsteri: 24
Bobwhite,Northern: 2
Bunting, Lark: 34
Calamospimmelanocorys:34
Calcarius ornatw: 11
pictw: 6
Chlidonias niger: 17
Circus cyaneus: 10
Colinus uirginianus: 2
Dove,Mourning: 32
Eremophila alpestris: 32
1'1ycatcher,
Scissor-tailed:1-6
Gull, Bonaparte's: 15-17
CommonBlack-headed:16-17
Little: 13-20
Ring-billed: 16-17
Harrier, Northern: 10
Killdeer: 32
Kittiwake, Black-legged: 16-17
Lark, Homed: 32, 33, 34
LarU6 delawannsi8: 16
minutus: 13
philadelphia: 15
ridibundus: 16-17

wngspur, Chestnut-collared:11
Smith's: 6-12
Meadowlark, Western: 32, 33, 34
Nighthawk, Common: 32

Otusasia maxwelliae: 27
Passerdomesticus:25
Pelecanusoccidentalis: 27
Pelican,Brown: 27
Penguin,Emperor: 24
Phoebe.Black: 21-23
Eastern: 22
Rissotridactyla: 16
Sayornisnigricans: 21
phoebe: 22
Screech-Owl.Eastern: 27
Sparrow,Grasshopper:32, 34
House: 25
Sturnella neglecta: 32
Tern, Black: 17
7)'rannusforficatus: 1
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