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ABSTRACT

During the 1970 breeding season, specimens of eight species of grassland
birds were collected from tallgrass (Osage), mixed-grass (Cottonwood), and
shortgrass (Pantex) sites in the !BP Grassland Biome. The digestive tract
contents of these specimens were analyzed to determine the dietary composi-
tion of each species. Dietary composition was expressed in terms of the
proportional contribution of each prey taxen to the total prey biomass (g dry
wt) in a collection. Since the direct analysis of digestive tract contents
recorded the estimated body lengths of individual prey items, it was necessary
to use a series of prey taxa-specific body length-dry weight regression equa-
tions to estimate dietary composition. An analysis of sampling intensity and
prey taxa occurrence in samples indicated that a sample size of 20 specimens
may be sufficient to portray the dietary composition of a species at a site.

In general, ground- and foliage~dwelling insects and seeds made up the
major portion of the diet of all species at all sites. More specifically,
grasshoppers, beetles (Curculfonidae, Scarabaeidae, Carabidae, Tenebrionidae,
and Cerambycidae), Lepidoptera larvae, various Hemipterans and Hymenopterans, .
and seeds (especially Gramineae) were the most important prey taxa. Horned
Larks were the most highly granivorous of the species, while meadowlarks and
shorebirds were essentially carnivorous. An analysis of individual variation
in dietary composition suggests that while species samples differed in the
total number of prey taxa recorded, individuals characteristically contained
approximately one-third the number of prey taxa in their species sample,

In some cases, sample sizes were sufficient to permit consideration of
sexual and diurnal variations in dietary composition. Some sexual variations
were noted especially in the importance of seeds in the diet, but in general,

the dietary composition of males and females of a species at a site was quite



similar. Temporal variations in diet were more apparent. Horned Larks at
Pantex and Cottonwood consumed mainly animal prey in the morning and seeds
in the late afternoon and evening. The consumption of Lepidoptera larvae
by several species also showed marked AM-PM differences.

Granivorous species consumed generally smaller prey items than carnjvo-
rous species. The mean size of prey items was usually proportionate with
increasing body weight, bill size, and tarsus length of the consumers,
although relations of these morphological features to the mean size of animal
prey items only were less distinct. When animal prey were taken, they were
obtained from roughly similar size ranges by most bird species; smaller spe-
cies apparently tended to eat proportionately more small seeds than larger
species, rather than eating smaller insects.

Detailed comparisons of similarities in diet composition, prey taxa
diversity, prey biomass consumed per individual, and the sizes of prey taken
indicate differences among all of the species occupying any single site, as

well as between collections of the same species made at different sites.



INTRODUCTION

Knowledge of the dietary habits of populations is essential to under-
standing the structure and function of natural ecosystems. Ecosystems are
bound together by the energy and nutrient transfers of food webs and it is
disruption or modification of these natural food webs which frequently pre-
cipitates ecosystem imbalance and decay. Furthermore, food is an essential
resource to all populations, and may often play a limiting role in their
population dynamics. Food resources thus represent niche dimensions espe-
cially prone to competitive adjustments, and to the extent that food resources
are limiting, a good deal of the structure of natural communities may be re-
lated to food supplies and dietary preferences.

The actual physiological and behavioral mechanics of diet selection are
complex and are influenced by a variety of features of the consumer and that
which is consumed. We may judge that certain kinds and guantities of food re-
Sources are present in an area, and we may estimate how this resource spectrum
is exploited by the consumers by examining the contents of thejr digestive
tracts. But the relationship between food presence and dietary composition
is far from direct; a variety of "filters" or "amplifiers" (Wiens 1971a) may
intercede to bias dijet selection in various directions. So when we analyze
the dietary composition of consumers, we are examining the end results of a
complex series of processes, of which we know little about Most. The matter
I's perhaps best summarized by El1is (1972); it is important to mention in
order to provide a perspective to view the results presented here.

In this report the results of studies of avian dietary composition con-
ducted at three IBP Grassland Biome sites (Pantex, Osage, and Cottonwood)

during the 1970 breeding season are.presented and analyzed.



SAMPLING AND ANALYS1S

Specimen Collection

Bird specimens were collected by shotgun in areas at least 0.5 km from
the plots on which population censuses were conducted (Wiens 1971b), but
within similar grassland habitat. At Pantex, specimens were collected in
pastures directly west of the grazed treatment plot; at Osage, most specimens
were collected near the airstrip or on other portions of the Adams Ranch,
although a few Eastern Meadow]arksl/ were collected along roadsides between
the Adams Ranch and foraker; at Cottonwood, specimens were collected on the
replicate grazing treatments. These collection activities are summarized in
Table 1.

Immediately upon collection, the gizzard of each specimen was injected
with a measured quantity of 5% Formalin. Within 6 hours the specimen was
weighed, various morphological features were measured (see French 1971), and
the proventriculus and gizzard were removed and placed in a labeled vial of
5% Formalin. The mouth and esophagus were examined, and any food items found

were also placed in the sample vial,

Diet Analysis and Quantification

The general procedures followed in the analysis of the stomach contents
of a specimen are outlined in Table 2. After opening the proventriculus and
gizzard and washing the contents into a petri dish, food items were sorted
into plant, animal, and grit categories., Grit was treated simply as being
present or absent. Plant items (seeds) were then sorted by gross morphology
and later identified and counted, The length (mm) of each seed was recorded.

Animal prey items were generally fragmented rather excessively and re-

quired patience, consummate skill, and not infrequently imagination to identify.

1/

— Scientific names of bird species are presented in Appendix I.
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Table 1. Avian specimens collected at three |BP grassiand sites, 1970,
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Table 2. Flow chart depicting the procedures used in determining the diet
composition of grassland birds.

Specimen Collected

Stomach and gizzard injected with 5% Formalin

. Stomach & gizzard removed; Specimen morphology
Field Laboratory preserved in 5% Formalin measured

______________________________________________ i

Contents washed into petri dish

Initial sorting

N

Va RN

Grit Animal Plant

Sort to orders, then families Sort to order
and/or family

Campus Laboratory Estimate number of individuals Count indi-
by counting mandible or chelic- vidual seeds
erae pairs, elytra, heads, etc. present

' y

Estimate body length of each

Ri:g;:tazr individual, by comparison with Record length
zbsent voucher specimens of known for each seed

length

- - o S ., i O S T S e A A N A . S e e g e T E

Determine dry weight of Individuals from
regression equations

CSU Data Analysis

Dietary composition expressed as percent
total dry weight in each prey taxon




Most identifications were made on the basis of characteristics of legs, man-
dibles, heads, elytra, or occasional whole individuals. Questionable
identifications and spot-checks of other identifications were verified by
several Oregon State University entomologists. The number of individuals of
each taxon present in a sample was estimated by comparing the size of char-
acteristic body fragments (e.g., heads, elytra, etc.) with voucher specimens
of known body length.

The importance of various prey taxa in the diet of an individual was
expressed in terms of their absolute and relative contributions to the total
biomass (g dry wt) represented by the stomach contents. Dry weight estimates
of stomach contents were obtained in the following manner. Using dry weight
measurements of a variety of entire insects and seeds of known length supplied
by Paul Baldwin of Colorado State University, and similar measures obtained by
the authors from collections made at IBP sites and in Oregon grasslands, vari-
ous regression models were fitted to the dry weight-body length measures for
the taxa. The regression models providing the best fit (i.e., those with the
highest R2 value) were adopted. |In all, 13 equations were used to determine
dry weight-length relationships for the prey taxa involved in the studies.

The data and regressions are given in Fig. 1. Using the appropriate regres-
sion equations, the dry weight of individual prey items in the diet could then
be determined from the estimate of body length. These 13 equations were in-
cluded in the analytic program for avian diet data (Appendix II), and dry
weight estimates were thus calculated from our inputs of the taxonomic iden-

tity and length of individual food items.

Sampling Adequacy
Collection of avian specimens in the field is a time-consuming process.

In addition to the logistical restrictions there are ethical as well as legal




Fig.

Regressions of body length (x)} with dry weight biomass (y) for
various prey taxa. Data points are measures from complete indi-
viduals obtalned independently of avian dietary samples. Circled
data points deviate from the regression model by at least two
standard deviations. (Note that for equations 1 and 2 the ordi-
nate is arithmetic, while for the remaining equations the scale

is logarithmic.)
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constraints against shooting large numbers of breeding individuals in any re-
stricted locality. Thus in most cases sample sizes were not large, ranging
from 2 to 25 specimens of any species per site. Sample sites of less than 10
specimens were obviously inadequate. In order to obtain some feel for the
adequacy of larger sample sizes in depicting dietary composition, the authors
examined the rate at which prey taxa not previously recorded were added to

the list of prey taxa of a bird species at a site with increasing sample size.
In theory, the rate of appearance of new prey taxa should rise rapidly at
small sample sizes, and then lessen when the sample size approaches adequacy.
The results of this analysis (Fig. 2) are somewhat difficult to interpret.

The samples of Eastern Meadowlarks and Dickcissels at Osage, though relatively
small, portrayed in adequate fashion the occurrence of major prey taxa in the
diets. On the other hand, samples of Western Meadowlarks at Pantex and
Cottonwood were not as large as they probably should have been, while the rate
of addition of prey taxa to Horned Lark diets was very low beyond a sample
size of 20. On the basis of these curves, the authors sought to obtain sample

sizes of 20 specimens of each species at each site during the 1971 field season.

DIETARY COMPOSITION

General Analysis

Analysis results of the stomach contents of the specimens collected at
each site are presented in Tables 3 to 13 and summarized in Table 14. it is
apparent that ground- and foliage-dweliing insects and seeds comprised the
major portion of the diet of all species at all sites and that the range of
prey taxa was relatively broad. Many taxa, however, contributed very minor

amounts to the total prey biomass consumed. In order to discern the major
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PANTEX
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Fig. 2. Rate of appearance of previously unrecorded prey taxa in the diet
of several species with increasing sample size.
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Table 3. Dietary compositian {g dry wt) of Horned Larks at Pantex, 1970. Values In parentheses are per-
centages of the total prey dry weight.
Sex Time of Collaction
Orders and Familles Total
Male Female AM PH
N 25 16 9 6 19
INSECTA
Hymercptera
Formlcidae 0.02t( 0.6) 0.8916( 0.7} 0,005( 0.3} 0.004( 0.4) 0.017( C.6)
Unidentified 0.012{ 0.3) g.0c2( 0.1) 0.010{ 0.&) 0.009{ 1.0) 0.002( 0.1)
I 0.032( 0.9) 0.017( 0.8) 0.015( 0.9) 0.013( 1.4) o.c19( ¢.7)
Colecptera
Curculionidae 0.082( 1.4) 0.031( 1.5) 0.021( 1.3} 0.033( 3.4) J.0201 0.7}
Cerambycidae 0.0159( 0.5) c.ota{ 0.9) -- 0.019( 1.9) --
Chrysomelidae 0.020( 0.5) 0.816{ 0.8} 0.0CH{ 0.2) 0.001( 0.1) 0.019{ 0.7
Scarabasidae 0.581(15.6) 0.249(15.6}) 0.232(14.4) 0.348(36.0) 0.233( &.5)
Unidentified 0.004( 0.1} G.001{c} 0.003( 0.2) -- 0.004( 0.1}
£ 0.676(18.2) 0.416(19.8) 0.260(16.1) 0.401(41.5) 0.276(10.9)
Orthoptera
Acridigae 0.532(14.3) 0.255{(12.1) 0.277{(17.2) 0.122(12.6) 2.410(14.9]
Gryllidae 0.022{ 0.6) 0.022{ 1.0) -- - a9.021( 3.8

3 0.553(14.9) 0.276{13.1) 0.277(17.2) 0.122(12,6) 2.431015.7)

Hemiptcra
Lygaeldae 0.002( 0.1) -- 0.002¢ 0.1) - 6.602( 0.1}
Miridae 0.001(t) 0.001( ¢.1) - - 8.003( 0.1}
Pentatomidae ¢.167( 4.5) 0.129( 6.1} 0.038( 2.4) 0,051¢{ 4,2) N 1264 4.6)
UnldentiFied e.003( 0.1) €.003( 0.2) -- -- 0.003{ 0.1)

I 0.174( L.7) 6.133{ 6.4} 0.061( 2,5) 0.041( &.2) 0.133{ 4&.8)

Homoptera
.Aphfdidae 0,001(+) 0.0n1{«} - -- 0,00 ()
Clcadellidae 0.052(¢ 1.4} 0.032( 1.5} 0.020( t,2) 0.052f 5.4%) --
Cicadicae 0.603¢ 0.1) G.003( 0.1} -- 0.003( 0.2) -

3 0.055{ 1.5) 0.035{ 1.7) 6.020( 1.2) 9.054( 5.6) 9.001{¢)
Lepidoptera 0.040( 1.1) 0.022{ 1.1) 0.016{ 1.0) 0.017( 1.7) 0.023( 0.8)
Diptera 0.009( 0.3) - 6.009{( 0.6) 0.003( 0.3} 0.006( C.2)

ARACHNIDA
Araneida C.164{ 4.4) ¢.119(5.7) 0.0h5( 2.8) 0.061( 4.2) B.124{ 4.5)
ANGI OSPERMAE
Gremiroae 0.355(10.6) 0.252(12.0) 0.145( B.8) 0.001( 0.1) 2.3194014.3)
Chencpodiaceas 0.481{13.0) 0.234{10.2) 0.266(16.5) 0.198{20,5} 0.283{10.3)
Compos itae 0.198( 5.3) 0.088( 4.2) 0.110( 4.8) 0.029( 3.0) 0.168{ 6.1)
Cruciferae 0.532(14.3) 0.237(11.3) 0.235{18.3} 0.003( 0.3) 0.529(19.3)
Portulasaceae 9.008( 0.2} 0.008( J2.4) - -- 0.008( 0.3}
Unidentified 0.3%6(10.7} 0.280(13.3) 0.115( 7.2} G.ChE{ 4, 5) 0.352(12.8)
I 2.001(54.1) 1.08e(51.4) 0.929{57.6) 0.274(28.4) 1.735{63.2}
% Samples with grit 100.0 100.0 100.0 100,0 160.0
Dry weight per specimen: 0.148 0.13 0.17% 0. 161 0. 145
0.106 0.076 0.145 0.113 0.106
. Total dry weight animal tems 1.704(46) 1.021(49) 0.683(42) 0.692(72) 1.012{37)
Total dry weight plant ftems 2.901(54) 1.083(51%) 0.929(58) 0.274(28) 1.735(63)
Dletary diversity: 1.37 1.43 1.28 1.56 1.19
2.38 2.42 2,24 2.02 2.28
Dietary eguitability: 0.63 0.569 0.58 0.71 0.54
0.74 0.77 8.77 0.70 0.74
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Table &. Dietary composition (g dry wi) of Western Meadowlarks at Pantex, 1970.

¥alues in parentheses are percentages of the total prey dry walght, All
specimens were collscted In PM,
Sex
Orders and Families Tatal
Male Female
N 13 2 10
INSECTA
Bymenoptcra
Formicidae 0.129( 2.8) c.0B1(1z.1) 0.048( 1.6)
Fpidae 0.004( 0.1) -- 0.004( 0.1)
Halictidae 0.018{ 0.4) 0.008( 1.3) ' 0.011( 0.4)
Sphecidae 0.186( 3.1) -- 0.186( 5.7)
Unidentified 0.192( 4.1) 0.022( 3.3) 0.074{ 2.4)
L 0.490(10.4) 0.111{16.7) 0.283( 9.2)
Coleoptera
Curculionidae 0.100¢ 2.1) 0.007( 1.0} 0.093( 3.0)
Carabidae 0.041( 0.9) 0.006( 0.9} 0.035( 1.1)
Chrysomelidae 0.004( 0.8) -- 0.004{ 0.1)
Dasytidae 0.001(t) - 0.001(t)
Scarabaeidae 1.647(35.1) 0.233(35.0) 0.624(20,3)
Tencbrionidae 0.381{ 8.1) 0.053( 7.9) 0.328(10.7)
I 2,173(h6.3) 0.299(44.9) 1.084 (35,3}
Orthoptera
Acrididae 1.421(30.3) 0.073(11,0} 1.295(42.2)
Grytlidae 0.021( 9,5) - 0.021{ 0.7}
I 1.442(30.8) 0.073(11.0) 1.317(42.9)
Hemipiera
Coreidae 0.003{ 0.1) -- 0.003( 0,3)
Lygaeidae 0.003( 0.1) -- 0.003{ 6.1)
Miridae 0.017( 0.4) -- 0.017{ 0.6)
Pentatomidae 0144 3.1) 0.017( 2.6) 0.127( 4,1}
Phymatidae 0.003{ 0.1) - 0.003( 0.1}
Unidentified 0.001(t) -- 0.001(t}
b 0.172( 3.7) 0.017{ 2.8) 0.155( 5.9)
Bemoptena
Clcadel1idae 0.047( 1.0} 6.007( .1) 0.0L40¢ 1.3}
Cicadidae 0.001(z) -- 0.001(t)
Unldentified 0.003( 0.1} - 0.003( 0.1)
I 0.050( 1.1) 0.007{ 1.1} 0.063( 1.4
Lepidopteru 0.025( 0.5) - 0.025( 6.3}
ARACHN 1 DA
Araneida 0,160¢ 3.4) 0.010( 1.5) 0.137( 4.5}
MOLLUSCA
Castropoda 0.007( 0.2) - 0.007{( 0.2)
ANG{OSPERMAE
Graineae 0.015( 0.3) 0.00t{ ¢.1) 0.015{ 0.5)
Chenopodiaceae 0.004( 9.1) 0.001{ 0.1) 0.003( 0.1}
Cruciferae 0.005( 0.1) 0.001( 5.2} 0.004{ 0.1)
Unidentified 0.147( 3.1} 0.147(22.0) -
by 0.170¢{ 3.8) 0.143(22.3) 0.021( 0.7)
% Samples with grit gk 50 60
Dry weight per specimen: 0.361 0.333. 0.307
0.219 0.047 0,148
Total dry weight animal |tems 4.520(96) 0.518(78) 3.051(99)
Total dry weight plant items 0.170(4) 0.149{22} G.021(1)
Dietary diversity: 1,40 1.44 1.39
1.95 1.88 1.95%
Dietary equitability: 0.64 0.74 0.63
0.58 0.70 0.58
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Dietary composition (g dry wt) of Upland Plovers at Osage, 1970.

Values in parentheses are percentages of total prey dry weight,

Only males were collected,

Time of Collection

Orders and Families Total
AM PM
N 3 2 1
INSECTA
Coleoptera
Curculionidae 0.148(30.7) 0.097(26.9) 0.051(41.8)
Carabidae 0.085(17.6) 0.064{17.7) 0.021(17.2)
Chrysomelidae 0.005( 1.2) 0.002( 0.6} 0.003( 2.5)
z 0.239(49.5) 0.163(45.3) 0.075(61.5)
Orthoptera
Gryllidae 0.043( 8.9) 0.043(11.9) --
T 0.043( 8.9) 0.043(11.9) --
Hemiptera
Pentatomidae 0.009( 1.8) -- 0.009( 7.4)
Unidentified 0.004( 0.9) 0.004( 1.1) --
z 0.013( 2.7)  0.004( 1.1) 0.009( 7.4)
ARACHNI DA
Araneida 0.039( 8.1) 0.017( 4.7) 0.022{(18.0)
CRUSTACEA
Igopoda 0.141(23.1)  0.133(36.9) 0.008( 6.6)
ANG [ OSPERMAE
Cramineae 0.008( 1.8) -- 0.009( 7.4)
2 Samples with grit 33 50
Dry weight per specimen: 0.161 0.180 0.122
0.067 -- --
Total dry weight animal items 0.475(98) 0.360(100) 0.114(93)
Total dry weight plant items 0.009(2) -- 0.009(7)
Dietary diversity: 1.29 -- --
1.69 -- --
Dietary equitability: 0.72 -- --
0.77 -- --




-16-

Table 6. Dietary composition (g dry wt) of Eastern Meadewlarks at Osage, 1970, Values In parentheses
#re percentages of lotal prey dry weignt.
Time of Collection
Orders and Familles Total
Male Female AM PM
N 10 7 3 & 6
INSECTA
Hymemoptera
Formicidae 0.128¢{ 2.8) 0.127( 3.9) 0.c0%{ 0,1} 0.052( 5.7) 0.036( 1.2)
Unldentified 0.008{ 0.2} 0.005( G.1) 0.003{ 2.3) 0,605( G.3) 0.003{ 0.1}
L 0.136( 2.9) 0.132( 4.0} 0.004( 0.1) 6.037( 6.0} 0.033{ 1.3}
Coleoptera
Curcutlonidae 0.765(16.6) 0.577(17.3) 0.189{14.8) 0.457(28.5) 0,308(10.2)
Cerambycidae 0.082{ 1.8 0.082{ 2.5} -- 0.055( 3.4} 0.027{ 0.9)
Carabidae 0.331( 7.2) G.222{ 6.7} - 0.109{ &£.5) 0.091{ 5.6) 0.241{ 8.0)
Chrysome!idae 0.003( 0.1) 0.002{ 0.1) 0.601( 0.1) 0.00%( 9.1) G.002( 0,1)
Elateridae 8.043( 0.9) ¢.007( 0.2 0.037( 2.8) - 0.043{ 1.4)
Hydrophy | iidae 0.039( 0.9) 0.039( 1.2) -~ - 0.033( 1.3)
Scarabacidae 1.734(37.8) 1.265(38.0) 0.463(36.3) 0.296(18.5} 1.438(47.7)
14 2.958(65.0) 2.194(66.0) 0.804({62.3) 0.%00(56.2) 2,099(69.6)
Orthoptera
Acrididae 0.115{ 2.5) 0.051( 1.5) 0.065{ 5,0} -- 0.115( 3.8)
Gryllidae 0.477(10.3) G.332(10.0) 0.144(11.2) 0.260(16.2) 0.217( 7.2)
b 0.592{i2.8) 0.383{11.5) 0,209(16.2) 0.260(16.2) 0.332(11.0)
Bemiptera
Coreidae 0.011( 0.2) 0.01%{ 0.3) - -- 0.011( 0. 4)
Pantatoml dae 0.037{ 0.8) - 0.037( 2.8) -~ 0.037( 1.2)
Unident! Fied 0.00%( 0.1) 0.004{ 0.1) -- 0.004( 0.3) -
I 0.652( 1.1) 0.016( 0.5) 0.0370 2.8) 6.004{ 0.3) 0.048( 1.8)
Lepidoptera 0.759{16.4) 0.538(16.2) 0.221{17.1) 0.307(19.2) 6.432(15.0)
CRUSTACEA
Iscpoda 0.024{ 0.5) 0.024( 0.7) - 0.024( 1.5) -
ARACHN | DA '
Araneida 0.055( 1.2) 0.040( 1.2) 0.015{ 1.2} 0.011( 0.7) 0.044( 1.3)
k samples with grit 20 29 [¢] 50 0
Ory weight per specimen: o.462 0.475 0.430 .40 0.502
0.198 0.195 0.245 G.150 8.228
Total dry weight animal items L.616(100) 3.326(100) 1,2590(100) 1.602(100) 3.014(100)
Total dry weight plant items T(0) = {0} =~ (0} - (o) - (0)
Dletary diverslty: 1.07 1.06 1.06 1.22 0.96
1.89 1.67 1.8, 1,86 1,75
Dietary equitability: 0.55 0.54 6.59 0.63 0.5%
0.66 0.60 0.74 0.75 0.65




Table 7.
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ages of total prey dry welght.

Dietary composition (g dry wt) ot Dickcissels alL Osage, 1970.

Vafues

In parentheses are parcent-

Sex Time of Coliection
Orders and Families Total
Male Female AM PM
N TR 3 2 2 Y
INSECTA
Bymenoptera
Apldae 0.007( 0.5) 0.6o4{ 0.3) 0.004( 0.8) -- 0.007{ 0.6}
Unidentified 0.006( 0.4) 0.006( 0.5) -- -- 0.006( 0.%)
E 0.013{ 0.8) 0.009{ 0.9) 0.004( 0.8) -- 0.013{ i.0)
Coleoptera
Curculionidae 0.136( 8.6) 0.106(9.7) o.020( 6.2} 0.065( 1.6) 0.131(10.3}
Cerambyci dae 2.033( 2.5) 0.039{ 3.5) - -~ 0.039( 3.1}
Unidentified 0.017{ 1.1} 0.003( 0.3}  0.014{ 3.0) -- 0.017{ 1.3}
£ 0.192{(12.2) 0.148{13.5) 0.04h( 9.2) 0.005( 1.4) 0.187{14.7)
Orthoptera
Acrididae 0.514(32.7) 0.192(17.4) 0.322(68.3) -- 0,514 {40, 4)
Gryllidae 6.035( 2.3) 0.036( 2.3) - .- 0.036( 2.3}
£ 0.550{35.0) 0.228{20.7) €.322(68.3) -— 0.550(43.2)
Hemiptera
Reduvildae 0.00B{ 0.5} 0.008( 0.8) -- - 0.008( 0.7}
Scutelleridae 0.002{ 0.1) D.002{ 0.1) - - 0.002¢{ 0.1}
Untdentifled 0.009{ 0.5) 0.009( 0.8) -- - 0.009( 0.7}
b3 6.0t9( 1.2) 0.019{ 1.6) - -- 0.01af 1.5)
Lepidoptera 0.161(10.2)  0.117{10.6)  0.044( 9.4)  0.093(31.1)  0.068( 5.3)
Diptera o.002{ 0.2} - 0.002( 6.5) -~ 0.002( 0.2)
Newropters 0.003{ 0.2) 0.003( 0.3) -- 0.¢03{ 1.1) --
ARACHNIDA
Araneida 0.017( 1.1) 6.008( 0.7) 0.010( 2.1) 0.008( 2.5} 0.010{ 0.8)
ANG HOSPE RMAE
Cramineae 0.534(34.0) 0.488{4k, 4) n.046( 9.7) 0.191(63.7) 0.343{27.0%
Unidentified 0.081( 5.1) 0.081( 7.3) -- -- 0.081( 6.3)
> 0.614{39.1) 0.568(51.7) 0.046( 9.7) 6.191{63.7) 9.424(33,3)
% Samples with grit 9 11 [+] 0 11
Dry weight per specimen: X 0.143 0.122 0.236 0.150 09.14)
sD 0.089 0.07k 0.117 0.014 3.099
Total dry welght animal items 0.957{61) 0.531(48) 0.426(90) 0.10%(36} G.849(67)
Total dry weight plant items 0.614(39) 0.568(52) 0.046{10) 0.191(64) 0.424(33)
Dietary diversity: orders 1.39 1.34 1.07 © 0.8 1.32
families 1.7h 1.75 1.13 0.86 1.73
Dietary equitability: arders 0.63 0.64 0.55 0.53 0.64
famities 0.63 0.65 0.54 0.53 0.64
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Table 8. Dietary composition {gq dry wt) of Grasshopper Sparrows a2t Osage, 1970.
are percentages of total prey dry weight.

Values n parentheses

Sex Time of Collection
Grders and Families Total -
Male Female AM M
N & 2 1 1 3
INSECTA
Coleaptera
Curculionidae 0.095(14.5) 0.073{27.6) 0.009( 7.8) 0.061{53.7) 0.034( 6.2)
Carabldae 0.019( 2.9) 0.009( 3.3} - 6.c09{ 7.7} 0.01¢( 1.9)
Dasytidae 0.003( 0.4) 0.003( 1.1} - s 0.003( 0.5}
UnidentiFied 0.003{ 0.4) 0.003{ 1.1} -~ 6.003( 2.6} --
E 0.120{18.3) 0.088(33.3) 6.009( 7.8) 0.073(64.0} 0.047( 8.7)
Orthoptera
Acrididae 0.234(35.7) 0.058(21.8) 0.051(44. L) 0.036{31.7) 0.198(36.5)
b3 0.234(35.7) 0.058(21.8) 0,051 (44, 4) 0.036(31.7) 0.198(36,5}
Hemiptera
Pen tatomi dae 0.056( 8.5) 0.012( 4.6} 0.043(37.6) -- 0.056(10.2}
I 0.056( 8.5) 0.012( 4.8) 0.043(37.6) . 0.056(10.2)
Lepidoptera 0.134{20.4) 0.085(32.2) 6.006( 5.1) - 0.134{24.5)
ARACHN| DA
Areneida 0.024( 3.7) 0.009( 3.2) 0.004( 3.7} -- 0.024( 4. 4)
ANGIOSPERMAE )
Craineae 0.087(13.3) 0.013( 5.0) 0.002( 1.4) 0.005( &.3) 0.082(15.1)
Ozalidaceas 0.002{ 0.2) -- -- - 0.002( 0.3)
I 0.083(13.5) 0.013{ 5.0) 0.002{ 1.4) 0.005( 4.3) 0.084(15.4)
% Samples with grit 0 0 0 [ 0
Dry weight per specimen: ¥ 0.164 0.132 0.115 0114 0.181
$D 0,077 0.026 - - 0.085
Total dry weight animal items 0.567(86) 0.251(95) 0.114(99) 0.109{36) 0.458(85)
Total dry weight plant items 0.089(t4) 0-013( 5) 0.002( 1) 0.005( 4) 0.£84(15)
Dietary diversity: orders 1.60 1.46 1.26 .79 1.59
families 1.74 S MY 1.26 L2 1.67
Dletary equitablility: orders ¢.89 0.82 0.70 0.72 0.88
families 0.75 0.76 0.70 0.70 0.76
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Table 3. Dietary composition (g dry wt) of Long-billed Curlews at
Cottonwood, 1970. Values in parentheses are percentages
of total prey dry weight.

Orders and Families Total
N 2
INSECTA
Hymenoptera :
Formicidae 0.001(t)
z 0.001(t)
Coleoptera
Curculionidae 0.012(t)
Carabidae 0.750( 1.9)
Cerambycidae 6.782(17.1)
Scarabaeidae 0.354( 0.9)
Tenebrionidae 0.867( 2.2)
Unidentified 0.269( 0.7)
L 9.034(22.7}
Orthoptera
Acrididae 30.172(75.9)
Gryllidae 0.195( 0.5)
) 30.367(76.4)
Hemiptera
Pentatomidae 0.012(t}
z 0.012(t)
Lepidoptera 0.299( 0.8)
ARACHNI DA
Araneida 0.032( 0.1)
% Samples with grit 100
Dry weight per specimen: x 19.873
Sp 20.153
Total dry weight animal items 39.745(100)
Dietary diversity: orders 0.38
families 0.59
Dietary equitability: orders 0.24

families 0.26
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Table 10. Dletary composition {g dry wt) of Horned Larks at Cottonwood, 1970. Values [n parentheses
are percentages of total prey dry welght.

Sex Time of Collectlon
Qrders and Families Total
Mala Female AM PH
A 24 14 9 5 18
INSECTA
terg
Formicidae 0.087( 1.1} 0.060( 1.3) 0.026{ 0.7 0.004{ 0 0.083{ 1.3)
Apidae 0.003{t) 0.003( 0.1) -~ 0.002( 0.1) 0.002(t)
T 0.050{ 1.1) 0.063( 1.4)  0.026( 0.7}  0.005{ 0.4) 0,084( 1.3)
Coleoptera
Curculionidae 0.16%( 2.1} 0.075( 1.7} 0.088( 2.5) 0.056( 3.5) a.113{ 1.7)
Cantharidae 0.008( 0.1 0.008( 0.2) - 0.008( 0.6} -
Carabidae 0.290{ 3.8} 0.262( 5.9) 0.028{ 0.8) 0.028( 2.0) 0.262{ 4.,0)
Chrysomelldae 0.031{ 0.4) 0.024( 0.6) 0.007( 0.2) 0.003{ 0.2) 0.028( 0.4)
Kisteridae 0.006( 0.1} 0.004( 0.1) 0.003{ 0.1} -— 0.006( 0.1)
Scarabaeldae 0.102¢( 1.3) D.102{ 2.3} -- - 0.102{ +.6)
Unidentified 0.007{ 0.1) C.004{ 0.1) -- -~ 0.007( 0.1}
H 0.613( 7.6) 0.479(10.8) 6.128( 3.6)  0.090( 6.3} 0.517{ 7.9)
Orthoptera
Acrididae 0.262( 3.2) 0.043( 1.0) 0.096( 2.7) 0.022( 1.5) G.117( 1,8}
I 0.262{ 3.2} 0.043{ 1.0) 0.096( 2,7) 0.022{ 1.5) 0.117( 1.8)
Hemiptera 4
Coreidae 6.017( 0.2) .- 0.017{ 0.5) -- 0.017{ 0.2)
Miridae 0.002{t) 0,001 (¢) 0.007{t) ¢.001{ 0.1) p.oo1{t)
Pentatomldae 0.054( 0.7) 06.031( 0.7} 0.023( 0.6) 0.017( 1.2) 0.037( 0.8)
Scutelleridae 6.005( 0.1} 0.002( 0.1) 0.003{ 0.1) - 0.005( 0.1)
Unldentified 0.007{ 0.1} 6.007¢ 0.2) - 0.003{ 0,2} o0.004( 0.1)
by 0.085( 1,0) 0.042( 1.0) 0.043( 1.2) 0.021{ 1.5) 0.064( 1.0}
Homoptery .
Cicade!lidae ¢.022¢ 0.3) 0.011( 2,2) o.0t12¢ 9,3} - s.022f 0.
Unidentified 0,003(t) 0.001(¢) 0.001{t) -~ 0.002(t)
£ 0.024( 0.3} 0.012{ 0.3) 0.012( 0.3) - 0.024( 0.4)
Lepidoptera 0.545( 6.7) 0.298( 6.8)  0.232{ 6.6) 0.380(26.8) 0.150{ 2.3}
Diptera 0.003(t) 0.003{ 0.1) -- -- 0.003( 0.1)
Unidentified 0.021{ 0.3) 0.008{ 0.2) 0.012{ 0.3) -- 0.021{ 0.3)
ARACHN | DA
Aremeida 0.322( 4.0) 0.165( 3.7) 0.130{ 3.7) 0.110{ 7.8) 0.185( 2.8)
ANGIOSPERMAE
Gramineas 5.177(63.7) 2.639(5%.8) 2.534{71.8) 0.715(50.5} 4.459(68.3)
Cruet feras 0.009{ 0.1} 0,00%( 0.2) -- 6.009( 0.6) -
Leguminosae 0.001(t} 6.001{t) 0.001 (1) - 0.001(t)
Polygonaceae 0.066( 0.8) C.061¢ 1.4) ¢.005( 0.1) 0.005( 0.3) 0.061{ 0.9)
Unidentified 0.904(11,1) 0.592(13.4) 0.311( 8.8) 0.061{ 4.3) 0.843(12,9)
E 6.156{75.8) 3.301(74.8) 2.851(80.8) 2.783(55.7) 5.363(82.1)
% Samples with grig 100 106 100 100 100
Dry weight per specimen: 0.338 0.315 0.352 0.283 0.363
0.4o6 0.283 0.580 0.231 0.455
Total dry welght anlmal items 1,966 (24) 1.113(25) 0.679(19) 0.627{44) 1.165{18)
Total dry weight plant items 6.156(76} 3.301{75) 2.851(81) 0.789(56) 5.363(82)
Dietary diversity: 0.96 -0.95 0.82 1.20 0.77
i.44 1.53 116 1.48 1,29
Dietary egultabillty: 0.42 0.4t 0.37 0.62 0.33
0.44 0.47 0.39 0.53 0.40




Table 11,
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$83% are percentages of total prey dry welght,

Dietary composition (g dry wt) of Western Meadowlarks st Cottonwood, 1970,

Vatues in parenthe-

Sex Time of {ollection
Qrders and Familles Total
Hale Female AN PN
N 1 7 i & 7
INSECTA
Bymenoptera
Formicidae 0.080( 1.2) 0.062({ 1.6) 0.019( 0.7) 0.005( 0.4) 0.076( 1.5)
Apidae 0.019( 0.3) 0.019( 0.5) -~ = 0.019( 0.4)
Halictidae 0.004( 0,1) 0.002(t) 0.002( 0.1) 0.002( 0.1) 0.002({t}
I 0.103{ 1.6} 0.082{ 2.1)  o0.021( 0.8)  0.006{ 0.5) 0.097( 1.9)
Coleoptera
Curcul ionidae 0.376( 5.8) £.297( 7.7) 0.079( 3.1) 0.471( 5,0} 0.306( 6.1)
Cantharidae 0.084{ 0.8) 0.017( 0.4) 0.038( 1.4) 0.008{ 0.6) 0.046( 0.9)
Cerambycidae 1.813(28.1) 0.452(11.7) 1.361(52.4) -~ 1. 813(35.9)
Chrysome!idae 0.017( 0.3) 0.010( 0.3) 0.007( 0.3) - 0.017( 0.3)
Elateridae 9.015¢ 0.2} -- 0.015{ 0.6) - 0.015{ 0.3)
Histeridae 0.001(¢) -- 0.00t(t} .- 0.001(t)
$carabaeidas 1.13%(17.6) 1.062(27.5} 0.077{ 3.0) 0.608{h2.9) 0.531{10.5)
Tenebrionidae 0.357( 5.5) 0.255( 6.6) 0.102( 3.9) - 0.357( 7.1}
Unidentiflied 0.003{t) 0.003( 0.1) -~ -- 0.003{ 0.1)
r 3.775(58.4) 2.096(54.3) 1.679(64.6) 0.687(48.5) 3.088(61.2)
Orthoptera
Acrididae 0.467( 7.2) 0.436(11.3) 0.031( 1.2) 0.155{10.9) 0.312( 6.2)
Gryllidaa 0.490(.7.6) 0.288( 7.5) 0.201( 1.7) 0.102{ 7.1) 0.385{ 7.7}
H 0.957{14.8) 0.725(18.8) 0.232( 8.9) 0.256(18.0) 0.701(13.9)
Hemiptarg
Coreidae 0.003(t) .- 0.0063( 0.1) -- 0.003( 0.1)
Pentatomi dae 0.061( 0.9) 0.052( 1.4) 0.003( 0.3) o.c13{ 0.7} 0.056( 1.0)
Phymat| dae 0.006( 0.1) 0.006( 0.2) - . - 0.006{ 0.1)
Unidentified 0.904{ 0.1} -- 0.004{ 0.2) - 0.004( 0.1)
i 0.074( 1.2} 0.058( 1.5) 0.016( 0.6) 0.011( 0.7) 0.064( 1.3}
Homoptera
tocoldae 0.022{ 0.3} - 0.022( 0.8) 0.022{ 1.5) --
£ 0.022( 0.3) -- 0.022( 0.8) 0.022( 1.5) -
Leptidoptera 1.167(18.1} @.641(16.6) 0.526(20.3) 0.391(27.6) 0.775{15.4}
Diptera 0.003(t) -- 0.003( 6.1) -- 0.003( 0.1)
Odemata 0.148( 2.3) 0.148{ 3.8) -- -- 0.148( 2.9)
ARACHN | DA '
Araneida 0.168{ 2.6) 0.077( 2.0} 0.091( 3.5) 0.037( 2.6) 0.131( 2.8)
MOLLUSCA
Gastropoda 0.006( @.1) - 6.006( 0.2) 0.006( 0.4) --
ANG I OSPERMAE
Gramineae 0.038( 0.6) 0.036( 0.9) 0.002{ 0.1} - 0.038( 0.8)
% Samples with grit 9 [ 25 25 [+}
Dry weight per specimen: ¥ 0,550 0.492 0.650 0. 354 0.661
50 0.316 0.226 0.457 0.223 . 0.318
Total dry welight animal items 6.423(99) 3.827(99} 2.597(100} 1. 416 (100} 5.007(100}
Total dry weight plant |tems 0.038(1) 0.036(1) 0.002{t) - 0.038(t)
Dletary diversicy: orders 1.32 1.18 1.08 1.26 1.24
families 1.81 1.55 1.62 1.58 1.6%
Dietary equitabliity: orders 0.54 0.55 0.47 0,61 0.55
: famlijes 0.56 0.54 0.53 0.63 0.53
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Teble 12, Dietary composition {g dry wt} of Grasshopper Sparrows at Cottonwood, 1970. Values 1n paren-
thesas are percentages of total prey dry welght,

Orders and Families Total Seox Time of Collaction
Male Female AM PH
N 7 3 2 5 2
INSECTA
tera
Ichneumon| dae 0.031( 2.1) 0.031( 3.5} -- 0.0311 3.3) -
b2 0.031( 2.1) 0.031( 3.5} - 0.031{ 3.3) -
Colgoptera
Curculionldae 0.133{ 9.0) 0.105(11.9) 6.028{ 4.8) 0.119{12.6) 0.014( 2.7)
thrysome11dae 0.017{ 1.1) 0.011( 1.3) D.006( 1.0} 0.01%( 1.1} 0.006( 1,2}
L 0.150{10.2) 0.116(13.,2) 0.034{ 5.7) 0.129(13.8) 0.020( 3.8)
Orthoptera
Acrididae 0.414(28,1) 0.232{26.5%) 0.182(30.7) 0.282(30.0) 0.132(24.7)
Gryliidae 0.036( 2.4) - 0.036( 6.1) -- 0.036( 6.7)
I . 0.450(30.5) 0.232(26.4)  0.218(36.7)  0.282{30.0) 0.168(31.5)
Hemiptera
Scutelleridae 0.002( 0.1} == 0.002( 0.4} - 0.002{ 0.4)
Unidentified 0.005( 0.6} - 0,003{ 0.4) 0.006( 1.0) 0.003{ 0.3) ©.006( 1,1)
I 0.011( 6.8) 0.003{ 0.4} 0.008( 1.4} 0.003( 0.3) 0.008( 1.6)
Homoptera
Cicadellldae 0.0868( 6.0) 0.045( 5.1) . 0.043( 7.2) 0.075({ 8.0) 0.013( 2.4)
E 0.088{ 6.0) 0.045( 5.1) 0.043( 7.2) 0.075( 8.0} 0.013( 2.4)
Lepidoptera 0.234{15.9)  0.186{21.1)  0.048{ B.1)  0.076( 8.1}  0.158(29.6)
Hptera 0.010{ 0.7) 0.007( 0.7}  0.003{ 0.6) 0.006( 0.7) 0.003{ 0.6}
ARACHN 1 DA
Araneida 0.060{ 2.7)  0.040{ 4.5) -- 0.033( 3.5)  0.007( 1.4)
ANG 1QSPERMHAE
Cramineae 0.294{19.9} 0.222(25,1) 0.072(12.2) 0.139{14.8) 0.155(29.0)
Unidentified 0.166(11.3) -- 0.166{28.0) 0.166{17.7) --
) 0.460(31.2) 0.222(25.1) 0.238(40.2) 0.305(32.%) 0.155(29.0)
% Samples with grit 100 100 100 100 100
Dry weight per specimen: X 0.211 0.176 0.296 0.188 0.266
sb 0.087 0.070 0.073 0.095 0.032
Total dry weight animal items 1.014{69) 0.660(75) 0.354(60} 0.636(68) 0.379(7)
Total dry weight plant items 0.460(31) 0.222{25) 0.238(40} 0.305(32) 0.155(29})
Dietary diversity: orders 1.67 1,76 1.38 1,69 1.45
families 1.99 1,80 1.83 1.95 1.65
Dietary equitabflity: orders 0.76 .0.80 0.71 0.77 0.70

famiiies 0,78 0.78 0.76 . 0.81 0.69




Table 13.

at Cottonwood, 1970.
total prey dry weight.
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All specimens collected in PM.

Dietary composition (g dry wt) of Chestnut-collared Longspurs
Values in parentheses are percentages of

Sex
Order and Families Total
Male Female
N 4 2 2
INSECTA
Coleoptera
Curculionidae 0.111(13.0) -- 0.111(18.8)
Chrysomelidae 0.030( 3.5) -- 0.030( 5.1)
Elateridae 0.020( 2.3) 0.003( 1.1) 0.017( 2.9)
T 0.161(18.8) 0.003( 1.1) 0.158(26.7)
Orthoptera
Acrididae 0.055( 6.4) 0.022( 8.3) 0.033( 5.6)
Gryllidae 0.381(44.5) -~ 0.381(64.5)
) 0.436(51.0) 0.022( 8.3) 0.414(70.1)
Hemiptera
Lygaeidae 0.005( 0.5) -- 0.005( 0.8)
z 0.005( 0.5) -- 0.005{( 0.8)
Homoptera
Cicadellidae 0.007( 0.8) 0.007( 2.7) --
T 0.007( 0.8) 0.007( 2.7) --
Lepidoptera 0.004( 0.4) 0.004( 1.4) -
ARACHN I DA
Araneida 0.006( 0.7} -- 0.006( 0.9)
ANGIOSPERMAE
Gramineae 0.235(27.4) 0.226(85.3) 0.009( 1.5)
Unidentified 0.003( 0.4) 0.003( 1.2) --
g 0.238(27.8) 0.229(86.5) 0.009( 1.5)
% Samples with grit 75 100 50
Dry weight per specimen: 0.2t4 0.132 0.296
0.139 0.037 0.172
Total dry weight animal items 0.619(72) 0.036{(14) 0.583(99)
Total dry weight plant items 0.238(28) 0.229(86) 0.009( 1)
Dietary diversity: 1.14 0.54 0.74
1.51 0.61 1.16
Dietary equitability: 0.59 0.34 0.46
0.63 0.34 0.56




Table V4, Summary of dietary composition of breeding bird populations at I8P sltes, 1970,
total sample dry weight for each specles {ses Tables 3-13}.
Meadowlark, UP = Upland Plover, EM = Eastern Meadowlark, D = Dickcissel,
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Long-b11led Curlew, CL = Chestnut-collared Longspur.

Species code:

Yalues #re percentages of

HL = Horned Lark, WM = Western
GS = Grasshopper Sparrow, LC =

. . t d
Order and Site: Pantex Osage Cot tonwoo
Families Specles: WL WM up EM D Gs L HL WM 6s oL
N 25 13 3 10 1 4 2 24 1 7 4
INSELTA
Humanoptera
Formicidae 1 3 - 3 -= -- t 1 1 - -
Apidae - t -- - t -- -~ t t -- -
ichneumonidae - - - - - - == i - 2 -
Halictldae -- t - =-- == - == == t - -
Sphecldae - 3 - .= - - e == == - -—
Unidentifled t ] - t t -- == b i - -
L 1 10 -m 3 1 - t 1 2 2 s
Coleoptera
Curcullonidae 1 2 3 17 9 15 t 2 6 9 13
Cerambycidae t - - 2 3 - 17 - 28 -- -
Scarabaeidae 16 35 - 38 - - 1 1 18 - -
Carabidae - 1 18 7 - 3 2 L] -- - -
Tenebrionidae - 1 - - - - 2 -- § - -—
Chrysomelidae t t 1 t e - - 3 t 1 4
Dasytidae - t - -— - t - - - - -
Elateridae - ~ - 1 - . - - t - 2
Hydrophy!llidae - - - 1 - -— -— - . - -
Histeridae - - .- - - - — t t _— -
Cantharidae - - wa - -~ - - t 1 - -
Unidentified t -— - - 1 t 1 t t - -
) 18 £13 50 65 12 18 23 3 58 10 19
Jrrhoptera
Acrididae 14 30 -- 3 33 36 7% 3 7 28 6
Gryllidae 1 t 9 10 2 -- t -- 8 2 4s
z 15 3n 9 13 5 36 76 15 30 51
Hemiptera
Coreidae - t - t - - -- t t -- -
Lygaeidae t t - -- - - - -- .- - t
Hiridae t t -- -- - - -- t -- - -
Pentatomidae 5 3 z 1 - ] t 1 1 -- -
Phymatidae - t - - - - - - t . .
Reduviidae - e - - t .- - - -— - -
Scutelleridae - - - -- t -— - t - t -—
Unidentified t t 1 t -— - t t 1 -
L 5 L] 3 1 1 9 t ] 1 1 t
Homeptera
Clcadellidae 1 1 -- - - - - t - 6 1
Cicadidae t t - -- - - - - .- - -
Aphididae t -- - - - - - - - -— -—
Coccidae - - - - - - - - t - -
Unidentifled - t - -— - - - t .- - _—
L 2 1 - -- - -- -- t t 6 1
Lepidoptera 1 t - 16 10 20 1 7 18 16 t
Diptera 4 -- .- -- t -= -- t t 1 -
Odonata -~ .- - - -~ - - - 2 - -
Neurvptera - - - - t - -- - - - -
Unldentifled -- - - - - - -- t - .- -
ARACKN | DA
Araneida L] 3 8 1 1 § t i 3 k] 1
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Table 4. {continued).

Order and Slte: fantex Osage Cot tonwood
Families Species:  HL wH uP £M D 6s Le HL WM ] oL
CRUSTACEA
Teopoda - e 29 t .- - - .- - .- -
HOLLUSCA
Gastropoda -- t -- -- -- - - -- t .- --
ANG ICSPERMAE
Gramineae 1 t 2 - 34 13 -- 64 1 20 27
Chenopodiaceae 13 t - - -- - - .- -- -- -
Cructiferae 14 t -- - - - -- t - - e
Compositae 5 - -- - -- - - - - - -
Portulacaceae t s -— - . - - -— -- - -
Oxalidaceae - - -= - - t - -- -- - -
Lequminogae - -- - -- -- - - t - - --
Polygonaceas -- - - -- - - -- 1 — -- -—
Unidentifled 1 3 S — 5 -- - " - " ¢
b) 54 b 2 -- 39 14 -- 76 1 31 28
g Samples with grit 100 5k 33 20 9 0 160 100 9 100 75
bry weight per specimen: X 0.148  ©0.361  0.161 0.462 O.th3y 0,164 19.873 0.338 0.550 ©0.211  0.214
50 0.106 ©0.213 0.067 ©.198 0,089 0.077 20,153 0.606  0.316 0.087 0,132
% Dry weight animal Ttems L6 96 98 100 61 B6 160 24 99 69 72
% Dry weight plant items 1 4 2 - 39 14 -- 76 1 3 28
Dietary diversity: order-s 1.37 1.40 1.29 1.07 1.3% 1.60 0.38 0.96 1,32 1.67 1.14
famjlies 2.38 1.95 1,69 1.89 1.74 1.74 6.59 1.44 1.81 1.99 1.51
Dietary equi-tabi]ity: orders 0.63 0.64 0.72 0.55 0.63 0.89 Q.24 0.42 0.5h 0.76 0.59
families 0.74 0.58 0.77 0.66 0.63 a.75 0.26 0.44 0.56 0.78 0.63
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patterns of prey consumption, the authors have constructed food-web diagrams
for the species of each site, considering only prey taxa which contributed at
least 10% of the diet of at least one of the bird species (Fig. 3 to 5). To-
gether, these diagrams suggest that the diets of breeding birds at the three
Great Plains grassland sites are largely composed of beetles (Curculionidae,
Scarabaeidae, Carabidae, Terebrionidae, and Cerambycidae), grasshoppers and
crickets, Lepidoptera larvae, and seeds (especially Gramineae).

Horned Larks were the most highly granivorous of the species sampled,
while the shorebirds (Upland Plover and Long-billed Curlew) and meadowlarks
were essentially carnivorous in their diet. The diversity of the diet as
measured by

H=-Z p,

i 199 P;

{(where p; = proportion of the total diet contributed by prey taxon i) showed
no relation to the degree of granivorous or carnivorous habits of the species.
Within all species there was considerable individual variation in di-
etary composition. As a rough gauge of this individual variation, the authors
determined the number of prey taxa {not individuals) represented in the stom-
ach contents of individual specimens (Table 15). The mean values for species

varied from 4 to 9.5 prey taxa per individual and, in general, were consid-
erably lower than the number of prey taxa recorded for all individual of a
species combined. This comparison, however, is hampered by the unequal sample
sizes since the number of prey taxa for the species as a whole increases with
sample size (Fig. 2). In order to permit a more realistic comparison of the
diversity of prey taxa in individual samples and in total species collections,
values were considered only for the first 10 specimens cocllected. This al-

lowed comparisons among six species collections at the three sites (Table 16).
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Table 15. Number of prey taxa recorded in entire species samples and in
individual specimens at three IBP grassland sites, 1970.
Number of Prey
Taxa Recorded
Site Species N . Individuals
Entire
Sample X $D
Pantex Horned Lark 25 25 6.60 .27
Western Meadowlark 13 29 8.77 .03
Osage Upland Plover 3 9 5.67 .53
Eastern Meadowlark 10 17 7.60 .22
Dickcissel 11 16 L.00 .05
Grasshopper Sparrow b 10 6.25 .96
Cot tonwood Long-billed Curlew 2 12 9.50 .12
Horned Lark 24 26 7.29 .18
Western Meadowlark 11 25 7.82 .86
Grasshopper Sparrow 7 13 5.86 .57
Chestnut-collared Longspur 4 11 4,00 .16
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First, it is apparent that the species differed in the breadth of prey taxa
selected by a sample of 10 individuals, Western Meadowlarks consuming almost
half again as many types of prey as Horned Larks and Dickcissels. Second,
these differences in the numbers of prey types recorded in samples of 10 in-
dividuals were generally paralleled by differences in the mean number of
prey types per individual, as evidenced by the general similarity of ratios
of prey types per individual to prey types per total sample. In terms of
niche theory {(McNaughton and Wolf 1970) this suggests that while the species
differ in their niche breadths with respect to prey taxa, individuals have a
niche breadth roughly one-third that of their species as a whole. Dickcissels
(10 samples), which as a species consumed the smallest variety of prey taxa,

were also individually the most restricted in prey taxa diversity.

Dietary Differences Between Sexes

Tables 3 to 13 present an analysis of the dietary composition of males
and females for the collections at each site. These results are best sum-
marized by species. Unfortunately, since dietary composition s expressed
in terms of percent dry weight, direct statistical comparisons are not pos-
sible; thus the statements which follow must be viewed as observations of
apparent differences or similarities rather than statistically-supported
conclusions.
Pantex. Horned Lark--Females consumed 7% more seeds (mainly Cruciferae and
Chenopodiaceae) and somewhat more grasshoppers than males, while males ate
slightly more Hemipterans and spiders. In general, the sexes were guite
similar in dietary composition.

Western Meadowlark--Seeds were an important component of male diets

{(22%) but a minor element in female diets (1%). Males consumed more beetles
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(especially Scarabaeids) and ants; female diets were dominated by Acridids.
(Only two males were collected).
Osage. Upland Plover--{A11 specimens collected were males).

Eastern Meadowlark--Beetles were the major component of the diet. in
general, both sexes had similar diets though males ate somewhat more ants
and females slightly more Orthopterans.

Dickcissel--Males consumed proportionately more seeds than females (52%
vs. 10%), while females ate more grasshoppers than males. (Only two females
were collected).

Grasshopper Sparrow--Sample size (2 males, 1 female) was too small to
permit comparisons. Males appeared to consume more beetles and Lepidoptera
larvae and fewer Orthopterans and Hemipterans than females.

Cottovmwood., Long-billed Curlew-~(0One female and one juvenile were collected),

Horned Lark--The dietary similarity between the sexes was striking though
females consumed slightly more seeds (81% vs. 75%), and males ate somewhat
more beetles.

Western Meadowlark--In general, the diets of males and females were sim-
ilar, but males ate somewhat more Curculionid and Scarabaeid beetles and
grasshoppers and fewer Cerambycid beetles than females.

Grasshopper Sparrow--S5eeds were considerably more important in the diet
of females than in that of males (40% vs. 25%). Males consumed more beetles
(especially weevils), Lepidoptera larvae, and spiders, and fewer Orthopterans.
(Only two females were collected).

Chestnut-coliared Longspur--Male diets were composed almost entirely of
seeds (87%), while females ate primarily crickets (65%) and weevils (19%).

(Only two specimens of each sex were collected).
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(especially Scarabaeids) and ants; female diets were dominated by Acridids.
(Only two males were collected).
Csage. Upland Plover--(All specimens collected were males).

Eastern Meadowlark--Beetles were the major component of the diet. In
general, both sexes had similar diets though males ate somewhat more ants
and females slightly more Orthopterans.

Dickcissel--Males consumed proportionately more seeds than females (52%
vs. 10%), while females ate more grasshoppers than males. (Only two females
were collected).

Grasshopper Sparrow--Sample size (2 males, 1 female) was too small to
permit comparisons. Males appeared to consume more beetles and Lepidoptera
larvae and fewer Orthopterans and Hemipterans than females.

Cottomwood. Long-billed Curlew--{0One female and one juvenile were collected).

Horned Lark--The dietary similarity between the sexes was striking though
females consumed slightly more seeds (81% vs. 75%), and males ate somewhat
more beetles.

Western Meadowlark--In general, the diets of males and females were sim-
ilar, but males ate somewhat more Curculionid and Scarabaeid beetles and
grasshoppers and fewer Cerambycid beetles than females.

Grasshopper Sparrow--Seeds were considerably more important in the diet
of females than in that of males (40% vs. 25%). Males consumed more beetles
(especially weevils), Lepidoptera larvae, and spiders, and fewer Orthopterans.
(Only two females were collected).

Chestnut-collared Longspur--Male diets were composed almost entirely of
seeds (87%), while females ate primarily crickets (65%) and weevils (19%).

(0Only two specimens of each sex were collected).
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The general impression one gains from this analysis is that dietary
similarities between the sexes are more outstanding than are differences.
Sexual differences in Horned Lark diets were similar at Pantex and Cotton-
wood; Western Meadowlarks at these two sites had different patterns of
dietary divergences between the sexes.

Another measure of similarity or difference between sexes can be ob-
tained by examination of the values of total prey dry weight per individual
bird (Tables 3 to 13). The untransformed data for all male-female pairings
within species were subjected to t-tests; significant differences {p < 0.05)

were indicated between sexes only in Western Meadowlarks at Cottonwood.

Temporal Differences in Diet
By grouping the specimens of each species according to whether they
were collected in morning (AM) or afterncon (PM} (pre- or post- 1200 hours),
a coarse evaluation of diurnal variations in diet may be possible. Again,
the results (Tables 3 to 13) will be summarized by species.
Pantex. Horned lLark--Scarabaeid beetles comprised 36% of the AM diet,
while contributing only 9% to the PM diet. As a result, beetles were con-
siderably more important in AM than PM samples. Seeds, on the other hand,
were consumed more heavily in PM than AM (63% vs. 28%). The seeds eaten in
the AM were primarily Chenopodiaceae, while the PM seed diet was more di-
verse and was composed primarily of Gramineae and Cruciferae seeds. Consumption
of Homopterans was low and almost entirely confined to the AM sample.
Western Meadowlark--(All specimens were collected in PM).
Osage. Upland Plover--The sample was small (two AM, one PM), but seemed to
indicate a greater importance of Isopods in the AM diet (37% vs. 7%). Crickets
were present only in the AM sample, while the PM sample bird contained mainly

beetles (weevils) and spiders.
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Fastern Meadowlark--Beetles were somewhat more important in PM than
in AM diets (70% vs. 56%). Scarabaeids dominated the PM samples, while
weevils comprised half of the beetles consumed in the AM, Lepidoptefa
larvae, ants, and crickets were somewhat more abundant in AM than in PM
samples,

Dickcissel--Consumption of seeds was roughly twice as great in the AM
sample than in the PM, Lepidoptera contributed one-third of the AM diet,
but only 1/20 of the PM food. Almost all of the beetles eaten, and all of
the Orthopterans and Hemipterans eaten were in PM specimens., (Only two AM
specimens were collected).

Grasshopper Sparrow--The sample size {one AM, three PM) was too small
to permit conclusions. The AM specimen contained primarily beetles (64%),
while seeds were more common In the PM sample, Hemipterans, Lepidoptera
larvae, and spiders were restricted to the PM sample; consumption of grass-
hoppers was similar in the two time periods,

Cottomwood. Long-billed Curlew--(Both specimens were collected in the PM).

Horned Lark--Lepidoptera larvae were eaten primarily in the AM (27%
vs. 2%), while considerably more seeds were present in the PM sample.

Western Meadowlark--Lepidoptera larvae were consumed in greater gquan-
tity in the AM {28% vs. 15%), while more beetles were present in the PM
sample. Scarabaeids dominated the beetle component of the AM specimens;
the PM beetle list was more diverse, dominated by Cerambycids.

Grasshopper Sparrow--Lepidoptera larvae were more abundant in PM sam-
ples (29% vs. 18%), as were grass seeds, while beetles (weevils) were more
common In the AM sample. In other respecté the diets were generally similar.
(Only two PM specimens were obtained).

Chestnut-collared Longspur--{All specimens were PM).
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It appears from this rather cursory analysis that temporal differences
in diet may be more pronounced than sexual differences among these grassland
species,

There are of course marked diurnal changes in the activity or "avail-
ability" of prey, especially ground-dwelling insects, and if the birds are
at all opportunistic in their foraging, they should respond to these changes
in prey activity. These responses should in turn dictate diurnal changes
in dietary composition. The data presented here are too sketchy to permit
firm conclusions. Still, Horned Larks at both Pantex and Cottonwood con-
centrated on animal prey in the morning and seeds in the late afternoon and
evening.

The pattern of consumption of Lepidoptera larvae is especially intrigu-
ing. They were important prey only at Osage and Cottonwood, and at each
site all species except Grasshopper Sparrows concentrated their feeding upon
larvae in the morning (Grasshopper Sparrows consistently ate more larvae in
the afternoon and evening). This difference may be due to differences in
the activity patterns of the types of Lepidoptera larvae eaten by the dif-
ferent species, or perhaps to differences in the foraging tactics of the
birds.

Significance tests (t-tests) on mean dry weight per bird values for AM

and PM samples indicated no significant differences in the varicus species,

Prey Size

{t has become fashiconable in avian trophic studies to attach consider-
able importance to prey size, independent of taxonomic identity, following
the suggestion that prey size may be an important and readily divisible
niche dimension in birds {(Schoener 1965, MacArthur 1972). The size char-
acteristics of prey items for our collections are given in detail in Tables

17 to 27 and are summarized 'in Fig. 6.
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Tatle 17. MNumber of prey fndividuals in size classes of Horned Lark prey at Pantex, 1970.

Sex Time of Collection

Lergth
Frey Type Total
4 {eom) Male Female AM P
INSECTA
Bymeroptera
Formicldae 3 15 1 -- 16 16
4 2 2 2 2 4
5 - 1 1 - 1
Unidentified 2 -- 1 - 1 1
3 -- 1 1 - 1
5 1 - - 1 1
10 “- 1 1 - 1
Coleoptera
Curcullonidae 2 - 1 - 1 1
' 3 5 2 b 3 7
4 5 1 2 3 5
5 1 1 2 - 2
6 - 1 1 - 1
Cerambycidae 10 1 -- 1 -- 1
Chryscimlidae 3 - 2 2 -- 2
4 2 3 -- 5 5
S 5 - -- 5 5
Scarabasidae 7 3 3 [ -— [
10 L 2 2 4 [
Unidentified 2 2 3 - 5 5
3 - 2 -~ 2 2
Orthoptera
Acrididae 3 i1 - - 1" 1
5 5 3 2 6 8
6 2 - - 2 2
B 1 - - 1 1
9 2 - - 2 2
10 12 3 5 10 15
12 - 5 2 3 5
13 - 1 - i 1
15 3 S 2 6 8
20 - 1 - 1 1
Gryliidee 15 1 -- -- 1 1
Bemiptera
Lygaeidae 3 - 1 -- 1 1
5 -~ 1 -- 1 1
Miridae 5 1 - - 1 1
Pentatomidae i - 1 - 1 H
5 21 8 1 28 29
8 3 - 3 -- 3
Unidentifled 5 2 - ~= 2 z
Bomoptera
Aphididae 1 1 -- -- 1 1
Clcadellidae 3 - 1 1 - 1
8 - L 4 - 4
3 3 -= 3 - 3
10 1 - 1 -- 1
Cicadidae 8 5 - 5 - 5
Lepidoptera 5 13 - -- 13 13
7 -- 1 1 - 1
15 2 - - 2 2
20 - 1 1 - 1
Diptera ? -- 1 1 -- 1
9 -- 3 - 1 1
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Table 17. {continued).

L th Sex Time of Cdllection
Prey Type ?;:) Total
Male Female AM PM
ARACHNIDA
Araneida 3 - 1 - ! 1
4 1 -- -- 1 1
5 2 - - 2 2
[3 2 - - 2 2
7 3 2 - 5 5
8 t 1 - 2 2
10 1 1 1 1 2
11 2 -- 1 1 2
ANGIOSPERMAE
Cramineae 1 89 2z 2 89 91
2 106 45 - 151 151
3 .10 20 -- ) 30 . 30
Chenopodiaceas 1 61 149 37 173 210
2 112 55 72 95 167
3 - 30 18 12 30
Compositae 1 5 -- -- 5 5
3 5 ] -- 13 13
4 8 8 3 13 16
5 4 6 2 8 10
Cruciferae ] 74 589 5 1058 1063
Portulacaceas 2 5 -- -- 5 5
Unidentified H 58 - - 58 58
2 8 1 6 13 19
3 70 29 10 Bg 99
Plant item length: X 3.00 3.00 3.00 3.00 3.00
sh 1.58 1.58 1.58 1.58 1.58
N 1015.00 952.00 155.00 1812.00 1967.00
Animal item length: X 6.00 8.80 9,20 8.40 8.40
sD 3.32 5.18 5.12 5.25 5.25
N 146.00 71.00 59.Q00 158.00 217.00

Overall mean prey size (mm): 3.38 3.40 4,71 3.43 3.54
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Table 18. Number of prey individuals in size classes of Western Meadowlark prey

at Pantex, 1970.

Sex
Length
Prey Type - Total
vy v () Male Female
INSECTA
Bymenoptera
Formicidae 3 -- g1 51
b 65 3 68
Apidae 8 -- 1 1
Halictidae 7 2 3 5
8 1 1 2
Sphecidae & -- 1 1
15 - 2 2
Unlidentified 6 -- 2 2
’ 8 5 6 15
10 - 5 S
17 -- -~ 1
Coleoptera
Curculionidae 4 -- 7 7
5 -- 5 5
6 1 1 2.
7 - 3 3
8 - 1 1
Carab!dae 6 1 -- 1
. 8 - 4 4
Chrysome!idae L - 1 1
5 .- 1 1
Dasytidae 3 e 1 1
Scarabaeidae 3 - 1 1-
10 4 9 15
12 - 1 4
. 13 - - 5.
Tenebrionidae 7 - 2 2
8 - 2 2
1 1 - 1
12 - g 5
13 1 5 6
Orthoptera
Acrididae 6 -- 7 7
7 3 15 18
8 -- 5 5
9 1 1 2
10 3 26 31
3 -- 5 5
12 -- 13 14
13 - 2 2
15 1 th 16
17 - 2 2
18 - 1 1
20 -- 5 5
Gryllidae 15 -- 1 1
Bemiptera
Coreidae 5 - 2 2
Lygaeidae 5 - 2 2
Miridae 3 - 1 1
6 -- 8 8
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Table 18. ({continued).

Sex
Prey Type L?:'?.I;h Totat
Male Female
Hemiptera (Cont.)
Pentatomidae 4 - 1 1
5 - t 1
7 2 2 L]
8 -- 5 5
9 -- 1 1
10 - 1 1
Phymat idae 7 -- 1 1
Unidentified i -- 1 1
HEomoptera
Cicadel)idae . 9 1 1 2
10 -- 3 3
Cicadidae 8 - 1 1
Unident! fied 3 -- 5 4
Lepidoptera 8 - 1 1
10 - 1 1
15 - 1 1
20 - 1 1
ARACHN | BA
Araneida 5 -- 2 2
6 - 2 bd
7 -- 1 &
8 1 2 3
] - -- i
10 - 3 3
MOLLUSCA
Gastropoda 1 -- 1 1
3 -- 7 7
ANG10SPERMAE
Gramineas ¥ 1 - 1
2 -- 9 9
Chenopodiaceaz 1 1 6 7
Cructferae 1 2 7 9
Unidentified [ 17 - 17
Plant jtem jength: X 3.50 1.50 3.00
D 354 0.71 2.65
. N 21.60 22.00 43.00
Animal item length: X 9.60 9,40 9.90
SD 3.46 5.37 5.61
N 93.00 283.00 396.00

Overall mean prey size {mm): . B 8.83 9.22
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Table 19. Number of prey individuals in size classes of Upland Plover

prey at Osage, 1970.

Lenath Time of Collection
Prey Type ( 3) Total
m AM PM
{NSECTA
Coleoptera
Curculionidae 6 -- 1 1
7 1 -- 1
8 3 -- 3
9 3 -= 3
12 - 1 1
Carabidae 8 -- 1 1
10 2 1 3
12 1 -- 1
13 1 -- 1
Chrysomelidae 5 1 1 2
Orthoptera
Gryllidae 15 2 -- 2
Hemiptera
Pentatomidae 7 -- 1 1
Unidentified 8 1 -- 1
ARACHN{ DA
Argneida 5 - ] 1
7 1 1 2
8 ] 1 2
CRUSTACEA
Isopoda 7 - 2 2
8 2 - 2
10 L -- 4
12 3 -- 3
ANGIOSPERMAE
Gramineae 6 -- 1 1
Plant item length: X - 6.0 6.00
SD -- -- --
N - 1.0 1.00
Animal jtem length: X 9. 40
5D 3.36
37.00

Overall mean prey size (mm):




Table 20. Number of prey individuals in size classes of Eastern Meadowlark

prey at 0Osage, 1970.

=42~

Length Sex Time of Collection
Prey Type (mm) Total
Male Female AM PM
INSECTA

Hymenoptera
Formicidae 3 b2 1 28 15 48
4 8 -- 8 - 8
5 ke -- 33 13 46
Unidentified 5 -- 2 -- 2 2
8 1 -- 1 -~ 1

Coleoptera
Curculionidae 4 - 1 -- 1 1
5 11 -- - 11 11
7 2 11 -- 13 13
8 1 7 37 11 48
Cerambycidae 12 3 -- 2 1 3
Carabidae 8 5 7 1 11 12
9 1 -- 1 -~ 1
12 6 1 4 3 7
15 2 i -- 3 3
Chrysomelidae L 2 1 1 2 3
Elateridae 7 1 -- -- 1 1
10 -- 3 - 3 3
Hydrophyllidae 7 6 -- -- 6 6
Scarabaeidae 4L -- 1 -- 1 1
5 1 -- 1 -- 1
6 1 -- 1 -- 1
10 4 1 2 3 5
12 5 5 -- 10 10
15 1 -- 1 - 1
20 2 - -- 2 2

Orthoptera
Acrididae 15 -- 3 -- 3 3
20 1 -- - 1 1
Gryllidae 13 1 -- -- 1 1
15 L 1 3 2 5
18 5 2 4 3 7
20 1 1 1 1 2

Hemiptera

Coreidae 3 14 -- - 14 14
Pentatomi dae 8 -- 3 -- 3 3
Unidentified 8 1 -- 1 -- 1
Lepidoptera 10 1 -- 1 -- 1
15 5 - 3 2 5



Table 20. ({continued).
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Lenath Sex Time of Collection
Prey Type (mﬁ) Total
Male Female AM PM
INSECTA
Lepidoptera (Cont.) 17 1 2 1 2 3
20 2 -- 1 1 2
30 2 2 -- L 4
35 1 -- 1 -- 1
CRUSTACEA
Isopoda 8 4 -~ 4 -- 4
ARACHNI DA
Araneida 3 i -~ 1 -- 1
5 2 -- 2 -- 2
6 i -- -- 1 1
7 -- 2 -- 2 2
8 1 -- - 1 1
9 1 -- - 1 1
Animal [tem length: X 13.50 12,40 12.50 13.30 13.30
SD 9.36 7.95 8.75 7.37 9.12
N 240.00 58.00 144.00 154,00 298.00
Overall mean prey size (mm): 13.50 12,40 12,50 13.30 13.30




Y.

Table 21. Number of prey individuals in size classes of Dickcissel prey at
Osage, 1970.

Length Sex Time of Collection
Prey Type {rm) Total
Male Female AM PM
INSECTA
Hymenoptera
Apidae 8 1 1 -- 2
Unidentified 4 1 - -- 1
8 1 - -- 1 1
Coleoptera
Curculionidae 5 3 1 1 3 4
7 2 - -- 2 2
8 6 2 -- 8 8
Cerambycidae 14 1 -- - 1 1
Unidentified 4 - 1 -- 1 1
5 1 -- -- 1 1
7 -- 2 - 2 2
Orthoptera
Acrididae 10 -- 1 -~ 1 1
15 1 - -- 1 ]
17 -- 1 -- 1 1
23 2 - -~ 2 2
30 -- 1 -- 1 1
Gryllidae 18 1 -- -- 1 1
Hemiptera
Reduvi idae 10 1 -- -- 1 1
Scutelleridae 5 1 -- -- 1
Unidentified 8 2 -- “- 2 2
Lepidoptera 10 2 5 1 6 7
15 2 3 1 4 5
20 2 1 1 2 3
28 1 -- 1 - 1
Diptera 6 -~ 1 -- 1 1
Neuroptera 7 1 -- 1 --= 1
ARACHNIDAE
Araneida 7 1 - 1 --
8 -- 1 -- 1 1
ANG | OSPERMA
Gramineae 2 297 28 116 209 325

Unidentified 2 L9 - - Lg Lo



Table 21. (continued).

Lenath Sex Time of Collection
Prey Type (mﬁ) Total
Male Female AM PM

Plant item length: X 2.00 2.00 2.00 2.00 2.00

SD -- -- -- -- --
N 346.00 28.00 116.00  258.00 374.00
Animal item length: X 13.80 13.00 14.20 13.60 14.60
D 7.82 8.35 8.70 7.87 8.48
N 33.00 21.00 7.00 47.00 54,00

Overall mean prey size (mm):

3.03 6.70

2.69 3.79 3.59




-L6-

Table 22. Number of prey individuals in size classes of Grasshopper Sparrow
prey at Osage, 1970.

Lenath Adult Time of Collection
Prey Type (ma) Total
Male Female AM PM
INSECTA
Coleoptera
Curculionidae 7 3 1 3 1 b
8 1 -- -- 2 2
9 2 -- 2 -- 2
Carabidae 8 1 - 1 -- 1
9 - -- -- 1 1
Dasytidae 5 1 - -- 1 1
Unidentified 5 1 =" 1 - 1
Crthoptera
Acrididae 7 -- =" -- 1 1
9 -- 1 -- 1 1
10 -~ 1 -~ 1 1
12 -- 1 -- 1 1
15 1 1 -- 2 2
18 1 -- 1 -- 1
25 -- -- -~ 1 1
Hemiptera
Pentatomidae 7 -- 5 - 5 5
8 1 -- -- 1 1
Lepidoptera 12 -- -- -- 1 1
15 -- 1 -- 1 1
20 3 -- -- 3 3
25 1 -- -- 2 2
ARACHNIDA
Araneida 5 2 1 -- 3 3
6 -- -- -- 2 2
ANG tOSPERMAE 8 1 3 51 54
Plant item length: X 2.00 2.00 2.00 2.00 2.00
SD - - - - --
N 8.00 1.00 3.00 51.00 54.00
Animal item length: X 13.40 10,20 9.40 11.70 12.30
SD 7.19 3.70 5.03 6.50 6.45
N 18.00 12.00 8.00 30.00 38.00
Overall mean prey size {mm): 9.89 9.57 7.38 5.59 6.25
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Table 23. Number of prey individuals in size classes of Long-billed Curlew
prey at Cottonwood, 13970.

Prey Type Length {mm) Total
INSECTA
Hymenoptera
Formicidae b i
Coleoptera
Curculionidae 8 1
Carabidae 29 2
Cerambycidae 28 15
Scarabaeidae 18 ?
Tenebrionidae 15 17
Unidentified 25 3
30 3
Orthoptera
Acrididae ‘ 10 3
15 2
20 2
50 12
Gryllidae 18 4
20 1
Hemiptera
Pentatomidae 8 1
Lepidoptera 10 4
12 1
15 4
35 1
ARACHN I DA
Araneida 6 1
S 2
Animal item length: X 21.80
sD 12.73
N 82.00

Overall mean prey size (mm): 21.80




-48-

Ta%le 24, Number of prey individuals in size classes of Horned Lark prey at Cottonwood, 1970.

Sex Time of Collection
Prey Type L?::;:h Total
Male Female AM PM
INSECTA
tera

Formicidae 3 11 5 - 16 16
4 13 12 -- 25 26
5 3 1 2 2 4
3 12 2 e 14 14
Apidaz 3 2 - 1 1 2

Coleoptera
Curcul lonidae 2 iy 2 3 3 [
3 -- 6 1 5 6
4 9 6. 1 14 15
5 1 2 -- 3 3
6 5 6 6 5 12
Cantharidae 8 1 - 1 - 1
Carabidae 7 - 1 1 -- 1
g - 2 2 -- 2
27 1 - - 1 1
Chrysomelidae 3 1 - -- 1 1
4 - 1 -- 1 1
5 4 2 1 5 6
10 1 - - 1 1
Histeridae 3 7 s - 12 12
Scarabae idae 14 1 - - 1 1
Untdentified 2 2 - - 2 2
3 - 2 - 2 2
4 -- 2 -~ 2 2
5 1 - - 1 1

Orthoptera
Acrididae 5 ] 2 - é 3
7 L - - 1 1
8 - 2 - 2 2
10 - 2 - 2 2
15 1 1 1 1 2
18 - 1 - 1 3
20 - - - -- 1

Hemiptera
Coreidae 3 1 - -- 1 1
5 - 10 - 10 10
Miridae & 1 - -- 1 1
5 - 1 1 -- 1
Pentatomidae 3 1 - - 1 1
5 1 1 1 1 2
6 - 1 - 1 1
8 2 1 1 2 3
Scutel leridae 3 - 2 - 2 2
5 - 1 -- 1 1
[ 1 - - 1 1
Unidentified 1 [ — 1 3 4
3 1 - 1 - t
5 1 - 1 - 1
7 3 - - 1 1

Homoptera
Cicadellidae 10 1 1 -- 2 2
Unidentified 1 3 -- - 3 3
i -- 1 -- 1 1
Lepidoptera 6 3 - 3 -- 3
10 2 . 3 - 5 5
15 10 + 3 4 9 13
20 10 1" 18 3 22
25 2 1 2 1 3



Table 26, (continuad).

~4g-

Length Sex Time of Collectlon
Prey Type - Total
v () Mala Female AM , P
Diptera 7 1 -- -- 1 1
Unidentified 8 1 - -- 1 1
10 - 1 - 1 1
ARACHN | DA
Araneida 3 -- 1 -- 1 1
b 2 - 2 - 2
5 1 4 2 3 5
6 9 - 6 3 9
7 1 9 2 8 10
8 3 3 z ] 7
9 5 1 2 4 6
10 - - - - 1
ANG{ OSPERMAE
Gramineas 2 3 -- -- 3 3
3 719 . 748 n 1256 1468
6 23 -- - 23 23
Cruciferae 1 17 -- 17 -- 17
Leguminosae 1 1 1 - 2 2
Polygonaceae 2 37 3 3 37 4o
Unidentified 1 - 2 - 2 2
2 173 169 37 . 325 362
3 89 - ~- 89 89
5 1 -- -- 1 1
Plant [tem length: X 3.40 2.00 2.00 3.40 3.40
. 80 2.07 1.00 1.00 2.07 2.07
| 1064. 00 943.00 268,00 1739.00 2007.00
Animal item length: Y 10.10 10,20 8.40 9.90 10.90
S0 8.43 717 7.48 7.46 B.13
N 153.00 121.00 69.00 205.00 282,00
Ovarall mean prey size {mm): 4. 24 2.93 3.39 h.09 4,32
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Table 25. Number of prey Individuals In slze classes of Western Meadowlark prey at Cotton-

wood, 1970,
Time of Cotlection
Prey Type L?ﬁgh total
Male Femalé A PH
INSECTA
Bymencptera
Formicidas 3 34 1 - 35 15
§ 10 5 -- 15 15
7 -- 2 - 2 2
8 4 1 1 4 5
Apldae 7 8 -- -~ 8 ]
Hallctldae 6 1 - 1 -- 1
7 - 1 -- 1 1
Colecptera
Curcullonldae b 4 - -- 4 4
5 5 & 3 6 9
[3 10 -- -- 10 10
7 17 4 3 18 21
8 2 2 1 3 &
9 1 - 1 - 1
Cantharidae 8 2 2 1 3 4
3 -- 2 -- 2 2
Cerambycidae 25 - 1 - 1 1
28 1 1 -- 2 2
30 - 1 - 1 H
Chrysomelidae 4 [ 1 .- 5 5
5 2 2 - i s
Elatsridse 5 -~ 1 -- 1 |
10 .- 1 - 1 1
Histeridas 3 - ! -- 1 1
Scarabaeidae 12 - 1 1 - 1
18 € - 3 3 6
Tenebrionldae 15 5 2 - 7 7
Unldentified 5 1 -- - 1 1
tara
Acrididae 8 1 - 1 -- 1
10 1 H 2 - 2
15 2 1 2 1 3
18 1 -- 1 - 1
20 2 - 1 1 z
] 25 2 - -- b z.
Gryllidae 12 - 5 - 5 5
15 2 4 - 6 &
18 L] -- - i L]
20 2 1 2 1 3
Gemiptera
Coreidae 3 - 2 - 2 2
Pentatomidae 5 1 -~ 1 - 1
6 1 -— 1 - 1
7 2 1 -— 3 3
8 2 - - 2 2
Phymatldae 7 2 - - 2 2
Unidentifled 3 -~ 1 - 1 P
7 - 1 .- 1 1
Romoptera N
Coccidae 9 - 3 3 — 3
Lepidoptera 7 F 1 2 1 3
. 10 ] 3 & 3 7
15 12 [ 7 1 13
18 1 2 1 2 3
20 & 2 é 2 8
23 - 2 - 2 2
25 9 7 6 10 16
30 1 1 - 2 2
Diptera 7 - 1 , = | 1
Odomata 30 1 — — 1 .
ARACHM1 DA
Araneida 5 b - 2 2 4
6 - 2 2 -- 2
7 3 1 1 3 4
8 2 2 1 3 ]
10 1 2 - 4 4



Table 25. {continuad).

_5]..

Sex Time of Collection
Pray Tyos l"(::.;h Total
Mate Female AM PM
MOLLUSCA
Gastrapoda 1 -- & 4 - 4
2 -- 6 6 -- 6
ANG 1DSPERMAE
Gromineas .= 1 - 1 1
7 an - 7 7
Plant 1tem. length: X 4,00 2,00 - 3,00 3.00
S0 - - - 1.0 1.41
N 7.00 .00 0.0 8.00 8.00
Animal [tem jangth: X 13.40 12,60 10.60 13.%0 12.60
S0 9.25 9.33 7.15 8.96 9.33
N - 188.00 99.00 71.00 216.00 287.00
Owverall mesn prey size {mm): 13.06 12,49 10,60 13.51 12.34
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Table 26. Nurber of prey individuals [n size classes of Grasshopper Sparrow prey at Cotton-

woed, 1970,

L th Sex Time of Collection
Prey Type etng) Total
mm Male Female AM PM
INSECTA .
Hymenoptera
}chneumon i dae 13 1 - 1 - 1
Ceoleoptera
Curcutionidae 3 -- 3 3 - 3
4 5 - 5 -- 5
5 2 3 2 3 5
3 1 1 2 -- 2
7 8 - 8 - 8
Chrysomelidae ? 1 2 -- 1 1
. 4 [ - 6 - [
5 - .- -- 2 2
3 1 - 1 - 1
Orthoptera
Acrididae 9 - 1 - 1 i
10 - 1 1 - T
13 - 2 - 2 2
14 -- 2 2 - 2
15 1 1 2 3
6 - 3 3 -= 3
17 1 - ! - ]
18 3 -- 3 - 3
20 1 -- - 1
Gryllidae 18 -- 1 -- 1 i
Remiptera
Scutelleridas 6 -- 1 - 1 M
Unidentified 7 1 2 1 2 3
Homop tera .
Cicadellidae 3 1 -- -- 1 )
S 1 -- -- 1 1
9 -- 6 3 -~ 6
10 -- 3 1 4
Lepidoptera 5 1 - 1 == 1
6 -- 5 -- $ 5
g -- 3 -- 3 3
10 2 -- 1 1 2
12 -- 3 -- 3 3
15 3 2 2 3 5
20 4 1 4 1 5
30 1 -- -- 1 1
Diptera 7 2 1 2 i 3
ARACHN | DA
Araneida [} 1 .- | - 1
] 1 -- 1 - 1
7 2 - 1 1 2z
10 1 - 1 -- 17
ANG | OSPERMAE
Gramineae 3 45 1 LY g 113
& ) 8 - 16 16
Unidentified 3 - 4y 4y .- by
Plant item length: x 4,50 4,50 3.00 k.50 4.50
S0 2.12 2.12 - 2.12 2.12
N 53.00 53.00 90.00 21.00 111.00
Animal item length: X 9.70 5.50 9.10 10,00 9.50
5D 6.00 *5.29 1.36 3.93 3.36
N 57.00 45,00 63.00 38,00 101.00
7.19 6.66 5.51 E.04 6.88

Gverall mean prey size {mm):
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Table 27. 'Number of prey individuals in size classes of Chestnut-collared
Longspur prey at Cottonwood, 1970.

Sex
length
Prey Type Total
(mm) Male Female
INSECTA
Coleoptera
Curculionidae 8 - 9 9
Chrysomelidae 4 -- 27 27
g -- 1 1
Elateridae 5 1 6 7
Orthoptera
Acrididae 5 -- 3
10 1 -- 1
12 1 - 1
15 -- 1 1
Gryllidae 12 -- 2 2
20 -- 7 7
Hemiptera
Lygaeidae L -- L 4
Homoptera
Cicadellidae 9 1 -- 1
Lepidoptera 9 2 -- 2
ARACHNIDA
Araneida 3 -- 1 1
4 .= 1 1
ANGOSPERMAE
GCramineae 3 3 -- 3
6 25 1 26
Unidentified 2 2 -- 2
Plant item length: X 3.70 6.00 3.70
sD 2.08 - 2.08
N 30.00 1.00 31.00
Animal item length: X 9.00 9.60 9.60
SD 2.94 6.35 5.50
N 6.00 62.00 68.00
Overall mean prey size (mm): 4,58 9.54 7.75
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In general, the overall mean prey size was strongly influenced by the
importance of seeds in the diet, since seeds rarely exceeded 5 mm in length.
Thus, the species with the smallest overall mean prey size (Horned Lark,
Dickcissel) were the most highly granivorous species. There were no sig-
nificant differences in the sizes of animal or plant prey between sexes or
between times of collection (AM or PM)} for any of the species. The frequency
distributions for animal prey items (Fig. 6) indicate that for almost all
species most prey individuals were less than 10 mm in length. Interspecific
differences in prey size distributions will be discussed in some detail below.

The "conventional wisdom' of avian ecology has long dictated that the
size of prey consumed should be related to the body or bill size of the con-
sumer, targer birds or larger-billed birds eating larger prey as well as a
greater range of prey sizes. To examine these relationships, we used mea-
sures of bill size, body weight, and tarsus length for each sex of the
species considered in our dietary analysis. These morphological measure-
ments (Table 28) were obtained from the same specimens from which the dietary
samples were taken. The morphological measures are not independent of course,
bill measures and tarsus length being linear functions of body weight (Fig.
7). However, in a preliminary coarse search for patterns the authors used
a simple linear regression model to relate the dry weight of food per indi-
vidual, the mean size of animal prey, and the mean total prey size to each
of the five morphological features. The shorebirds (Upland Plover and Long-
billed Curlew) were omitted from this analysis. The coefficients for these
regressions are given in Table 29, and some of the relationships are plotted
in Fig. 8 and 9. In general, the best fits to the regression model were

obtained between the mean size of prey consumed and the various morphological
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Table 29. Values for linear regressions of avian morphelogical features
(x} and diet characteristics (y) for grassland passerines, from
the data of Tables 14, 17-27, and 28. The regression model is
of the formy = a + bx. Significance levels of r (#% = p <
0.01, * = p < 0.50) determined by t-test (Rohlf and Sokal
1969, Table Y).

Variables Compared

a b r
X Y
Bill length Diet dry weight per 0.042 0.019 0.762%
individual
Bill width Diet dry weight per -0. 145 0.083 0.573*
individual
Mouth area Diet dry weight per 0.103 0.007 0.556%
individual
Body weight Diet dry weight per 0.130 0.003 0.733%x
individual
Tarsus length Diet dry weight per -0.075 0.014 0.728%*
individual
Bill length Mean animal prey size 9.205 0.127 0,368
Bill width Mean animal prey size 5.081 1.101 0,562
Mouth area Mean animal prey size 8.077 0.112 0.615%*
Body weight Mean animal prey size 9.836 0.019 0.336
Tarsus length Mean animal prey size 8.466 0.091 C.347
Bill length Mean total prey size 2.834 0.385 0.679%=*
Bill width Mean total prey size -4, 545 2.375 0.,718%%
Mouth area Mean total prey size 2.907 0.202 0.653%%
Body weight Mean total prey size L.658 0.063 0.649%x

Tarsus Tength Mean total prey size 0.193 0.297 0.671%%
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Fig. 8. Relations between several morphological features of bird specimens

and the mean size of animal and seed prey combined.

Regression
equations are given in Table 29,
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Relations between several morphological features of bird species
and the mean estimated total dry weight of stomach contents per
individual specimen. Regression equations are given in Table 29.
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features, and between body weight, tarsus length, and bitl length and the
mean dry weight of prey consumed per individual. Relationships were weak
between the size of animal! prey and the size of consumers or their bills.
The relationships to bill length and tarsus length are somewhat equivocal
since all the species sampled fell into two bill or tarsus length cate-
gories (Fig. 7). Bill width, mouth area, and body weight were more variable
among the species sampled; the most obvious relationships were between body
size and prey dry weight and between bill width and prey size. Generally
poor relationships between bill or body size and the size of animal prey
taken are especially interesting, for they suggest that when animal prey
were taken, they came from roughly similar size ranges by most species (see
Fig. 6, and below). Smaller species thus apparently tend to eat proportion-
ately more small seeds than do larger species, rather than eating smaller

insects. More data are necessary to clarify the details of these relationships.

DIETARY DIFFERENCES BETWEEN SPECIES

It is widely held that food is a critical resource in natural communi-
ties and that competition related to food limitation should produce trophic
divergence among coexisting community members (e.g., Lack 1971). Thus, the
dietary data gathered in our studies may provide basic information about
the patterns of energy flow to bird populations in grassland ecosystems,

It may also allow examinations of the trophic relationships among species
and contribute to clarifying the determinants of avian community organiza-
tion in grasslands (Wiens, in prep.). We may consider trophic relationships

at two levels: among the various species occupying single sites, and between
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populations of the same or similar species at different sites. The compar-
isons are based upon the dietary data presented in Tables 3 to 13. In
addition, the values of Table 14 are used to assess the overall similarity
of diets between species pairs, using Horn's (1966) Ro simitarity index.
The results of this analysis are presented in Tables 30 and 31, Some idea

of dietary overlap among species can also be obtained from Fig. 3 to 5.

Within-site Comparisons

Pantex--Horned Larks and Western Meadowlarks at Pantex had only moderately
similar diets (Table 30). Considering diets in terms of three major com-
ponents (beetles, other animals, and seeds}, it is apparent that Horned
Larks, while individually variable, preyed chiefly upon seeds with other
animals comprising less than a third of the diet, and beetles (Scarabaeids)
even less still (Fig. 10). Meadowlarks, on the other hand, consumed mainly
beetles (Scarabaeids, Tenebrionids) with other animal taxa (especially
Acridids) virtually completing the diet. Only one specimen contained
greater than 20% plant material in its diet (Fig. 10). Western Meacowlark
individuals included significantly more prey taxa in their diet (p < 0.01;
Table 14) and selected significantly larger animal prey (p < 0.01; Tables
17, 18) than Horned Lark individuals.

Osage--Dietary similarity among the species breeding at the Osage Site was
greatest between Dickcissels and Grasshopper Sparrows (Table 30), although
Dickcissels were notably more granivorous than Grasshopper Sparrows and ate
fewer Lepidoptera larvae and beetles (especially weevils). Eastern Meadow-
larks were entirely carnivorous, and Upland Plovers almost so; these species
thus had very Tow similarity index values when compared to Dickecissels and

intermediate values with respect to Grasshopper Sparrows. Their similarity
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Table 30. Dietary similarity among bird species at three IBP grassland
sites, 1970, Similarity was gauged by Horn's (1966) Ro index,
in which a value of 1.0 indicates complete equality in both
the occurrence and relative proportions of prey taxa, while a
value of 0.0 indicates complete dietary exclusion between the
compared species.

Site Species Compared ?lggl?r;zy
Pantex Horned Lark - Western Meadowlark 0.593
Osage Upland Plover - Eastern Meadowlark 0.463

Upland Plover - Dickecissel 0.270
Upland Plover - Grasshopper Sparrow 0.407
Eastern Meadowlark - Dickcissel 0.394
Eastern Meadowlark ~ Grasshopper Sparrow 0.500
Dickcissel - Grasshopper Sparrow c.815
Cottonwood Long-bitled Curlew - Horned Lark 0.151
Long-billed Curlew - Western Meadowlark 0.477
Long-billed Curlew - Grasshopper Sparrow 0.464
Long~billed Curlew - Chestnut-collared Longspur 0.155
Horned Lark - Western Meadowlark 0.304
Horned Lark - Grasshopper Sparrow 0.688
Horned Lark - Chestnut-collared Longspur 0.483
Western Meadowlark - Grasshopper Sparrow 0.464
Western Meadowlark - Chestnut-collared Longspur 0.360
Grasshopper Sparrow - Chestnut-collared Longspur 0.568
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Table 31. Dietary similarity of avian species populations at different

" sites, 1970,

As in the analysis of Table 30, Horn's (1966) Ro
fndex was used to measure dietary similarity.

Species

Sites Compared

Similarity

Index, Ro

Horned Lark

a/

Meadowlarks—

Grasshopper Sparrow

Pantex - Cottonwood

Pantex - Osage
Pantex - Cottonwood

Osage - Cottonwood

Osage - Cottonwood

0.525

0.567
0.538
0.747

0.803

a/

Western and Eastern Meadowlarks were combined in this analysis.
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HORNED LARK WESTERN MEADOWLARK

Fig.

10.

% Beetle % Beetle

TOTAL

% Beetle

Proportions of seeds, beetles, and other animal prey taxa In the
diets of individual specimens of Horned Larks and Western Meadow-
larks, and the mean proportions for each species at Pantex, 1970.
The perpendicular distance from one side of the triangle is pro-
portional to the percent contribution of that prey category to
the diet. Thus a point at the lower right corner of a triangle
would indicate a specimen (or species) in which the diet was en-
tirely seeds; a point exactly in the middle of a triangle would
denote a specimen or species with a diet composed of one-third
of each prey category.
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to each other, however, was relatively low, largely because meadowlark diets
were dominated by beetles (especially Scarabaeids) and Lepidoptera larvae;
the few plover specimens collected contained somewhat fewer beetles {largely
weevils and carabids) and Isopods (Fig. 11, Table 14). Western Meadowlark
individuals consumed significantly more prey taxa than Dickcissels (p < 0.01;
Table 15) as did Grasshopper Sparrows (0.1 > p > 0.05; Table 15) ; meadow-
lark stomachs contained significantly more prey taxa than Dickcissels (p <
0.01; Table 14), Grasshopper Sparrows (p < 0.05), or Upland Plovers (p <
0.05). Upland Plovers, despite their greater body size, apparently selected
smaller animal prey items than meadowlarks (p < 0.01), Dickcissels (p < 0.01),
or Grasshopper Sparrows (p < 0.05; Tables 19 to 22). Other species compari-
sons for these features were not statistically significant.
Cottonwood--Highest similarity index values were obtained in the comparisons
of Horned Larks and Grasshopper Sparrows and of Grasshopper Sparrows and
Chestnut-collared Longspurs (Table 30). These species consumed targe quan-
tities of seeds, and the importance of beetles in Horned Lark and Grasshopper
Sparrow diets was the lowest recorded for any of the species at any of the
sites. Both consumed moderate quantities of Lepidoptera larvae, while the
fongspurs ate hardly any larvae but did ingest beetles (primarily weevils)
and captured crickets rather than grasshoppers (Fig. 12, Table 14). Long-
billed Curlews and Western Meadowlarks had extremely low to intermediate
dietary similarity to the above three species, and were only moderately sim-
ilar to each other (Table 30). Both were essentially carnivorous; curlews
consumed mainly grasshoppers, with beetles (Cerambycids) completing the diet,
while meadowlarks ate more beetles (Ceramaycids and Scarabaeids), fewer

Orthopterans, and more Lepidoptera larvae (Fig. 12, Table 14). The number
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® EASTERN MEADOWLARK * DICKCISSEL
4 UPLAND PLOVER + GRASSHOPPER SPARROW

Fig.

11,

% Beetle % Beetle

TOTAL

% Beetle

Proportions of three general prey categories in the diets of in-
dividual Eastern Meadowlarks, Upland Plovers, Dickcissels, and
Grasshopper Sparrows, and the mean proportions for each species
at Osage, 1970. The perpendicular distance from one side of the
triangle is proportional to the percent contribution of that prey
category to the diet.
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HORNED LARK WESTERN MEADOWLARK

% Beetle % Beetle

® GRASSHOPPER SPARROW TOTAL
+ CHESTNUT-COLLARED LONGSPUR

% Beetle % Beetle

Fig. 12. Proportions of three general prey categories in the diets of in-
dividual Horned Larks, Western Meadowlarks, Grasshopper Sparrows,
and Chestnut-collared Longspurs at Cottonwood, 1970, and the mean
proportions of these prey categories in the diets of all species
sampled. The perpendicular distance from one side of the triangle

is proportional to the percent contribution of that prey category
to the diet.
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of prey taxa occurring in individual Long-billed Curlew samples was signif-
icantly greater than that in Grasshopper Sparrow samples {p < 0.05) or
Chestnut-collared Longspur stomachs (p < 0.01); Horned Larks (p < 0.01),
Western Meadowlarks (p < 0.05), and Grasshopper Sparrows (0.10 > p > 0,05)
all contained more prey taxa per sample than longspurs (Table 15). The
average prey biomass in curlew stomachs was significantly greater (p < 0.01)}
than Tn all other species, while meadowlarks, the next largest species, con-
tained more prey biomass than the smallest species, the Grasshopper Sparrow
{p < 0.05)._ Curlews also selected larger animal prey than all other species;
meadowlarks ate larger animal prey items than Horned Larks {(p < 0.05),
Grasshopper Sparrows (p < 0.01), and longspurs {p < 0.05; Fig. 6). Among
the granivorous species, Horned Larks selected significantly smaller seeds
than Grasshopper Sparrows (p < 0.01) but did not differ from longspurs in

this respect.

Between-site Comparisons

We may compare the diets of Horned Larks, the meadowlarks (both species
combined), and Grasshopper Sparrows across the three sites, although in the
latter case the sample size is very small. Horned Larks occurred at Pantex
and Cottonwood. The index of dietary similarity between these sites was
only moderate (Table 31), reflecting the greater consumption of beetles and
grasshoppers at Pantex and the greater importance of seeds, especially
Gramineae, at Cottonwood. The two samples did not differ in the number of
prey taxa recorded per individual, but at Pantex, individuals contained sig-
nificantly less prey biomass {(p < 0.05; Table 14) and consumed significantly
smaller plant and animal prey items {p < 0.01) than at Cottonwood.

Meadowlark diets were most similar between the Osage and Cottonwood popu-

lations; among all sites there was at least moderate similarity undoubtedly
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because of the primarily carnivorous habits of these species. Beetles, espe-
cially Scarabaeids, dominated the diet at all three sites, while Lepidoptera
larvae were important prey at Osage and Cottonwood. Orthopterans and
Hymenopterans were important only at Pantex. The number of prey taxa per
specimen did not differ between the sites, but at Pantex, birds contained
somewhat less prey biomass than at Cottonwood (0.10 > p > 0.05; Table 14).
Pantex birds also ate significantly smaller prey than individuals at Osage
(p < 0.01) or Cottonwood (p < 0.01; Fig. 6).

The dietary composition of the Grasshopper Sparrows collected at Osage
was generally quite similar to that of the Cottonwood specimens (Table 31).
Osage birds consumed somewhat more beetles, grasshoppers, Hemipterans, and
Lepidoptera larvae and less seed biomass than the Cottonwood population
(Table 14); the two samples did not differ in the number of prey taxa per
individual or the prey biomass per individual. However, significantly

larger animal prey items were consumed at Osage than at Cottonwood (p < 0.01).

PROBLEM AREAS IN AVIAN DIETARY STUDIES

The data and analyses presented above should be useful in two ways.
First, they should contribute to an understanding of the role of bird popu-
lations in the energy flow patterns of grassland ecosystems and the effects
this predation may have upon prey populations. Second, they may provide
some insight into niche or competitive relationships among coexisting popu-
lations. However, direct application of the data to these ends is hampered
by several problems. Most important, perhaps, is the limited temporal per-
spective of our sampling.

Samples were collected in 3 to § day intervals during the breeding

season at each site. Also, when a specimen is collected, its digestive
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tract contains the remains of food items gathered by the bird over some un-
known but finite time interval prior to collection. It must be assumed

that the stomach contents are a random sample of the diet actually selected
by an individual over some longer time interval. Different prey types, how-
ever, are undoubtedly digested at different rates; the hard parts of large
ground-dwelling beetles, for example, may be digested very slowly, if at
all, and may thus remain in the digestive tract considerably longer than,
say, remains of soft-bodied Lepidoptera larvae or Dipterans. Thus our es-
timate of beetle numbers in a stomach may be based upon counts of remains

of individuals gathered by the bird over a much longer time period prior to
collection than the remaining evidences of Lepidoptera larvae on which we
base our count. In other words, the data are biased toward prey types having
longer "half-lives' in the digestive tract. Laboratory tests, perhaps using
radioactivity-labeled prey items, are necessary to determine the ''digestive
half-life'' of various prey types; in the absence of such tests there is no
way to adjust for this bias in the collections.

These collections, of course, provide detailed information only on the
composition of the diet~~they offer no suggestions {other than the measure
of prey biomass per individual sample) of the total amount or quantity of
each prey type consumed over some defined time period. Such information is
virtually impossible to obtain in the field, vet it Is essential to meet
the objectives stated above. The authors' tactic has been to couple the in-
formation on dietary composition with estimates of the energy demands of the
population based upon metabolic considerations (Wiens 1971a). A simulation
mode! to project avian populations dynamics and energy demands has been de-
veloped {Wiens and Innis, in prep.} and will be used to estimate the total

drain imposed by avian consumers on various prey populations (e.g., Risser 1972).
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Once estimates of the total energy or biomass consumed from various
prey categories are available, attempts to draw meaningful conclusions
from the data are thwarted by the nagging problem of prey availability.
Minimally, we require estimates of the standing crop of the various prey
types present in an area over the time period considered, and ideally,
some idea of the standing crops actually available to the birds--active
when the birds are active, present where the birds forage, and compatible
to their morphology, physiology, and stimulus perception. As it stands
now {1372), no estimates of seed standing crops are available for any of
the sites, and the determinations of insect standing crops are general,
at best (McDaniel 1971). Attention should be given, in invertebrate sam-
pting, to diurnal activity patterns and to the frequency distributions of

body sizes in various insect taxa.
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APPENDIX 1

SCIENTIFIC NAMES OF BIRD SPECIES MENTIONED IN TEXT

Upland Plover Bartramia longicauda
Long-billed Curlew Numenius americanus
Horned Lark Eremophila alpestris
Eastern Meadowlark Sturnmella magna
Western Meadowlark Sturnella neglecta
Dickcissel Spiza americana
Grasshopper Sparrow Ammodramus savannarum

Chestnut-collared Longspur Calearius ormatus
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APPENDIX II

DIETARY DATA
An example of the format for input of dietary data, and the program

used to analyze these data.
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APPENDIX TIII

FIELD DATA

Avian diet sample data was taken at ALE, Cottonwood, Osage, and Pantex
during the summer of 1971 and reported on data form NREL-27. (See Appendix
1T for sample of data form.) The NREL data set classification is A2U20A.

A sample of the data follows.
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