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PREFACE

This dissertation is prepared in the formats of three manuscripts
to be submitted to refereed jourmals. The first paper will be submitted

to the Condor, the second to Ecology, and the third to the Auk.
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POPULATION STRUCTUORE IN GRASSLAND BIRD COMMUNITIES DURING
WINTER.

JOSEPH A. GRZYBOWSKT

ABSTRACT,--Mid-winter populations of open-grassland birds ware
exabined at 20 sites of varied grazing pressure and
cultivation practices in Oklahoma and Texas from December 1975
through January 1979. The number of non-raptorial bird
species observed on all sites was 23. Of these, only 14 were
present on mor2 than 2 of 53 censuses. Except for the
meadowlarks and Sprague's Pipit, these speciss are
granivorous. Regional distinctions in species composition of
10-dzgres latituae-longitude blocks occur along north-south
and 2ast-west axes in the south-central United States;

A cluster aralysis of sites grouped them primarily on the
basis of their most abundant species., Similar grazing
treatments were ga2nerally plaéed into the same cluster,
However, moderately grazed grassland sites in Oklahoma were
divided between two clusters dominated by species of either
heavily or lightly grazed grasslands.

The highest estimates of bird biomass were obtained on
northern Oklahoma and southern Texas sites., Biomass estimates
were higher on heavily grazed than lightly grazed grasslands
in Oklahoma and western Texas. In contrast, moderately grazed
grasslands in southern Texas support=ad significantly more bird
biomass than heavily grazed sites., Total granivorz biomass

was correlated with se=d abundancz (z=0.78).
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Annual changes in bird biomaSs were generally consistent
among treatments (and also species) in central Oklahoma. The
year 1976 was a drought year and fewer birds were present the
wintar of 1976-~77 than in other winters. Reductions in
Savannah Sparrows and increases of Smith's Longspurs
accompanizd the coldest winter (1978-79) with unusually high
snowfall., The highest population estimates in southern Texas

occurr2d in the year of record rainfall (1976-~77).
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[ INTRODUCTION ]

Intensive studies of population dynamics and the role of birds
as consumers in grassland ecosystems have been conducted
during the breeding season (Allen 1938, Allen and Sime 1939,
Mickey 1939, 1940, 1941, Mitchell 1961, Finzel 1964, Zimmerman
1965, 1966, 1967, Spiers and Orenstien 1967, Fiest 1968, Owens
and Myres 1973, Wiens 1973, 1974a, 1974b, Raitt and Pimm
1976) . Detailed analyses of grassland bird populations at
other seasons, however, are limited in scops (Quay 1947,
Finzel 1964, Webster 1964, Emlen 1972, Raitt and Pimm 1976)
and some are restricted to counts of birds from roadway routes
(Wiens et al. 1972, 1974, Riss=r 1980). As ¥Wiens (1974a) and
Wiens and Dyer (1975) indicated, we are hampered in our
analysis of grassland bird communities by the nearly total
lack of quantitative‘population studies conductad during non-
breeding pariods. This is unfortunate, since most temperate
passerines spend only a few months a year in breeding
activities, and many leave their breeding grounds immediately
after nesting. Much of the structure of breseding avifaunas
may be detarmined by winter resources (Fr2twell 1972, Pulliam
and Enders 1971, Wiens 1974a, Raitt and Pimm 1976) and by
climatic factors influencing birds during the wintsr,

In tamperat= grasslands, the winter season differs from
tha breeding season in several important ways for grassland
birds. MHany species occupy different geographical ranges, are
subjected o different climatic conditions (often more sevare

in winter), and utilize different food resources., Social
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associations may vary with season; for example, spacies which
are2 territorial during the breeding seascn may form into
flocks or becom=2 solitary when not breeding.

The resources for many temperate passerine species during
winter consist primarily of seeds, which can be quite abundant
(Johnston and Cdum 1956) ; the abundance of sead resources is
established at the time of the first frost, and decreases as
the season progresses, The daYs are shorter in winter and
afford less time for all activities. Competition may be
heighten2d by increased ovarlap in ranges (of many speci=s),
and by the initial high postbreeding population levels which
include many young birds.

Grasslands can undergo radical changes from year to
y2ar, as well as through ths same s=2ason, Climatic
instability can cresate perturbations in productivityland plant
species composition (Albertson and Weaver 1944) and thus alter
physiognomic structure., Productivity is reduced in arid, dry
years compared to normal and wet years (Weaver and Albertson
1940, 1956), and xeric conditions can further affect
grasslands by intensifying grazing prsssur=a, Furthermore, a
substantial percentage of the grasslands in the Great Plains
are2 u+*ilized to produce various crop monocultures.
Agricultural practices can completely change the nature of a
grassland site in a short period.

This paper is one of a series (Grzybowski 1976, 1980a, b)
dealing with resource utilization and population structure in

grassland bird communities during the winter. The purposes of
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this study are to: (1) determine the abundance and
distribution of grassland bird species during winter in
several regions of Oklahoma and Texas; (2) evaluate patterns
of avian population structure on grassland sites with varied
grazing pressure or cultivation practices within and among
regions; (3) assess annual variation in yrassland bird
populations; and (4) evaluate the relation of observed
patterns in bird abundance to various factors which nmay

influence themn,

METHODS

Population =stimates were made at 20 sites in Oklahoma and
Texas from December 1975 through January 1979. Theses sites
included 2 in north=rn Oklahoma (Noble and Pawnee counties),

. 10 in central Oklahoma (Clevaland, Grady and McClain counties;
Tabl=2 1), 4 in western Texas (Muleshoe National Wildlife
Refuqe, Bailey County), and 4 on the Rob and Bessie Welder
Wildlife Refuge (San Patricio County) in southern coastal
Texas (Fig. 1). Sites were selected on the basis of their
uniformity, absence of trees or shrubs, and large size
(permitting adequate sampling and mirimal edge effect
involving other habitats). The size of the sites ranged fronm
about 30 ha on the smallest in southern Texas to greater than
100 ha. About 5% shrub cover occurred on two of the four
southern Texas sites. Otherwise tree and shrub cover was
absent or comprised less than 0.5% cover. In most cases, this

cover consisted of isolated individual plants nevar 2xceeding
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3 m in height.

Sites were classified on the basis of grazing pressure or
cultivation, A site was considered a lightly grazed grassland
(LG) when the dominant palatable grasses had uniformly grown
to heights approaching their maximum potential height (Fig.
23) . When these dominant grasses occurred in distinct clumps,
the site was considered a moderately grazed grassland (MG;
Fig. 2B). When the dominant palatable grasses typical of the
region were absent or present only in widely scatter=d clumps,
and /or grazed to near ground level, the site was considered a
heavily graze=d grassland (HG). The only cultivated sites
in central Oklahoma. A cultivated si*e left fallow for a
portion of the growing season was considered a successional
grassland (SG) the following winter. A site in western Texas
(4I¥) included, in part, a prairis dog town, and, in part, a

LG.

OKLAHOMA STTES
Oklahoma localities are in the region classified as bluestenm-

grama prairie (Andropogon-Bout=2loua) by Kuchler (1964). Table
te

1 identifies sites by location and treatment. The dominant
palatabl?® Jgrass on the Oklahoma sites was little bluestem

(Sckizachyrium scoparium; Figs. 2A and 2B). I used this

species to gauge grazing pressure, as it o2ccurs in dacreasing
abundance from LGs *o HGs (P.G. Riss=2r, pers. ccmm.). Forb

cover, primarily common ragweed (Ambrosia artemisiifolia) and
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HGs.

On one LG ({site la; Fig. 23), big bluestem (Andropegon

gerardii), switchgrass (Panicum virqatum), and indiangrass

{Sorghastrum nutans) were dominant species. These species are

considered typical of prairie regions in central (Brunner
1931, Prisr 1923) and northeastern Oklahoma (Buck and Kelting
1962) . These dominant grasses wers present on site 1b, but
not as abundantly as on site 1a. The dominant grassses
attained ha2ights of 1.5 to 2.0 m on site 1a (LG), and 1.0 to
1.5 m on site 1be. Forbs were nmuch less evident in LGs,
occurring primarily in shallow soils on rock outcrops, along
vehicle tracks, anrd in isolated patches, usually on ridge
tops.

As grazing pressure increased, patches of three-awn

(Aristida spp.), silver beardgrass (Andropcgon saccharoides),
da sSpp z aroi

and broom-snakeroot appeared and bacame larger and more in
evidence., Ridge-top arzas at some sites, considered MGs,
contained larges patches of three-awn. On many of thes HGs,

also conspicuous., One MG (site 2a) contained a large patch
Height of little bluestem on MGs was about 1 m.

HGs were dominated by thTee-awn, silver bluestem, ragweed
and broom-snakeroot. Little bluestem was present in only
small isola+ed clumps, or in small patches of clumped

individuals. Plants were diminutive in stature, sometimes
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only 10 cm tall. Vegetation heights on HGs were less than 0.5
m.
Cultivated sites which I selected were similar. On three
sites (in four of the years sampled) crops of sorghum (Sorghum

bicolor) had preceded the fall plantings of winter wheat.

<3

egetation height (or litter depth) on cultivated sites was
less than 5 cnm.

Various amounts of heterogen=2ity were inevitable,
Hilltops oftan had patches of three-awn in what was otherwvise
a MG, Also, MGs sometimes had dense patches of little
bluestem. Trampled or =2roded places, or areas of exposed
rock, introduced heterogeneity in LGs and MGs. Gulleys, uhich
dissected some sites (and are +ypical of grassland areas in
the region), introduced fingars of scattered brush (Rhus sp.
and Robinia sp.). The areas of tall trees were avoided, but
sometimes the presence of such areas delimited a grassland
site and restricted transects to ridge lines., Even the sites
(3a, 4a and 4b) with the least relief (i.2., less then 5 m
differsnce in =2levation from highest to lowsst points) had low
wat pockets which added to their within-site hsterogereity.

Few sites remained the same from year to year. Grazing,
agricultural practices, and variation in rainfall changed the
character of several sites (Table 1). On site 1ta, average
vegetation height was 61.5 cm (SD=21.9; n=264) in December
1975 and 29.4 cm (3D=17.6) in December 1976; relative
vegetation density was 65.5 veg=tation contacts per grid-

sample (SD=25.1; Grzybowski 1980a) in December 1975, and 40.3
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contacts (SD=27.3) in December 1976. Drought conditions in
1976 r=duced vagetation height and density at all grazed sites
in Oklahoma. For example, average vegatation height on a HG
(site 3a) was 26.2 cm (SD=8.6) in December 1975, and 22.1‘cm
(SD=8.5) in December 1976; relative vegetation density was
48,5 contacts (SD=23.6) iﬁ December 1975 and 42.4 contacts
(SD=20.5) in December 1976, HMany of the cattle had been
removed from site 3a in the fall of 1975 so that this site was
in the first yesar of partial recovery in 1976. 1In February
1977, this site was plowad and planted in cotton (Gossypium

herbaceum). While the status at sites 2a and 2c¢ (#Gs) did not

change, heavily grazed patches dominated by three-awn became
progressively larger and more prominant with each passing
year.,

Cultivated site 4a was plantad into winter wheat in early
Novembar of 1975, but not until early January in 1977. 1In
November and December 1976, unharvested sorghum was present.
This site was planted in cotton the folloWwing year. Another
cultivated sits (4b) was planted in winter wheat in 1976-77.

A sorghum crop had been harvested just prior to this planting
in 1976. 1In 1977, one-half of the field (i.e., a quarter
section) was planted in maize (Zea mays), while the other half

was left fallow allowing Johnson grass (Sorghum halapense) and

barmuda grass (Cynodon dactylon) to dominate. The vegstation
structure of the fallow portion (a SG) approached that of a

MG.
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‘WESTERN TEZAS SITES (MULEZSHOE NATIONAL WILDLIFE REFUGE)
The sites in western Texas are located in the grama-buffalo
grass plains (Bouteloua-Buchloe) of Kuchler (1964). Dominant

—— e i S Sty et s B — =Y

less than 0.5 m. Dominant forbs were broom-snakeroot and
paint-brush (Castilleja sp.). In the prairie dog towns and on

HGs, fals= buffalo grass (Munroa squarrosa), three-awn, and

tumblewead (Salsola sp.) were dominant plant species, On
more alkaline soil, sea-blite (Sueda sp.) w¥as preseht,

On one LG (site 5a) in western Texas, 20% of the transect
route passed through an active prairie dog town. This site
(21lso referred to as MIY¥) was analyzed separately.‘ A secornd
LG (site 5b) included a portion of a prairis dog town which
had not been active since 1973 (three years before the first
year of my study). The abandoned prairie dog ar=a was
characteriz=d by small patches of three-awn and remnants of
old burrows. Both of these sites ware grazed only in the
summer. Another site (5c), considered a LG, was ungrazed
beginning in 1976. A fourth site (5d4) was heavily grazed,
Cattle wer2 ramoved from site 54 in 1978, and threz~aWn hegan
to invade. Yucca (Yucca glauca) were present on a small
section of +his site., Vegetation heights on site 54 and the

prairie dog town (at 5a) were gen=erally less than 5 cm.
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SOUTHERN TEXAS SITES (WELDER WILDLIFE FOUNDATION)
Weavar and Claments (1938) characterized the grasslands of

this region as belonging to Andropogon saccharoides-Stipa

leucotricha associations though changes towards brushlands

have occurred in the last 25 years (Box and Chamrod 1966) .
Grasslands in this region were dominated by little bluzstenm

and Andropogon species. Switchgrass was also present on

several sites,

Site 6a was moderately grazed and locatad on well-drained
sandy soil. Vz=getation heights were generally between 1 and 2
m, but mowed fire breaks crossed ths sit2s. A second MG (site
6b) was the wetitest of my study areas with standing water in
evidence 2ach year. Vegetation heights on site 6b w2re2 about
C.5 to 1 m. Huisache (Acacia farnesiana) was an invading
brush species which covered about 5% of the total area of
sites 6b (MG) and 6c (HG), and was present, although less
frequently, at another 4G (sit=2 6d). Heights of the brush
patches were generally less than 1 m during the 1976-77
winter, but by January 1979, som= brush patches excs=2ded 2 nm
in h2igh%, Grass hesights on site 6c wsre less than 0.5 m;
vegetation heights of si*e 6d were less than 0.5 m.

The impact of grazing increased on site 6a during my
study. This site was lightly grazed in 1976-77, but was
moderately grazed in 1978 and 1979. Vagetation heights ranged
from 1 to 2 m in 1976-77 aad hetw=en 0.5 *o 1.5 m in 1978-79.

In contrast, site 6c was HG in 1976-77 and MG in January 1978
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and 1979. Grass heights approached 1.5 m in some patches in

1978-79.

CENSUS TECHNIQUES

Population estimates, in most cases, are based on counts made
along +transect routes and convertad to density valu=as by
applying a coefficient of detectability (C.D.) for each
speciss--the percentage of the total population in a strip of
standard width that is destected (Emlen 1971, 1977). Transect
lines were walked through the grasslands from 0.5 to 4 h after
sunrise., The period just after sunris2s was avoided because it
appeared to be a time of heightened activity during which
detectability was higher. At least three or four replicate
transects, often walked over a period of several days, were
used *o obtain each estimate. On the smaller southern Texas
sites, up to e2ight replicétes wer2 used for each estimate,

The location of each bird observed was recorded in
relation to its perpendicular distance from the transect line.
When groups were encountered, the distances of the individual
farthest from the transact 1lin2 was used and the group size
recorded (cf. Emlen 1977). Coefficients of detectability wer=
calculated for each species on each tr2atmen*t and region from
th2 4ata collected in March 1975, and between 15 November and
12 March of 1975-76 and 1976-77. These coefficients were used
in calculating densities directly from counts in subsequent
years. Only January estimates (or those for late December in

1975 and 1976 on *he northern Oklahoma and southern Texas
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sites, respectively) are re=ported here,

Individuals in groups of five or fewer were treated as
single birds in the calculations of population estimates and
C.D. values, Since the Emlen techniyue assumes a random
distribution of individuals, one can treat groups as
individuals, assuming that they too are randomly distributed
(Emlen 1977). However detectability of groups is higher than
that of individuals, and separate C.D, calculations were mads
for groups (comprised of 6 to 30 individuals) of each species.
Population estimafes of grouped individuals were added to
those for "ungrouped" individuals of a species to obtain a
total density 2stimate. These adjustments were necessary in
some cases for Hérned Larks (see Appendix for scientific
names), Eastern and Western meadowlarks, and Smith's angd
Chestnut-collared longspurs. For some highly gregarious
species (Lapland and Smith's longspurs), population 2stimates
of larger groups were made by counting the largest number of
individuals in the air a+ one time, dividing by the area of
the sits, and adjusting this figqure for 100 ha.

To evaluate similariti=s in bird communities among the
various treatmsnts, years, and regions, a cluster analysis,
using standardized population sstimates of species from
censuses, was performed. Species occurring on orly one census
ware deleted from this analysis. NT-SY3 (Numerical Taxonoamy
Systems), a seriss of multivariate computer programs d=vzloped
by F.J. Rohlf, J. Kishpaugh, and D. Kirk, was employed.

Product-moment correlation co=sfficients were calculated
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betw2en all pairs of censuses. Clusters were formed with the
unweighted pair-group method, using arithmetic averages, and
summarized in dendrograms. The cophen=tic correlation was
computed between the original correlation matrix and the
cophenetic values of the cluster analysis to assess the amount
of distor+ion in the dendrogram (Sokal and Rohlf 1962). 1A
similar analysis, using sites as characters, was employed to
evaluate similarities among species' occurrances.

To obtain a biomass estimate for a species, the average
waights for up to 10 individuals (five males and five f=males)
were multiplied by the population =2stimate., I used weights of
specimens obtained on the sites, or housed in the Stovall
Museum (University of Oklahoma) and obtained during the winter
months (ses Appendix). For analysis of biomass, each speciszs
was assigned to one of the following foraging guilds on the -
basis of specias' size and the primary food consumed: doves;

. granivores; insectivores (other than meadowlarks) ; and
meadowlarks (see Appendix for guild assignments).

An index of numerical dominaace (D) was calcCulated for
cach site (3) using the formula:

2
(n /n) (1)
1 i t

2 =
S

Il.["] 1=

wherz2 n is +he number of individuals of species i, n is the
i i
total number of individuals of all species, and m is total

+

numbar of species (Pielou 1973) . This value measur=s the
probability that two individuals selected at random from a

community will beslong to *the same species,
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Seed samples were obtained in January of 1978 and 1979 on
10 of the sites. I randomly selected 20 to 30 locations on a
site and brushed debris from the surface of areas 10 x 10 cm
into a containsr. Seeds were sorted into size classes and
counted., I transformed frequency data to a seed volume (SY)
estimate with the formula,
3

(4/3)(rz ¥ X)) (2)
1 i i a

Sy

0
S IE]

i
where £ 1is radius of mean seed size In the ith class, 1 is
number %f classas, I 1is the number of seeds in the ith class,

i
and ¥ 1is a correctign factor to adjust seed volume to cubic
milli%eters of seeds per square meter for sample a. This
provided a gensral index of se=d availability in mid-winter.
A similar sampling procedure was smployed by Pulliam (1975).

Physiognomic strhcture of vegetation was measurad in
d2tail at seven of the sites (twice at two of these) to
characterize grazing treatments. A total of 264 point samples
spac2d 15 m apart were taken in a strip 1000 m long and 60 m
wide at each site., Details of this sampling are described in
Grzybowski (1980a),

Results of Christmas Bird Counts (CBC; C.E. Bock, pers.
comm,), compilad by the National Audubon Society, were used to
2valuate bird species distributions at the regional lesval,
Thesa data are represented as the number of birds (of a
species) s2en per man-hour of observation time within a

10-degree latitude-longitude block (Fig. 3). I averag=d

annual results from these censuses for a 10-year period
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(1962-71) to reduce the effect of inconsistencies in observer
effort and skill (Bock and Lepthien 1974) . The average
frequencies within grid-blocks were converted to the
proportion of total observations for each species., I divided
the 15 grid-blocks (Fig. 3) into four guarters (NW, SW, NE,
SE) , four grid-blocks per quarter (except for the SW, which
had three). The proportion occurrence of specias in grid-
blocks were summ2d for cach quarter and used to regionally
assess equitability of species distributions. I divided
values for the SW quarter by 0.75 to adjust for the aissing
grid-block. Patterns of distribution among grassland bird
species were assessed with a cluster analysis of grid-blocks,

using proportion occurrence of species as variables.

RESULTS
Tabls 2 provides population estimates of non-raptorial species
(in birds per 100 ha) occurring in Oklahoma grasslands during
December or January from 1975-76 through 1978-79. Treatment
types are identified for each sampling, as are total bird
biomass, granivore biomass, and domirnance. Tables 3 and 4
provide similar estimates for western Texas and southern Texas
sites, rasp=actively, for the wintars of 1976-77 through
1978-79.

Tables 2, 3 and 4 indicate tha*t the number of wintering
grassland bird species is small in all areas studied. A total
of 23 spacias (2xcluding raptors and shrikss) occurred on the

20 sites (based on 53 censuses); six of the species were found
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on only one census--Common Snipe, Common Flicker, American
Robin, Yellow-rumped Warbler, Cardinal, and Am2rican
Goldfinch. None of these were common, or would be considered
typical of openr grassland habitats. An additional threse
species occurred on only two censuses--the Common Ground Dove
and Lincola's Sparrow in southern Texas, and Baird's Sparrow
in western Texas. Common Ground Doves and Lincoln's Sparrowus
have previously been reported in low numbers on the grassland
areas at #Helder Wildlife Foundation (Emlen 1971). Baird's
Sparrows are typical of grasslands, but are rare (Bent 1968).
This leavas only 14 species which occurred on more than two
mid-winter censuses on all Texas and Oklahoma sites. Except
for the meadowlarks and Sprague's Pipit, these species are

granivorous,

REGIONAL COMPARISONS

Distribution of species at the regional lev=l and equitability
in species distributions were evaluated from CBC data. Table
S gives proportion occurrence of most passerine species whichn
occurred on two OTr MOTe censuses by grid-block. Tre=2 and
Lincoln's sparrows, more typical of non-grassland habitats

(Bent 1968), are not included; the Snow Bunting (Plectrophspax

nivalis), a species of open habitats in the northern plains
{(Bent 1968) is included. Th= average proportion occurrencs of
species in the northwestern quartsr is 0.07, whils the
averages for the southwestern and southeastern quartars are

0.39 and 0.37, respectively., The average for the northeastarn



GRASSLAND BIRD COMMUNITIES 18
quarter is 0.27.

A cluster analysis of grid-blocks, using proportion
occurrence of species as variables (Table 5), is shown in Fig.
4, The cophenetic correlation is 0.888, indicating little
distortion in representing the original correlation matrix. A
r2gional cluster is found for th2 four northwestern grid
blocks. This zone is dominated by one species, the Horned
Lark. Blocks 13 and 14 are the northernmost in the =2ast, The
Snow Bun+ing is typical of this area. The eastern blocks 24
and 34 are similar. LeConte's Sparrows are more colcentrated
in this area. Species composition changes along a north-south
axis from blocks 13 to 23 to 43, Snow Buntings typify block
13, Laplanrd and Smith's longspurs block 23, and Savannah
Sparrows and Sprague's Pipits block 43. A distinct zast-west
separation occurs between blocks 12, 22, 23, 33, and 42, and
blocks 13, 23, 24, 34, and 43, respactively. This analysis
demonstrates the regional character of grassland birdi

distribution in the southern Great Plains.

SITE COMPARISONS

A cluster analysis (Fig. 5), using population estimates from
the 52 censuses (Tables 2, 3 and 4; excluding site 5c in 1979
when no birds werea presen*), shows that sites are generally
associated on the basis of the dominance of one species. 1In
the dendrogram (Fig.5; cophenetic correlation=0.893), sites in
group 1 were 4dominated by Savannah Sparrows. LeConte's

Sparrow was co-dominant on sites 1a in 1976 and 6b ian 1977 cof
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this group (see Fig. 5). All samplas for sitzas 6a and 6b
(group 1) were very similar indicating low species turnovers
from year to year. In 1979, both of thesa2 sites wera lightly
+o moderately grazed. The second group in the cluster
aralysis includes four sitss dominated by meadowlarks, and
represen+s an assortment of tr2atment types. Meadowlarks were
presant on most sitas so this cluster represents absence of
other species and/or a high number of meadowlarks relative to
other spacies., Unlike other grassland bird species,
meadowlarks undergo local mov=aments to adjacent shrubby
habitats, which affect estimates of *+h2ir abundance in open
grassland (unpubl. data); these local movements may have
contributed to this clustering. Group 3 includes HGs in
southern Taxas wher2 Spragua!s Pip;ts wer=2 praselt, On Site
6c in 1979, I found Spraque's Pipits in numbers similar to
other years, but, because of increaseé in Savannah Sparrowvs,
this site for 1979 was placed with the first group. Group 4
is the largest group and includes heavily to moderately grazed
sites in central Oklahoma where Smith's Longspurs were
dominant, Three of the censuses in this group (2c in 1977 and
1978, and 3a in 1977) had high numbers of Chestnut-collared
Longspurs ralative %o Smith's Longspurs (see Tablz 2).

Smith's Longspurs on these three sites were less common than
on the other sites in this group. Group 5 includz2s cultivated
sites dominated by lLaplard Longspurs. This species occurred
only sporadically and in low numbers on oth2r sites.

Localities includad in the last group are dominated by Horned
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Larks; this group includes site 4c, a cultivated field from
which Lapland Lorngspurs were abs2nt, and most sites in wastern
Texas. The correlation of species' abundances between sites
Sb in 1979 and 5¢ in 1978 is 0.66 (Fig. 5). Both had very low
density eostimates for all species present (see Table 2). Site
2a in 1976 and 1978 (Fig. 5; between groups 3 and 4) was
dominatad by Tr=e Sparrows. Densitiess were also low at *hese
sites. Site 1b in 1977 (Fig. 5) had low density estimates of
meadowlarks and LeConte's Sparrows only.

The cluster analysis shows that MGs overlapp=ad two
extremes of habitat; the first, which was more lightly grazed,
was dominated by Savannah Sparrows (and sometimes also
LeConte's Sparrows), and the second, which was more heavily
grazed, was dominated by Smith's Longspurs. The siz2 of
suitable habitat patches on a site influences a species!
abundance. Ragional differencas in species composition are
evident for groups 1 and 3 which are primarily composed of
southern Texas sites, and group 6 composed mainly of western
Texas sites.

A cluster analysis of species (Fig. 6; cophenetic
correlation=0,759) further supports the generally weak
relations among most of the spacies. The most closely
associated species are Common Ground Dove, Lincoln's Sparrow
and Bairds's Sparrow. The first two are uncommon on MGs in
southern Texas; the latter is a rare western Texas species,
Thess associations are based on similarities in non-occurrence

for species found on only two censuses each. Thus, none of
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the 17 species are similar in their respomse to particular

site characteristics.

TREATMENT COMPARISONS

Table 6 provides mean biomass 2stimates for granivoress,
m=adowlarks, insectivores'(other than m=adowlarks) and doves
organized by region; dominance valuss are also ircluded,
Table 7 shows the results of Duncan's multiple range test
(Rramer 1956) for total, granivore and meadowlark biomass
batween different treatments within and between regions,

In c2ntral Oklahoma, a trend towards increasing biomass is
se2en from LGs to HGs (Table 6). However, few of tha
treatments wers significantly different (P<.05; Table 7) HGs
had significantly higher granivore biomass than MGs or ILGs
(E<.05)., Bicmass estimates for cultivated sites are high, but
axtreamely variable. The biomass estimate for the HG (site 3b)
in northern Oklahoma 1is the highest of any estimate on any
site. The Smith's Longspur (Tabls 2) dominated this site,
comprising 97% of all individuals.

The highest population a2s-imates for western Texas Sites
Occur on site 5a (MIX; Table 6), which was a lightly grazed
area partially traversing a prairie dog town. MIX had
significantly higher (P<.05) estimates of granivecre and total
biomass *then LGs in western Texas. Granivore biomass was
higher on #Gs than HGs (P<.05) in southern Texas. Total
biomass also increased from HGs to MGs (P<.05).

Insectivores (other than meadowlarks) were
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inconsaquantial on the Oklahoma and western Texas sites (Tablz
6) . Meadowlarks were absent from the northern Oklahoma sites,
Insectivoras were more abundant on southern Texas sites than
on those in Oklahoma, as were doves (which were absent in
Oklahoma grasslands). However, the prasence of doves in
southern Texas was irreqgular (Table 4). Sprague's Pipit was
th2 only obligate insectivore consistently aPpearing on some
southern Texas sites (sites 6c and 6d; Table 4), although
mneadowlarks in southern Texas were entirely carnivorous in the
winter (unpubl. data). No significant differences (P>.05)
warz noted for any of the tr=atment comparisons within regions
for meadowlarks.

Biomass for all foraging groups was higher on MGs in
southern Texas than in central Oklahoma (Tables 6 and 7).
Western Texas and central Oklahoma sit2s d4id not d;ffer in
biomass (P>.05). Biomass es*imates for all groups are
considerably greater on the LG in southern Texas than for LGs
in central Oklahoma or western Texas (Table 6). While HGs in
southern Ta2xas, central Oklahoma, and western Texas (including
MIX) did not differ in total biomass, HGs in southern Texas
have significéntly fewar granivor=s and significantly more
meadowlarks than HGs in other regions (P<.05; Tables 6 and 7).
However, large numbers of granivores did occur on HGs nearby
(in southern Texas).

Dominance ranged from 0,849 and 0.951 on northern
Oklahoma sites to 0.25 on a MG in c=ntral Oklahoma (Tables 2,

3 and 4). Gs in southern Taxas had ths lowest mean for any
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farent (B>.05) from HGs in central Oklahoma and western
Texas and from MGs in southern Texas. The mean Rumbar of
species on HGs in southern Texas was 3.6 (SD=0.55). The mean
treatment Jominance value of 0.342 approaches that of complete
eveness; i.¢., the expected dominance value if all species
were equally common (in +his cas=s, 0.280). These HGs were the
only sites in *he study where an ins2ctivore (Spragus's Pipit)
was regularly present.

Dominance valu=s approached their minimum on saveral
other censuses, but were not consistently low for any other
treatment type or region. Dominance valu2s are expactad to bs
low when the total number of individuals is very low. In a
fow cases, dominanc2 was low with modsrate numbers of
individuals prazsent (site 3a, 1977; site 2a, 1976-78; site 44,

1977; see Table 2).

ANNOUAL VARIATION
All Oklahoma sites censused showed dscr=ases in total bird
biomass and granivore biomass for +th2 wint2rs of 1975-76 +*o
that of 1976-77 (Table 2). The year 1976 was dry with 45,9 cm
of rainfall compared to a mean of 80.0 cm (Natl. Oc=an. Atmos.
Admin. 1978) ., Standing crop biomass (as measured by
vagetation contacts) was lower on *he sites in December 1978
than in December 1975,

Some cultivated sites showed substantial incre=ases in

bird biomass (Table 2; sites 4b and 44) between January 1977
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and January 1978. On site 44, the increase in biomass was due
*o a large number of meadowlarks.

Several MGs in Oklahoma show increases in granivore
biomass from 1977-78 to 1978-79 (Table 2). This was due to
the incursion of Smith's Longspurs. In fact, much of the
annual variation in granivoTe biomass in MGs and HGs is
attributable to this species (Table 2). Normally Smith's
Llongspurs winter in high numbers in rorth-central and
northeastern Oklahoma, as indicated by estimates at sites 3b
and 24 (and unpubl. data). The winter of 1978-79 was the
coldast on r=cord (meaﬁ January *emperatura -3.20C; 30-year
mean, 2.80C; Natl. Ocean. Atmos. Admin. 1978), and Smith's
Longspurs were abundant on many sites in central Oklahoma.
However, Smith's Longspurs are habitat specialists (Grzybowski
1980a) and occupy patches of dense +hree-awn grass which occur
in heavily grazed areas. 'Patches of *three-awn on many sites
grew larger during the period of study, and this way have
resulted in more Smith's longspurs using these sites,

Savannah Sparrow numbers were low in the winter of
1978-72 on *the grassland sites in c=ntral Oklahoma (Table 2);
only a few scattered individuals could bz found at some
loca*tions. Heavy mortality of Savannah Sparrows may have
occurred in +he savare wintsr of 1977-78 (urnpubl. data), when
snow covered the ground for a record 38 days in central
Oklahoma (Natl. Oczan. Atmos. Admin, 1978). Savannah Sparrows
were very abundant on a first-year successional fi=ld in

1977-78 and were presant on most sites in 1975-76 and 1976-77,
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In western Texas, temperature and rainfall were similar
in the differ=ant years of my study (unpubl. Muleshoe National
Wildlife Refuge weather summary). Site 5b underwent a gradual
decline in biomass from January 1977 to January 1979 (Table
3). A slight increase in biomass occurred at the MIX site
{site 5a) but thz changes in granivore and meadowlark
components wers compensatory; in January 1978, Horned Larks
were nmuch less abundant than in other years, while meadowlarks
were more abundant (Table 2)., On the HG (sites 5d4), biomass
estimates were hiéh in 1979 (Table 3) after removal of cattle,
The site was recovering from overgrazing, and seed abundance
had increased slightly. 1In general (all western Texas sites
combined), Horned'Larks were less common in January 1978 than
in other y=ars. The ungrazed grassland (site 5c¢) conééined
very few birds,

Som2 gen2ral trends were apparent on the southern Texas
sites. The year 1976 was the wettast on record (305 cm; mean,
87 cm). Granivore biomass peaked in 1976-77, being 2xtremely
high on site 6b (MG), bacause of tha large numbers of Savannah
and LeConte's sparrows (Tabls 4), Sita 6b had clay soils and
was wet in all years of the study, in contrast to site 6a
(also MG), locat=d on w2ll-drained sandy soils. Granivore
biomass g2nerally decrz=ased on *the ¥4Gs from 1976-77 to January
1979, but incrzased slightly on the HGs over this period
(Tabl2s 4) . Savannah Sparrows wer=2 2 consistently abundant
element of the granivors biomass. Headowlarks gradually

increased on site 6a (MG); at the same time, grazing pressure
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was increasing. At site 6b (MG), meadowlarks wer2 most
abundant in 1976-77 and equally common in 1978 and 1979.

Doves wer2 present on southern Texas sites (Table 2) and
formad a significant portion of the total biomass (20.4 kg/100
ha; 44%) on site 6a in January 1978. Meadowlarks were
generazlly more abundant on the HGs than on the MGs (Table 4).

Bobwhites (Colinus virgianus) wer2 occasionally noted on the

MGs, but were not racorded on any of *he morning transac*s,

Turkeys (M=leagris gallopavo) were also observed traversing

site 6a.

Se2d abundance was Measured on seVeral sites in January
of 1978 and 1979. Figure 7 shows granivore biomass plotted
against the log of seed volume., A correlation of 0.78 was
obtained, bu* when +he %wo outliers were removed, the
correlation was r=duced to 0.44, This analysis‘implies that
se2d abundance is a factor on seed rich sites, but that other
.factors also datermine granivore population sizes on sites of
intermediate to low food abundance. The sites with the
highast seed abundance had the highest granivore biomass, and
those with very low seed abundance supported very low
granivors biomass (Fig. 7). Site 4b was left fallow in the
winter of 1977-78, and the abundant seed crops of invading
grasses and weeds attracted large numbars of Savannah Sparrows
{Table 2).

MGs in southern Texas, which had higher sced densities,
supported more granivores than *ha moderataly grazed sites in

Oklahoma. ZIn southern Texas, HGs had very low seed densities
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comparad to HGs in. Oklahoma. In Oklahoma, seed abundance was
higher in HGs than in MGs. In westerrn Texas, LGs had very low
s2ed densities, and HGs were only slightly higher; seed

abundance was highest in prairie dog towns.

DISCUSSION

Birds occupying grasslands in Oklahoma and Texas are primarily
winter residents. Of 11 speci2s occurring in Oklahoma
grasslands and 9 species in western Texas, only the Hormned
Lark and Eastern and Western meadowlarks breed in the southern
plains region. Most individuals of *these species migrate from
breeding localities further north {(Sutton 1967). However,
solitary m=adowlarks could bes obsarved singing in November and
sporadically through to February, and thes2 individuals may b=
reéident throughout tﬁe year (unpubl. data). Of 14 species in
southern Texas, only Mourning Doves, Common Ground Doves,
Eastern Me2adowlarks and Cardinals breed in the region; only
the Mourning Dovse and Eastern Meadowlark were prasent on more
than two of my censuses, Thus spacies turnover is nearly'
complete for grassland bird coamamunities from summer to winter,
Raitt and Pimm (1976) showed a large influx of se=d-caters in
winter at their grassland site in southern New Mexico. Wiens
and Dyer (1975) provided data from roadside counts which
indicate high species turnovers from fall to winter and winter
to spring (72-95%) for three "tru= prairis” sites. One of
thase localities (0Osage) 1is near my northarn Oklahoma sites,

Yany grassland birds are habitat specialists in winter
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{(Grzybowski 1976, 1980a). Cluster analysis showed sites
grouped on the basis of the dominance of one or two specises,
Lapland Longspurs preferred cultivated sites; LeConte's
Sparrows occurred primarily on lightly graZed areas. Smith's
Longspurs may be the most specialized, occupying heavily
grazed patches of three-awn (Grzybowski 198Ca). Meadowlarks
were la2ss specialized, appearing on all site types, sometimses
in large numbers. Savannah Sparrows also appeared on all
grazing tr=2atment types in Oklahoma and southsrn Texas, but
were rare in western Texas. Speciles composition is consistent
on treatment type within regions.

Clima*ic tolerances also influenc=2 distribution of birds.
CBC data show north-south gradients in distribution for
ceas*ern plains regions (Fig. 8) similar to distribution
patterns during the breeding sesason. Thus, the passefine
species breeding furthest north--tha Snow Bunting=--hasS the
most northerly wintering distribution (Godfrey 1966). The
Smith's and Lapland longspurs are tundra species (Godfrey
1966) whose winter distributions +ypify the central-
northeastarn ¢grid-blocks (Fig 8A). Hany sparrow species
breeding in northern plains grasslands (Bent 1968) winter
along the southern border of the United States (Fig. 8).

Smith's and Lapland longspurs nevar occurred on the same
census on any of my sites; they prefer different habitats on
their win+ering grounds just as thay do on thsir bresding
grounds (B=nt 1968, Jehl 1972). The Snmith's Longspur is

typically abundant in north-central and northsastern Oklahoma.
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In 1978-79, an unusually cold wint=sr in Oklahoma (Natl. Ocean.
Atmos. Aadmin. 1979), larger than normal numbers appear2d in
central Oklahoma. Snow cover may also have bsen instrumerntal
in determining th2 winter distribution of this species
(unpubl. da*a).

Climatic factors also may affect cast-west changes in
distribution. Horned Larks were most coammon in western
regions and dominated grasslands in western Texas. Colorado
studies (Wiens 1974a) during the br2eding season showed it was
commoner in dry years, The praference of Horned larks for
arid conditions may be marifest in their east-west
distribution patterns (Fig. 8C). Species turnover is highest
between shortgrass areas of the high plaias and the mid-grass
and tallgrass areas of eastern regions. Southwestern regions
.are typified by Baird's Sparrows, and McCown's and Chestnut-
collared longspurs; southeastern regions by LeConte's and
Savannah sparrows, and Sprague's Pipits (Fig 8). These
r=gional patterns may have been associated with historical
habitat distributions. Some mixing from east and west occurs,
ye* no open field granivcores that occupy sparsely vsgetated
aresas occur in heavily grazed habitats in southern Texas.

Some Horned Larks and Chestnut-collarzd Longspurs were
observed during the study in sandy dry ar=zas (blowouts) on the
coast, and in some large cultiva+=d fislds (unpubl. data).

While habitat may influence which speciss occupy 2
particular sitz and climat2 can influence regional

distributions, grassland birds =2xhibi% opportunis+*ic
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utilization of concentrated food sources. Abundance of
individuals was related to food abundance. Savannah Sparrows
were very common on a succesional field in central Oklahoma
where seed density was very high. High densities were present
at MGS in southern Texas in 1976-77 when a record rairfall may
- have produced abundant seed crops. In southern New Mexico,
Raitt and Pimm (1976) noted the clumped distribution of seeds;
these authors indicated that movements of birds in flocks were
probably adapted to exploit these localized seed-rich patches.
This opportunism has been implicated in other studies (Pulliam
and Fnders 1971, Cody 1971). Many Jdrassland species are
gregarious (Grzybowski 1980b) and may undsrgo local movements
that permit exploitation of patchily distributed foods. Such
behavior could minimiz2 site tenacity, and could result in
erratic fluctuations in population distributions of thase
spacies at the local level. I noted local fluctuations in
Lapland Longspurs and FRastern #Meadowlarks (unpubl. data).

In central Oklahoma and western Texas, trends of
increasing abundance from LGs to HGS wers significant in only
a few cases. All samples were combined for a treatmant, and
annual varia*ion may have overshadowed treatment effects. LGs
generally have %the lowest se=d abundance. Thess sites have
stable parennial grass speciesS where reproduction is more K-
selected (Emlen 1973). Grassss with high ssed production are
more prevalent in HGs, or r=cently cultivated (and thus
disturbed) ar=zas left fallow. The MIY site had the highest

sesd densities of any habitat in western Te2xas. Thus the
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observation of increasing bird biomass from LGs to HGs may be
a trend influencad by the reproductive strategies of dominant
plant species,

Avian biomass estimates of summer studies in mid-grass
prairie (Wiens and Dyer 1975) wer=2 gen2rally higher than
estimates during winter in central Oklahowa. The mid-grass
prairie estimates given by Wiens and Dyer (1975) for the
breeding s2ason were 9.95 kg/100 ha (SD=3.42); my winter
estimates were 6.86 kg (SD=6.06). My estimates for the
northern Oklahoma sites were much higher (89,48 kg in HG and
23.93 kg in MG). Biomass estimates for short-gyrass plains
sites were higher in summer (10.28 kg; SD=3.35) than in winter
(5.86 kg; SD=4,62) in western T2xas. On cultivated sites,
biomass astimates were lower in summer (6.91 kg; SD=4.92) than
in winter (9.54 kgs; SD=8.66) in ca2niral Oklahoma. Biomass
estimates for southern Texas sites wefé much higher than in
other regions.

Since 1850, grasslands have undergone dramatic changes.
The large herds of bison have been replaced by large rnumbers
of cattle. Prairi= dogs, once forming extensive and
widespread colonies, ar2 now very localiz=d in much of the
plains region. What was once continuous grassland is now
dissected by fenc2lines into patches subjected to differing
grazing pr2ssure. Some of the most productive ar=2as arce
intensively cultiva“ed as large monocultures. Many urgrazed
arcas are regularily mowed for hay, Thesz practices and uses

must have affected grassland bird populatiorns.,
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Some grassland birds appear to have diminish2d in numbers
as a result of the reduction and alteration of natural
grassland. These include species such as the Baird's Sparrow
and Sprague's Pipit (Bent 1950, 1968). Even an open grassland
species of sparsely vegetated areas, the McCown's Longspur,
has undergone drastic r2ductions in its range (Bent 1968).
Others, such as the Horned Lark, have expanded their range in
response to open agricultural conditions (Hurley and Franks
1976) + Lapland Longspurs are abundant in agricultural areas.
During winter in central Oklahoma, Lapland Longspurs occur
mainly on cultivated plots, particularily those on which
sorghum was the fall crop.

Box and Chamrod (1963) indicated a major replacement of
coastal prairie by brush species in southesrn Texas during the
past 25 years due to a change in grazing practices and fire

control. Attwater's Prairie Chicken (Tympanuchus cupido

reduction of grassland (Lehman 1968) . Spacies such as

L=Conte's Sparrows may also be affected.
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FIGURE 1., Census locations. Number of sites a2valuated at

each regional locaticn are givan in parentheses.,

FIGURE 2, Treatm2nt types in Oklahoma. (A) Lightly grazed

grassland (site 4ia in December 1975) where h2ights of

and Schizachyrium scoparium] and indiarngrass [Sorghastrum

nutans]) are maximal and uriform. (B) Moderately grazed
grassland (site 2d in March 1978) where littls bluestenms

are formed into clumps by grazing.

FIGURE 3., South-central United States showing 10-degres
/
latituda-longitude blocks used in summarizing results of

Christmas Bird Count data.

FIGURE 4., Correlation phenogram of Christmas Bird Count grid-
blocks based on an unweighted pair-group msthod of
cluster analysis using arithmetic averages (see taxt).

Block numbers correspond to those in Fig. 3.

FIGURE 5. Correlation phenogram of censuses based on an
unweighted pair-group method of cluster analysis using
arithmetic avarages. Ra2gion symbols are: COK=cantral

Oklahoma, NOK=northern Oklahoma, STEX=southern Texas,

3

WTEI=wWwast2rD TexasS; Site and treatment symbols as in

[

Tables 1, 3 ard U4; January date for y=ar of winter season

is us=zd.
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FIGURE 6. Correlation phenogram of species based on an
unweighted pair-group method of cluster analysis using

arithmetic averages. See Appendix for species symbols.
g

FIGUREZ 7. Relation of granivore biomass to seed abundance (of

seeds 1-4 mm in length).

FIGURE 8. Proportion occurrence of species (see text) along
wast-e2ast and north-south axas for Christmas Bird Count

data in south~central United States.
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TABLE 1,

Location

through 1979,

a

and treatm=2nt status of

Oklahoma study sites from 1975

Winter
Reyion County Locality Symbol 1975-76 1976-77 1977-78 1978-79
Central McClain Goldsby 1a LG MG NG MG
Central Grady Vincent 1b LG LG M3 MG
Central Grady Middleburyg 2a MG MG MG MG
Central Cleveland Norman 2b - MG HG HG
Central. Grady Tabler 2c -, . MG M3 MG
Northern Noble Red Rock 2d h[e - MG -
Central Cleveland Norman 3a HG HG - -
Northern Pawnee Red Rock 3b HG - - -
Central Cleveland Norman 4a cu - CU - -
Central Cleveland Norman Ub - Cco SG -
Central Cleveland Liberty 4c - cu cu -
Central Cleveland Liberty 44 - cu (ofi] -
= ——————————— ——— —— -

LG=Lightly grazed grassland; MG=Moderately grazed grassland; HG=Heavily

grazed yrasslard; CU=Cultivated; SG=Succesional grassland; -=not sampled.

0s
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TABLE 3. January population estimitss, total biomass, and dominance of grassland bird
communities in western Texas {(Muleshoe National Wildlife Refuge). Population
estimates given as birds/100 ha.
mmommmeeee-
5a (MIX) S5b 5c 54
g _—— —_——
LG LG LG LG LG LG LG LG S HS HG
Species 1977 1978 1979 1977 1978 1379 1978 1979 1977 1978 1979
Horned .
Lark 231 82 256 182 38 3 0 0 86 108 213
Eastern
Healowlark 0 26 0 3 0 0 0 0 0 0 0
Western
Meadowlark 3 31 10 23 2 4 4 0 21 6 8
Savannah .
Sparrow o 6 0 0 0 0 0 0 0 0 (|
Bairi's
Sparrow 14 0 0 20 0 0 0 0 0 0 0
McCown's
Longspur 0 0 62 0 0 0 0 0 0 13 17
Lapland
Longspur 0 0 13 0 0 0 0 0 0 0 ¢
Chestnut-collared
Longspur 16 30 S 14 0 3 0 o 22 35 122
Total biomass
{(kg/100 ha) B.77 9.67 11.97 9.63 1.5) 0.59 0.43 0 5.63 5.13 11.10
Granivore biomass
{(kg/100 ha) 8.45 3.53 10.90 6.85 1.29 0.16 0 0 3.39 4.49 13.25
Dominance .77 0.30 0.58 0.58 0.91 0.3% 1.00 - 0.50 0.50 0.47

See text for description of sites,

Treatment symhols as in Table 1.

s
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a
TABLE 4, Jaruary population estimates of grassland bird coammunities in

southarn Texas (Welder §ildlife Poundaxion; birds/100 ha).

b
6a 6b 6c 6d
p ——— -
LG NG MG MG MG L3 AG S HG HG HG
Species 1977 1978 1979 1977 1978 1979 1977 1978 1979 1978 1979
Common Snipe n 0 0 0 0 13 0 0 0 0 0
Mourning Dove 38 155 39 0 0 G 60 J 0 0 0
Common Sround
Dove 25 43 0 0 0 J 0 0 0 0 0
American
Robin ¢ (v} 0. 0 0 223 b 0 b] e 0
Sprajue's
Pipi+ 0 0 u 0 ] 0 90 28 42 80 -1
Yellow-rumped
warbler 4 0 0 0 0 3 0 J 0 0 0
Sastern
Meajowvlark 18 43 69 218 75 75 102 232 62 53 1u8
Cardinal 6 0 0 0 0 0 0 0 ] 0 0
American
Goldfinch 17 0 0 0 0 0 0 2 ¢ 0 ¢
Savﬁnnah i
Sparrow 1,228 685 665 1,580 876 919 54 101 141 62 63
Grasshopper
Sparrow 47 71 95 ] 201 3 0 ! 0 0 0
LeConte's
Sparrow 237 95 47 1,888 57 263 0 J 51 0 48
Vesper
Sparrow 119 213 36 0 Y 3 0 3 0 e 0
Lincoln's
Sparrowv 24 0 0 36 0 0 ¢ ] 0 2 0

Total biomass
(k37100 ha) 38,46 45,91 27.94 78.46 23.93 52,30 21,55 24.58 11.09 8.92 20.15

Granivore biomass
(kg/10C ha) 3C.86 20,84 15,64 54,70 20,76 20.63 1,01 1.88 3,29 1.16 1.78

Domirance 5.53 0.33 0.51 Q.44 0.55 0.57 "0.27 0.47 0.32 0.346 0.31
a
b:ar.suses indicated for January 1977 were actually obtained 21-23 Decembar 1976.
See text for descriptiorn of sites.
c

"reatment symbols as in Table 1.



TABLE 5. Proportion occurrenca of grassland biri species by 10-degree latituds-longitule grid-blocks. Data
from 1962~-72 Christmas Bird Counts (see text).
Grid-block
Species 11 12 13 14 21 22 23 24 31 32 33 34 42 43 44

HHorned a

Lark 0.04 0,40 0.06 0.02 0.08 O.%3 O0.,%0 0,02 0.02 0.09 0,01 2.91 T 0.0 0.01
Sprajue's

Pipit 0 0 0 0 0 0 0.01 T 0 T 0.05 9.1 0 0.47 0.37
Eastern

Meadowvlark V] 0 0.02 0,01 0 0 0.12 0.09 7T 0.0% 0.23 0.8 0 0.4 0,20
Hestern

neadowlark 0.06 0,05 0.05 T 0.0 0,07 0.16 0.02 0.08 0,38 0.05 T 0.05 0.04 T
Savannah .

Sparrow 0 0 T T 0 T 0.02 0,01 0.0 O0.16 0.12 0.18 0,02 0.28 0.22
Grasshopper

Sparrow 0 0 0 0 [ 0 0 0 0 0.06 0,07 0.22 0,25 0.58 0.03
Bairi's .

Sparrow 0 0 0 0 o 0 0 0 0.26 0.16 ) 0 0.88 0.11 ¢
LeConte's

Sparrow e e 0 0 0 0 0 0 0.26 0.16 0 0 0.48 0.1 [
Vesper

Sparcrowv e 0 0 T T T 0.01 r 0.02 0.26 0.18 0.05 0,19 ©0.29 0.01
HcCown's .

.Lonyspur o 0 T 0 0 0.01 T 0 0 0.92 0.07 0 0 0 0
Lapland

Longspur T 0.01 0.16 0.04 T T 0.78 0,07 T T T 0.01 0 0 0
Smith's

Longspur 0 0 0 0 0 0 0.84 0,02 O 0.00 0.02 2,10 0 0 0
Chastnut-collared

Longspur e 0 T 0 T 0.07 0.02 0 0.18 0.58 0,20 0 0 ] ]
Snow '

Bunting 0.01 T 0.39 0.51 T 0 0 0 0 0 J J 0 0 0

T= trace (<.005).

HS



TABLE 6. HNean biomass (kg/100 ha) anl 1ominanca estimates Eor various treatment
groupings in different regions of Oklahoma and Texas. Standard Deviation (5D)

given in parenthesis. Treatwent sy-bbls as in Tables 2 and 3.

Biomass
Treatment N Total Granivore MHeadovlark Insectivore Pove Dominance
Northern Oklahoma
G 1 23.93 23.93 0 0 0 0.849
HG 1 89.48 89.48 . 0 0 0 0.951
Central Oklahoma
LG 3 1.55 0.57 0.96 0 Q 0.693
(0.349) (0.75) (0.71) (. 275)
HG 12 5.50 3.04 2.44 0.01 0 0.450
(3.84) {2.76) {1.82) 9.03) .23
e 5 13.30 9.71 3. 18 c.41 0 0.572
(7.45) (6.71) (1.65) (0.92) (.238)
cu 7 9, 54 3.66 6.02 0 0 0.614
. {8.66) {(2.51) (7.52) (.272)
SG 1 27.50 22.58 N 4.47 0.135 0 0.737
Westarn Texas
LG 5 2.43 1.66 0.77 0 0 0.566
(4,06) (1.95) (1.14) (.011)
BIX k| 10.1) 7.63 2.51 0 o - 0.553
(1.65) 13.79) (3.17) {.236)
HG 3 7.28 6.0 1.24 0 2 0.u489
3.31) (3.68) (0.87) {.018)
Southern Texas :
LG 1 38.46 30. 866 1.96 0.005 5.59 0.525
NG 5 46.71 26.51 10.46 4,53 5.2¢C 0.479
(20.67) {15.91) (7.57) (12.07) (8.70) {(.099)
(] ) 17.26 1.82 12.99 1.50 1.44 0.342

{6.86) (0.90) (6.73) (0.64) (3.22) (.078)

- - - - -

199



TABLE 7. Multiple-range test comparisons of biomass

for treatments within and among regions.

Central Oklahoma Southern Texas Western Texas

a
LG MG HG CU MG HG LG MIX HG

AAb Al AA Al AA
BB BB BB BB BB

cC

Granivore Biomass

AA AA AA AA AA AA
BB BB BB

ccC

Meadowlark Biomass

AA AA AA AA AA AA AA

BB BB

cCc ccC

a .
Treatment symbols as in Tables 1 and 3.

b

Treatments with same letters are not significantly

different (P>.05).



APPENDIX.

ecological category designations and mean weights.,

57

Systematic list of spacies occurring on censuses wWith

Species a Mean

Common name Scientific name symbol Category #Wt.(g)
common .

Snipe Capella galljinago COoMMS I 104.0
Mourning :

Dove Zepaidura macroura MOURD D 120.0
Common Ground

Dove Columbina passerina coumd D 41.4
Common

Flicker Colaptes auratus COMMF I 128.7
Horned

Lark Eremophila alpestris HORNL G 34.1
American

Robin Turdus migratorius ANMERR I 95.0
Sprague's

Pipit Anthus spragueii SPRAP I 24.8
Yellow-rumped

Warbler Dendroica coronata YELLW I 13.1
Bastern

Meadowlark  sturnella magna EMEAD M 109.¢C
Western

Meadowlark Sturnella neglecta WNEAD M 106.7
Cardinal Cardinalis cardipalis CARDI G 45.8
American

Goldfinch Carduelis tristis AMERG G 13.8
Savannah

Sparrow Passerculus sandwichensis SAVAS G 18.7
Grasshopper

Sparrov Ammodramus savannarum GRASS G 17.7
Baird's

Sparrow Anmodramus bairdii BAIRS G 18.2
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LeConte's

Sparrow Aumospiza leconteii LECOS G
Vesper

Sparrow Pooecetes gramjneus VESPS G
Tree

Sparrow Spizella arborea TREES G
Lincoln's

Sparrow Melospiza lincolni LINCS G
McCown's

Longpsur Calcarius mccownii MCCoL G
Lapland

Longspur Calcarius lapponicus LAPLL G
Smith's

Longspur Calcarius pictus SMITL G
Chestnut~-col.

Longspur Calcarius ornatus CHESL G

a

D--doves; G--grarnivores; I--insectivores (other than

meadowlarks) ; M--meadowlarks.

13.0

2641

18.8

17.5

27.6

28. 4

27.6

20.7
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SOCIALITY AND SPACE USE OF GRASSLAND BIRDS DURING WINTER.

1
JOSEPH A, GRZYBOWSKI

Department of Zoology
University of Oklahoma, Norman, Oklahoma 73019 USA

Abstrac%: Sociality and space use of passerine birds

occupying open grasslands of the south-central United States
were avaluated during winter in relation to various ecological
attributes, Passerine birds in temperate grasslands are
primarily granivorous during winter, Of the granivores,
sparrows ware more sedentary, *ended to be solitary and
occupied the taller and denser grasslands; the highly mobile
longspurs and horned larks were more gregarious and occupied
the sparser and shorter grasslands., However, savannah
sparrows, when at moderate to higqh densities in suitable
"habitat, formed groups of widely-spaced individuals. When
disturbed, theses individuals would aggreqgat2 and mova along
predictable circular paths.

Measures of sociality (group size, individual distancs,
and percent of individuals solitary) were highly correlated
with habitat variables (vegetation height and density) for all
granivores, but not for sparrows, or longspurs and horned
larks separat2ly., Yo solitary species occupizd sparse,
exposed habitats, but one longspur species, the Smith's
1 Oklahoma Depar+ment of Wildlif=s Conservation, 1801 North

Lincoln, Oklahoma City, Oklahoma 73105 USA.
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Longspur, occurred in flocks in dense but short grass., For
sparrows, bird density increased with seed density; group size
increased with both bird and seed density. Group size was
pdsitively corr2lated with seed density for longspurs., No
association of bird density with seed density was found in
this group.

A solitary strategy is favored in grasslands where
concealment from predators is good, bird density (which might
attract predators) is low, and few perches for aerial
predators are present, Solitary species were generally found
in low densities in comparison to other specizs. LeConte's
sparrows ware always solitary and occupird grasslands with the
densest and tallest vegetation. Lapland longspurs, in
contrast, were highly gregarious and preferred cultivated

fields (in central Oklahoma) de=void of vegetation cover.

Koy words: Alaudidae; flush distance; Fringillidae;
grasslands; habitat density; meadowlarks; Motacillidae;

Oklahoma; predation; sociality; space use; Texas; winter,
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INTRODUCTION

Spatial reslations of birds are the result of natural
selection’acting to maximize an individual's fitness.

Flocking may enhance the efficiency of food exploitation
(Crook 1965, Morse 1970, Cody 1971). Environmental features,
such as nesting or roosting sites, or the amount of cover, can
also influence sociality and space use of individuals (Davis
1973, Post 1974, Snapp 1976, Pulliam and Mills 1977, Pleasants
1979) . Spacing patterns and gr2gariousness can aid in
predator avoidance énd afford protection (Bertram 1978, iurton
et al. 1963, Kenward 1978, Pulliam 1973).

Pulliam (1973) and Powell (1974) suggested that
advantages of enhaﬁced food exploitation and predator
detection may interact in foraging flocks. An individuél
joining a flock can benefit from another group member's
detection of predators; it could thus r=duce its time scanning
for predators and increase its foraging time without incurring
a decrease in its probability of avoiding predation. However,
Goss-Custard (1970) and Caraco (1979) pointed out that group
membership way have disadvantages, such as increasing
susceptabllity to disease or parasites, foraging interference,
and increasing costs associated with intraspecific aggression.
Sociality of birds reflacts a balance of selective forces
acting both to draw oryanisms together and spread them apart.

This paper deals with the spatial rslations of passerine
birds occupying open grasslands in temperate regions during

winter. These habitats ars relatively simple in structure
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comparad to scrub and woodland habitats and often occur in
large homog=2neous tracts. Granivory is the primary and almost
exclusive foraging mode of grassland birds, further
simplifying the system., Climatic severity and reduced winter
daylength necessitate effective exploitation of food
LeSOUrces.

While most passerines are %*erritorial during the breeding
season, many gather into flocks during the non-breeding
periods. Longspurs (Calcarius spp.), with flocking habits

(Bant 1968), are characteristic of many OPen grasslands; yet

Ammospiza, can also be found in grasslands (Murray 1969,
Pulliam 1975). Grasslands provide a siuple homogenous setting
in which factors affecting extremes in sociality can

simultaneously b2 assessed. In the2 present study; I evaluate -

spac2 us2 and sociality in relation to various resource

attributes, bird density, and predator avoidance strategies.

METHODS
crasslands of varied grazing pressure or cultivation practices
in s=veral regions of Oklahoma and Texas were used. Data were
collected at 14 sites from the winters of 1975-76 through
1978-79., Th= sampling period hegan 15 Novembar and 2nded 15
Fabruary for each s=2ason., One Oklahoma site was also sampled
in January and February 1975. The sites included s2ven in
central Oklahoma (Cleveland, Grady, and McClain counties),

thre2 in western Texas (Muleshoe National Wildlife Rafuge,
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Bailey County), and four on the Rob and Bessie Welder Wildlife
Rafuge (San Patricio County) in southern coastal Texas (Fig.
1), The size of sites ranged from about 30 ha on the smallest
sites in southern Texas to grea*ter than 100 ha. Sites were
characterized by their uniformity and large size, thus
minimizing edge effect with other habitats. Two of the
southern Texas sites contained about 5% shrub cover.
Otherwise tree or shrub cover were absent or comprised less
+han 0.5% cover, consisting of isolated individual plants less
+t+han 3 m in height.

Sites were classified on th2 basis of grazing pressure or
cultivation practices. A site was considered a lightly grazed
grassland (LG) when th= dominant palatable ygyrasses had
uniformly grown to heights approaching their maximum potential
heigﬂts.' For LGS in oklahoma and southern Texas, maximum
vegetation heights ranged from 1 to 2 m. In western Texas,
maximum grass heights of LGs were about 0.5 m. When dominant
palatable grasses occurred in distinct clumps, the site was
designa*ed a moderately grazed grassland (MG). Vegetation
heights of M¥Gs were up to 1 m inan Oklahoma, and 1.5 am in
southern Texas. when the dominant palatable grasses were
absent, or present only in widely scatterad clumps and/or
grazad *o near ground level, the site was considered a hzavily
graz2d grassland (HG). Vegetation heights in HGs were less
than 0.5 m on all sites, The cultivated sites wers planted
with winter wheat (Triticum aestivum); *these sites had been

harvasted of a sorghum (Sorghum bicolor) crop in fall, OR oOne
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cultivated site, only *the heads of the sorghum were removed;
the field was left fallow in this condition for the winter
observation period. Mcre detailed site dascriptions are given
in Grzybowski (1980a).

Habitat variables used were vegetation heiqght (HHT) and
vegetation density (HDEN). Vegetation height for a 15 meter-
square block was the average of four poin%t samples about 1 m
apart, and measured to the nearest centimeter, HDEN is:

5

IDEN = (1)

W=
e e
=<

1 k=1 km

where x is the number of vegetation contacts made with ths
tip of gﬂwire passed through the vegetation for 3C cm at the
kth height (at 10-cm intervals from 5 to 240 cm), and mth
poeint (of four).

Habitat preferences were determined in the 1975-76 and
1976-77 s=asons for each species on each specific grazing
treatment (Grzybowski 1980b). Strips 1,000 X 60 m ware
established on each site, and these divided into 15 meter-
square bloCks., Frequency occurranc2 of bird species in the
blocks was recordad during visits to each treatment type. The
species preferred habitat on a given site was determined by
averaging *he HHTs and HDENs of blocks in which the species
was observed., Each block used by a bird species was weighted
by the frequency occurrence of that species in the block.

Additional habita* sampling was conducted to charactarize
preferred horned lark and chestnut-collarad longspur habitats

on a iIG in western Texas during +the 1977-78 and 1978-79
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seasons, Thirty samples, measured as above, were obtained at
loca*tiors from which these species wer2 flushed, and averaged
“o provide preferred habitat values.

Seed samples were obtained in January of 1978 and 1979 on
9 of the 14 sites., Areas occupied by a species (as
characteriz=d through the space-us» data and general
impressions of occupied habitat) were sampled., Seed samples
within these habitats were obtain=2d by brushing debris from
the surfacs of 15 to 30 randomly smlacted points, each 10 X 10
cm, into a container. Se2eds from theses samples were sorted
into size classes and counted. Frequency data for s2eds were
transforrned to a volums estimate with the formula:

3

(4/3) (ﬁ;_l__&a)' (2)

Lz

SDEN

i
Wbkl o
—

wﬂere L 1s the radius of mean seed size in the ith class, 1 is
i
the number of classes, g. is th2 number of seeds in the ith
i
class, and ¥ 1is the correction factor to standardize seed
a
volume (to cubic millimeters of seeds per square meter for
sample a). This provided a relative index of seed
availability among the sites in mid-winzer.

Estimates of bird Jdensiti=s wers obtained for sites from
November through February by the Emlen (1971) strip method,.
January population 2stimates (Decembhesr 1976 on southern Texas
sites) for each species were ussd in the arnalysis; these
estimates represent a mid-winter period when species

composition appear=d most stable (unpubl. data). One

extremely high estimate of LeConte's sparrow is treated
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separately. November estimates for horned larks were used to
avoil the baginning of +he reproductive period (Bent 1942),

Two types of data characterizing sociality were
collacted: (1) individual distance (IDIS); and (2) yroup size
(GSIZ). The IDIS was estimated for pairs of individuals
encountered on the dground or racently flushed: (a) in body
lengths for distances less than 1.5 m; (b) to the nearast 0.5
m for distances less than 5 m; and (c) to the neares:t meter
for distances greater than 5 m. For each individual for which
the IDIS was obtain2d4, the distance and the species' name were
racorded. When the nearest individual was not a conspscific,
+ha distance to the nearest conspecific was also obtained (if
less than 25 m) through direct observation, or by walking
spirally around the bird's flush point to 25 m. For solitary
species, special attempts were made to locate the nearest
conspacific +*o as far as 100 m. Distance estimates were
obtained by pacing when greater than 5 m. A marker was placed
at the flush point of solitary individuals to act as a
referance when a second individual was encounterad,

The GSIZ was the number of individuals of a species which
responded similarily to disturbance by the observer, or were
observed foraging together as a unit distinct from other
individuals. Groups which flushed from locations within 30 m
of each other and later joined in flight (as in longspurs),
were considered separate from each other., Individuals in
proximity of each other which flew in different directions (as

did occasionally Lappen with some sparrow speciss) wer=
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considered separate from each other. Only observations made
on *he firs+* pass through a site on each visit were used. The
IDIS and GSIZ of individuals known to be moving ahead of the
observer (and of birds which these individuals joinsd) were
rzcorded only once in any site visit, Observations of single
individuals occurring with larger groups of other species are
ignored in the GSIZ analysis. From data on GSIZs, the pesrcent
of solitary individuals (SOL) of a species was calculated.
This variable estimates the proportion of individuals acting
independently of any other individuals of their own or other
specises. Data on GSIZ and IDIS were collected from 0.5 h
after sunrise to 1.5 h before sunset %o avoid effects of
behavior associated with roosting.

To evaluate responses of birds to potential predators,
flush distances to the observar wesre obtained. Flush distance
was the distance (to the nearest meter)'é bird would allow the
observer walking at a moderat2 pace *o approach. Maps were
made of saveral of the sites, and the flushing and landing
points of individuals recorded for np to 10 consecutiva
flushes *o =2valuate horizcntal space use., I made 2stimates of
the distancs2 a bird would fly when flushed; however, this
provad difficult for longspurs and horned larks. On sone
occasions, r=sponses of birds to various asrial predators were
also recordad.

Heasures of sociality, flush distance,. and bird density

b))
H
D

W averag=2d over winter seasons and within grazing

trsatmants *o0 provid=z a value for each species., Habitat
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preferances were determined for a species occupying a
particular grazing trea+ment (within a region) during the
1975-76 and 1976-77 seasons. Seed densities obtained on sites
during the 1977-78 and 1978-79 seasons were used to
characterize seed availability in habitats.,

Distinctions were made in westarn T2xas among HGs grazed
by cattls and thos= grazed primarily by prairie dogs (PD).
Observations made in January 1979 were separated from those
mad=2 in the 1976-77 through 1977-78 ssasons for a HG in
westarn Texas; the site was ungrazed in 1978 and was in its
initial stages of recovery in January 1979. Observations of
LaConte's Sparrows on a LG in southern Texas were also
saparated from the others for analysis.

Data were divided into thkose for granivorous species ané
those for insectivorous species. Two behavioral subsets of
granivores were analyzed: (1) flyers, which included those
species raqularily observed moving between grasslands, and (2)
sparrows, which included more sedentary species never obssrved
flying high over grasslands. Of the flyers, longspurs were
deal* with separately. These distinctions are shown in Table
2.

To evaluate similarities in sociality among the species
occurring on various treatments and regions, a cluster
analysis was performed., NT-SYS (Numerical Taxonomy Systems).

a ries of mul+tivariate computer programs developed by F.J,.
g p

0]
D

{

Rohlf, J. Kishpaugh, and D. Kirk, was employ=d. Product-

moment correlation coefficients ware calculated between all
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pairs of spacies. Clusters were formed with the unweighted
pair-group method, using arithmetic averages, and summarized
in dendrograms. The cophenetic correlation was computed
between values in the correlation matrix and the cophenetic
values of the cluster analysis to assess the amount of

distortion in the dsndrogram (Sokal and Rohlf 1962) .

RESULTS

Mean values of social and ecologic variables for each species
by grazirng treatment and region are given in Table 1. All
thres sociality measures were significantly correlatad with
each other (P<.001) for the major groupings (granivores and
inSectivores). As GSIZ increas=d, IDIS and SOL decreased
r=-0.79 and -6.78, respectively for *th2 granivore data;
r==-0.77 and -0.83, rasp2Ctively for the iRsectivore data).
Correlations of IDIS with SOL were 0.84 for the granivore data
and 0.95 for the insec*tivore data. Th2 ecological m=zasures of
HDEN and HHAT were also significantly correlated (r=0.94 and
0.92 for the granivore and inssctivore data, respectively;
P<.001). SDIN was weakly but significantly correlatzsd with
BDEN (P<.05) <£for granivor®s (r=0.61) ald spalTows (r=(.83),
but not for flyers (r=0.20; P>.05).

Correla*ions of ecologic variables with GSIZ, IDIS, and
SOL are given in Table 2, For granivores, GSIZ, IDIS, and SOL
were siqgnificantly correlated with HDEN and HHT (P<.01). As
HDEN (or HHT) increases, GSIZ dacreases and IDIS and SOL

incr=as=, IDT3 and SOL decr=ase with incr=sasas in BDEN
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{P<.05) . Densities of LeConte's Sparrows on one sitz in
southern Texas (December 1976) were very high; more than seven
times higher *han the next highest estimate (Grzybowski
1980a), and far above what previous investigators had
encountered (Emlen 1971; G. Blacklock, pers. comm.) . With
this obsarvation included, the correlation of SOL with BDEN
for granivores is non-significant (£=-0.35; P>.05}.

For insectivores, GSIZ increases with BDEN (r=0.67;
P<.05). Corralations of IDIS and SOL with any ecologic
measures are not significant (P>.05; Table 2). Insactivores
included meadowlarks (Sturnella spp.) and one sample for
Sprague's pipit. This latter species was solitary in all
encounters included hera and at all other localities where
observed (unpubl. data). When this species was removed, the
correlations of BDEN with GSIZ increased to 0.81 (<.01),
-0.73 (2<.05) with IDIS, and -0.85 (P<.05) with SOL.
Densities of meadowlarks were low in open grasslands comparad
to peripheral and adjacent areas where some scrub was present,
and along roads (unpubl. data). Meadowlarks were normally
found in ygroups in *hesa areas.

When the two granivore subgroups (i.e., sparrows and
flyers) w=2res aralyzsd ssparately, the correlations of GSIZ,

IDIS o

(%]
1

SOL with ADEN and HHT became non-significant (P>.05;
Table 2). Amony the sparrows, mean GSIZ never ecxc2eded 4.2
individuals, and was 3.0 or l2ss in all other cases (Table 1).
The highest GSIZ values for sparrows occurr=d for savannah

sparrows at very high densities (1,228 birds/100 ha). HDEN
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was never below 30 vegetation contacts per grid sample for
sparrow habitats, However, longspurs and horned larks usually
occurred in groups of much gr2ater than five individuals, ard
almost always occurred at vegetation densities of less than 30
vagetation contacts,

GSIZ was correlated with SDEN for sparrows (r=0.88;
P<.001) and for flyers (r=0.72; P<.01), but not for both taken
together (Table 2), The corr2lation of GSIZ with SDEN for
longspurs was significant (r=0.94; P<.01), For sparrows, GSIZ
increased less in relation to SDEN than for longspurs (Fig.
2) .

Higher values of GSIZ in sparrows may have been the
rasult of increas=d BDEN., BDEN was significantly correlatszad
with SDEN (r=0.75; P<.05) for sparrow habitats. Cerrelations
of GsIZ with BDEN was 0.82 (B<.01). All the variation on GSIZ
was recorded within savannah sparrows. As BDEN of savannah
sparrows increased, individuals were closer together, and, at
high densities, tesnded to respond together. GSIZ was
significantly correlated with BDEN for savannah sparrows
(=0.95; P<.C1).,

SOL was inversely colTelated with SDEN for sparrows
(z=-0.80; P<.01). SOL was associated with BDEN (r=-0.76;
P<.01). Threa of the five sparrow speciess (LeCon*e's spalrrow,
grasshopper sparrow, and Baird's sparrow) wefe always solitary
and occurred in rselativaly seed-poor habitats (Table 1).

For longspurs, the correlation of IDIS with SDEN was

-0,90 (P<.017) . Lapland longspurs occurred in habitats with
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high SDEN compared to Smith's longspurs (Table 1) . IDIS was
lower among lapland than Smith's longspurs. Chestnut-collared
longspurs maintained the highest IDIS of all the longspurs in
habitats with the lowest SDEN.

A cluster analysis, using the four ecologic and three
sociality measur2s above, and also the flush responsas, as
variables, summarizes similarities of specias by treatment and
region (Fig. 3). Three groups are thus distinguished: one
composed of sparrows, where the species are solitary and
occupy *all an3d dense habitats; one containing horned larks
and lapland longspurs where the species are highly yregarious
in sparse habitats; and a group with interm=diate habitat and
sociali+ty characteristics. When sociality measures were
removed in *he clus+ter analysis, th2 Tresults were very
similar. Thus, ecologic characteristics are an indicator of

sociality.

SPACE USE
Space use patterns exhibited by grassland birds are depicted
in Fig. 4. Tach sygnare represents an area which is large
relative to the individual bird., Space use patterns vary from
those of the L2Conta's sparrow (Type 1), where individuals
appear *erritorial, to those of species 1like lapland longspurs
(Typ® 4b), where individuals utilize largs continuous areas,
but whers the distribution of individuals a+t any time is
highly clumped., Pa*chy use of grassland habitats is exhibited

by greqarious species (Type 4a) and solitary species (Type
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2b) . Each typz is discussed below.

LeConte's sparrows were solitary. On a LG in central
Oklahonma, fhey could reqgularly and predictably be located
within particular 15-m grid-blocks. Their locations, made
from plots of their flush rout=s taken from Decaember 1975
through February 1976 (Fig. 5), s*rongly implicate active
spacing mechanisms, and perhaps *erritoriality. For each pair
of "territories®" in Fig., 5 which bordar each other, the %wo
birds were flushad within several minutes of each other on at
l=ast one occasion. vOn four occasions, when LeConte's
sparrows flushad a second time returrned in the direction of
their original flush, a second sparrow was flushed just beyond
the first bird's laﬁding point. Boundaries for bird movements
were difficult to assess for one area (delimited by dashed
lipes in Fig. 5) occupied by at least four, but perhaps eight,
individuals, tliany of their flush paths crossed each other,

On one southern TexasS site which supported a very high density
of LeConte's sparrows, spacing patterns ware so regular in
some patches, that as many as 12 +o 17 different birds (three
occasions) wers flushed, one every five *o seven steps, but no
closar. These latter observations further suggest activs
spacing mechanisms in this species,

Raird's and grasshopper sparrows wer=2 also solitary on
LGs in western and sonthern Texas, respsctively. Faw
obszrvations of these species wer= mada but they appesared to
exhibit spaciny patterns of t¥pe 2a (Fig. 4). Distances

flushed by Baird's sparrows #ere more than triple thos2 for
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other solitary spscies. Of 14 initial flushes of Baird's
Sparrows, thres birds flew to landing positions beyond the
resolution of the observer watching with 7X35 binoculars.
Birds w2re observed in two of three locations from which an
individual was earlier Temoved. On one occasion, a Baird's
sparrow landed within 5 m of a s2cond sparrow. Both flushed
in opposits directions as was the case with LeConte's and
grasshoppar sparrows flushed from adjacent locations.

Savannah sparrows were variable in the use of space,

They exhibited *type 2b spacing patterns (Fig. 4) orn a LG in
cen+tral Oklahoma where distinct patches (With lower vegetation
heigh* and density than the site means; Grzybowski 1980b) were
raqularily utilized. Only 1 bird/patch occurred in tha
smallest patches. Birds in pa*“ches occupied by more than one
individual were normally solitary, but flew n=ar éach other
when disturbed. On MGs in Oklahoma, whers patchiness of
habitat was not diszinctive, birds exhibited type 2a spacing
patterns similar *o Baird's sparrows in western Texas.

On some sites, where savannah sparrow densities were
high, *hz type 3 Spacing pattern (Fig. 4) was obs2rved.
Savannah sparrows were widely spaced when first encountered,
but often joined in groups when disturbsd. On aresas where
moderate to high densities occurrad, these groups would
contirue to grow in numbers as I progressively chased birds
about *hs area. The groups would travel circular paths within
cer+*ain bounds. Fig. 6 shows areas occupied by groups of

sparrows on an Oklahoma site. Boundaries of areas utilized by
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groups wers much less well defined on 2 southern Texas site
whers densities were very high. Unliks the Oklahoma-site
birds, +the pa*ths of groups in southern Texas overlapped and
could not clearly be defined.

That savannah sparrows on southern Texas sites formed
persistent social units is doubtful. If a sparrow was flushed
whil2 other birds were in the air, i+ would join them, even if
it me2ant f£lying in a path around, rathsr than away from, the
observar. However, indiviudals flushed at a time whesn no
other birds were in the air usunally flesw ahead of the
observer, even if this direction was away from alrsady grouped
savannah sparrows. Birds flushed subsaquently, but while the
first bird was still airborne, would join this first
individual. The direction of travel of subsets of potentially
largef groups could change in this manner. However, location
calls of an individual or individuals on the ground often
attracted a newly flushed bird. Littls synchroxny among
individuals in a group was evident. Birds on the ground at
the hind =2dge of a group often flushed forward in subgroups of
one to 20 individuals. Groups of up to 65 and 75 birds were
observed on the southern Texas and Oklahoma sites,

On one Oklahoma site, about 30 savannah sparrows which
form=2d into a group could be chas=2d to the =2dge of *heirc

cover, where thay circled back and dispersed as solitary

B

D

birds. A repeat parformance occurred in 0.5 h, when all birds

L

wer2 dispersed singly. This behavior was noted over and over

again on my other visits to ths site, Basically, savannah
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sparrows on this site maintained soli*ary behavior except when
disturbed.

Smith's and chestnut-collared longspurs wer2 gregarious
but frequented specific patches of a grassland site (Type 4a;
Fig. 4). Fig. 7a and 7B shows space use by Smith's and
che2stnut-collared longspurs, respactively, on a HG site in
central Oklahoma. Chestnut-collared longspurs were auch more
common on this site in November, befor= Smith's longspur
arrived; Smith's was more abundant in mid-winter. Use by
Smith's appears to favor particular patches which ware
characterized by dense growth of three-awn (Aristida sp.) and

silver beardgrass (Andropogon saccharoides; unpubl., data);

chestnut-collared longspurs occur mostly in pockets of
sparser, but similar vegetation (Table 1; Grzybowski 1980b)
between areas used by Smi+th's longspurs (Fig. 72 and B);
Smith's longspurs observed orn two other sitss also favored
densa patches of three awn and silver beardgrass (unpubl.,
data) . Chestnut-collared longspurs observed on MGs, where no
other longspur species occurred, used particular areas
extensivaly during one winter season (unpubl. data). Whesn
disturbed in these circumstances, these species would move in
a group *to another similar patch.

Lapland longspurs and horned larks ar2s generally
gragarious, They exhibited +ype 4b spacing patterns (Fig. 4).
Lapland longspurs on most cultivatad sites in central
Oklahoma, and horned larks on a prairie dog town in western

Texas occupied extensive and continuous areas of thair site,
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Howevar, a* any one time their distribution was clumped. IDIS
for these species was low (Table 1). They wers often observed
flying overhzsad from most grassland sites, and often from non-
grassland sites in loossly spaced groups.

In western Texas, seed densities wa2re gererally lower
than in Oklahoma. In two years of the study, chestnut=
collared longspurs were widely scattered during the day
(0830-1600 h). Single birds wsre located. One very widsly
spaca2d group of 16 was located (in 19 days of observation), in
addition té other groups of five, s=ven, and 11. All other
observations were of on2 or two birds., Seed abundance was low
compar2d to other sites, and may account for the solitary
foraging behavior of these birds. These birds exhibitzd type
2c spacing pattarns (Fig. 4). In January 1979, one or two
gréups of chestnut-collared longspurs (rumbering abou*t 18 to
30) were loca*ed on a heavily grazed site in patches whers
thres-awn was conspicuous; they exhibited type 4a spacing
patterns (Fig. 4). SDEN was also higher in these patches than

irn cther areas wh=re single birds occurred.

PREDATOR AVOIDANCE
Predator avoidance may also influ=nce sociality, and may
be responsibla for some of the patterns observed. Solitary
species occurred only in the grasslands with high HDEN.
Gregarious species occurred in habitats with low or
intermediat= HDEN, Solitary pass=2rines never occurred in

sparsely vegetatad grasslands.
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Conc=2alment could be an effective method of avoiding
predators for L=2Conte's, grasshopper, and Baird's sparrows.
They occur in the densest habita*ts in their region, and have
very lowv flush distances (2.0, 4.5, and 3.4 m, respectively).
LzConte's sparrows were reluctant to flush Consecutive times
when chased. Of 320 attempts, 144 could be flushad twice and
only 29 of these 144 were flushed thre2 times, None2 could be
flushed four consecutivse times., Their short flush distances
help them avoid predators, since danse grass makes the
probability of detection low. Ground predators can be
detected by sound in dense grass., B=2cause observability of
predators by sparrows is also hampered, a sparrow flushing too
soon may fly towards a predator. In open grassland, asrial
predators have few perches from which to observe activities,
further enhancing predator avoidance for sparrows.

fiowever, for high HDEN to be used most effectively in
predator avoidance, BDEN also ne=ds to be low. Just as BDEN
is correlated with SDEN, so would we expect the relation of
pradators with their sparrow prey., High BDEN increases the
chances of a pr=dator encountering a prey. The habitats in
Oklahoma and western Texas with the densest and tallest
vege“ation have *he lowest seed densities (Table 1). Thus,
th2s2 habitats are predictably €food sparse. Persistent
solitary habits for species occupyilg theSe hapitats may have
2volved in response *to this condition (2ver though
excep+tionally high densities were rzcorded on one site). BDEN

would be higher inr adjacent habitats, attracting predators to
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these relatively bird-rich areas.

Smith's longspurs occurred in dense patches of three-awn
and silver beardgrass. The vegetation in these grasslands is
not as tall as habitats of LeConte's and grasshopper sparrows,
but were generally s=ed-rich compared to adjacent
microhabitats., Higher seed densities will attract more birds.
Since BDENs will also be higher, bird predators could
potentially move profitably from patch to patch. Snith's
longspurs are gregarious. When disturbed, their groups fly up
calling. Th= response of the group may serve to distract
predators' attention from any one individual, and thus serve
in predator avoidance (Vine 1971, Kenward 1978) . A solitary
strateqgy may not be as successful for this species, Because
orne individual would elicit a group flush response (pers.
obs.), flocking aids in earlier detection of predators for
most group members, -

Flocking can enhance predator detzction as well as create
dis*raction tactics against predators in sparsely vegetated
habitats. Lapland longspurs and horned larks occur in sparse
habitats wi*h almos* no covar. Lapland longspurs form large
groups, and horned larks in November (pre-breeding) were
primarily flockers. Chestnut-collar=ed longspurs observed in
migration in plowad fields were also seen in large groups; I
observed prairie falcons (Falco mexicanus) attempting tce
capture these spaciss on four occasions; the falcons flew low
toward a flock. These longspurs and larks all flsw up in

rasponse *o a falcon, forming into a tight group. Horn=ad
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cunicularia) accidently flushed by the obsarver into the

flocks.

Some sexual differences in response to th2 observer wver=2
noted in chestnut-collared longspurs. The strikingly colored
males tended to move ba2hind grass clumps when approached.

When observed in a cultivated field, males would actively move
into furrows not aligned with the observer, However, the faw
females observed (11) would generally b= still, even if
exposed to the observer,

Motionless behavior was also typical of Smith's longspur.
To observe flocks of Smith's longspurs on the ground, it wvas
necessary to know where a group had landed and approach very
slowly to within 20 m of this location. Then, the observer
would need to wait 10 to 20 min before a bird, often
unobstruct=2d from view, would move its head, Thus, Smith's
longspurs and female chestnut-collarzd longspurs may use their
camouflage in preference to flushing to avoid detection of
potential predators.

Savannah sparrows wer2 once obsarved feeding among a
flock of chsstnut-collared longspurs when a loggerhead shrike

(Lanius ludovicianus) flew over, Every longspur flew up into

a tight flock; 2very savannah sparrow (about 15 individuals)

held its ground, indicating that this latter species depends

‘on camouflage to avoid detection of aerial pradators.
Spraque's pipits were soli*ary and occurr=sd in habitats

with low vegetation height (14.1 cm, SD=13.2) and moderat=
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vagetation dansities (29.7 vegatation contacts per grid
sample, SND=13.2)., Pipi+s were fairly common on som2 HGs in
southern Texas. They behaved like savannah sparrows on the
ground, moving away from the oObservar when approached. They |
could bhe approach2d to about 20 m when stalked slowly; flush
distance was 12 m. However,'when flushed, a Sprague?s pipit
would £1y high, often giving a loud alarm call as do
longspurs. It would often fly up to considerable hesights,
hover and “hen drop quickly to a safe location. Occasionally
other Sprague's pipits would flush at distances much greater
than 50 m from the observer after a flushed individual gave
its alarm call. This behavior may be used to observe
potential predators from a safe locatiorn, ard may also serve
to alert other pipits of the potential pradator's presence.
Responses of Sprague's pipits *o asrial predators were not

noted.

DISCUSSION

Cody (1971) indicated that flocking in desert sparrows is
an adaptation to food supplies of low density and high
dispersion. In wet years, when food is abundant, birds are
widely dispers=2d in small flocks. However, in dry years whan
food is sparse, desert sparrows form=2d into large flocks.
Cody g=2n=rated a model to explain the course, amount of
circulari+ty, and ra*te of travel of “hese spesciss. The model
predicts that birds re+turn to an ar=a after the seed resources

have been rsplenish2d through runoff-dapandent ripsning ratzs.
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In contrast, Raitt and Pimm (1976) presented the argqument that
flocking is a response to the concerntration of food resources
by desert rains. Flocks search for the se=d bonanzas.

In grasslands, a continuum exists from solitary bird
species occupying seed-sparse habitats with good cover to
flocking species occupying seed-rich areas with or without
cover. Tlocking was associated with patch use in Smith's and
chestnut-collared longspurs. However, lapland longspurs and
horned larks also occurred in flocks on open cultivatd sites
where seeds were abundant, and more evenly distributed.
Savannah sparrows, on some areas 2xhibiting type 2 spacing
patterns (Fig. 4), formed into groups when disturbed.
Flocking appears useful for predator avoidance in open
habitats or whare birds utilized seed-rich habitats. Flocking
may serve for =2arly detectlion of predators, and may also
enhance evasion tactics of birds in open habitats.

The tallest ungrazed or lightly grazed areas in
grasslands typically contain perennial grass species. For
thas2 plant species, the strategy is K-selected (Emlen 1973),
Individual plants compete for space and are thus expected to
divert their rasources toward increasing individual size, as
opposed to se=2d production. Risser (1980) showed seed
production on LGs is much lower *han on HGs. Low s=eed
production for LGs was recorded in the present study (Table
1), LeConte's and Baird's sparrow habitats were seed-sparse
compared to habitats of savannah sparrows. Low SDEN would

support low BDEN., Solitary species could avolve with this
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system. Spacing would insure that individuals had enough of
+he limiting rasource to survive. Predator avoidance is
enhanced by dense habitat, low BDEN, and the small siz2 of the
species occupying these tall habitats.

I observed a high density of LeConte's sparrows in south
Texas during Dacember 1976 and February 1977. SDEN was not
measured that season, but four times the mean raianfall (305
cm; mean, 87 cm) probably produced a bumper seed crop. Even
though BDEN was extremely high, LeConte's sparrows remain=sd
solitary. Johnson (1956) reported a field occupi=d by about
200 LeConte's sparrows in his study in central Oklahoma. High
densitiss of LeConte's sparrows have also been noted by D.S.
#ood (pers. comm.) and me during migration in central and
waestern Oklahoma. However, low dansiti=s were mors often
found for LeConte's, Baird's and grasshopper sparrows in this
study, and for Baird's and grasshopper sparrows by Pulliam and
Mills (1977) and Emlen (1972).

At moderate to high densities, savannah sparrows were
spac2d apart, but utilized only part of the suitable habitat
at any tim= (Fig. 4, Type 3). Predators, potentially
attracted to higher BDEN, may havs presented a positive
clustering =ffect. However, thes data of first-disturbed birds
irdicat= *that savannah sparrows have evolved spatial and
social habits which take advantage of spacing birds apart, yet
s+*ill have positive group effacts.

BDFEN was significantly correlated with SDEN for sparrows.,

High densities of savannah sparrows were recorded at the
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highest SDEN., Savannah sparrows were absent from one site
where they (and SDEN) were vary high the following year
(Grzybowski 1980a), indicating total recruitment in response
to SDEN. In contrast *o sparrows, BDEN was not significantly
correlated with SDEN for longspurs. This may indicate that
sparrows track their environments more closely than longspurs.
However, longspurs were often seen flying over sitss. The
actual area utilized per bird may be closaly corrélated with
SDEN for longspurs. Because longspurs forage frouw patch to
patch, and could easily have u*ilized sites nearby,
calculations of birds per arsa, or birds per SDEN would not bs
valid. Longspurs may very closely track SDEN.

Resources other than seeds may have influenced space use
of grassliand birds. Water was certairly ona. Longspurs were
obsarved at ponds in the early morning. Lapland Longspurs may
depend on available water sodrces, and this factor may limit
their geographic distribution. On days when ice covered
ponds, flocks were observed pecking on the ice. Much of the
local movamen* of longspur individuals in morning hours nmay
havz b22n due to longspurs travelling %o water.

Pulliam and #ills (1977) presented evidence that space
us2 by grassland sparrows may be affected by the presenca of
tre=s or shrub cover. According to thes2 authors, competing
speciass vie for positions near cover *o enhance predator
avoidanc2. Pulliam and Mills claimed that savannah sparrows
ar2 displaced from *ree or shrub cover by vesper sparrows. In

Fige. 6, however, only *two of the four gronp ranges of savannah
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sparrows included cover greater than 1 m tall, in spite of the
prasence of this cover nearby and th2 absence of other sparrow
sp=cies. In general Savannah sparrows avoided any but grass
cover in almost all situations, unless they were disturbed
repeatedly.

Caraco (1979, 1980) developed a model *o predict group

size in yellow-eyed juncos (Junco phaeonotos). Juncos in

flocks can decrease their time scanning for predators, and
inCr2ase their foraging effort as group size increasaes because
of the increased probability of detecting a predator with more
2yes wa*ching. However, increased food density, which
decreases requisite feeding time, allows mors time for
aggressive behavior between individuals, thus increasing the
probability that a subordinate may be driven from a group.

In ny study, increased food density was associated with
increased bird density, and increased group size. This
appears to conflict with Caraco's findings. However, Caraco's
study dealt with one species in one enviroamental setting. I
investigated a number of species with differing biologies.
Caraco's model assumes *hat dominance hisrarchies will form,
driving subordinates from th2 group when dominants have more
time for aggression. Dominance hierarchies may not be as
prominant in grassland bird species as in juncos., Large
numbers of individuals on grasslands with high seed densiti=s,
the high mobili“y of Some species (especially longspurs), and
a mor2 even distribution of seeds on grasslands may reducs

advantagas of dominanca.
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Caraco's (1979, 1980) study =2mphasizes the dynamic nature

of groups. Howavar, if *he establishment of dominance
hisrarchies is suppressed in grassland birds, groups may be
more stable., TFurthermore, juncos (irn Caraco's study) fed in
exposed areas, and moved to cover ralatively safe from
predators whsn not foraging. The lack of suitabla covar,
s=xpecially in some open grassland habitats, may favor the

maintanance of groups.

ACKNOWLEDGHENTS

This research was partially funded by the Frank M.
Chapman ¥Memorial Fund of the American #fuseum of Natural
History, *he Oklahoma Ornithological Society, and the Research
Council of tha Univeristy of Oklahoma. Computer facilities
ware provided by the University of Oklahonma Computér Services.
My thanks go to D. Wynne, H., Myser, W. Shokey, F. MCCormick,
W. Johnson, W. Goldsmith and S. Barbour for graciously
allewing me access to their property. I also thank other
unknown landowners whose grasslands I traversed, I extend nmy
appraciation *o B, Henderson for permitting me to use
propaerties of the University of Oklahoma. M4y appreciation
also goes to the U.S. Fish and Wildlife S=2rvice and the
personnel at Mulashoe Na*ional Wildlife Rz2fuge for use of
their lands and facilities, I especially thank Bill Long for
his companionship and occasional meals during my stays at
Muleshoe. I alsc thank the personnel at Welder Wildlife

Foundation, including E. Bolesn, L. Draws, F. Glazen=r, J.



SPACE USE IN GRASSLAND BIRDS 87

Tier, G. Blacklock and Carolyn for *the us2 of their
facilities. Special thanks go *o E. Bolen for his
helpfulness., I thank my wife, Eileen, for her devoted
support, Finally, I extend my gratitude to G.D. Schnell for
use of his laboratory, facilities, and personal office. C.C.
Carpenter, J.R. Estes, G.D. Schnell, and B.M. Vestal provided

us2ful comments for improving earlier drafts of this paper.



SPACE USE IN GRASSLAND BIRDS 88

LITZRATURE CITED

Ben+, A.C. 1942, Life histories of North American
flycatchers, larks, swallows, and their alliss., United
Stat2s National Museum Bulletin 179,

Bent, A.C. 1968. Life histories of North American cardinals,
grosbeaks, buntings, towhees, finches, sparrows, and
allies, United States National Museum Bulletin 237.

Bertram, B.C.R. 1978, Living in groups: Predators and prey.
In Xrebs, J.R. and N.B. Davies (editors), Behavioral
ecology, an evolutionary approach. pp. 64-96. Sinauer
Associates, Inc., Sunderland, Massachusetts.

Caraco, T. 1979, Time budgeting and group size: A thesory.
Ecology 60:611-617.

Caraco, T. 1980. Stochastic dynamics of avian foraging
flocks. The American Naturalist 115:262-275.

Cody, M.L. 1971, Finch flocks in the Hohave Desert.
Theoratical Population Biology 2:142-158.

Crooke J.H. 1965. The adaptive significance of avian social
organizations. Symposium of the Zoolcgical Society of
London 14:181-218,

Davis, J. 1973. Habitat preferences and competition of
wintering juncos and golden-crown2d4 sparrows. Ecology
S4:174-180,

Emlen, J.M. 1973, Ecology: ADQ evolutionary approach.
Addison-Wesley Publishing Company, Reading,
dassachusetts,

Emlen, J.T. 1971. Population densitizs of birds derived fronm



SPACE USE IN GRASSLAND BIRDS : 89
*rans=ct counts. Tha Auk 88:323-342,

Emlen, J.T. 1972. Size and structure of a wintering avian
community in southern Texas. Ecology 53:317-329.

Goss-Custard, J.D. 1970, Feeding dispersion in some
overwintering wading birds. In J.H. Crook (editor)
Social behavior in birds and mammals. pp. 3-34,
Acadamic Prass, London.

Grzybowski, J.A. 1980a. Population s*ructure in grassland
bird communities during wint2r. The Condor (MS).
Grzybowski, J.A. 1980b, WNiche relations of grassland birds

during winter, The Auk (MS).

Johnson, J.C., Jr. 1957, Habitat preferences among
representative wintering and breeding birds of the
central Oklahoma forest-prairis =cotone., Doctoral
Dissartation, University of Oklahoma, Norman.

Kenward, R.E. 1978. Hawks and doves: Attack success and
selaction in goshawk flights at wood-pigeons. Journal of
Animal Ecology 47:449-460.

Korss, D.,H. 1970. Ecological aspects of some nixed-sSpecies
foraging flocks of birds. Ecological Morographs
40:119-168.

MurrayY, B.G., Jr. 1969. A comparative study of the LeConte'’s
and sharp-tail=d sparrows. Th2 Auk 86:139-231,

Murton, R.X., A.J. Isaacson, and N, Westwood, 1963. The
feeding ecology of *the wWwoodpigeon. British Birds
56 :345-375,

Pl=2asants, B.Y. 1979. Adaptive significance of the variable



SPACE USE IN GRASSLAND BIRDS 90
dispersion pat*ern of breeding northarn orioles., The
Condor 81:28-34,

Post, W. 1974. Functional analysis of space-related behavior
in +he seaside sparrow. Ecology 55:564=575.
Powell, G.V.¥., 1974, =Experimental anralysis of the social

relation to pr=2dation and foraging. Animal Beshaviour
22:501-505. '

Pulliam, H.R. 1973. On the advantages of flocking. Journal
of Theoretical Biology 38:419-u422,

Pulliam, H.R. 1975, Coexistencz2 of sparrows: A test of
community theofy. Science 189:474-476.

Pulliam, H.R., and G.S, Mills. 1977. The use of space by
wintering sparrows. Ecology 58:1393-1399,

Raitt, R.J., and S.L., Pimm. 1976. Dynamics of bird
communities in the Chihuahuan Desert, New Mexico. The
Condor 78:427-442,

Risser, P.G. (Editor). 1980. The true prairie ecosysten.
Dowdan, Hufchinson and Ross, Inc., Stroudsb=erg,
Pennsylvania,

Snapp, B«.D. 1976. Colonial breesding in th2 barn swallow

(Hirundo rustica) and its adaptive significanc=. The

Condor 78:471-u480,
Sokal, R.R., and F.J. Rohlf. 1962. The comparison of
dendrograms by objective methods. Taxon 11:33-40.
Vinz, I. 1971, Risk of visual detection and pursuit by a

predator and the selective advan*age of flockiag



SPACE USE IN GRASSLAND BIRDS 91

behavior. Journal of Theoretical Biology 30:405-422,



FIG.

FiG.

FIG.

Lo |
-

SPACE USE IN GRASSLAND BIRDS 92

1. Locations of study sites in Oklahoma and Texas.

2. Relation of group size to seed density for sparrows

and longspurs.

3, Correlation phenogram of species based on an
unweighted pair group method of cluster analysis using
arithmetic averaging for species and site attributes,
Cophenetic correlation was 0.846, Species are
BATIRS--Baird's sparrow, CHESL--chestnut-collared
longspUr, GRASS~--grasshopper sparrow, HORNL--horned lark,
LAPLL--lapland longspur, LECONS--LeConte's sparrow,
SAVAS--savannan sparrow, SMITL--Smith's longspur,
VESPS=--vesper sparrow. Site designation are: LG--1lightly
grazed grassland, MG--moderately grazed grassland,
HG--heavily grazed grassland, HG+--heavily grazed
grassland in January 1979, and CU--cultivated field.
Regions are: OKLA--Oklahoma; STEX--southern Texas;

dTEY-~-Wwestarn Texas,

4, Diagramatic representation of spacing patterns
axhibitad by grasslarnd birds during winter. Four types
are identified., Each square repres2nts an area which is
large relative to “he individuals. Individuals are
represent2d by dots; six dots ir sach square are used for
convenience, So0lid circles surrounding dots reprasent

use-areas to which enclosed individuals (dots) restrict
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themselves, Circles formed with dashed lines rapresant
ta2mporary use areas. Three sizes of circles ars
used-~the smallest for types #4a and 4b represent areas of
individual distance; intermediate in types 1, 2b, and 3
represent "territories" or individual spacing units
larger than individual distances; and the largest for
type 3 represents an area of yroup activity. Ellipses
(in types 2b and 4a) represent patchas of preferred
habitat, Arrows depict the magnitude of potential
movements by individuals, including within "territories"®
(type 1), locally within site (type 2a), within and
between patches (types 2b and #4a), within group activity
areas (type 3), within site (types 2c and 4b), and

batween sites ({types 2c, H4a, and 4b).

5. Space use areas of LeConte's sparrows on a lightly
grazed grassland in csntral Oklahoma during the winter of
1975-76., Activity areas of individuals are delineated by
solid lines. The area delimited by dashed linas was

occupiad by four *o eight sparrows. See taxt.

6. Space use by groups of savannah sparrows (d2limited
by dash2d linss) on a succasional grasslard in central

Oklahoma during +he winter of 1977-78. Sece text,

7. Space use areas of groups of (3) Smith's and (B)

ches*tnut~-collar=2d longspurs during *he winter of 1975-76
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on 2 HG (sits 1a) in central Oklahoma., Areas used by
longspurs are enclosed by solid lines, Heavy use areas
are d2signated by cress-hatching to the right within

othar =nclosurss (see text).
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TABLE 1. Social and acologic azsiibutes of yracsland

bird species.

102

Social Bcologic
e
a b Gcoup Individual Purcent of itabitat Habitar Bizd Seed
Speclas Treacmant Rejlon size distance individuals Jdensity beight density density
solitary
qd
Elyags
dornad lagk
(Cganopehila alpasscis) cy Okla 6.1 1.7 k] 2.8 0.8 102.3 2.7
LG WTex 8.5 1.8 3 0.8 21.6 132.0 0.10
HeG dTex 8e1 2.2 2 10.0 7.5 102.0 0.66
20 dTex 15,0 1.6 1 4.3 3.5 734.0 2.08
Lapland Lonyspur
(Calcagius lapponicus) [wi} Okla 14649 1.5 0 G.6 1.0 118.8 2.M
Saith’s Longspur
{Saleacius pictus) n3 Okla 1.6 2.9 3 3.5 39.0 139.7 1.59
s Okla 12.8 2.9 1 37.7 21.2 279.8 1.46
Chastnut-collarad Lonyspur
(Calgariug Qgnasus) EH okla 8.6 S.4 1 29.3 38.7 26,8 1.59
HG Okla 5.4 6.5 5 25.5 17.3 40.5 1.46
G WTex 2.6 12.7 15 15.5 14.5 28.5 0.61
L]
i+ WTex Se1 7.6 L] 17.6 148.5 122.0 0.7
FEi4+11 1
Savannah Spacrcow
(Bagserculus sandvichensig) LG okla 1.2 13.2 T4 47.5 45,1 46,0 1.46
HS okla 1.1 10).0 94 32.3 40.6 12.3 1.1
G Okla 1.2 18.7 70 38.8 23.8 38.3 1.5
LS STex 4.2 §.9 8 52.0 60. 1 1,228.0 -
hit STex 2.9 1m.1 19 52.0 6041 786.2 4,41
G STex 1.3 12.2 57 28.8 23.3 g4.2 0.29
Grasshopp2c Sparrow .
(AR2pdZapysS savapnagum) Lid STex 1.0 19.5 100 68.8 63.6 71.0 1.1
Bairi*s Sparrcow
(Ammoipamys baicdii) LG 4Tex 1.0 60.7 100 30.0 21.6 25.2 a.10
LeConta' s Sparrov .
(Asmespiza lesenteil) LG okla 1.0 82,7 100 66.0 63.2 2.5 0.40
LG 5Tex 1.0 1.1 100 - - 1,888.0 .-
neG STex 1.0 17.1 100 64.0 63.2 142.8 1.10
Vesper Sparrow
(R2oecates qrasiaeus) ne STex 3.0 3.7 10 37.7 24.6 122.7 2,92
Ingectivoges
Sprague's Pipit
(Aashys sexagyedd) HG STex 1.6 53,1 100 29.7 1.1 60.8 --
Eastern Meadowlark
(stugneldla aagna) L3 okla 1.7 4.8 ue 44.4 46.0 LA
HG Okla 1.4 21.6 63 36.0 31.0 21.2 .-
G Okla 1.5 14.8 uo 44,7 26,3 27.6 --
cu Okla 3.4 9.6 10 1.3 1.4 77.0 -
NG STex 2. 1.8 12 68,0 4S,0 9% ,0 -
il STex 7.9 10.2 12 6.3 16.0 112.8 .-
Western Neadowlack
(Stuznedda neglecta) LG “Tex 1.0 100.0 100 30.0 21.6 8.3 -
G wTex 1.0 100.0 100 -- -- 1.7 --
a
CUs cultivated; HG= heavily jrazed; LG= lightly grazed; RGa moderately grazed: PO= prairie dog town.
b
Jkla= Dklahosa; STexs southarn Taxas; #Texz vestern Texas,
Loy of seed volume are jgiver (see %2xt).
k]

See text for cateyory dasignations.

@

1eans fros Jaruary 1979 vhen the sitz vas recovering froa being heavily grazed.
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a
vVariables Granivores Insectivores Sparrows Flyers Longspurs
{(n=22) (n=10) (n=11) {(n=11) (n=7)
GSIZ-HDBN -006“*** -0015 -0007 -0033 '0.‘33
GSIZ-HHT =0.55%% =0.20 -0.08 -0.26 -0,36
GSIZ-BDEN 0.39 0.67% 0.82%% 0.46 0.40
GSIZ-SDEN 0.41 c- 0.88%*xx D, 72%% 0.94x%xx%
IDIS-HDEN 0.57 %% =0,15 -0.09 0.31 0.07
IDIS-HBT 0057** -0017 0.01 0.37 0.10
IDIS-BDEN =-0.u48% -0.59 -0.69% ~0.61% -0.69
IDIS-SDEN -0032 - -0. 52 -0.u5 -0090**
SOL-HDEN 0.63%= -0.10 0.20 0.12 -0.,16
SOL-HHT 0.56%% -0.08 0.09 0.03 -0.16
SOL-BDEF  =0.44%* -0.62 -0.76%% -0.48 -0.64
SOL-SDEN -0039 - -0. 80** -0. 71** '0.70
a

See text for symbol designations.

b

#e= (P<.05) ; **==(P<,01); ***¥-=(P<.001).
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NICHE RELATIONS OF GRASSLAND BIRDS DURING WINTER ~

1
JOSZPH A. GRZYBOWSKT

Department of Zoology,
University of Oklahoma, Norman, OK 73019 UsA

ABSTRACT: Patterns of resource use were evaluated for
passarine birds occupying open grassland habitats in Oklahoma
and Texas. Of 11 speciess, the Eastern Meadowlark and the
Savannah Sparrow were generalists, with broad niches, that
occupiad a broad range of habitats. Horned Larks and Lapland
Longspurs were found in open habitats only, where thay were
abundant. LeConte's and Grasshopper sparrows were g2nerally
uncommon, and found only ir tall and dense grasslands.
Smith's and Chasstnut-collared longspurs occurred in

intermadiate grassland habifats, These latter two species!

9

niche widths were similar in magnitude to those of the Lapland
Longspur and LeConta's Sparrow. Vsspser Sparrows 2xhibit=ad the
narrowest niche width,

Stepwise discriminant function analysis showed percent
grass cover to be the best variable for discriminating among
th2 habitat preferancas of grassland bird speciss. Vsjetation
haight and percent forb cover, with percent grass cover,

(taken in combination) were also important., This was not the

1 Presant address: Oklahoma Dspartment of Wildlife
Consarvation, 1801 North Lincoln, Oxlahoma City, Oklahoma

73105 UsA.



GRASSLAND BIRD HABITAT RELATIONKS 105
case in th2 westaern Texas region where vegeration density at
th2 20-30 cm height intsrval, litter depth and percent litter
cover wer2 more important in discriminating the habitat
preferances of grassland bird species. 1In a principal
components analysis, vegetation height and density accounted
for the most variation in the épecies' habitat preferences;
littar depth and forb cover were of secondary importance,

Horned Larks dominated the wes+tern Texas sites, but
occupiad only a portion of the total rang? of grasslangd
habitats available. Few individuals in western Texas occupied
habitats characterized by taller vegetation. A paucity in use
of taller and denser grassland habitats was also =2vident at

several Oklahoma localities, This was no*t true on the

ot

southern Taxas sites,
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[ INTRODUCTION ]

In the past 20 years, much attention has been given to

d=fining habitat preferences of birds, and evaluating resource

division and methods of coexistence among members of bird
communities (Cody ard Diamond 1975). Bond (1957) and Beals
(1960) evaluated the distribution of bird species alorng
phytosociological gradients in a series of woodland
communitiss; although s2veral species showed little or no
pr=ference, several indiscrete groupings were identified on
the basis of the bird species' pr=ferences for tree spacies
rasponding to soil moisture conditions. More recently,
ordinations of various types have been employed to describs
habitat partitioning of bird species along a few axes
summarizing a lacger nuaber of coften highly corrilatad

variables (James 1971, Andsrson and Shunyarct 1974, Whitwmoros=

1975, 1977). Shugart and Patten (1974) developed a model for

niche quantification, and us=d it to evaluate niche pattern of

fringillid species.

I have evaluated resource us2 among grassland birds
during winter., While Cody (1968) and #iens (1963)
investigated resource relations among grassland birds during

th2 breading ssason, neither these studies, or most others,

considar resource us2 during non-bre=ding periods. Since most

temparate passarin2s spend only a few months a year in
brezeding ac*ivitiss, and many leavs their breedirng grounds
immediately after nesting, a substantial portion of thair

ecology has been n2glected.
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Ainter seasons differ from summesr seasons in that many
bird species occupy differsrt geographical ranges, are
subjscted to different environmental conditions, encounter
different competitors, and utilize different food resources.,
Compatition may be heightened in th2 winter, not only by
increased southward overlap in ranges (of many spacies), but
by recruitman*t of young, non-r2plenishing food supplies and
reduced photoperiod (Fretwell 1972). Because food may be more
limiting in winter, PFrestwell (1972) sugyested that species
groupings may be more structured than in summer,

This paper is one of a series dealing with ecological
r=2lations among grassland birds during wintar (Grzybowski
1976, 1980a, b). The purposes of my study are to (1) assess
resource us2 of bird species occupying open grassland habitats
during winter, (2) determine the elements important in
structuring these bird communitiess, (3) d=2scribe the
relationships of resource use between species, and (4)
evaluate patterns of us2 within *the grassland habitat resource

spectrum among regions,

METHODS
Sites varying in grazing pressure or cultivation
practicss W#2re selected for study in *hrze rzgions of the
sou+thern plains., They encompass the range of variation in
structural habitat characteristics for grasslands in the
rzgion, and include most of the avian species typical of copen

grasslani., These sites included: four in cs2ntcal Oklahoma
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(one each of heaviliy grazed, moderately grazed, lightly
grazzd and cultivated); one in west2rn Texgas traversing, in
part, a prairie dog town and, in part, a lightly grazed
grassland; and two sites in coastal south2rn Texas (a lightly
to modara*ely grazed and a h2aviliy grazed grassland). The
g2ographic locations of these sites are shown in Fig. 1.

selected on the basis of *their uniformity,

|-

Site

[\

er

n
=
()]

absence of trezs or shrubs, and large size. About 5% shrub
cover was present on a heavily grazed grassland in southern
Texas; otherwise, shrub cover was absent or comprised less
than 0.5%. In most cases, this cover consistad of isolated
shrubs less than 3 m in height. Tha cultivated site used in
cantral Oklahoma was planted in winter wheat (Triticunm

a2stivum). A sorghum (Sorgqhum bicolor) crop had been

harvasted prior to *his planting. Detailesd site descriptions
ars provided in Grzybowski (1950&).

Strips approximately 1,000 X 60 m wers established on
each site, and divided into 15-meter-square blocks, =ach
raprasanting a unit in the vegatation aralysis. A total of
1,052 blocks {(about 264 at esach sit2) werzs svaluated during
December 1975 in central Oklahoma. An equivalent number of
blocks par site wore sampled on the western and southern Texas

si ; during lat2 November and lat2 December 1976,

..J
|+
gl
"

raspactively. The lightly grazed and heavily grazed si*es in
czntral Oklahoma were rzsampled in December 1976,
Measures of vagetation were made in th=2 center of sach

block. Four poin* samples of vagatation height and litter



GRASSLAND BIRD HABITAT RELATIONS 109
depth, as well as forb and grass cover were taken, In
addi*ion, the density of the vagetation was assessed from each
point sample'for 2ach 10-cm height intarval by countirg the
number of vegetation contacts wade with the tip of a wire
passed through the vegatation for 30 cm. Litter depth was
considerad as the da2pth of the non-living vegetation broken,
or otherwise detached from vagetation maintaining its normal
living structure. Since most above ground vegetation is dead
during winter, this deofinition was employed to avoid using
vegetation height as litter depth. A summary of the
variablss, measured and derived, and their abbreviations ar=e
provided in Table 1.

Frequency of occﬁrrence of bird species in the blocks was
recorded during each visit to each study site from 7 November
1975 to 12 March 1976, and from 15 November 1976 to 4 March
1977. The entire strip was searched during each visit so that
the amount of time spent searching each block was
approximatsly the same. From 14 to 20 visits were made to
each site during each season., Each observation of an
individual in a block wasS assign=d the valuss of th2 mzasured
and derived vegetation variables for that block to
charactarize the species' habitat prefsrencses and utilization
patterns.,

These data ware subjected to principal componant (PCA)
and discriminant function (DFA) analyses, DFA was used to
identify those habitat variables important in spescies

saparation across all sites combined, and for =ach r=gion.
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The data were analyzed using a computer program (BMDP-DPRCG7M)
d2veloped by Dixon and Brown (1977). In the discriminant
model, variables are entered in a step-wise fashion based on
their abili*y to discriminate among sp2ciz2s. At each step,
the variable which adds the most to th2 se2paration of groups
is enterad. 1In ths first stap, the F-value to enter for a
variable corresponds to the the F-statistic computed from a
one-way analysis of variance on the variabls for the groups
used in th2 analysis. The variable with the highasst F-value
is entered first. At each subsequent step, the F-value to
anter for each remaining variable is computed from a one-way
analysis of covariancs where covariates are the pr=viously
entered variables., 1In addition, the program performs a
multivariats analysis of variance (MANOVA) on the sp=2cies once
all variables contributing to the discrimination of ihese
species hava been sntered. The program also plots the
distribution of observations, and means for ths species, along
the first two discriminant axes,

To assess relations among species by site and by region,
PCA was used (Morrison 1967). This analysis was usaed in
assessing ra2gional and site specific relations, both within
spaciss occurring in more than one site or rsgion, and among
species.

Niche width was es*imated in the following manner. The
valu2s of +he measured and derivad vegstation variables were
averagad for cach site (each year for twe of the Oklahoma

sites), and standardized (mesan=0, SD=1); ths sites wa2r2 then
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entered in*o a PCA. Component Ioadings for the variables were
determined along axes which explained the greatest amount of
varia+ion 2ncompass2d by all grid-blockss Then component
scoras for each block were calculatzad according to the

formula:

(1)

v
i
& s
T}
4

whar2 Y 1is the component score for block m, a 1is the

D

componant loading for variable i, and ¥ is the standardized
i

-

value for variable 1,

The component scores were assigned to 2ach observation of
a sp=2cies in a biock. Frequency distributions of the values
for sach species were generated in class increments along the
first two PCA axes. These class values w2re then entered as
resourcé states into Clarkis (1977) monotonric transformation
of Colw=211l and Futuyma's (1971) niche width equation. Thus
nicha width could be determined for each species using all
sites combined, for any region, or for an individual sites

along s*andard ard comparable axss. Distances from niche

cantars war2 detarmined for each analysis as the EBuclidian

e

distance from the origin to the standardized species' means.,
Abundancs was assessad as the frequancy occurrence of species
in the grids. Th2 values for niche width, freguency
occurrance, and distances from niche c2ntars of species were
than compared using a diagramatic scheme generated by Shugart
and Pat+ten (1974) to evaluate patterns in community structure

for grassland bird commuritias,
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RESULTS

Tabla 2 givas *he F-values for entaring the habitat
variables in a step-wise manner of sevsral analyses. 1In the
first case, for all observations combined across all ragioms,
GRASS was the best discriminator among species! habitats.
VEGHT and FORB also had high P-valuas for entering, and adda=d
to the discriminating power. In combination, GRASS and FORB
were also the best discriminators for the Oklahoma yrasslands,
but VEGHT was replaced by a correlated counterpart--#AXHT.
GRASS and VEGHT were also important in southern Texas sites,
but HALFHT, in combination with GRASS and VEGHT, was the next
best discriminator. While the low discriminatory power of
HALFHT in the combined and Oklahoma analysis may appear
paradoxical, the Ff-value for en*tering HALFHT at the £first step
was 351.1 and 416.2, respectively (Table 2)., HALPHT was
correlated with other variables, which once entered, raduced
the ability of HALFHT to discriminate further among groups.
For species habitats in western T2xas grasslands, DENS25,
LITDEP and LITCOV, in combination, were the most important
variables.

Figure 2 illustrates an ordination for all species
observations basad on the first two discriminant axes. A
gradient of increasing grass cover occurs from low *o high
valuzs along thez first axis. High values on this axis
rapresant tallsr, lightly graz2d grasslands, while low valuss
indicate low vagetation density at the 15-cm heilght interval.

The poin* shown for a species i1s the mean for all observations
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of that species. Observa*ions of L2Conte's Sparrows and, to a
lessar extant, Grasshovpser Sparrows, are spread along th=2
s2cond axis, less so on the first (Fig. 3). Observations of
Hornad Larks, Lapland Longspurs and Smith's Longspurs exhibit
restrictive dispersion or the habitat axes (Fig. 3). However,
Savannah Sparrows and Eastern M=adowlarks exhibit considzsrable
disparsion across the entire spectrum of habitats sampled.
None of th2 species overlapped significantly (MANOVA, P>0.05).

Figure 4 shows results of a PCA analysis using th2 same
data. Table 3 gives compon2nt loadings of the vsgetation
variables., The first axis accounts for 70% of the total
variaticn; the seccnd for an additional 17%. The first axis
of the PCA is one of increasing va2g=2tation height and density:
the second is one one of increasing litter depth and
decréasing forb cover. Horned Larks and Lapland Longspurs,
similar in the low amount of GRASS in their habitat (Fig. 2,
axis I), differ notably irn the amount of forb cover (Fig. 4,
component IT),

Figure S shows the results of a PCA for each sp=cies by
site, and also shows the positions of the sitss rela*iva to
the species. In this way we can compare and evaluate spacies

us2 pattarns relative to =ach other and the site means,

)

Obsarvations for the two s=asons on two Oklahoma sit=2s ars
separatsd (1a and b, and 2a and b). The first axis is
similar to that in Fig. 5; the sacond is one of increasing
litter depth and cover.

Savannah Sparrows and East=2rm Mcadowlarks are scattarred
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across the diagram. They occur on =2ight and seven of the
sites, respectively, in a variety of habita+t conditions,
Vesper Sparrows on the lightly graz2d grassland in southern
Texas (LG-STEX) are quite deviant frowm th2 the site mean and
other species at that site. LeConte's Sparrow occurs in the
taller grasslands; the three points for the speciss ar2 very
clos2 to each other (Fig. 5). The two points for ilorred Lark
are clos2 to =ach other, as are those of 3Smith's Longspur.

The three points for Chestnut-collared Longspur aTre also vary
Similar., Thus, thzse latter four species show restrictive
habitat us2 even though they occur on several sitzs,

The differences that occurred between seasons can be seen
in Fig. 5. On one site, a dramatic change in habita%t occurred
between the winters of 1975-76 and 1976-77, from a lichtly
graz2d grassland {(LG-OK[ 1a]) to a moderately grazed grassland
(46-0K[ 1 ]) . Only Savanrah Sparrows and Easterm Meadowlarks
were present on this site the s2cond season. In the case of a
heavily graz=d4 grassland, the change in the vegetation for ths
site means and species means between *he 1975-76 season (HG-
CK[ 2a]) and *he 1376-77 season (HG-O0K[2b]) is represert2d by
ctkanges along the first principal component axis,

Species appsar to avoid the higher vegetation h2ights and
densities. Except for LeConte's Sparrow, specias occupying
LG-0K(1a), MG-0K, and HG-0K(2a and 2b) occur at vagetation
haigh*s, idensities, and litter depths lower than the site
m=an,

Niche width =s+timates of grassland birds bas=d on *h=2
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first twe PCA axis (accour*ing for the greatest amount of site
variation) are givern in Tabls 4, Since component I accounts
for 70% of the total variation at all sites, niche widths can
be compared using this single axis. For all sites combinad,
Eastarn Meadowlarks and Savannah Sparrows show ths broadest
niche widths. The niche widths of oth2ar species are

.
Py
laa\-

rmediat2 to low by comparison. The Western Meadowlark has

1]

a relatively low niche width. This species was not common in
*he open grassland habitats samplad. Vesper Sparrows occurred
on only a very restrictive portion of the lightly to
moderately graz=2d grassland sampled, namely cut fire breaks.,
Its niche width is also low. Sprague's Pipits and Grasshopper
Sparrows were pressnt in southern TexasS, but uncommon. Their
niche wid+hs are relatively lower than othar speciss,

In Oklahoma, ZFastern NMeadowlarks and Savannah Sparrows
show much broader niche widths than other Séecies. The
LeConte's Sparrow had slightly lower niche width than the rest
of the species in Oklahoma, occupying dense and tall lightly
grazed grasslands. The Lapland Longspur also had a very
narrow niche width, being restricted %o cultivated fields.

In southern Texas, Savannah Sparrows and Eastern
Meadowlarks also had the highest niche widiths; Vespar Sparcow
has the lowest., Grasshopper and LeCorta's sparrows had very
similar niche widths., LeConta's Sparrow's value was higher
t+han in Oklahoma.

In westarn Texas, Horned Larks show the broadest niche

width. I+ was the most abundant sp=zcies. Ths Eastern
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Mzadowlark was rare in western Texas. It has a very low niche
width value., Western Meadowlark also has a low niche width
valus, an unexpsc+ed result considering the distributional
range of this species., But Western Meadowlarks were uncommon
in open grassland compared to adjacant arsas with shrubs, or
along roadsides. Sprague's Pipit and Leconte's Sparrow both
had very low niche valu=2s in western Texas. Both were rare.
LeConte's Sparrow is at the very edge of its distributional
rangsa.

Table 5 shows the distances from the niche centar
calculated from the first %two principal components for each
group of data. Figure 62 gives the distribution of spacies
along axes of niche width, distance from the regional niche
center, and abundance. The points for two species having
broad niches--Eastsrn Meadowlark and Savannah Sparrow--are
located close to the niche center; these species are common,
Most other species have intermediate or low niche widths. One
species, the lLapland Longspur, stands out., Eveh though this
longspur's niche width is relatively narrow compared %o other
spacias, and i* is located far from ths rsgional niche canter,
it is very abundant. Lapland Longspur occurs almos%
exclusivaly on cultivated sites in central Oklahoma. Egqually
distant from the niche center, bu% with a r2latively broadsr
niche than the Lapland Longspur, is the Horned Lark. It too
occupies open habitat in high numbesrs. Two other spacies,
Grasshopper and LeConte's sparrows, also occur r=lativaly far

from *he niche canter (Fig. 6A). Both these sparrows occupy
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the tallest and d2nsest habitats. In contrast to Horned Lark
and Lapland Longspur, however, they occur ir low numbers.

Two speciss with intermediate niche widths were generally
similar in this analysis--Smith's and Chestrnut-collared
longspurs. Smith's Longspurs occupied a slightly broader
niche and was generally more abﬁndant, but the two are similar
in their positioas in niche attributes.

The Westarn Meadowlark occurs fairly close to the niche
center and has an intermediate nich2 width, but was rare. The
Sprajgua's Pipi%* occurred primarily in southern Texas, was
uncommon and was somewhat specializ2d in its habitat
praference. Vesper Sparrows had th2 narrowest niche breadth
and was uncommon. It was recorded on only one site and then
only along cut firebreaks.

Shugart and Patten's (1974) graphic rspresentation can be
used to compar2 patterns among regions. In Oklahoma, Horned
larks were not as abundant (Fig. 6B). Otherwise, species show
similar attributes as in Pig. 6A. Por tha southern Texas
region (Fig. 6C), several shifts among sp2cies occur.

C

2Cont2's and Grasshopper sparrows show broader niches.

t

Zastern Meadowlarks and Savannah Sparrows are locat=d further
away from the nich2 center than in other regions. The
patterns in wastern Texas (Fig. 6D) irdicats the numerical
dominance of Hornsd Larks, and the general lack of othar
specims. This reflects the low utilization of much available
habitat in this region. The species pres=ant have narrow nichs

wid+hs.
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DISCUSSION

Cody (1968) showed several patterns of habitat separation
for species in summer. In lightly grazed tall grass prairie,
species showed separation on the basis of vegatation heigh%,
but on short-grass plains, there was considerable habitat
ovarlap among the species. Unliks Cody's study, my results
indicate that few species occupy short-grass habitats in
western Texas. The species tha*t occurred were rare, and sonme
were more abundant in adjacent habitats (i.2., Western
Meadowlarks). McCown'!s Longspurs were expected to co-occupy
habi*ats in western Texas with Horned Larks, but th2 former
ware rare at my study site (Grzybowski 1980a), occurring in
heavily grazed areas., Baird's Sparrows wers presant in low
numbers. They were observed in only one of three winters at
the westa2rn Texas sites (Grzybowski 1980a), and occurred on
the lightly grazed areas. Chestnut-collar=sd Longspurs were
pres2nt in western Texas, yet were encountered primarily when
they cam2 to roost in the lightly grazed portions of the site
(unpubl. data). Only a few scattered individuals were located
during the day in lightly grazed grasslands.

Pnlliam and Mills (1977) found Chestnut-collared
Longspurs and sa2veral other species, which were not present on
tha westarn Taxas sites, on short grass prairies in
southeastarn Arizona. Horned Larks were not mentioned by
Pulliam and Mills. Thus, some intrinsic differencses batween

he

G

ot

2 reglons in species composition are 2vident., The study
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conditions than in southeastern Arizora. They may also be
diffarent from Arizona localities in other ways. The low
numbsr of individuals is best explainad by the low seed
avaiability in 1lightly grazed areas (Grzybowski 1980b). The

dominant grassss wera species of Sporobolus. This group has

very small seeds which may be too small for grassland birds to
explolit =2ffectively.

Western Meadowlarks were rar2 and usually soli*ary in
oper grasslands in western Texas during winter. The2y were
encountered in adjacent areas (often in groups) whare soae
shrub cover was present (unpubl. data). It appears that open
grasslands ars not prefsrred habitats of this speciss in the
wintar,

Tastern Meadowlarks were mor2 often encountared than
Wast2rn Meadowlarks in open grassland in Oklahoma and southern
Texas. Howzaver, LCastern Meadowlarks were also mors common in
adjacent shr-ubby are2as (unpubl. data). They may have been
encounter=d more often in open grassland in Cklahoma and
southern Texas than in western Texas becauss of intrinsic

di

'J.
rh

far=nces in the ra=gions., Any point in an open grassland in
Oklahoma arnd southarn Texas was generally nearer to some shrub
ccver because of the increased interspersion of woody habitats

in +hes2 rzgions as opposed *o westarn Texas.

o
D

The Vesper Sparrow showed a very restricted niche., Its
habitat in southern T2xas appears consistant with that note
by pulliam and Mills (1977) in southeastern Arizona. These

authors found Vesper Sparrows in grasslands closs to covar.
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This habhitat is structuraly similar to firs breaks cut through
tall grass areas in southern Texas. This combinatiocn of cut
areas and tall grass cover may localiz= this species!
disparsion pattern. Wiens (1969) found that Vesper Sparrows
preferred sparsely vegetated areas in summer. The large
territory sizes of this species during “he breeding season
(Bant 1968) may reflect *he patchy us= of specific slements in
thz habitat. This sparrow was unusual among the spscies
encounterad in my study in being relatively close to the niche
centar, yet having a narrow niche and being uncomaon.

Shugart and Patten's (1974) interpretations of nicChe
patt2rns are not always conSistent with results in my study.
They indicated that a species occupying a position similar to
Vesper Sparrows would have a narrow nichs, would be well
adapted to the region, and should be highly mobile. Vesper
Sparrows do not possess this lafter attribute, Species
occupying a position similar to Lapland Longspur wera2
predicted to occupy stable habitats that pesrsist over long
pa2riods of tims. Yot, the cultivated sites are of recent
origin., Ahundance of longpsurs on *hese sites is dependent on
the previous crop. In central Oklahoma, Lapland Longspurs
were most readily found in areas previously planted in
sorghum. Longspurs are highly mobile. Abundance did change
considerably over the course of the season (unpubl. data).

Shugart and Pa+ten (1974) 5150 indicatsed that specizas
occupying positions similar to Horned Larks in western Texas

should be poorly adapted to the r=gion and be highly mobile,
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Horna2d Larks domina*=d the region,

Another consid2ration in the use of Shugart and Patten's
nicha diagram'is the relative abundance of habitats. The
objective in my study was to represent the spectrum of
habitats available., A species' distance from the regional
nich2 centar is thus d2pendent on the habitat types in the
r2gion. Hormed Llarks in western Texas and Lapland Longspurs
in cantral Oklahoma occupied very abundant habitat types. If
consideration was given to abundance of habitat types, Horned
Larks and Lapland Lonypsurs would b2 rapresented as closer ¢o
the niche centers, while LeCont2's and Grasshopper sparrows
would move farthesr from the niche center.

The paucity in usé of taller and denser grassland
habitats in Oklahoma and western Texas may be r=latad to sesd
abundanc=2. t was lower on lightly grazed grasslands than on
h2avily grazed grasslands (Grzybowski 1980b); =stimates of
bird biomass were also lower in lightly grazed grasslands.
Th2s2 taller habita*s appear *to be seed-sparse with few bird

species, which ars rare or uncommon.
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1. Locations of the study sitas in Oklahoma and Texas.
2, Two-dimensional ordination of spacies using the first
and second discriminant function axss. The first axis
represents a gradient of increasing grass cover. High
valuss on the second axis represent taller, lightly
grazed grasslands. CL=Chestnut-collared Longspur;
EM=Fas*ern M=adowlark; GS=Grasshopp=er Sparrow; HL=Horn=d
Lark; LL=Lapland Longspur; LS=LeConte's Sparrow;
SS=Savannah Svarrow; SL=Smith's Longspur; SP=Sprague's
Pipit; VS=Vesper Sparrow; WM=Westarn Meadowlark.

3. Ordination showing dispersion of species observations
alonyg the first and second discriminant function axes.
Axes and species symbols as in Fig. 2.

4. Ordination of species using the first and second
érincipal component axes. The first is an axis of
increasing vegetation density and vegetation height. The
second axis is one of increasing litter depth and
decreasing forb cover. Species symbols as in Fig. 2.

5. Principal component analysis of spscies by site. The
first axls is one of incrz2asing vegsta+tion density and
vagatation height; the second is one of increasing litter
depth and cov2r, FEach site mean is represented by a
closz2d4 circle. Species mean preferances for a site ara
enclosesd by dashed lines. Spacies symbols as in Fig. 2.
LG=1ightly grazed grassland; NG=moderately grazzad
grassland; HG=heavily grazed grassland; CUL=Culiivated;

0X=0klahoma; STEY=south2rn Texas; WTZX=western Texas,
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Fig. 6. Niche diagrams for grassland bird species along axis
of niche width (W), distance from niche center (D), and
abundance (3); species observations for all sites (A)
combined, (B) in Oklahoma, (C) in westesrn Texas, and (D)

in southern Texas.
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Figure 1
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TABLE 1. Summary of vegetation variables, neasured or derived,

for each block.

Yariahle
abbreviation Description

VEGHT Average vegetation height froa four point
saaples.,

BAXHT Haxisum of four point saanles.

BINHT Hinimum of four point saamples.,

HETIN Heterogeneity of vegetation height within a
grid (from Wiens 1974).

DENSS Sum of nuamber of vegetation contacts made by
passing a wire through vegetation for 30 ca
for four point samples at 5 ca (for 0-1) ca
height interval).

DENS15 Same as szsslat 15 ca.

DEHS25 Same as DEHS5 at 25 ca.

cousx Sum of densities for all height intervals.

BAL PHT Height interval at which the (CONSN/2)th
vegetation contact vas recorded.

EPHT !allestlhoight interval at which vegetation
density vas equal to or greater thanm 8 (i.e.,
an average of two vegetation contacts per
point sample).

LITDEP Litter depth in centimeters.

LITCOV Percent litter cover as 25 tises nuaber of
point saaples with litter.

GRASS Percent grass cover as 25 tises nuaber of
point samples vwith grass cover.

PORB Percent forb cover as 25 times number of

point samples with forb cover,




TABLE 2.

Texas, and western Texas analyses.

F-values of vegetation variables for the coabined, Oklahoma, southern

Combined Oklahoma - Southern rexas Western Texas

Variable Stepwise ANOVA Stapwise AROVA Stepwise  ANOVA Stepwise ANOVA
VEGHT 290. 4 874.3 12.8 938.3 89.9 89.8 -- 26.6
MAXHT 25.9 754.3 224,2 819.6 -- 58. 4 - 20.8
MINHT 10.5 537.7 13.5 559.1 - 29.1 -- 4,2
HETIN 8.7 33.1 17.3 54.8 - 7.9 - 0.0
DENSS 55.2 804.1 54.7 B17.5 -- 3.7 -- 34.1
DENS 15 16.6 539.4 9.0 450.1 -- 31.5 12.3 48.7
DENS25 1.9 329.8 8.0 239.8 -- 40.7 59.5 59.5
CONSH 36.8 827.2 44 .8 754.5 - 32.1 -- 42.7
HALFHT 7.5 351.1 26.7 416.2 17.4 70.8 - ) 13.6
EFHT 8.6 621.9 5.3 529.8 5.2 34.6 -- 50.1
LITDEP 76.4 106.0 67.6 33.5 - 4.6 22.3 32.3
LITCOV 30.0 109.3 9.3 u4.1 -- 7.7 33.6 32.3
GRASS 1,235.7 1,235.7 1,261.9 1,261.9 30.1 47.8 5.5 1.7
FORB 108. 1 89.5 91.1 143.6 12.4 28.1 -- 5.8

€1



TABLE 3., Loadings for vegetation variables on the first

tvo principal component axes.

Component

vVariable I II
VEGHT 0.967 -0.108
MAXHT 0.964 =0.362
MINHT 0.933 -0.253
HETIN -0.525 0.753
DENSS 0.935 -0.049
DENS15 0.978 0.105
DENS25 0.928 0. 183
CONSHM 0.986 0.360
HALPHT 0.940 0.175
EFHT 0.966 0.175
LITDEP 0.601 0.698
LITCOV 0.738 0.404
GRASS 0.535 -0,486
FORB 0.337 -0.817

Parcent

total variation 70.0 16. 6

explained
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TABLE 4, Niche width estimates for grassland birds based on the first principal

component axis.

Species

Combinad

Horned Lark
Sprague's Pipit
Eastern Meadowlark
Westarn Meadowlark
Savannah Sparrow
Grasshopper Sparrow
LeConte's Sparrow
Vespar Sparrow
Lapland Longspur
Smith's Longspur

Chestnut-collared Longspur

0.087
0.049
0.159
0.062
0.142
0.0u48
0.070
0.035
0.063
0.091
0.074

Niche width

dklahona Southern Texas Western Texas
0.075 - 0.114
-- 0.068 (0.009)a
0.155 0.112 0.002
e -- 0.012
0.145 0.112 -
- 0.082 -
a
0.050 0.084 (0.007)
-- 0.026 --
0.041 - -
0.089 - -

0.057

Presert in low numbers in Noveaber,

9¢1



TABLE 5.

combined, Oklahoma, southern Texas, and

western rexas analysas.

Distance from regional niche centers of grassland birds for the

Species

Combined

Distance from niche center

Horned ‘Lark
Spraguet's Pipit
Eastern Meadowlark
Westarn Meadowlark
Savannah Sparrow
Grasshopper Sparrow
LeConte's Sparrov
Vesper Sparrow
Lapland Longspur
Smith's Longspur

Chestnut-collared Longspur

1.397
0.392
0.235
0.392
0.455
1.116
1.076
0.675
1.574
0.665
0.486

Oklahoma

Southern Texas Western Texas

1.183

0.979
0.922

0.745
1.003
0.828
o.u21

1.475
a
(0.628)

0.561
0.325

a
(0.898) .

a

present in low numbers in November.

Let



