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POPULATION STRUCTURE IN GRASSLAND BIRD

COMMUNITIES DURING WINTER

JOSEPH A. GRZYBOWSKI

ABSTRACT.—Mid-winter populations of birds at 20 open-grassland sites of var-
ied grazing pressure and cultivation practices in Oklahoma and Texas were ex-
amined to evaluate patterns of avian species’ abundances and distributions. Most
of the 23 non-raptorial bird species observed were winter residents. Of these, only
14 were present on more than 2 of 53 censuses. Except for meadowlarks and the
Sprague S P1p1t (Anthus spraguezz) these species are granivores. Regional distine-
tions in species COIl‘lpOSlT.lOH of 5°-latitude-longitude blocks occur along north-
south and east-west axes in the south-central United States. A cluster analysis of
sites grouped them primarily on the basis of the most abundant bird species. Sites
with similar grazing pressures were generally placed into the same cluster. How-
ever, sites in Oklahoma classified as moderately grazed were grouped with either
heavily or lightly grazed grasslands depending on the predominant avian species.
Estimates of bird biomass were highest on northern Oklahoma and southern
Texas sites. Biomass was higher on heavily grazed than lightly grazed grasslands
in Oklahoma and western Texas. In contrast, moderately grazed grasslands in
southern Texas supported significantly more bird biomass than heavily grazed
sites. Total granivore biomass was correlated with seed abundance (r = 0.78).
Annual changes in bird biomass were generally consistent among sites (and also
among species) in central Oklahoma. The year 1976 was a drought year and fewer
birds were present during the winter of 19761977 than in other winters. However,
Savannah Sparrows (Passerculus sandwichensis) were less numerous and Smith’s
Longspurs (Calcarius pictus) most abundant during the coldest winter (1978-1979)
with unusually high snowfall. The highest winter bird population estimates in

southern Texas occurred in a period with record rainfail (1976-1977).

Population dynamics and the role of birds as
consumers in grassland ecosystems have been
studied intensively during the breeding season
(Mitchell 1961, Finzel 1964, Spiers and Or-
enstein 1967, Feist 1968, Owens and Myres
1973, Wiens 1973, 1974a, b, Raitt and Pimm
1976). Analyses of grassland bird populations
at other seasons, however, are limited in scope
(Quay 1947, Finzel 1964, Emlen 1972, Raitt
and Pimm 1976), some being restricted to
counts of birds from roadway routes (Wiens
et al. 1972, 1974, Risser 1981). As indicated
by Wiens (1974a) and Wiens and Dyer (1975),
analysis of grassland bird communities is ham-
pered by the paucity of quantitative popula-
tion studies conducted during non-breeding
periods. Yet, much of the structure of bird
communities during the breeding season may

be determined by winter resources (Pulliam
and Enders 1971, Fretwell 1972, Wiens 1974a,
Raitt and Pimm 1976) and by climatic factors
influencing birds during the winter.

In temperate grassiands, the winter differs
from the breeding season in several important
ways for grassland birds. Many species occupy
different geographical ranges, are subjected to
different climatic conditions (often more se-
vere in winter), and use different foods. The
food for many temperate passerine species
during winter consists primarily of seeds,
which can be abundant (Johnston and Odum
1956); seed abundances are established at the
time of the first frost, and decrease as the sea-
son progresses. The days are shorter in winter
and afford less time for all activities. Com-
petition may be heightened by increased over-
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TABLE 1.
grassland bird communities in Oklahoma.

January population estimates (birds/100 ha), total and granivore biomass (kg/100 ha), and dominance for

Biomass

Most abundant species®

First Second

Site No. of
County symbol Treatment* Year Total Granivore Dpr species Name Density Name Density
McClain la LG 1976 1.75 1.42 0.47 3 SAVAS 64 LECOS 43
MG 1977 1.05 0.50 0.55 4 SAVAS 23 EMEAD, 4
TREES
MG 1978 3.85 2.00 0.31 5 SMITL 48 SAVAS 19
HG 1979 11.50 6.41 0.39 6 SMITL 150 HORNL 49
Grady 1b LG 1976 1.74 0 1.00 1 EMEAD 16 - -
LG 1977 1.16 0.29 0.61 2 LECOS 22 EMEAD 8
MG 1978 1.07 0.20 0.51 2 EMEAD 8 HORNL 6
MG 1979 6.96 5.65 0.67 3 SMITL 169 HORNL 29
Grady 2a MG 1976 2.69 0.84 0.29 4 TREES 22 EMEAD 17
MG 1977 1.82 0.29 0.30 5 EMEAD 14 HORNL, 5
SAVAS,
CHESL
MG 1978 2.64 1.01 0.29 5 CHESL 37 TREES 25
MG 1979 5.79 3.94 0.61 5 SMITL 120 HORNL 16
Cleveland 2b MG 1977 11.14 8.41 0.86 2 SMITL 305 EMEAD 25
HG 1978 10.54 8.90 0.69 4 SMITL 280 SAVAS 23
HG 1979 11.07 9.44 0.83 3 SMITL 320 HORNL 18
Grady 2c MG 1977 11.35 5.56 0.25 5 SMITL 103 CHESL 69
MG 1978 8.71 2.30 0.28 6 SMITL 52 EMEAD 52¢
MG 1979 8.92 5.88 0.60 5 SMITL 181 EMEAD, 5
HORNL
Noble 2d MG 1976¢  23.93 23.93 0.85 4 SMITL 803 CHESL 41
MG 1978 6.60 6.60 0.55 3 SMITL 174 CHESL 46
Cleveland 3a HG 1976 26.25 20.80 0.70 4 SMITL 690 SAVAS 56
HG 1977 7.12 2.98 0.25 4 SMITL 49 CHESL 46
Pawnee 3b HG 1976¢ 89.48 89.48 0.95 2 SMITL 3,182 CHESL 83
Cleveland 4a CuU 1976 13.68 7.91 0.43 3 LAPLL 184 HORNL 79
CU 1977 11.73 4.43 0.46 4 LAPLL 131 EMEAD 65
Cleveland 4b CuU 1977 8.83 3.60 0.60 2 LAPLL 127 EMEAD 48
SG 1978 27.40 22.58 0.74 5 SAVAS 1,060 CHESL 166
Cleveland  4c CU 1977 1.09 1.09 1.00 1 HORNL 32 - -
CuU 1978 0.27 0.27 1.00 1 HORNL 8 - -
Cleveland 4d CU 1977 5.68 3.61 0.39 3 HORNL 62 LAPLL 53
CuU 1978 25.51 4.72 0.42 3 EMEAD 200 LAPLL 99

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

* Dominance index (see text).

¢ CHESL = Chestnut-collared Longspur; EMEAD = Eastern Meadowlark;

Heavily grazed grassland; CU = Cultivated field; SG = Successional grassland.
HORNL = Horned Lark; LAPLL = Lapland Longspur; LECOS = LeConte’s

Sparrow; SAVAS = Savannah Sparrow; SMITL = Smith’s Longspur; TREES = Tree Sparrow.
4 Also present were an estimated 18 CHESL, 11 HORNL, 7 WMEAD and 6 SAVAS.

¢ Censused 20-21 December 1975.
fCensused 6 March 1978.

lap in ranges (of many species), and by the
initial high postbreeding populations, which
include many young birds.

Grasslands can undergo radical changes an-
nually, as well as during the same season. Cli-
matic instability can create perturbations in
productivity and plant species composition
(Albertson and Weaver 1944) and thus alter
physiognomic structure. Productivity is re-
duced in arid, dry years compared to normal
and wet years (Weaver and Albertson 1940,
1956), and xeric conditions can effectively
magnify grazing pressure. Furthermore, many
of the grasslands in the Great Plains are used

to produce various crop monocultures. Farm-
ing practices can completely change the nature
of a grassland site in a short period.

This paper is one of a series (Grzybowski
1976, 1980) dealing with resource utilization
and population structure in grassland bird
communities during the winter. My purposes
are to: (1) determine the abundance and dis-
tribution of grassland bird species during win-
ter in several regions of Oklahoma and Texas;
(2) evaluate patterns of avian population struc-
ture on grassland sites with varied grazing
pressure or cultivation practices within and
among regions; (3) assess annual variation in
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grassland bird populations; and (4) evaluate
the relation of observed patterns in bird abun-
dance to various factors that may influence
them.

STUDY AREAS

I estimated avian populations at 20 sites in
Oklahoma and Texas from December 1975
through January 1979. These sites included
two in northern Oklahoma (Noble and Pawnee
counties), 10 in central Oklahoma (Cleveland,
Grady and McClain counties; Table 1), four
in western Texas (Muleshoe National Wildlife
Refuge, Bailey County), and four on the Rob
and Bessie Welder Wildlife Refuge (San Pa-
tricio County) in southern coastal Texas (Fig.
1). T selected sites on the basis of their uni-
formity, absence of trees or shrubs, and large
size (permitting adequate sampling and min-
imal edge effect). The size of the sites ranged
from 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 covered less than 0.5%, being

isolated individual plants less than 3 m in

height.

Sites were classified into treatment cate-
gories on the basis of grazing pressure or cul-
tivation. A site was considered a lightly grazed
grassland (LG) where the dominant palatable
grasses had uniformly grown to heights ap-
proaching their maximum potential height.
Where these dominant grasses occurred in dis-
tinct clumps, the site was considered a mod-
erately grazed grassland (MG). Where the
dominant palatable grasses typical of the re-
gion were absent or present only in widely scat-
tered clumps, and/or grazed to near ground
level, the site was classified as a heavily grazed
grassland (HG). The only cultivated sites
(CUs) evaluated were planted with winter
wheat (Triticum aestivum) in central Okla-
homa. A cultivated site left fallow for a portion
of the growing season was considered a succes-
sional grassland (SG) the following winter. A
site in western Texas (MIX) included a prairie
dog town and a lightly grazed grassland.

OKLAHOMA SITES

Oklahoma localities were in the region clas-
sified as bluestem-grama prairie (Andropogon-
Bouteloua) by Kuchler (1964). Table 1 iden-
tifies sites by county location and treatment
type. The dominant palatable grass on the
Oklahoma sites was little bluestem (Schiza-
chyrium scoparium). 1 used this species to
gauge grazing pressure, as it occurs in decreas-
ing abundance from LGs to HGs (P. G. Risser,
pers. comm.). As grazing pressure increased,
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FIGURE 1. Census locations. Number of sites evaluated
at each regional location is given in parentheses.

bluestem grasses decreased and became patchy,
or disappeared; three-awn (Aristida spp.), sil-
ver beardgrass (Andropogon saccharoides),
and forbs, primarily broom-snakeroot (Gu-
tierrezia sarothrae) and common ragweed
(Ambrosia artemisiifolia) appeared and be-
came larger and more in evidence. The dom-
inant grasses on site la (LG), which included
big bluestem (Andropogon gerardii) and in-
diangrass (Sorghastrum nutans), attained
heights of 1.5 to 2.0 m; on site 1b (also LG),
little bluestem reached 1.0 to 1.5 m. Height
of little bluestem on MGs was about 1 m.
Vegetation heights on HGs were less than
0.5 m.

On cultivated sites studied, crops of sor-
ghum (Sorghum bicolor) had generally pre-
ceded the fall plantings of winter wheat. Vege-
tation height (or litter depth) on cultivated sites
was less than 5 cm.

Grazing, agricultural practices, and varia-
tion in rainfall changed the character of several
sites (Table 1). Drought conditions in 1976
reduced vegetation height and density at all
grazed sites in Oklahoma. For example, av-
erage vegetation 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; rela-
tive vegetation density was 48.5 contacts
(SD = 23.6) in December 1975 and 42.4 con-
tacts (SD = 20.5) in December 1976. In Feb-
ruary 1977, this site was plowed and planted
in cotton (Gossypium herbaceum). In 1977,
one-half of cultivated site 4b (i.e., a quarter
section) was planted in maize (Zea mays),
while the other half was left fallow allowing
Johnson grass (Sorghum halapense) and ber-
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muda grass (Cynodon dactylon) to dominate.
The vegetation structure of the fallow portion
(a SG) approached that of a MG.

WESTERN TEXAS SITES (MULESHOE NATIONAL
WILDLIFE REFUGE)

The sites in western Texas were located in the
grama-buffalo grass plains (Bouteloua-Buch-
loe) of Kuchler (1964). Dominant grass species
on LGs (sites 5a, 5b and 5c) were dropseed
(Sporobolus sp.), blue grama and side-oats
grama (Bouteloua gracilis and B. curtipen-
dula), tobosa grass (Hilaria mutica), and hairy
tridens (Erioneuron pilosum), with vegetation
heights being less than 0.5 m. Dominant forbs
were broom-snakeroot and paint-brush (Cas-
tilleja sp.). On one LG (site Sa; also referred
to as MIX), 20% of the transect route passed
through an active prairie dog (Cynomys sp.)
town. In the prairie dog towns and on a HG
(site 5d), false buffalo grass (Munroa squar-
rosa), three-awn, and tumbleweed (Salsola sp.)
were dominant plant species. Vegetation was
generally less than 5 cm tall. On more alkaline
soil, sea-blite (Sueda sp.) was present.

SOUTHERN TEXAS SITES (WELDER

WILDLIFE FOUNDATION)

Weaver and Clements (1938) characterized the
grasslands of this region as belonging to An-
dropogon saccharoides-Stipa leucotricha as-
sociations, although changes towards brush-
lands have occurred in the last 25 years (Box
and Chamrod 1966). Grasslands in this region
were dominated by little bluestem and Andro-
pogon species. Vegetation on MGs (sites 6a
and 6b) was generally between 0.5 and 2 m
tall, but mowed fire breaks crossed the sites.
Huisache (Acacia farnesiana) was an invading
brush species on sites 6b (MG) and also 6¢ and
6d (both HG). Heights of the brush patches
were generally less than 1 m during the 1976~
1977 winter, but by January 1979, some
patches exceeded 2 m in height. Grass on sites
6¢ and 6d was less than 0.5 m tall.

More specific site descriptions are given in
Grzybowski (1980). Brunner (1931) and Buck
and Kelting (1962) provide detailed floral ac-
counts of Oklahoma grasslands.

METHODS

In most cases, population estimates were based
on counts made along transect routes and con-
verted to density values by applying a coeffi-
cient of detectability (C.D.) for each species—
the percentage of the total population in a strip
of standard width that is detected (Emlen
1971, 1977). I walked transect lines through
the grasslands from 0.5 to 4 h after sunrise.
The one-half hour period just after sunrise was

avoided because it appeared to be a brief time
of heightened activity during which detecta-
bility was higher. At least three or four repli-
cate transects, often walked over a period of
several days, were used to obtain each esti-
mate. On the smaller southern Texas sites (30
ha), up to eight replicates were used for each
estimate.

The location of each bird seen was recorded
in relation to its perpendicular distance from
the transect line. When groups were encoun-
tered, I used the distance of the individual far-
thest from the transect line and recorded the
group size (cf. Emlen 1977). I calculated coef-
ficients of detectability for each species on each
grassland type and region from the data col-
lected in March 1975, and between 15 No-
vember and 12 March of 1975-1976 and
1976-1977. 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
the northern Oklahoma and southern Texas
sites, respectively) are reported 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 technique assumes a random dis-
tribution of individuals, one can treat groups
as individuals, assuming that they too are ran-
domly distributed (Emlen 1977). Groups are
more detectable than individuals, however,
and separate C.D. calculations were made for
groups (comprised of 6 to 30 individuals) of
each species. Population estimates of grouped
individuals were added to those for “un-
grouped” individuals of a species to obtain a
total density estimate. These adjustments were
necessary in some cases for Horned Larks (see
Appendix for scientific names), Eastern and
Western meadowlarks, and Smith’s and Chest-
nut-collared longspurs. For some highly gre-
garious species (Lapland and Smith’s long-
spurs), I estimated the size of larger groups by
counting the largest number of individuals in
the air at one time, dividing by the area of the
site, and adjusting this figure for 100 ha.

To evaluate similarities in bird communities
among the various grassland types, years, and
regions, I performed a cluster analysis, based
on standardized population estimates of species
(i.e., Y =0 and SD = 1.0 for each specics).
Species occurring on only one census were de-
leted from this analysis. Using NT-SYS (Nu-
merical Taxonomy System; a series of multi-
variate computer programs developed by F.
J. Rohlf, J. Kishpaugh, and D. Kirk), product-
moment correlation coefficients were calcu-
lated between all pairs of censuses. Clusters
were formed with the unweighted pair-group
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method, using arithmetic averages, and sum-
marized in dendrograms. The cophenetic cor-
relation was computed between the original
correlation matrix and the cophenetic values
of the cluster analysis to assess the amount of
distortion in the dendrogram (Sokal and Rohlf
1962). A similar analysis, using sites as char-
acters, was employed to evaluate similarities
among species’ occurrences.

To estimate the biomass for a species, I
multiplied the average weights for up to 10
individuals (five males and five females) by
the population estimate. I used weights of
specimens obtained on the sites, or housed in
the Stovall Museum (University of Oklahoma)
and obtained during the winter months (see
Appendix). For analysis of avian biomass, 1
assigned each species to one of the following
foraging guilds on the basis of species’ size and
the primary food consumed (unpubl. data):
doves; granivores; insectivores (other than
meadowlarks); and meadowlarks (see Appen-
dix for guild assignments). Means of avian
biomass for treatments within and among re-
gions were subjected to Duncan’s multiple-
range test (Kramer 1956).

An index of numerical dominance (D) was
calculated for each site (.S) using the formula:

D«=ﬁmmm, (1)

where #,1s the number of individuals of species
I, n, is the total number of individuals of all
species, and m is total number of species (Pie-
lou 1975). This value measures the probability
that two individuals selected at random from
a community will belong to the same species.

Seed samples were obtained in January of
1978 and 1979 on 10 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
container. Seeds were sorted into size classes
and counted. I transformed frequency data to
a seed volume (S'V) estimate with the formula:

SV =3 @B)ar Y X,), @)

where r; is radius of mean seed size in the ith
class, n is number of classes, Y; is the number
of seeds in the jth class, and X/, is a correction
factor to adjust seed volume to cubic milli-
meters of seeds per square meter for sample
a. This provided a general index of seed avail-
ability in mid-winter. A similar sampling pro-
cedure was employed by Pulliam (1975).
Physiognomic structure of vegetation was
measured in detail at seven of the sites (twice
at two of these) to characterize grazing treat-
ments. I sampled 264 points spaced 15 m apart

FIGURE 2. South-central United States showing 5°-lat-
itude-longitude blocks used in summarizing results of
Christmas Bird Count data.

in a strip 1,000 m long and 60 m wide at each
site. At each point, I obtained four measure-
ments of vegetation height and vegetation den-
sity. Vegetation density was the sum of the
number of contacts made with the tip of a wire
passed through the vegetation for 30 cm at 10-
cm height intervals. Details of this sampling
are described in Grzybowski (1980).

Results of Christmas Bird Counts (CBC; C.
E. Bock, pers. comm.), compiled by the Na-
tional Audubon Society, were used to evaluate
bird species distributions at the regional level.
These data are represented as the number of
birds (of a species) seen per party-hour of ob-
servation time within a 5°-latitude-longitude
block (Fig. 2). I averaged annual results from
these censuses for a 10-year period (1962-1971)
to reduce the effect of inconsistencies in ob-
server effort and skill (Bock and Lepthien
1974). The average frequencies within grid-
blocks were converted to the proportion of to-
tal observations for each species. Patterns of
distribution among grassland bird species were
assessed with a cluster analysis of grid-blocks,
using proportion occurrence of species as vari-
ables.

RESULTS

The number of wintering grassland bird
species was small in all areas studied (Tables
1, 2 and Appendix). A total of 23 species (ex-
cluding falconiforms and shrikes) occurred on
the 20 sites (based on 53 censuses); six of the
species were found on only one census—Com-
mon Snipe, Common Flicker, American Rob-
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TABLE 2. January population estimates (birds/100 ha), total and granivore biomass (kg/100 ha), and dominance for
grassland bird communities in western and southern Texas.?

Biomass

Most abundant species®

Site No. of First Second
symbol Treatment® Year Total Granivore D¢ species Name Density Name Density
Western Texas sites (Muleshoe National Wildlife Refuge)
5a LG 1977 8.77 8.45 0.77 4 HORNL 231 CHESL 16
LG 1978 9.67 3.53 0.30 5 HORNL 82 WMEAD 31
LG 1979 11.97 10.90 0.58 5 HORNL 256 MCCOL 62
5b LG 1977 9.63 6.85 0.58 5 HORNL 182 WMEAD 23
LG 1978 1.50 1.29 0.91 2 HORNL 38 WMEAD 2
LG 1979 0.59 0.16 0.34 3 WMEAD 4 HORNL, 3
CHESL
5c LG 1978 0.43 0 1.00 1 WMEAD 4 - —
LG 1979 0 0 - - - — - -
5d HG 1977 5.63 - 3.39 0.50 3 HORNL 86 CHESL 22
HG 1978 5.13 4.49 0.50 4 HORNL 108 CHESL 35
HG 1979 11.10 10.25 0.47 4 HORNL 213 CHESL 122
Southern Texas sites (Welder Wildlife Refuge)
6a LG 1977 38.46 30.86 0.53 11 SAVAS 1,228 LECOS 237
MG 1978 4591 20.84 0.33 7 SAVAS 685 VESPS 213
MG 1979 27.94 15.64 0.51 7 SAVAS 665 GRASS 95
6b MG 1977 78.46 54.70 0.44 4 LECOS 1,888 SAVAS 1,580
MG 1978 28.93 20.76 0.55 4 SAVAS 876 GRASS 201
MG 1979 52.30 20.63 0.57 6 SAVAS 919 LECOS 263
6c HG 1977 21.55 1.01 0.27 4 EMEAD 102 SPRAP 90
HG 1978 24.58 1.88 0.47 3 EMEAD 202 SAVAS 101¢
HG 1979 11.09 3.29 0.32 4 SAVAS 144 EMEAD 63f
6d HG 1978 8.90 1.16 0.34 3 SPRAP 80 SAVAS 62
HG 1979 20.16 1.78 0.31 4 EMEAD 145 SPRAP 64

* Censuses indicated for January 1977 in southern Texas were actually conducted 21-23 December 1976.

" Treatmenti symbols as in Table 1.
< Dominance (see text).

4 GRASS = Grasshopper Sparrow; MCCOL = McCown’s Longspur; SPRAP = Sprague’s Pipit; VESPS = Vesper Sparrow; WMEAD = Western Meadow-
lark; other species symbols as in Table 1.

< Also present were an estimated 28 SPRAP.

"Also present were an estimated 42 SPRAP and 51 LECOS.

in, Yellow-rumped Warbler, Cardinal, and
American Goldfinch. None of these were com-
mon, or would be considered typical of open
grassland habitats. An additional three species

occurred on only two censuses— Ground Dove
and Lincoln’s Sparrow in southern Texas, and
Baird’s Sparrow in western Texas. Ground
Doves and Lincoln’s Sparrows have previ-

TABLE 3. Proportion occurrence of grassland bird species by 5°-latitude-longitude grid-blocks. Data from 1962-1972
Christmas Bird Counts (see text).

Grid-block

Species 11 12 13 14 21 22 23 24 31 32 33 34 42 43 44
Horned Lark 0.04 0.40 0.06 0.02 0.08 0.14 0.10 0.02 0.02 0.09 0.01 0.01 T 0.01 0.01
Sprague’s Pipit 0 0 0 0 0 0 001 T O T 0.05 0.11 0. 0.47 0.37
Eastern Meadowlark 0 0 002001 O 0 0.12 009 T 0.01 023 0.18 0 0.14 0.20
Western Meadowlark 0.06 0.05 0.05 T 0.04 0.07 0.16 0.02 0.04 0.38 0.05 T 0.05 004 T
Savannah Sparrow 0 0 T T 0 T 0.02 0.01 0.04 0.16 0.12 0.18 0.02 0.24 0.22
Grasshopper Sparrow 0 0 0 0 0 0 0 0 0 0.06 0.07 0.02 0.25 0.58 0.03
Baird’s Sparrow 0 0 0 0 0 0 0 0 0.26 016 O 0 048 0.11 O
LeConte’s Sparrow 0 0 0 0 0 0 006 0.15 0 0.01 0.06 048 0 0.07 0.18
Vesper Sparrow 0 0 0 T T T 001 T 0.02 026 0.18 0.05 0.19 0.29 0.01
McCown’s Longspur 0 0 T 0 0 001 T O 0 092 007 O 0 0 0
Lapland Longspur T 001016004 T T 078000 T T T 001 0 0 0
Smith’s Longspur 0 0 0 0 0 0 084 002 0 0.01 002010 O 0 0
Chestnut-collared Longspur 0 0 T 0 T 0.07 002 0 0.18 0.54 0.20 0 0 0 0
Snow Bunting 001 T 042056 T O 0 0 0 0 0 0 0 0 0

2T = trace (<0.005).
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ously been reported in low numbers on the
grassland areas at Welder Wildlife Foundation
(Emlen 1971). Baird’s Sparrows are typical of
grasslands, but are rare (Bent 1968). This left
only 14 species that 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 graniv-
orous.

REGIONAL COMPARISONS

Distributions of species at the regional level
were evaluated from CBC data.Table 3 gives
proportional occurrence of most passerine
species that occurred on two or more censuses
by grid-block. Tree and Lincoln’s sparrows,
more typical of non-grassland habitats (Bent
1968), are not tabulated; however, the Snow
Bunting (Plectrophenax nivalis), a species of
open habitats in the northern plains (Bent
1968), is included.

A cluster analysis of grid-blocks, using pro-
portion occurrence of species as variables (Ta-
ble 3), is shown in Figure 3. The cophenetic
correlation is 0.888, indicating little distortion
in representing the original correlation matrix.
Several regional clusters can be discerned. One
for the four northwestern grid-blocks identifies
an area where the Horned Lark was a domi-
nant species. Blocks 13 and 14 are the north-
ernmost in the east; the Snow Bunting is typ-
ical of this area. The eastern blocks 24 and 34,
where LeConte’s Sparrows are more concen-
trated, are identified as being similar. Blocks
31 and 42 in the southwest show similarity in
the occurrence of the Baird’s Sparrow, while
blocks 43 and 44 in the southeast are alike in
the preponderence of Sprague’s Pipits and Sa-
vannah Sparrows. However, the central grid-
blocks (22, 23, 32 and 33) exhibit little simi-
larity. Species composition changes across this
zone. Grid-block 23 stands alone; Lapland and
Smith’s longspurs typify this block. McCown’s
and Chestnut-collared longspurs, and the
Western Meadowlark are most abundant in
block 32; block 33 is typified by the Eastern
Meadowlark. This analysis shows that species
composition changes dramatically along north-
south (blocks 22 to 42, and 13 to 43) and east-
west (blocks 22 to 24, and 31-34) axes in the
southern Great Plains. Species distributions
appear basically independent of each other.

SITE COMPARISONS

A cluster analysis (Fig. 4), using population
estimates from the 52 censuses (Tables 1 and
2; excluding site 5¢in 1979 when no birds were
present), shows that sites are generally asso-
ciated on the basis of the dominance of one
species. In the dendrogram (Fig. 4; cophenetic
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FIGURE 3. Correlation phenogram of Christmas Bird
Count grid-blocks based on an unweighted pair-group
method of cluster analysis using arithmetic averages (see
text). Block numbers correspond to those in Figure 2.

correlation = 0.893), the Savannah Sparrow
was a dominant bird species on sites in group
1. The LeConte’s Sparrow was co-dominant
on sites la in 1976 and 6b in 1977 of this
group (see Fig. 4). All samples for sites 6a and
6b (group 1) were very similar, indicating a
low annual turnover in species. In 1979, both
of these sites were lightly to moderately grazed.

The second group in the cluster analysis in-
cludes four sites where meadowlarks were the
dominant species and represents an assort-
ment of treatment types. Meadowlarks were
present on most sites, so this cluster represents
absence of other species and/or a high number
of meadowlarks relative to other species. Un-
like other grassland bird species, meadowlarks
move locally to adjacent shrubby habitats,
which affects estimates of their abundance in
open grassland (unpubl. data); such move-
ments may have contributed to my clustering
results.

Group 3 includes HGs in southern Texas
where Sprague’s Pipits were present. On site
6c in 1979, I found Sprague’s Pipits in num-
bers similar to other years but, because Sa-
vannah Sparrows had increased, this site for
1979 was placed with the first group. Group
4 is the largest group and includes heavily to
moderately grazed sites in Oklahoma where
Smith’s Longspurs were dominant. Three of
the censuses in this group (2¢ in 1977 and
1978, and 3a in 1977) had high numbers of
Chestnut-collared Longspurs relative to
Smith’s Longspurs (see Table 1). Smith’s
Longspurs on these three sites were less com-
mon than on the other sites in this group.

Group 5 includes cultivated sites where Lap-
land Longspurs were dominant. This species
occurred only sporadically and in low numbers
on other sites. On localities included in the last
group, Horned Larks were most common; this
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group includes site 4c, a cultivated field where
Lapland Longspurs were absent, and most sites
in western Texas. The correlation of species’
abundances between sites 5b in 1979 and 5c¢
in 1978 is 0.66 (Fig. 4). Both had very low
density estimates for all species present (see
Table 2). On site 2a in 1976 and 1978 (Fig. 4;
between groups 3 and 4), the Tree Sparrow
was one of the most common species; densities
were also low at this site. Site 1b in 1977 (Fig.
4) contained only low densities of meadow-
larks and LeConte’s Sparrows.

The cluster analysis shows that MGs over-
lapped the more extreme habitats with respect
to bird species. On the more lightly grazed
grasslands, the Savannah Sparrow (and some-
times also the LeConte’s Sparrow) was the
dominant bird species; on the more heavily
grazed of the MGs, Smith’s Longspurs pre-
dominated. The size of suitable habitat patches
on a site influences a species’ abundance. Re-
gional differences in species composition are
evidence for groups 1 and 3, which are pri-
marily composed of southern Texas sites, and
group 6, composed mainly of western Texas
sites.
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FIGURE 5. Correlation phenogram of species based on
an unweighted pair-group method of cluster analysis using
arithmetic averages. See Appendix for species symbols.

A cluster analysis of species (Fig. 5; cophe-
netic correlation = 0.759) further exemplifies
the generally weak relations among most of
the species. The most closely associated
species were the Ground Dove, the Lincoln’s
Sparrow and the Baird’s Sparrow. The first two
were uncommon on MGs in southern Texas;
the latter is a rare western Texas species. These
associations are based on similarities in non-
occurrence for species found on only two cen-

TABLE 4. Mean biomass (kg/100 ha) and dominance estimates for various treatment censuses in different regions
of Oklahoma and Texas. Standard deviations (SD) given in parentheses. Treatment symbols as in Table 1.

Biomass

Treatment n Total Granivore Meadowlark Insectivore Dove Dominance
Northern Oklahoma
MG 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. 0.98 0 0 0.693
(0.34) (0.75) ©0.71) (.275)
MG 12 5.50 3.04 2.44 0.01 0 0.450
(3.84) (2.76) (1.82) (0.03) (.213)
HG 5 13.30 9.71 3.18 0.41 0 0.572
(7.45) 6.71) (1.65) 0.92) (.238)
CuU 7 9.54 3.66 6.02 0 0 0.614
(8.66) (2.51) (1.52) (272)
SG 1 27.50 22.58 4.47 0.35 0 0.737
Western Texas
LG 5 2.43 1.66 0.77 0 0 0.566
(4.06) (1.95) (1.14) (.411)
MIX= 3 10.13 7.63 2.51 0 0 0.553
(1.65) (3.75) 3.17) (.236)
HG 3 7.28 6.04 1.24 0 0 0.489
3.31) (3.68) 0.87) (.018)
Southern Texas
LG 1 38.46 30.86 1.96 0.005 5.59 0.525
MG 5 46.71 26.51 10.46 4.53 5.20 0.479
(20.67) (15.91) (7.57) (10.07) (8.70) (.099)
HG 5 17.26 1.82 12.99 1.50 1.44 0.342
(6.86) (0.90) (6.73) (0.64) (3.22) (.078)

« Site 5a of Table 2 (see text).
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TABLE 5. Multiple-range test comparisons of biomass
for treatments within and among regions.

Western Texas
LG MIX HG

Central Oklahoma Southern Texas
LG* MG HG Cu MG HG

Total biomass

Ab A A A A
B B B B B
C
Granivore biomass
A A A A A A
B B B
C
Meadowlark biomass
A A A A A A A
B B
C C

2 Treatment symbols as in Tables 1 and 4.
® Treatments with same letters are not significantly different (P > 0.05).

suses each. Overall, none of the 17 species is
similar in their response to particular site char-
acteristics.

TREATMENT COMPARISONS

In central Oklahoma, avian biomass tended
to increase from LGs to HGs (Table 4). How-
ever, few of the treatments were significantly
different (P < 0.05; Table 5). The HGs had
significantly higher granivore biomass than
MGs or LGs (P < 0.05). Biomass estimates
for cultivated sites were high, but extremely
variable. The biomass estimate for the HG
(site 3b) in northern Oklahoma was the highest
of any estimate on any site. The Smith’s Long-
spur (Table 1) was dominant on this site, com-
prising 97% of all individuals.

Population estimates for western Texas sites
were highest on site 5a (MIX; Table 4), which
was a lightly grazed area partially traversing
a prairie dog town. MIX had significantly
higher (P < 0.05) estimates of granivore and
total avian biomass than LGs in western
Texas. Granivore biomass was higher on MGs
than HGs (P < 0.05) in southern Texas. Total
biomass also was higher on MGs than on HGs
(P < 0.05).

Insectivorous birds (other than meadow-
larks) were inconsequential on the Oklahoma
and western Texas sites (Table 4). Meadow-
larks were absent from the northern Oklahoma
sites. Insectivores were more abundant on
southern Texas sites than on those in Okla-
homa, as were doves (which were absent in
Oklahoma grasslands). The Sprague’s Pipit
was the only obligate insectivore consistently
appearing on some southern Texas sites (sites
6¢ and 6d; Table 2), although meadowlarks in
southern Texas were entirely carnivorous in

the winter (unpubl. data). I found no signifi-
cant differences (P > 0.05) for any of the treat-
ment comparisons within regions for meadow-
larks.

Biomass for all foraging groups was higher
on MGs in southern Texas than in central
Oklahoma (Tables 4 and 5). Western Texas
and central Oklahoma sites did not differ in
biomass (P > 0.05). Biomass estimates for all
groups were considerably greater on the LG in
southern Texas than for LGs in central Okla-
homa or western Texas (Table 4). While HGs
in southern Texas, central Oklahoma, and
western Texas (including MIX) did not differ
in total avian biomass, HGs in southern Texas
had significantly fewer granivores and signif-
icantly more meadowlarks than HGs in other
regions (P < 0.05; Tables 4 and 5). However,
large numbers of granivores did occur on MGs
nearby (in southern Texas).

Dominance ranged from 0.849 and 0.951
on northern Oklahoma sites to 0.25 on a MG
in central Oklahoma (Tables 1 and 2). HGs in
southern Texas had the lowest mean for any
treatment (0.342, SD = 0.078), but were not
significantly different (P > 0.05) from HGs in
central Oklahoma and western Texas or from
MGs in southern Texas. The mean number of
species on HGs in southern Texas was 3.6
(SD = 0.55). The mean treatment dominance
value of 0.342 approached that of complete
evenness; 1.e., the expected dominance value
if all species were equally common (in this
case, 0.280).

Dominance values approached their mini-
mum on several other censuses, but were not
consistently low for any other treatment type
or region. Dominance values are expected to
be low when the total number of individuals
is very low. In a few cases, dominance was low
with moderate numbers of individuals present
(site 3a, 1977, site 2a, 1976-1978; site 4d,
1977; see Table 1).

ANNUAL VARIATION

All Oklahoma sites censused showed decreases
in total bird biomass and granivore biomass
from the winter of 1975-1976 to that of
1976-1977 (Table 1). The year 1976 was dry
with 45.9 ¢cm of rainfall compared to a mean
of 80.0 cm (N.O.A.A. 1978). Standing crop
biomass (as measured by vegetation contacts)
was lower on the sites in December 1976 than
in December 1975.

Several MGs in Oklahoma showed increases
in granivore biomass from 1977-1978 to
1978-1979 (Table 1), owing to the incursion
of Smith’s Longspurs. In fact, much of the an-
nual variation in granivore biomass in MGs
and HGs was attributable to this species (Table
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1). Smith’s Longspurs normally winter in high
numbers in north-central and northeastern
Oklahoma, as indicated by estimates at sites
3b and 2d (and unpubl. data). The winter of
1978-1979 was the coldest on record (mean
January temperature —3.2°C; 30-year mean,
2.8°C; N.O.A.A. 1979), and these longspurs
were abundant on many sites in central Okla-
homa. However, Smith’s Longspurs are hab-
itat specialists (Grzybowski 1980) and occupy
patches of dense three-awn grass which occur
in heavily grazed areas. Patches of three-awn
on many sites grew larger during the period of
study, and this may have resulted in more
Smith’s Longspurs using these sites.

Savannah Sparrow numbers were low in the
winter of 1978-1979 on the grassland sites in
central Oklahoma (unpubl. data); only a few
scattered individuals could be found at some
locations. Heavy mortality of these sparrows
may have occurred in the severe winter of
1977-1978 (unpubl. data), when snow covered
the ground for a record 38 days in central
Oklahoma (N.O.A.A. 1978). Savannah Spar-
rows were very abundant on a first-year succes-
sional field in 1977-1978 and were present on
most sites in 1975-1976 and 1976-1977
(Grzybowski 1980).

In western Texas, temperature and rainfall
were similar in the different years of my study
(unpubl. Muleshoe National Wildlife Refuge
weather summary). On the HG (site 5d), bio-
mass estimates were high in 1979 (Table 2)
after removal of cattle. The site was recovering
from overgrazing, and seed abundance had in-
creased slightly. In general (all western Texas
sites combined), Horned Larks were less com-
mon in January 1978 than in other years. The
ungrazed grassland (site 5¢) contained very few
birds.

Some general trends were apparent on the
southern Texas sites. The year 1976 was the
wettest on record (rainfall 305 cm; 87 ¢cm con-
sidered normal at Welder Wildlife Founda-
tion). Granivore biomass peaked in 1976-
1977, being extremely high on site 6b (MG),
because of the large numbers of Savannah and
LeConte’s sparrows (Table 2). Site 6b had clay
soils and was wet in all years of the study, in
contrast to site 6a (also MG) located on well-
drained sandy soils. Granivore biomass gen-
erally decreased on the MGs from 1976-1977
to January 1979, but increased slightly on the
HGs over this period (Table 2). Savannah
Sparrows were a consistently abundant ele-
ment of the granivore biomass. Meadowlarks
were generally more abundant on the HGs
than on the MGs (Table 2). Bobwhites (Coli-
nus virginianus) were occasionally noted on
the MGs, but were not recorded on any of the
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FIGURE6. Relation of granivore biomass to seed abun-
dance (of seeds 1-4 mm in length).

morning transects. Turkeys (Meleagris gallo-
pavo) were also observed traversing site 6a.

Seed abundance was measured on several
sites in January of 1978 and 1979. Plotting
granivore biomass against the log of seed vol-
ume (Fig. 6), I obtained a correlation of 0.78,
but when the two outliers were removed, the
correlation was reduced to 0.44. This analysis
implies that seed abundance is a factor on seed
rich sites, but that other factors also determine
sizes of populations on sites of intermediate
to low food abundance. The sites where seeds
were most abundant had the highest granivore
biomass, and those with very low seed abun-
dance supported very low granivore biomass
(Fig. 6). Site 4b was left fallow in the winter
of 1977-1978, and the abundant seed crops of
invading grasses and weeds attracted large
numbers of Savannah Sparrows (Table 1).

The MGs in southern Texas, which had
higher seed densities, supported more grani-
vores than the moderately grazed sites in
Oklahoma. In southern Texas, HGs had very
low seed densities compared to HGs in Okla-
homa. In Oklahoma, seed abundance was
higher in HGs than in MGs. In western Texas,
LGs had very low seed densities, and HGs
were only slightly higher; seed abundance was
highest in prairic dog towns.

DISCUSSION

Birds occupying grasslands in Oklahoma and
Texas are primarily winter residents. Of 11
species occurring in Oklahoma grasslands and
nine species in western Texas, only the Horned
Lark and Eastern and Western meadowlarks
breed in the southern plains region. Most in-
dividuals of these species migrate from breed-
ing localities farther north (Sutton 1967).
However, solitary meadowlarks could be
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heard singing in November and sporadically
through to February, and these individuals
may be resident throughout the year (unpubl.
data). Of 14 species in southern Texas, only
the Mourning Dove, Ground Dove, Eastern
Meadowlark and Cardinal breed in the region;
only the Mourning Dove and Eastern Mea-
dowlark were present on more than two of my
censuses. Thus, species turnover is nearly
complete for grassland bird communities
from summer to winter. Raitt and Pimm
(1976) found a large influx of seed-eaters in
winter at their grassland site in southern New
Mexico. Wiens and Dyer (1975) provided
data from roadside counts that indicate high
species turnovers from fall to winter and win-
ter to spring (72-95%) for three ““true prairie”
sites. One of their localities (Osage) is near my
northern Oklahoma sites.

Many grassland birds are habitat specialists
in winter (Grzybowski 1976, 1980). Cluster
analysis showed sites grouped on the basis of
the dominance of one or two species. Lapland
Longspurs preferred cultivated sites; Le-
Conte’s Sparrows occurred primarily on lightly
grazed areas. Smith’s Longspurs may be the
most specialized, occupying heavily grazed
patches of three-awn (Grzybowski 1980).
Meadowlarks were less specialized, appearing
on all site types, sometimes in large numbers.
Savannah Sparrows also appeared on all graz-
ing treatment types in Oklahoma and southern
Texas, but were rare in western Texas.

Climatic tolerances also influence distribu-
tion of birds. The CBC data show north-south
gradients in distribution for eastern plains re-
gions (Fig. 7) similar to distribution patterns
during the breeding season. Thus, the passer-
ine species breeding farthest north—the Snow
Bunting—has the most northerly wintering
range (Godfrey 1966). The Smith’s and Lap-
land longspurs are tundra species (Godfrey
1966) whose winter distributions typify the
central-northeastern grid-blocks (Fig. 7A).
Many sparrow species breeding in northern
plains grasslands (Bent 1968) winter along the
southern border of the United States (Fig. 7B).

Smith’s and Lapland longspurs never oc-
curred on the same census on any of my sites;
they prefer different habitats on their wintering
grounds just as they do on their breeding
grounds (Bent 1968, Jehl 1968). The Smith’s
Longspur is typically abundant in north-cen-
tral and northeastern Oklahoma. In 1978-
1979, an unusually cold winter in Oklahoma
(N.O.A.A. 1979), larger than normal numbers
appeared in central Oklahoma. Snow cover
may also have been instrumental in determin-
ing the winter distribution of this species (un-
publ. data).

Climatic factors also may affect east-west
changes in distribution. Horned Larks were
most common in western regions and they
dominated grasslands in western Texas. Col-
orado studies (Wiens 1974a) during the breed-
ing season showed that they were more com-
mon in dry years. The preference of Horned
Larks for arid conditions may be manifest in
their east-west distribution patterns (Fig. 7C).
Species turnover is highest between shortgrass
areas of the high plains 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 Savan-
nah sparrows, and Sprague’s Pipits (Fig. 7).
These regional patterns may have been asso-
ciated with historical habitat distributions.
Some mixing from east and west occurs, yet
no open-field granivores that occupy sparsely
vegetated areas occur in heavily grazed habi-
tats in southern Texas. Some Horned Larks
and Chestnut-collared Longspurs were noted
during the study in sandy dry areas (blowouts)
on the coast, and in some large cultivated fields
(unpubl. data).

While habitat may influence which species
occupy a particular site and climate can influ-
ence regional distributions, grassland birds
opportunistically use concentrated food
sources. Abundance of individuals was related
to food abundance. Savannah Sparrows were
very common on a successional field in central
Oklahoma where seed density was very high.
High densities were present at MGs in south-
ern Texasin 1976-1977 when a record rainfall
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 Enders 1971, Cody 1971). Many grassland
species are gregarious (Grzybowski 1980) and
may undergo local movements that permit
exploitation of patchily distributed foods.
Such behavior could minimize site tenacity,
and could result in erratic fluctuations in pop-
ulation distributions of these species at the lo-
cal level. I noted local fluctuations in Lapland
Longspurs and Eastern Meadowlarks (unpubl.
data).

In central Oklahoma and western Texas,
trends of increasing abundance from LGs to
HGs were significant in only a few cases. All
samples were combined for a treatment, and
annual variation may have overshadowed
treatment effects. LGs generally have the low-
est seed abundance. These sites have stable
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perennial grass species where reproduction is
more K-selected (Emlen 1973). Grasses with
high seed production are more prevalent in
HGs, or recently cultivated (and thus dis-
turbed) areas left fallow. The MIX site had the
highest seed densities of any habitat in western
Texas. Thus the increase in avian biomass
from LGs to HGs may be a trend influenced
by the reproductive habits of dominant plant
species.

Avian biomass estimates of summer studies
in mid-grass prairie (Wiens and Dyer 1975)
were 9.95 kg/100 ha (SD = 3.42) compared to
my winter values of 6.86 kg (SD = 6.06) in
central Oklahoma. However, my estimates for
the northern Oklahoma sites were much higher
(89.48 kg/100 ha in HG and 23.93 kg/100 ha
in MG). Biomass values for shortgrass plains
sites were higher in summer (10.28 kg/100 ha;
SD = 3.35) than in winter (5.86 kg/100 ha;
SD = 4.62) in western Texas. On cultivated
sites, biomass estimates were lower in summer
(6.91 kg/100 ha; SD = 4.92) than in winter
(9.54 kg/100 ha; SD = 8.66) in central Okla-
homa. Avian biomass estimates for southern
Texas sites were much higher than in other
regions.

Since 1850, grasslands have changed dra-
matically. The large herds of bison (Bison bi-
son) have been replaced by large numbers of
cattle. Prairie dogs, once forming extensive
and widespread colonies, are now very local-
ized in much of the plains region. What was
once continuous grassland is now dissected by
fencelines into patches subjected to differing
grazing pressure. Some of the most productive
areas are intensively cultivated with single
crops. Many ungrazed areas are mowed reg-
ularly for hay. Box and Chamrod (1966) in-
dicated a major replacement of coastal prairie
by brush species in southern Texas during the
past 25 years due to a change in grazing prac-
tices and fire control. These practices and uses
must have affected grassland bird populations.

Some grassland birds appear to have dimin-
ished in numbers as a result of the reduction
and alteration of natural grassland. These in-
clude 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 drastically
reduced its range (Bent 1968). Others, such as
the Horned Lark, have expanded their range
in response to open agricultural conditions
(Hurley and Franks 1976). During winter in
central Oklahoma, Lapland Longspurs are
abundant on cultivated plots, particularly
those on which sorghum was the fall crop.

Wiens (1973) indicated that grassland bird
communities in summer may not be ‘“as

closely controlled or integrated as, for exam-
ple, forests (Whittaker and Woodwell 1972),
because of their more direct interfacing with,
and greater sensitivity to seasonal and long-
term abiotic variation.” In winter, patterns in
regional distribution and annual variation of
bird populations reflect climatic influences.
Little similarity is found among species in site
occupancy (Fig. 5) or regional distribution
(Table 3); yet most grassland birds appear to
respond somewhat to sets of factors such as
climate and habitat (Grzybowski 1976, 1980).
Mobility of grassland birds allows opportun-
ism, as seen in the relation of granivore bio-
mass to seed abundance (Fig. 6), and the
invasion of sites by new species as grazing pres-
sure or cultivation practices change.
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APPENDIX. Systematic list of species occurring on censuses with ecological category designations and mean weights.

Name Species symbol Category® Mean wt. (g)
Common Snipe (Capella gallinago) COMMS 1 104.0
Mourning Dove (Zenaida macroura) MOURD D 120.0
Ground Dove (Columbina passerina) GROUD D 41.4
Common Flicker (Colaptes auratus) COMMF I 128.7
Horned Lark (Eremophila alpestris) HORNL G 34.1
American Robin (Turdus migratorius) AMERR I 95.0
Sprague’s Pipit (Anthus spragueii) SPRAP 1 24.8
Yellow-rumped Warbler (Dendroica coronata) ’ YELLW | 13.1
Eastern Meadowlark (Sturnella magna) EMEAD M 109.0
Western Meadowlark (Sturnella neglecta) WMEAD M 106.7
Cardinal (Cardinalis cardinalis) CARDI G 45.8
American Goldfinch (Carduelis tristis) AMERG G 13.8
Savannah Sparrow (Passerculus sandwichensis) SAVAS G 18.7
Grasshopper Sparrow (Ammodramus savannarum) GRASS G 17.7
Baird’s Sparrow (dmmodramus bairdii) BAIRS G 18.2
LeConte’s Sparrow (4Ammospiza leconteii) LECOS G 13.0
Vesper Sparrow (Pooecetes gramineus) VESPS G 26.1
Tree Sparrow (Spizella arborea) TREES G 18.8
Lincoln’s Sparrow (Melospiza lincolnii) LINCS G 17.5
McCown’s Longspur (Calcarius mccownii) MCCOL G 27.6
Lapland Longspur (Calcarius lapponicus) LAPLL G 28.4
Smith’s Longspur (Calcarius pictus) SMITL G 27.6
Chestnut-collared Longspur (Calcarius ornatus) CHESL G 20.7

=D = doves; G = granivores; I = insectivores (other than meadowlarks); M = meadowlarks.



