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Ecological Monographs 50(1), 1980, pp. 93-110 
? 1980 by the Ecological Society of America 

DIETARY RELATIONSHIPS AMONG SHRUBSTEPPE 
PASSERINE BIRDS: COMPETITION OR 

OPPORTUNISM IN A VARIABLE 
ENVIRONMENT? 

JOHN T. ROTENBERRY2 
Shrubsteppe Habitat Investigation Team, Department of Zoology, Oregon State University, 

Corvallis, Oregon 97331 USA 

Abstract. The suggestion that in less stable environments resource limitation and subsequent 
interspecific competition may be relatively unimportant in determining bird community structure is 
explored by examining the dietary relationships within a guild of three ground-foraging passerine 
birds (Horned Lark, Sage Sparrow, and Western Meadowlark) in the shrubsteppe of southeastern 
Washington, USA, an area of severe, arid, unstable climate. 

General dietary analyses indicated a strong temporal component to the organization of bird diets: 
different species collected at the same time ate much the same things while the same species collected 
at different times ate different things. This pattern is reinforced by cluster analysis and stepwise 
discriminant analysis. Similarities in diet extended to other components as well. Dietary diversities 
tended to be the same for contemporaneous collections of birds, as did average prey sizes, although 
the latter evidenced a few statistically significant exceptions. 

Theoretically predicted relationships between diet and trophic structure morphology emerged only 
at the most general level, and even then were not always observed. In general, differences in body 
size or bill length were insufficient to account for variations in prey sizes, although meadowlarks did 
on occasion take significantly larger items than the other, smaller species. Average prey size was 
significantly correlated with the proportion of seeds in the diet and varied seasonally as seed con- 
sumption varied. 

Several aspects of this study indicate that shrubsteppe passerines are largely opportunistic in their 
foraging and diet selection, and that the apparent absence of fine tuning to their competitive milieu 
is most likely a function of the variable environment in which they coexist. 

Key words: birds; competition; dietary analysis; Horned Lark; opportunism; Sage Sparrow; 
shrubsteppe; trophic morphology; Washington; Western Meadowlark. 

Analysis of the dietary relationships within an as- 
semblage of organisms can provide information on a 
variety of ecological processes. Insofar as food at 
times may be a limiting resource, it might be expected 
that food supply plays a major role in determining the 
structure of any community it supports. To the extent 
that food is limiting, it may represent a niche dimen- 
sion especially prone to competitive adjustments be- 
tween and within populations. The interplay between 
competition and diet selection (i.e., resource utiliza- 
tion) has been extensively investigated by ecologists, 
resulting in a number of theoretical models, predic- 
tions, and subsequent "tests" of those predictions. In 
most field applications, however, diet selection is only 
considered to the extent that it is expected to minimize 
the overlap between two or more potentially compet- 
ing species and consequently allow them to coexist 
(e.g., Cody 1968, 1974, Lack 1971, Zaret and Rand 
1971). Indeed, many comparative studies of two or 
more coexisting species are undertaken strictly to 
demonstrate that their diets are different, thus presum- 

1 Manuscript received 6 June 1978; revised 29 May 1979; 
accepted 29 May 1979. 

2 Present address: Department of Biology, University of 
New Mexico, Albuquerque, New Mexico 87131 USA. 

ably accounting for their continued coexistence (e.g., 
Brown and Lieberman 1973, Marti 1974, Allaire and 
Fisher 1975, Beaver and Baldwin 1975). 

In the resource partitioning approach to species co- 
existence, similarity of species' utilization patterns 
along one niche dimension should imply dissimilarity 
along another if resource use is to be sufficiently dis- 
tinct (Cody 1968, Schoener 1974). Thus differences are 
expected, if not in the actual prey taxa taken, then in 
such things as prey sizes (e.g., Hespenheide 1971, 
1975, Mares and Williams 1977) or in foraging micro- 
habitats (e.g., Cody 1968, 1974, Brown and Lieberman 
1973, Werner and Hall 1977). Such expectations have 
resulted in a substantial body of literature that at- 
tempts to relate various aspects of "trophic morphol- 
ogy" (body size or bill size in birds, for example) to 
the size or type of prey taken (e.g., Schoener 1968b, 
Pulliam and Enders 1971, Allaire and Fisher 1975). 

The pervasive role of competition in determining 
community structure and ecosystem processes, how- 
ever, is increasingly coming under question (e.g., Con- 
nell 1975, Menge and Sutherland 1976, Wiens 1977a), 
in particular under conditions of increasing environ- 
mental variability. In this light then, semiarid shrub- 
steppe habitats represent especially interesting sys- 
tems to study, as they have clearly been demonstrated 
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to exhibit the three components of "temporal heter- 
ogeneity" (Menge and Sutherland 1976): environmen- 
tal instability, environmental stress (Rotenberry 1978), 
and environmental unpredictability (Wiens 1974). 

With this in mind, I seek to do the following: 

(1) describe in detail the diet of the dominant members 
of a guild of birds in the arid Pacific Northwest shrub- 
steppe; (2) examine the dietary similarity within and 
among all species on both a seasonal and yearly basis; 
and (3) examine relationships between prey size and 
bird morphology, especially to test predictions from 
ecomorphological theory. This should allow some as- 
sessment of the role of competition in determining the 
consumption of food by these birds and consequently 
of the role these factors may play in determining com- 
munity structure. 

STUDY AREA AND AVIFAUNA 

The study was conducted on the Arid Land Ecology 
(ALE) Reserve, a 300-km2 portion of the United States 
Department of Energy's Hanford Reservation. ALE 
lies on the western edge of the Lower Columbia Basin 
in southeastern Washington, and ranges in elevation 
from 140 to 100 m. The dominant vegetation through- 
out the region is the sagebrush/bunchgrass shrub- 
steppe (Artemisia tridentata/Agropyron spicatum) 
(Daubenmire 1970), although local variation in the rel- 
ative cover of the two major species is apparent. 

The present study was confined to a 40-km2 area 
(20 x 2 km) averaging ;370 m in elevation. Average 
rainfall for ALE at this elevation is 25 cm/yr; average 
daily maximum and minimum temperatures range 
from 14'C and - 16'C in January to 440C and 10C in 
July (Thorp and Hinds 1977). The short-term (1 mo- 
I yr) unpredictability of precipitation here has been 
demonstrated by Wiens (1974) using patterns of serial 
autocorrelation of monthly rainfall. Using multivariate 
techniques, I have shown (Rotenberry 1978) that there 
is long-term (10-60 yr) irregularity in overall climatic 
patterns throughout the northwestern shrubsteppe in 
general. 

Since 1971 (1971-1972, 1974-1977), data on vege- 
tation structure and bird densities have been collected 
on three 9-ha plots within the general study area in 
each of the three major habitat types typified by the 
local variation on the general shrubsteppe vegetation 
theme. The general patterns of percent coverage of 
Artemisia and Agropyron and the average breeding 
densities of the three dominant bird species are given 
in Table 1. Not shown is how clearly dominant the 
Horned Lark (Eremophila alpestris), Sage Sparrow 
(Amphispiza belli), and Western Meadowlark (Stur- 
nella neglecta) really are: from 1971 through 1977 they 
never constituted <85% of the total breeding popula- 
tion (25 censuses) and rarely <95% (23 censuses). 
Also absent from Table 1 is an indication of how much 
between-year variation exists for density values of 

TABLE 1. Summarization of significant biological features of 
the three major habitat types on the Arid Land Ecology 
(ALE) Reserve. Types are coded by the names of the dom- 
inant vegetation. Numbers in parentheses are the relative 
abundance of each habitat type throughout the 40-km2 
study area. A. Percent coverage of dominant vegetation. 
B. Approximate breeding densities and average adult 
weight of dominant birds. 

Habitat type 

Agro- 
pyronl 

Agro- Arte- Arte- 
pyron misia misia 
(40W) (30%W) (30W) 

A. Percent coverage 
Artemisia 0-1 5-10 25-30 
Agropyron 50-60 50-60 10-20 

B. Breeding density (no./km2) 
Horned Lark, 31.3 g 100 100 20 
Sage Sparrow, 19.3 g 0 100 200 
Western Meadowlark, 108.8 g 30 35 40 

each species. Population estimates for any of the dom- 
inant species may either halve or double from one year 
to the next (Rotenberry and Wiens 1978, J. T. Roten- 
berry, personal observation), although most variation 
is on the order of 10-20%. There are no detectable 
compensatory changes in the densities of species. 

These three species all belong to the same foraging 
guild; all feed extensively on the ground, between and 
at the base of the bunchgrasses and sagebrush, and to 
a much lesser extent in the lower branches of sage- 
brush (J. A. Wiens and J. T. Rotenberry, personal 
observation). Diurnal activity patterns are also similar, 
with foraging bouts scattered throughout the day, but 
accounting for a higher proportion of the time budget 
during the morning. Although interspecific aggression 
is occasionally observed, all these species' territories 
are broadly overlapping on plots where all three occur. 

The substantial similarity of these species in habitat 
utilization and activity patterning suggests that if re- 
sources are being partitioned, it is most likely to occur 
along the food dimension. Indeed, given the relatively 
simple structure of the habitat, coupled with the high 
interspecific overlap in territories, it seems that food 
selection is the only niche dimension that demon- 
strates sufficient variation to observe possible parti- 
tioning in the classical sense (Schoener 1974). 

The only other passerine regularly found on the 
study area is the Vesper Sparrow (Pooecetes grami- 
neus), but its low density (;20 individuals/kM2) results 
in only sporadic appearances on any of the 9-ha sam- 
ple plots. During the nonbreeding season Horned 
Larks are still present in considerable (but reduced) 
numbers, with Meadowlarks and White-crowned 
Sparrows (Zonotrichia leucophrys) constituting the 
bulk of the remaining birds. 
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METHODS 

Diet analysis 

Individuals were collected by shotgun from through- 
out the study area for dietary analysis. Collections 
were made of breeding birds during 1971 and 1972, 
and throughout the year from late 1973 through 1974, 
when collection activity was most intense. Insofar as 
possible I attempted to equalize the number of speci- 
mens taken during any one sampling period with re- 
spect to sex and time of collection (morning or eve- 
ning). Immediately upon collection, each bird was 
injected with 0.4 ml of 5% Formalin. The proventric- 
ulus and gizzard were removed and preserved in For- 
malin for subsequent analysis. Any food items found 
in the mouth or esophagus were also saved. 

Stomach contents were analyzed under a dissecting 
microscope with an ocular micrometer. Plant items 
(all seeds) were sorted, identified, counted, and mea- 
sured to the nearest millimetre. Because of substantial 
fragmentation, however, animal items (arthropods) 
proved much more difficult to analyze. Most identifi- 
cations were made on the basis of characteristic legs, 
mandibles, heads, elytra, or occasional entire individ- 
uals. The minimum number of individuals per taxon 
was estimated from the fragment counts (e.g., count- 
ing mandibles, which were usually well preserved, and 
dividing by 2). 

The length of each individual prey item was esti- 
mated by comparing the size of characteristic body 
fragments (particularly jaws and elytra) with voucher 
specimens of known body length. The length of each 
item was then converted to dry mass using the series 
of taxon-specific length/mass regression equations 
provided by Rogers et al. (1977) for a wide range of 
shrubsteppe invertebrates collected on the ALE Re- 
serve. Equations for grass and forb seeds were taken 
from Wiens et al. (1974). 

Biomass estimates were not corrected for digestion 
rate differentials (e.g., Custer and Pitelka 1975) be- 
cause of the absence of correction factors for either 
the birds or prey items found in the present study. The 
data are thus biased toward prey types that remain 
recognizable in the digestive tract longer than others. 
In the absence of such correction factors it must be 
assumed that the observed stomach contents are a ran- 
dom sample of the diet actually selected by an indi- 
vidual over some unknown time interval. 

Although each prey item was identified as far as 
possible, not all could be taken to the same level. Final 
prey categories were based on all taxa, regardless of 
rank, that occurred in at least 5% of all stomachs ex- 
amined. Taxa that did not meet this criterion were 
lumped under the next higher taxonomic level that did. 
The resulting 23 categories are in Table 2. In addition, 
each arthropod taxon was classified into one of three 
broad functional groups (phytophagous, predaceous, 

TABLE 2. Prey taxa, their ecological categories, and fre- 
quency of occurrence in the diets of birds from the ALE 
Reserve, 1971-1974. Frequencies based on 284 stomach 
samples. "Other" category includes scavengers, omni- 
vores, and unknown. 

Fre- 
quency 

Ecological of oc- 
Prey taxon category currence 

Angiospermae 
Graminae .60 
Chenopodiaceae .14 
Cruciferae .07 
Miscellaneous forbs .36 

Arachnida 
Araneida Predaceous .19 
Solpugida Predaceous .05 

Insecta 
Coleoptera 

Curculionidae Phytophagous .50 
Tenebrionidae Other .18 
Scarabaeidae Other .12 
Carabidae Predaceous .11 
Larvae Other .25 
Miscellaneous Coleoptera Other .14 

Hymenoptera 
Formicidae Other .46 
"Wasps" Predaceous .18 

Lepidoptera 
Larvae Phytophagous .37 

Diptera 
Asilidae Predaceous .10 
Miscellaneous Diptera Other .05 

Neuroptera Predaceous .09 
Hemiptera Phytophagous .39 
Orthoptera Phytophagous .35 
Homoptera 

Cicadidae Phytophagous .05 
Miscellaneous Homoptera Phytophagous .07 

Other Insecta Other .09 

or "other") to provide a more ecologically framed 
view of diet composition and relationships. 

Morphological measurements 

Although measurements of a variety of external 
morphological features were taken from all specimens 
collected (Wiens and Rotenberry 1980, in press), 
only the five generally linked with foraging ecology 
and diet selection will be considered here. Body 
mass (Schoener 1968a, 1968b) was recorded in 
the field to the nearest 0.1 g immediately follow- 
ing collection. Three bill measurements (Cody 1968, 
1974, Hespenheide 1971, Allaire and Fisher 1975) were 
taken to the nearest 0.1 mm as follows: length, from 
the anterior border of the nares to the tip of the cul- 
men; height, culmen height at the anterior edge of the 
nares; width, culmen width at the anterior edge of the 
nares. Tarsus length (Cody 1968, 1974, Grant 1971) 
was recorded as the length of the tarsometatarsus to 
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the nearest 0.1 mm. As absolute lengths of prey items 
were used in this study, absolute sizes of morpholog- 
ical features were used rather than being scaled as 
ratios of body mass (Karr and James 1975). Variability 
in morphological measures was indexed by the coef- 
ficient of variation (Grant 1967). Only undamaged 
specimens that were complete for all measurments 
were included in the morphological analyses. 

Statistical techniques 

Most relationships between sets of variables were 
examined using either product-moment correlation 
coefficients or Spearman rank correlation coefficients 
(Fritz 1974). Levels of significance were taken from 
Rohlf and Sokal (1969); a level of P < .05 is hereafter 
denoted as "significant" or "*," and a level of P < 
.01 is denoted as "highly significant" or "*." Often 
these comparisons led to large matrices of coefficients 
and subsequent problems in interpretation. Rather 
than examine each correlation in such a matrix on a 
case-by-case basis, it seems much more reasonable to 
look for patterns of significance. Patterns were de- 
tected by comparing confidence limits of observed 
percentages of significant correlations vs. those ex- 
pected by chance (i.e., 5 of 100 at the .05 level) (Rohlf 
and Sokal 1969: 208). 

Because of the heterogeneity inherent in data such 
as these, the t' test (which makes no assumptions con- 
cerning homogeneity of variances nor requires equal 
sample sizes) was used for all tests of equivalence of 
means (Sokal and Rohlf 1969: 374). Prey size distri- 
butions were normalized, however, by transforming 
prey lengths to log2 values. 

Dietary diversity (the "niche breadth" of Levins 
[1968], Pianka [1969], and others) was calculated ac- 
cording to Simpson (1949), then converted to the 
equivalent number of equally common prey taxa by 
applying a reciprocal transformation. Thus 

dietary diversity = I/ E pi', 

where pi is the relative biomass of the ith taxon in the 
sample. This measure has several advantages: (1) it 
can be derived from sampling theory, and before 
transformation expresses the probability that two ran- 
domly selected items (or units of biomass, in this case) 
from the same sample belong to the same taxon; (2) 
after transformation its units become "number of 
taxa," although still retaining the evenness component 
of taxa abundance patterns (Hill 1973, Peet 1974); and 
(3) sample values quickly converge to the parametric 
value they estimate, even with small sample sizes 
(Stander 1970). 

Dietary similarity between any two collections was 
calculated using Stander's community correlation in- 
dex (Stander 1970, Pianka 1973): 

SIMI =- X~ 
Y E xi' YE YiS 

where xi is the relative biomass of taxon i in one sam- 
ple and yi is its relative biomass in a second sample. 
It has obvious similarities with the diversity index 
above and is analogous in structure to the product- 
moment correlation coefficient (Stander 1970). It rep- 
resents the probability that two individuals (or bio- 
mass units), each drawn from a separate population, 
will be of the same taxon, scaled as the square root of 
the probabilities of drawing each taxon separately (see 
also May [1975] for an alternative interpretation of 
SIMI as the competition coefficient, a). 

The information content of similarity or correlation 
matrices expressing the relationships among diets or 
between diets and morphology was extracted using a 
variety of multivariate techniques. Relationships 
among the diets of all collections of birds were initially 
defined by weighted pair-group cluster analysis (Sokal 
and Sneath 1963), which produced agglomerative hi- 
erarchical groups of closely related samples. The re- 
sulting groups were then subjected to stepwise dis- 
criminant analysis (Dixon 1976), which served to 
evaluate the effectiveness of the cluster analysis in 
producing distinct groups and to define the diet vari- 
ables (prey taxa) most responsible for producing the 
groups. Patterns of covariance between diet and mor- 
phology were extracted by means of canonical corre- 
lation (Cooley and Lohnes 1971). 

RESULTS AND DISCUSSION 

General diet description 

During this study 22 dietary collections (a collection 
being 2-23 individuals of a species taken over a short 
period of time) were made, consisting of 284 sampled 
individuals of five species. Horned Larks constituted 
the bulk of the samples, with 11 collections of 179 
birds taken throughout the seasons of the year. Sage 
Sparrows (68 individuals, five collections) and mead- 
owlarks (23 individuals, four collections) were col- 
lected only during the breeding season. Vesper Spar- 
rows (five individuals, one collection) were taken only 
during the 1974 breeding season; they had not been 
locally abundant in prior years of this study. White- 
crowned Sparrows (nine individuals, one collection) 
were taken during the winter. The contribution of all 
prey taxa to the dietary composition of each collection 
is given in the Appendix. 

The overall patterns that are apparent from the data 
are summarized in Fig. 1. All four breeding species 
were highly insectivorous throughout the breeding 
season (February through August), including even the 
Sage and Vesper Sparrows, possessors of deep, con- 
ical bills presumably adapted for the efficient handling 
of seeds. Except for the August Horned Lark sample, 
all collections during the breeding season contained at 
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A. B. 

HORNED LARK SAGE SPARROW 

C. 

/ SEED 

% BEETLE 

16 \ /% OTHER 
ARTHROPODS 

0 W. MEADOWLARK KEY 
A VESPER SPARROW 
D WHITE-CROWNED SPARROW 

FIG. 1. Proportions of seeds, beetles, and other arthropods in the diet of birds from the Arid Land Ecology (ALE) 
Reserve, 1971-1974. The perpendicular distance from one side of the triangle is proportional to the percent contribution of 
that prey category to the diet. Numbers refer to specific collections. A. Horned Larks: 1 = April 1971; 2 = May 1971; 3 = 
May 1972; 4 = November 1972; 5 = October 1973; 6= December 1973; 7= January 74; 9 = February 1974; 10= June 
1974; 11 = August 1974; 12 = November 1974. B. Sage Sparrows: 18 = June 1974; 19 = August 1974; 20 = April 1971; 21 = 
May 1971; 22 = May 1972. C. Western Meadowlarks: 13 = June 1974; 14 = August 1974; 15 = May 1971; 16 = May 1972; 
Vesper Sparrows: 23 = June 1974; White-crowned Sparrows: 25 = November 1974. 

least 70W% arthropods. During the nonbreeding season, 
however, there was a substantial shift to seed con- 
sumption. In the fall seeds constituted 60-70W% of 
Horned Lark diets, while later on in the winter their 
proportion rose to 80-100%. 

The most common insect prey early in the breeding 
season were coleopterans, particularly weevils (Cur- 
culionidae) and beetle larvae. Ants (Formicidae), 
wasps, caterpillars, small spiders and hemipterans, 
and grasshopper nymphs were consistently found in 
these samples but even combined generally contrib- 
uted less than the beetles. An abrupt shift, however, 
took place during the latter half of the season (June- 
August); grasshoppers became much more abundant 
in the diets, particularly for Sage and Vesper Sparrows 
and meadowlarks. In the latter two species orthopter- 
ans often accounted for over half of their diet at this 
time. 

Seasonal variation was most apparent in Horned 
Lark diets (Fig. 2). The shift from seeds to arthropods 
and back to seeds as the seasons progressed is most 

likely a response to temporal variation in their avail- 
ability. On a finer scale, however, there were also di- 
etary shifts within each of the main categories. For 
example, grass seeds increased in abundance in the 
diet between February and March, and were main- 
tained at a fairly high level through October (Fig. 2B), 
when forbs became increasingly important. In the mid- 
dle of winter (January), forb seeds constituted almost 
all of Horned Lark diets. While several explanations 
for this pattern are plausible, I suspect that it reflects 
the changing availability of the two seed resources. 
The dominant graminoids on the ALE Reserve shrub- 
steppe, Agropyron spicatum and Poa sandbergii, are 
cold-season grasses whose seeds begin germinating in 
the fall (W. H. Rickard, personal communication) and 
hence become increasingly unavailable to birds as 
winter progresses. On the other hand, most of the 
forbs, especially the chenopod Salsola kali, which 
forms the greater proportion of the forb and seed diet 
of Horned Larks, do not begin germinating until early 
spring. It is early in the spring, too, that Poa begins 
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FiG. 2. Seasonal variation in Horned Lark diets. A. Ar- 
thropods and seeds as percent of total biomass. B. Grasses 
and forbs as percent of total seed biomass. C. Beetles and 
other arthropods as percent of total arthropod biomass. 

to set seed, again making grass available to the birds. 
The seasonal patterns of arthropod contributions to 
Horned Lark diets (Fig. 2C) are also likely reflections 
of their abundance in the environment. The major bet- 
tle prey, weevils, are common from spring through 
early summer, while grasshoppers, which dominated 
the "other" portion of the diet, become abundant dur- 
ing the warmer parts of the summer and persist into 
early fall. Although the samples taken here do not per- 
mit resolution of seasonal variation in the other dom- 
inant species, it will become clear from subsequent 
analyses that pattemns reflected by their diets are 
closely covariant with contemporaneous Horned Lark 
collections. 

The high reliance on arthropods by all these species 
(Fig. 1) suggests it might be fruitful to examine their 
contribution in more detail. The proportions of phy- 
tophagous, predaceous, and "other" arthropods in the 
birds' diets are given in Fig. 3. The general clustering 
of points in the lower right-hand corner of each trimat 
clearly indicates the reliance on phytophagous forms 
by all bird species. The three Horned Lark samples 
with <50W% relative abundances of phytophagous ar- 
thropods (winter collections 5, 6, and 12) also con- 
tained very low absolute abundances of arthropods in 
general. 

The distinct seasonal patterns in Horned Lark prey 
consumption are paralleled by seasonal variation in 
the length of those prey items. Comparisons of aver- 

age Horned Lark prey lengths (Table 3A) with the diet 
patterns in Fig. 2A suggests that prey size varied as 
a function of the proportion of plant and animal items 
and, indeed, the correlation between percent of diet 
attributable to arthropods and average prey length 
(log,) is highly significant (r = .93, **, 9 df). This ob- 
servation is not unexpected as, on the average, seeds 
are smaller than insects. Prey sizes of Sage Sparrows 
(Table 3B) were generally commensurate with those 
of Horned Larks for the same periods, although they 
are higher than larks in August, reflecting the reduced 
contribution of seeds to the sparrow diets. The aver- 
age length of meadowlark prey items increased sub- 
stantially between May and June (Table 3C), no doubt 
as a function of the relatively greater size of cicadas 
and grasshoppers compared to the beetles that com- 
prised the bulk of early season diets. 

Analysis of diets may also elucidate some compo- 
nents of species' niche variation, both within and be- 
tween phenotypes. This variation is generally ex- 
pressed as trophic diversity (Hurtubia 1973) or "niche 
breadth" (sensu Levins 1968). Unlike prey selection 
and sizes, however, easily discernable seasonal pat- 
terns are not detectable. In Horned Larks, for exam- 
ple, although dietary diversity peaked during the 
warmer parts of the year (Table 4A), probably reflect- 
ing the greater diversity of available arthropods, sev- 
eral samples from the colder times (e.g., February 
1974 and November 1972) were nearly as high. The 
converse is true, too; there were low values in both 
summer and winter. 

An interesting comparison can be made between the 
dietary niche breadth of an individual Horned Lark 
with that of the sampled population as a whole (Table 
4A). Such a comparison allows assessment of the be- 
tween-phenotype component of niche breadth (Rough- 
garden 1972), as each individual generally uses a 
smaller range of resources than the overall population. 
For example, in May 1972, 17 prey taxa were discov- 
ered in the diets of all Horned Larks combined, but 
each individual, on the average, had only four taxa 
(24% of the total). The average for all Horned Lark 
samples was 30%o, suggesting in terms of general 
niche theory (Roughgarden 1972) that between-phe- 
notype or individual variation accounts for about a 
third of the total variation in this dimension (i.e., in- 
dividual Horned Larks have a dietary niche breadth 
roughly one-third that of the species as a whole). This 
picture changes, however, when one samples niche 
breadth based on dietary diversity, which includes in- 
formation not only on the number of taxa but also on 
the relative abundances of those taxa. For the same 
May 1972 sample the dietary diversity of both the total 
population and the individuals in it are identical. On 
the average, individual diversities were 70% that of 
the population, a more than twofold increase when 
compared to the number of taxa alone. (Both per- 
centages are uncorrelated with sample size.) 
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FIG. 3. Proportions of ecological categories of arthropods in the diets of birds from the ALE Reserve, 1971-1974. The 
perpendicular distance from one side of the triangle is porportional to the percent contribution of that prey category to total 
arthropod biomass in the diet. Taxa in each category defined in Table 2. Numbers refer to specific collections as in Fig. 1. 

Dietary diversity patterns in Sage Sparrows closely 
paralleled those of larks, particularly with respect to 
individual/population comparisons: an individual con- 
tained about a third of the total taxa but over two- 
thirds the total diversity of the population. 

In meadowlarks, however, about half the prey taxa 
present in a sample as a whole were likely to be found 
in any one individual's stomach, and individual dietary 
diversity was nearly 80% that of the population. 

Although it is impossible to assess variation in the 
diets of those species which were collected only once, 
a brief description may be made of each. The diet of 
Vesper Sparrows (Fig. IC) seemed little different from 
other contemporaneous collections-mostly arthro- 
pods, most of which were phytophagous (Fig. 3C). 
Although grasshoppers constituted over half the bio- 
mass, the numerical domination by grass seeds (88% 
of all prey items) reduced the length of prey in the 
average individual substantially. The dietary diversity 
of both the total sample and of individuals were very 
close, although any individual only contained about 
half the total prey taxa. 

The collection of White-crowned Sparrows revealed 
a preponderance of seed in the diet (Fig. IC), which 
was much like that of the Horned Larks taken during 

the same winter period. Further, these seeds were 
mostly chenopods (Salsola), probably for the same 
reasons as suggested for the larks. The abundance of 
seed was also reflected in the rather low average prey 
size (Table 3). 

In summary, this general description of diets indi- 
cates two salient features that merit further attention. 
First, there appears to be a great deal of similarity 
between the diets of species taken during the same 
period of time; warm-season samples reflected high 
insectivory, cool season high granivory. Do these sim- 
ilarities persist when examined at a finer level? Sec- 
ond, there appear to be substantial overlaps in prey 
sizes taken by the different species at certain times of 
the year. How is prey size selection coupled with mor- 
phological variation? I will return to these points 
shortly. 

Similarity analysis 

Within species.-Before the question of what sorts 
of differences or similarities exist between species can 
be addressed, the patterns within each species must 
be identified. An initial attempt at defining these intra- 
specific patterns is given in Table 5. The average sim- 
ilarity between all individuals of a collection indexes 
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TABLE 3. Average length of prey items per individual for bird populations on the ALE Reserve, 1971-1974. Measurements 
given in linear millimetres and log2 mm. Standard deviations in parentheses. Sample sizes are the number of birds examined. 

Species Date Sample size Length (mm) Log2 length 

A. Horned Lark Jan. 1974 16 2.07 (0.17) 1.03 (0.08) 
Feb. 1974 16 4.05 (0.87) 1.82 (0.39) 
Apr. 1971 8 6.39 (2.01) 2.41 (0.47) 
May 1971 12 5.57 (1.53) 2.33 (0.39) 
May 1972 22 7.06 (1.07) 2.69 (0.31) 
June 1974 23 5.18 (2.84) 1.86 (0.77) 
Aug. 1974 22 2.95 (1.15) 1.22 (0.52) 
Oct. 1973 16 3.44 (0.81) 1.46 (0.33) 
Nov. 1972 19 2.48 (0.75) 1.11 (0.41) 
Nov. 1974 9 2.89 (1.26) 1.32 (0.61) 
Dec. 1973 16 2.77 (0.73) 1.32 (0.39) 

B. Sage Sparrow Apr. 1971 4 5.19 (1.71) 2.14 (0.50) 
May 1971 12 6.20 (0.96) 2.47 (0.20) 
May 1972 20 7.32 (0.96) 2.79 (0.19) 
June 1974 18 4.18 (1.88) 1.59 (0.45) 
Aug. 1974 14 4.58 (1.88) 1.59 (0.45) 

C. Western Meadowlark May 1971 2 8.23 (0.58) 2.88 (0.07) 
May 1972 3 7.66 (0.58) 2.89 (0.11) 
June 1974 10 14.62 (3.24) 3.54 (0.43) 
Aug. 1974 8 12.51 (2.84) 3.41 (0.42) 

D. Vesper Sparrow June 1974 5 3.52 (0.55) 1.41 (0.17) 

E. White-crowned Sparrow Nov. 1974 9 2.54 (0.67) 1.18 (0.37) 

the homo- or heterogeneity within the sample much 
like a variance measure, and provides a point of ref- 
erence for subsequent comparisons. It also reflects 
within-phenotype variability (Roughgarden 1972) of 
the sampled population in that it compares an individ- 
ual's resource utilization to that of the sampled pop- 
ulation as a whole. 

Several of the within-sample comparisons are of in- 
terest. It has been suggested that in some cases the 
diets of males and females should be different as a 
result of selection to reduce intraspecific competition 
and increase population niche breadth (Selander 1966). 
In highly insectivorous species such as these, one 
might also expect dietary differences in specimens col- 
lected in the morning and evening, reflecting dissimilar 
activity patterns among different prey taxa. Also, hun- 
ger level may differ between the two periods, and as 
the level of satiation may influence the type and di- 
versity of prey items selected (e.g., Holling 1959, 1965, 
Emlen 1966), there should be daily temporal differ- 
ences in the observed diets. Finally, we can examine 
to what extent the diets of morphologically and be- 
haviorally different juveniles differ from those of 
adults. 

Horned Larks showed a substantial and highly sig- 
nificant range in sample heterogeneity that apparently 
varied as a function of total sample dietary diversity 
(Table 4: r = -.84, **, 9 df). In other words, the more 
diverse the diet as a whole, the less likely were any 
two individuals to be highly similar. This trend was 
the same for all species (r = -.86, **, 18 df). In all 
cases, Horned Lark females differed little from males, 
even when the sample as a whole demonstrated sub- 

stantial variability; similarity between all males and all 
females was always greater than among all individuals. 
Morning/evening comparisons (Table 5) paralleled this 
trend. For the few available data it seemed that the 
diet of juveniles was very similar in composition to 
that of adults. These general patterns of similarity 
were recapitulated in all of the other species for which 
there were sufficient individuals to estimate similarity. 
Basically, then, variation among individuals of a 
species seems unassociated with sex or age groups 
within the species, and increases in individual varia- 
tion are associated with increasing overall population 
dietary niche breadth. 

These intergroup similarities extended to prey size 
selection as well. Examining the 23 combinations pre- 
sented in Table 5 where age or sex dimorphism might 
play a role showed that in only one set was there a 
significant difference in average prey length per indi- 
vidual bird. 

There also appeared to be few differences in the 
average individual trophic diversities between groups 
within collections (5 out of 38 tested), and no clear 
pattern is evident from those differences that were sig- 
nificant. Overall, males were no more likely to have 
greater diet diversity than females, mornings greater 
than evenings, or adults greater than juveniles, as one 
would otherwise predict from consideration of size 
difference (Emlen 1973) or presumed levels of satia- 
tion (Emlen 1966). These results seem sufficient jus- 
tification for lumping these groups within each collec- 
tion for all subsequent analyses. 

Between species.-It is clear from the information 
presented in Figs. 1 and 3 that there is substantial 
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TABLE 4. Dietary diversity of entire collections (all individuals pooled) and the average individual within each collection for 
bird populations on the ALE Reserve, 1971-1974. Figures in parentheses are diversity values for the average individual 
expressed as a percent of diversity values for the entire collection. See text for methods of calculation of diversity indices. 
Sample sizes as in Table 3. 

Entire sample Average individual 

No. prey Dietary No. prey Dietary 
Species Date taxa diversity taxa diversity 

A. Horned Lark Jan. 1974 3 1.10 1.38 (46) 1.14 (104) 
Feb. 1974 17 6.20 6.25 (37) 3.00 (48) 
Apr. 1971 18 6.35 7.63 (42) 4.06 (64) 
May 1971 14 3.25 4.83 (35) 2.22 (68) 
May 1972 17 1.80 4.09 (24) 1.80 (100) 
June 1974 20 5.29 6.91 (35) 2.57 (49) 
Aug. 1974 17 2.81 5.86 (34) 2.48 (88) 
Oct. 1973 18 3.64 5.06 (28) 2.33 (64) 
Nov. 1972 13 4.08 2.42 (19) 1.72 (42) 
Nov. 1974 11 2.11 3.56 (32) 1.66 (79) 
Dec. 1973 12 2.94 3.50 (29) 1.83 (62) 

B. Sage Sparrow Apr. 1971 14 7.31 7.00 (50) 3.62 (50) 
May 1971 15 3.90 6.00 (40) 2.67 (68) 
May 1972 17 2.11 4.40 (26) 1.94 (92) 
June 1974 22 4.46 8.00 (36) 2.91 (65) 
Aug. 1974 17 3.44 6.43 (38) 2.66 (77) 

C. Western Meadowlark May 1971 10 4.47 7.50 (75) 3.52 (79) 
May 1972 13 4.19 7.67 (59) 3.48 (83) 
June 1974 17 2.90 6.40 (38) 1.96 (68) 
Aug. 1974 15 2.22 6.00 (40) 1.94 (87) 

D. Vesper Sparrow June 1974 14 2.64 7.20 (51) 2.57 (97) 
E. White-crowned Sparrow Nov. 1974 11 2.81 3.44 (31) 2.26 (80) 

TABLE 5. Similarity (SIMI) within collections (the average similarity between all possible pairs of individuals) and between 
groups within collections (the similarity between pooled data for each group) for diets of bird populations on the ALE 
Reserve, 1971-1974. N is the number of pairs compared. Juveniles defined as all birds <6 mo old; AM and PM birds 
defined as all specimens collected before and after 1200, respectively. Calculations only performed for groups of >2 
individuals. 

Similarity Similarity 
within collection between groups 

adult/ 
Species Date x SD N juveniles d/ AM/PM 

A. Horned Lark Jan. 1974 0.940 0.120 120 0.996 0.995 
Feb. 1974 0.427 0.292 120 0.770 0.849 
Apr. 1971 0.519 0.211 28 0.852 0.730 
May 1971 0.672 0.244 66 0.919 0.932 0.608 
May 1972 0.796 0.264 231 0.933 0.995 
June 1974 0.410 0.326 253 0.830 0.780 0.829 
Aug. 1974 0.692 0.246 231 0.878 0.940 0.970 
Oct. 1973 0.601 0.244 120 0.891 0.925 
Nov. 1972 0.548 0.338 171 0.821 0.612 
Nov. 1974 0.576 0.389 36 0.802 0.521 
Dec. 1973 0.575 0.338 120 0.951 

B. Sage Sparrow Apr. 1971 0.272 0.235 6 
May 1971 0.646 0.256 66 0.867 0.855 
May 1972 0.794 0.294 190 0.926 0.986 0.933 
June 1974 0.639 0.237 153 0.889 0.928 0.799 
Aug. 1974 0.675 0.216 91 0.905 0.789 0.882 

C. Western Meadowlark May 1971 
May 1972 
June 1974 0.539 0.301 45 0.836 
Aug. 1974 0.754 0.279 28 0.910 

D. Vesper Sparrow June 1974 0.768 0.205 10 --- 

E. White-crowned Sparrow Nov. 1974 0.663 0.218 36 1 0.961- 
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FIG. 4. Proportions of various prey taxa in the diets of birds from the ALE Reserve, 197 1-1974. Lines enclose contem- 
poraneous samples of different species. The perpendicular distance from one side of the triangle is proportional to the percent 
contribution of that category to the diet. HL = Horned Lark, SS = Sage Sparrow, WM = Western Meadowlark, VS = 

Vesper Sparrow, WS = White-crowned Sparrow. A. Prey categories as in Fig. 1 (seeds, beetles, and other arthropods); all 
bird species combined. B. Prey categories as in Fig. 3 (phytophagous, predaceous, and other); all bird species combined. C. 
Relative contributions of Curculionidae, Orthoptera, and Lepidoptera larvae to bird diets; all bird species combined. 

similarity between the diets of populations of different 
species collected at the same time, in some cases even 
more than among samples of the same species col- 
lected at slightly different times. These relationships 
are summarized in Fig. 4. Except for the high degree 
of granivory shown by Horned Larks in August 1974, 
the clustering of bird diets based on broad prey cate- 
gories according to time rather than species is evident 
(Fig. 4A). Lest it seem that these categories are too 
broad and obscure substantial variation at a finer level, 
Fig. 4B, which is based upon major functional groups 
of arthropod prey, is offered. Except for the Novem- 
ber 1973 White-crowned Sparrow and Horned Lark 
collections that contained few arthropods, all of the 
samples appear closely grouped. Finally, breaking 
down the phytophagous arthropods into their three 
dominant taxa (which contributed 92% of the biomass 

of the phytophagous forms and 40o of the biomass of 
all diet items sampled) shows that even near the limits 
of resolution of this study contemporaneous samples 
demonstrate an extremely high degree of similarity re- 
gardless of species (Fig. 4C). 

Although much too large to be shown here, the 
Spearman rank correlation matrix of the diets for all 
collections contains a pattern that statistically rein- 
forces the observed similarity among contemporane- 
ous samples. Of all 231 coefficients calculated, 17 are 
between collections of different species made at the 
same time; 10 of these 17 (59Wo) are significantly dif- 
ferent from zero, and none are significantly negative. 
To place this in perspective, only 10 of the remaining 
214 coefficients (5%) achieve positive significance, 
about that expected from random samples. 

The most interesting relationships are revealed by 
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FIG. 5. Avian dietary relationships determined by cluster 
analysis of similarities (SIMI) based on relative biomass of 
all prey taxa in the diets. Species codes as in Fig. 4. 

cluster analysis of all dietary collections. The results, 
based on the relative biomass of each prey taxon, are 
graphically presented in Fig. 5. With a few exceptions, 
one pattern is overwhelming: the major clusters are 
formed not on the basis of species but on the basis of 
time of collection. An overview of the dendrogram 
suggests that there are three major clusters (defined at 
a similarity level of .34), two of which may be readily 
divided into two minor groups. It is clear from ex- 
amining the members of each major cluster that they 
represent samples taken in the spring, summer, and 
nonbreeding seasons. The "spring" group consists of 
all birds taken in February, April, and May, and no 
others. The "nonbreeding season" group is made up 
of all birds taken from October through January, but 
also includes the August sample of Horned Larks, 
while the "summer" group contains all the June and 
August birds except the August larks. The nonbreed- 
ing season birds' diets differ from the other two groups 
primarily because of their high content of seeds (Figs. 
IA, B; 4A), while spring and summer groups differ on 
the basis of coleopterans (abundant in spring) and or- 
thopterans (abundant in summer). 

The nonbreeding season cluster breaks down into 
two subgroups rather quickly (.40 similarity), which 
appear distinguishable largely on the basis of the rel- 
ative abundance of grass seeds vs. forb seeds. The 
large quantity of grass in the August Horned Larks 
accounts for their inclusion here. In the spring cluster 
the May 1971 meadowlarks are set apart from the oth- 
er collections at a similarity level of .51. This sample 
contained carabids and tenebrionids in much greater 
proportion than in the others, hence the separation of 
the spring cluster into two subgroups. 

The time-oriented basis that underlies the overall 
structure of the dendrogram is evident even within the 
sugroups, with fairly distinct clusters of collections 
taken in April, May (1971 and 1972), June, and August. 
In general, the warm-season samples, especially the 

"spring" subgroup, sort by month of collection better 
than the cool-season ones. This pattern of collections 
being sorted by time rather than bird species is ap- 
parent in any event; although time of collection was 
not the criterion on which clustering was based, the 
result would have been little altered. Birds of different 
species taken at the same time are eating much the 
same things; birds of the same species taken at differ- 
ent times are eating different things. 

Although it is difficult to verify statistically the re- 
lationships resulting from the cluster analysis, exam- 
ination of the entire matrix of Spearman rank corre- 
lation coefficients for all diet collections reveals some 
patterns that appear to be definitely nonrandom. For 
example, of 72 possible within-cluster comparisons 
(i.e., collections compared only with other members 
of their major group), 17 (24%) are positively signifi- 
cantly different from zero; 14% are highly significantly 
different. Both of these percentages are much greater 
(**) than that expected by chance alone. By contrast, 
only 3% of the remaining 159 comparisons appear pos- 
itively correlated, not unexpected as a matter of 
chance. The picture changes, however, for negative 
correlations. While 19% and 13% of all correlations 
are significant and highly significant in a negative di- 
rection for between-cluster comparisons (much great- 
er than chance expectation; **), only one of 72 is neg- 
ative within clusters. Thus, to summarize, the diets of 
collections within the major groups are, on the aver- 
age, significantly correlated with one another, but not 
with those from other groups. Conversely, diets be- 
tween groups tend to be significantly negatively cor- 
related, but not those within groups. 

As hierarchical cluster analyses, such as that used 
here, will make clusters out of data regardless of 
whether such clusters really exist or not (Williams 
1971, Pielou 1977), it is important that the results be 
checked independently to ensure that some distinct- 
ness is manifested by the resulting groups. The ap- 
proach used here is to examine the groups formed by 
the clustering with stepwise discriminant analysis (del 
Moral 1975). The technique indicates (1) the relative 
importance of each diet taxon in discriminating among 
groups, (2) the probability, based on group means, that 
a sample belongs in either its designated group or some 
alternate group, and (3) canonical correlation coeffi- 
cients. 

As the five groups produced at the .55 similarity 
level (Fig. 5) seemed intuitively reasonable, the dis- 
criminant analysis was performed on them. The results 
yielded excellent separation of the groups, with no 
collection having a posterior probability of <1.00 of 
being classified into the correct group based upon the 
discriminant function. The canonical correlations (the 
maximum correlation between a linear function of the 
prey data and group membership for each sample) was 
.9998 for the first canonical axis and .9987 for the 
second. The first axis accounted for 86.4% of the total 



104 JOHN T. ROTENBERRY Ecological Monographs 
Vol. 50, No. I 

HORNED LARK W. MEADOWLARK ....... VESPER SPARROW 

-- SAGE SPARROW -- WHITE-CROWNED SPARROW 

100 

A. APR 1971 B. MAY 1971 C. MAY 1972 

50 

I'I 

C- 

Z 100 

L) D. JUNE 1974 E. AUG 1974 F. NOV 1973 

Cr~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~/ 

50- 

............ 

0-1 2-4 ens 32-64 0- 2-4 8-16 5264 D-I 2-4 8-16 32-64 
1-2 4-6 3- 64+ 1-2 4-8 16-32 64+ 1-2 4-8 15-32 64 

SIZE CLASS 

(mm) 

FIG. 6. Size distributions of all prey items selected by birds on the ALE Reserve, 1971-1974. Prey size categories increase 
logarithmically (log2). Bird species arranged by contemporaneous samples. 

variability in the original classified data set, while the 
first two combine to explain 98.8% of that variance. 
In order of importance in discriminating between 
groups of samples in a significant stepwise manner 
were chenopod seeds, orthopterans, grass seeds, scar- 
abs, crucifer seeds, lepidoptera larvae, and curculion- 
ids. 

The overall similarity analysis, buttressed by the 
clustering and discriminant functions, generally indi- 
cates that most individuals, regardless of species, are 
eating the same few things at any point in time. That 
is, there is no apparent niche separation on the basis 
of food types. The question that arises now is: are 
these common prey items the same size (i.e., do the 
different sized birds eat different sized items)? 

Morphology/diet relationships 

The presumed relationships between diet and mor- 
phology have been discussed extensively (for review 
see Hespenheide 1975, Wiens and Rotenberry 1980, 
in press) and several of those are testable with the 
data collected for this study. These relationships gen- 
erally fall into a natural dichotomy: those dealing 
with patterns in mean values of morphology or diet 
and those dealing with patterns in variation. Both 
presume that the traits of organisms are molded in 

their details by natural selection, and that competi- 
tion between species provides the impetus for that 
selection, at least for patterns within communities of 
ecologically similar species. 

One of the most persistent themes in ecomorpho- 
logical investigation is the relationship between the 
size of the trophic apparatus (e.g., bill size in birds) 
and size of the prey eaten (Grant 1968, Schoener 

,00 

JUNE 1974 HORNED LARK 
> -- SAGE SPARROW 

*W MEADOWLARK 
...... VESPER SPARROW 

50 

soLL 

0-1 2-4 6-16 32-64 
1-2 4-6 16-32 64 + 

SIZE CLASS (mm) 

FIG. 7. Size distribution of arthropod prey items selected 
by birds on the ALE Reserve, June 1974. Prey size categories 
increase logarithmically (log2). 
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1968b, Hespenheide 1973). If bill size and prey size 
are closely attuned, as suggested, this correlation 
should be apparent both within and between popula- 
tions (Christiansen and Fenchel 1977, Herrera 1978). 

In both Horned Lark and Sage Sparrow populations 
this appears true: larger individuals tended to eat larg- 
er overall prey items than smaller individuals (r= 

.52** and .47** respectively, 141 and 37 df). But, curi- 
ously, there is no correlation between prey size and 
bill length within the strongly sexually dimorphic 
meadowlark (r = .32, NS,18 df). According to current 
theory, sexual dimorphism may facilitate prey size 
differentiation which in turn leads to diet differentia- 
tion and reduced intraspecific competition (Selander 
1966). It has been demonstrated elsewhere (Wiens 
and Rotenberry 1980, in press) that meadowlarks 
are more dimorphic in body size characters (e.g., 
weight, wing length, tail length) than trophic (bill) 
characters. This suggests that sexual selection may 
play a more important role in driving polymorphism 
in this species than trophic niche divergence. The 
lack of sexual trophic niche divergence in the other 
species is reinforced by the results of the intraspe- 
cific similarity analyses (Table 5). 

The distribution of the prey sizes selected by each 
species are given in Fig. 6, which shows the relative 
proportion of each size class in the diet for all prey 
taxa combined. In only two cases does one species 
deviate markedly from the others: meadowlarks in 
June and August 1974 took relatively more large items 
than the other species, which were very similar among 
themselves. Again, however, it is apparent that in- 
creasing average prey length is associated with de- 
creasing proportion of the diet devoted to seeds (Table 
3 and Fig. 1). In June 1974, for example, in the smaller 
birds species seeds constituted from 77.6% to 88.9W 
by numbers (which are used in generating prey distri- 
butions and average lengths) but only 30.0W to 32.6%o 
by mass. If prey sizes for June 1974 are replotted to 
include only the arthropod items (Fig. 7), the distri- 
butions more nearly overlap. However, meadowlarks 
do in fact take statistically larger animal items than 
the others in both this sample and in the August one. 

A canonical correlation analysis allows, among oth- 
er things, an estimate of the amount of variation in 
one data set which is "explained" by another. This 
measure is called "redundancy" and is simply a scal- 
ing of the canonical coefficient of determination by the 
relative contribution of each of the canonical factors 
(Cooley and Lohnes 1971). This analysis was per- 
formed for the three major species in an attempt to 
associate the variation in prey sizes with variation in 
morphology. The amount of redundancy is low for 
each species: 24% in Horned Larks, 28% in Sage Spar- 
rows, and 38% in meadowlarks. This means that, in 
general, about 30W of the variation in prey sizes se- 
lected could be accounted for by variation in metric 
trophic structures. 

TABLE 6. Significant prey size vs. character size correlations 
for bird populations on the ALE Reserve, 1971-1974. Cor- 
relations are for adults only; 216 individuals, 5 species. 
Mass is in grams; all other dimensions are in millimetres. 
Prey lengths were transformed to log2 length before cal- 
culating these correlations. x total length refers to average 
length of plant and animal items combined. * and ** as 
before; - indicates nonsignificant correlation. 

x plant x animal x total 
Character length length length 

Mass 0.38** 0.63** 
Bill length 0.40** 0.69** 
Bill height 0.48** 0.57** 
Bill width -0.15* 0.38** 0.59** 
Tarsus length 0.42** 0.68** 

Most general theories of ecomorphology, however, 
were meant to be applied to all members of a com- 
munity at once rather than to each species separately. 
When analyzed in this fashion, the data do evidence 
some significant prey size/character size patterns. Ta- 
ble 6 clearly shows that there is a very strong asso- 
ciation between all the feeding-related structures and 
average arthropod and total prey lengths. Seed size, 
however, is either uncorrelated or negatively corre- 
lated with all structural measurements, even the bill 
dimensions for which there is a supposed close rela- 
tionship (e.g., Hespenheide 1966, Pulliam and Enders 
1971). 

Examination of the canonical factor structure gen- 
erated when all species are lumped together shows 
there to be a strong "body size" component (cf. John- 
ston and Selander 1972, Niles 1973) that accounts for 
-8OW of the total variation in the morphological data 
set. This is not surprising, as the set includes 110-g 
meadowlarks and 20-g Sage Sparrows. Variation with- 
in the prey size data set, however, is not as concen- 
trated, being distributed among the three canonical 
factors (42%, 32%, and 21%). Each diet factor gen- 
erally shows a high correlation with only one of the 
prey categories, the first being associated with average 
total prey length. Despite the within-data set patterns, 
the redundancy is still only 29.8%, about the same as 
that for each species separately. 

Theoretical elaboration of the prey size/body size 
theme suggests that variability in trophic dimensions 
is associated with variation in the sizes of prey con- 
sumed (Grant 1967, Schoener 1968b, Maiorana 1978). 
These data should show, then, a correlation between 
the coefficient of variation in, say, bill length, and the 
coefficient of variation in total prey length. Neither 
the 11 Horned Lark, 5 Sage Sparrow, nor 4 meadow- 
lark collections demonstrate this correlation, though, 
nor was it discernable when all 22 collections were 
combined (r = .13, NS, 20 df). If prey size diversity 
(calculated on the basis of the relative abundances of 
prey items in each of the octaves plotted in Figs. 6 
and 7) is substituted for variation in total prey length, 
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FIG. 8. Distribution of (A) body masses and (B) mean bill 
lengths of birds collected on the ALE Reserve, 1971-1974. 
Numerical values are the ratios of larger to smaller between 
adjacent species pairs. Species codes as in Fig. 4. Upper ratio 
(1.64) in (A) generated by omission of irregularly occurring 
Vesper Sparrow. 

the outcome is the same as before, both within and 
among collections (among r = .02, NS, 20 df). Species 
populations with greater variability in bill sizes did not 
eat more variable-sized prey. 

Since these birds span almost a fivefold difference 
in mass and over a threefold difference in bill length, 
they should be suitable for testing the hypothesis that 
smaller animals should exhibit greater dietary special- 
ization than large animals (Gwynne and Bell 1968, 
Emlen 1973). Pooling all collections shows no corre- 
lation between body mass and either the number of 
taxa in the diet (r = .27, NS, 20 df) or dietary diversity 
(r = .12, NS, 20 df). Likewise, tests of association be- 
tween bill length and number of taxa (r = .33, NS, 20 
df) or bill length and diet diversity (r = .19, NS, 20 df) 
imply no significance. Small birds appear no more spe- 
cialized than large birds. 

If the data in Table 4 are rearranged so that com- 
parisons may be made between the individuals of each 
species taken during the same period one finds that in 
only 2 of 17 cases can either the average number of 
taxa taken or the average dietary diversity be statis- 
tically distinguished between pairs of species; all 
species taken at the same time have the same dietary 
diversity. 

Another morphology/diet comparison is suggested 
by Grant (1967) and Hespenheide (1973), who propose 
that diets should be more variable in populations with 
more variable bill morphology. Comparisons of bill 
length coefficients of variation with both the number 
of prey taxa and the overall trophic diversity for each 
collection reveals, in both cases, no significant cor- 
relation (r = .06 and -.10, both NS, 20 df). Dietary 
"generalists" are no more variable than dietary "spe- 
cialists." 

General ecomorphological studies in birds (Dia- 
mond 1975, Pulliam 1975), mammals (Brown 1975), 
and reptiles (Schoener 1970) have also suggested that 
competition has produced regular distributions of 

body sizes or other trophically related structures 
among sympatric members of the same foraging guild 
of the type considered here. For birds, minimum ratios 
of adjacent guild members are suggested to range from 
-1.3 (Hutchinson 1959, MacArthur 1972) to 1.5 (Dia- 
mond 1975). The calculations in Fig. 8 show neither 
consistency nor conformance to expectations. In both 
body and bill sizes there is a large hiatus between 
Horned Larks and meadowlarks, a pattern consis- 
tently found in other sets of shrubsteppe and grassland 
species (Wiens and Rotenberry 1980, in press). With 
respect to body size, the ratios are either larger or 
smaller than expected depending upon inclusion or 
exclusion of the intermittently abundant Vesper Spar- 
row. In bill size comparisons the order of species 
ranking is different from those for mass. 

Many authors have found it convenient to estimate 
resource differences using morphological characters 
that presumably indicated the position of a species' 
utilization on a resource dimension (Schoener 1974). 
The commonest indicator in birds has been the size of 
the feeding structures, generally bill (e.g., Hespen- 
heide 1971, 1975) or tarsus length (Cody 1968). This 
implies a strong functional relationship between utili- 
zation and phenotype, relations which presumably 
constrain resource partitioning. It now seems clear 
from this and the preceding section that the validity 
of this assumption can be questioned, certainly for the 
systems I studied. Such relationships emerge only at 
the most general level of analysis-indeed, they are 
absent among the morphologically similar small 
species, precisely where theory would predict that fine 
tuning would be required for coexistence. 

CONCLUDING COMMENTS 

The results of this study are in general agreement 
with those described in geographically broader treat- 
ments of the same general topics in North American 
grassland and shrubsteppe avifaunas (Wiens and Dyer 
1975, Rotenberry and Wiens 1978). Other studies of 
diet/morphology relationships (Wiens and Rotenberry 
1980, in press) and of bioenergenetics (Wiens 1977b) 
also indicate an apparent lack of close coupling be- 
tween birds and their biotic environments in these 
ecosystems. The results of the various analyses of 
diet relationships presented above strongly im- 
ply that close interpopulational biological interac- 
tions such as competition are not important in struc- 
turing this shrubsteppe bird community. I suggest that 
the apparent "decoupling" of these bird populations 
within this ecosystem is primarily a result of the dem- 
onstrated instability of the shrubsteppe climate (Wiens 
1974, Rotenberry 1978). Theoretical predictions of a 
few dominant species that appear regularly but in sub- 
stantially varying numbers under such environmental 
conditions (Tramer 1969) are fulfilled (Table 1; Roten- 
berry 1978, Rotenberry and Wiens 1978). Such cli- 
matic variability serves to prevent species' abun- 
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dances from rising to the point where resources 
become limiting, or, alternatively, provides frequent 
conditions of resource superabundance, resulting in a 
community that is "nonsaturated" in the face of an 
apparent resource nonlimitation (Wiens 1974, 1977a). 
In the absence of equilibrium species conditions (a 
necessary condition for the predictions of competition 
theory to hold true), it is not surprising that many of 
the conditions expected from theoretical consider- 
ations of resource partitioning are not apparent. 

A generalist (opportunistic) feeding habit in the sort 
of variable habitat the shrubsteppe represents has 
been predicted from several models based on niche 
theory (e.g., Levins 1968, McNaughton and Wolf 
1970), and several aspects of the data presented here 
affirm the notion of dietary opportunism. For example, 
the between-phenotype analysis showed that while in- 
dividual birds were picking up a few odd taxa that 
other individuals were missing, all individuals were by 
and large concentrating on the same few taxa. Prey 
size certainly did not seem an important criterion 
either; often the prey size distributions of all three 
major species appeared identical. Finally, the patterns 
of clustering of diet collections clearly argues that all 
species track changing availability, resulting in the ob- 
served seasonal covariation in prey consumption. 

Most of these results are consistent with the notion 
that these birds are behaviorally rather flexible and 
respond to environmental changes in a largely oppor- 
tunistic fashion. I suggest that these species' attributes 
are molded largely independently of close competitive 
relationships and that, as a consequence, the role of 
interspecific competition in structuring this commu- 
nity is unimportant. It follows, then, that this assem- 
blage of birds reflects the overlapping of the indepen- 
dent distributions of their populations. The implications 
with respect to community structure are that expla- 
nations of the patterns of co-occurrence of many 
species might be more appropriately sought in the elu- 
cidation of those species' separate biologies, rather 
than in a search for closely interwoven, interdepen- 
dent relationships. 

This is not to say that theoretical constructs based 
upon resource partitioning and competition are wrong; 
indeed, they often represent the quality of deductive 
modelling required to generate sound ecological pre- 
dictions. However, as with most models that simplify 
nature, they are based on certain limiting assumptions 
(often merely implicit and not specified) to which a 
specific natural system may not conform. To the ex- 
tent that nonconformance occurs, conceptual gener- 
alizations or confirmation of theoretical predictions 
from investigation of such a system may be in error. 

My results clearly show too the pitfalls of "one- 
shot" studies, be they of niche breadth, prey size se- 
lection, or ecomorphological relationships. Each of 
these parameters demonstrates substantial variation, 
both within a single species throughout the year or 

among a suite of species sampled during different sea- 
sons. In fact, some inequalities between two species 
are reversed at different times of the year. To the ex- 
tent that much theory is constructed around such point 
samples one can expect theory to be a poor reflection 
of the biology underlying those samples. 

These observations certainly point out in the strong- 
est possible way the need for recognizing that the or- 
ganizing principles behind community structure are 
likely to vary from community to community (Menge 
and Sutherland 1976, Rotenberry 1978), or even from 
season to season at a single locality (Rotenberry et al. 
1979), and that before investigating predictions from 
one set of principles one should be sure the system 
investigated is appropriate. The search for broad, in- 
clusive generalizations in ecology continues to be tor- 
tuous. 

ACKNOWLEDGMENTS 

I thank John Wiens for his advice and support through all 
phases of this project; my debt to him is incalculable. C. D. 
McIntire provided statistical assistance. P. S. Dawson, B. 
Menge, and T. Moermond made helpful comments on an 
earlier manuscript. J. W. Steele and J. F. Ward assisted in 
identification and sorting of stomach contents. I also wish to 
thank W. H. Rickard and L. E. Rogers for unpublished data 
and generous support while I was at ALE. I enjoyed support 
by the United States Department of Energy under contract 
E(45-1)-2042 while on a fellowship from the Northwest Col- 
lege and University Association for Science. The OSU Com- 
puter Center provided funds for data analysis. 

LITERATURE CITED 

Allaire, P. N., and C. D. Fisher. 1975. Feeding ecology of 
three resident sympatric sparrows in eastern Texas. Auk 
92:260-269. 

Beaver, D. L., and P. H. Baldwin. 1975. Ecological overlap 
and the problem of competition and sympatry in the West- 
ern and Hammond's flycatchers. Condor 77:1-13. 

Brown, J. H. 1975. Geographical ecology of desert rodents. 
Pages 315-341 in M. L. Cody and J. M. Diamond, editors. 
Ecology and evolution of communities. Belknap Press, 
Cambridge, Massachusetts, USA. 

Brown, J. H., and G. A. Lieberman. 1973. Resource utili- 
zation and coexistence of seed-eating desert rodents in 
sand dune habitats. Ecology 54:788-797. 

Christiansen, F. B., and T. M. Fenchel. 1977. Theories of 
populations in biological communities. Springer-Verlag, 
Berlin, Deutsche Demokratische Republik. 

Cody, M. L. 1968. On the methods of resource division in 
grassland bird communities. American Naturalist 102:107- 
137. 

1974. Competition and the structure of bird com- 
munities. Princeton University Press, Princeton, New Jer- 
sey, USA. 

Connell, J. H. 1975. Some mechanisms producing structure 
in natural communities. Pages 460-490 in M. L. Cody and 
J. M. Diamond, editors. Ecology and evolution of com- 
munities. Belknap Press, Cambridge, Massachusetts, 
USA. 

Cooley, W. W., and P. R. Lohnes. 1971. Multivariate data 
analysis. John Wiley and Sons, New York, New York, 
USA. 

Custer, T. W., and F. A. Pitelka. 1975. Correction factors 
for digestion rates for prey taken by Snow Buntings (Plec- 
trophenax nivalis). Condor 77:210-212. 



108 JOHN T. ROTENBERRY Ecological Monographs 
Vol. 50, No. 1 

Daubenmire, R. 1970. Steppe vegetation of Washington. 
Technical Bulletin 62, Washington Agricultural Experi- 
ment Station, Pullman, Washington, USA. 

del Moral, R. 1975. Vegetation clustering by means of ISO- 
DATA: revision by multiple discriminant analysis. Veg- 
etatio 29:179-190. 

Diamond, J. M. 1975. Assembly of species communities. 
Pages 342-444 in M. L. Cody and J. M. Diamond, editors. 
Ecology and evolution of communities. Belknap Press, 
Cambridge, Massachusetts, USA. 

Dixon, W. J. 1976. BMD biomedical computer programs. 
Health Sciences Computing Facility, Department of Pre- 
ventative Medicine, University of California, Los Angeles, 
California, USA. 

Emlen, J. M. 1966. The role of time and energy in food 
preference. American Naturalist 100:611-617. 

. 1973. Ecology: an evolutionary approach. Addison- 
Wesley, Reading, Massachusetts, USA. 

Fritz, E. S. 1974. Total diet comparison in fishes by Spear- 
man rank correlation coefficients. Copeia 1974:210-214. 

Grant, P. R. 1967. Bill length variability in birds of the Tres 
Marias Islands, Mexico. Canadian Journal of Zoology 
45:805-815. 

1968. Bill size, body size, and the ecological adap- 
tations of bird species to competitive situations on islands. 
Systematic Zoology 17:319-333. 

. 1971. Variation in the tarsus lengths of birds in is- 
land mainland regions. Evolution 25:599-614. 

Gwynne, M. D., and R. H. V. Bell. 1968. Selection of vege- 
tation components by grazing ungulates in the Serengeti 
National Park. Nature 220:390-393. 

Herrera, C. M. 1978. Individual dietary differences associ- 
ated with morphological variation in Robins Erithacus ru- 
becula. Ibis 120:542-545. 

Hespenheide, H. A. 1966. The selection of seed size by 
finches. Wilson Bulletin 56:105-115. 

1971. Food preferences and the extent of overlap in 
some insectivorous birds, with special reference to the Ty- 
rannidae. Ibis 113:59-72. 

1973. Ecological inferences from morphological 
data. Annual Review of Ecology and Systematics 4:213- 
229. 

. 1975. Prey characteristics and predator niche width. 
Pages 158-180 in M. L. Cody and J. M. Diamond, editors. 
Ecology and evolution of communities. Belknap Press, 
Cambridge, Massachusetts, USA. 

Hill, M. 0. 1973. Diversity and evenness: a unifying nota- 
tion and its consequences. Ecology 54:427-432. 

Holling, C. S. 1959. Components of predation as revealed 
by a study of small mammal predation of the European 
pine sawfly. Canadian Entomologist 91:293-320. 

. 1965. The functional response of predators to prey 
density and its role in mimicry and population regulation. 
Memoirs 45, Entomological Society of Canada, Ottawa, 
Canada. 

Hurtubia, J. 1973. Trophic diversity measurment in sym- 
patric predatory species. Ecology 54:885-890. 

Hutchinson, G. E. 1959. Homage to Santa Rosalia, or why 
are there so many different kinds of animals. American 
Naturalist 93:145-159. 

Johnston, R. F., and R. K. Selander. 1972. Variation, ad- 
aptation, and evolution in the North American house spar- 
rows. Pages 301-326 in S. C. Kendeigh and J. Pinowski, 
editors. Productivity, population dynamics, and system- 
atics of granivorous birds. Polish Scientific Publishers, 
Warsaw, Poland. 

Karr, J. R., and F. C. James. 1975. Ecomorphological con- 
figurations and convergent evolution. Pages 258-291 in M. 
L. Cody and J. M. Diamond, editors. Ecology and evolu- 
tion of communities. Belknap Press, Cambridge, Massa- 
chusetts, USA. 

Lack, D. 1971. Ecological isolation in birds. Harvard Uni- 
versity Press, Cambridge, Massachusetts, USA. 

Levins, R. 1968. Evolution in changing environments. 
Princeton University Press, Princeton, New Jersey, USA. 

MacArthur, R. H. 1972. Geographical ecology. Harper and 
Row, New York, New York, USA. 

Maiorana, V. C. 1978. An explanation of ecological and de- 
velopmental constants. Nature 273:375-377. 

Mares, M. A., and D. F. Williams. 1977. Experimental sup- 
port for food particle size resource allocation in heteromyid 
rodents. Ecology 58:1186-1190. 

Marti, C. D. 1974. Feeding ecology of four sympatric owls. 
Condor 76:45-61. 

May, R. M. 1975. Some notes on estimating the competition 
matrix, a. Ecology 56:737-741. 

McNaughton, S. J., and L. L. Wolf. 1970. Dominance and 
the niche in ecological systems. Science 167:131-139. 

Menge, B. A., and J. P. Sutherland. 1976. Species diversity 
gradients: synthesis of the roles of predation, competition, 
and temporal heterogeneity. American Naturalist 110:351- 
369. 

Niles, D. M. 1973. Adaptive variation in body size and skel- 
etal proportions of Horned Larks of the southwestern 
United States. Evolution 27: 405-426. 

Peet, R. K. 1974. The measurement of species diversity. 
Annual Review of Ecology and Systematics 5:285-307. 

Pianka, E. R. 1969. Sympatry of desert lizards (Ctenotus) 
in western Australia. Ecology 50:1012-1030. 

. 1973. The structure of lizard communities. Annual 
Review of Ecology and Systematics 4:53-74. 

Pielou, E. C. 1977. Mathematical ecology. John Wiley and 
Sons, New York, New York, USA. 

Pulliam, H. R. 1975. Coexistence of sparrows: a test of com- 
munity theory. Science 189:474-476. 

Pulliam, H. R., and F. Enders. 1971. The feeding ecology 
of five sympatric finch species. Ecology 52:557-566. 

Rogers, L. E., R. L. Buschbom, and C. R. Watson. 1977. 
Length-weight relationships of shrubsteppe invertebrates. 
Annals of the Entomological Society of America 70:51-53. 

Rohlf, F. J., and R. R. Sokal. 1969. Statistical tables. W. H. 
Freeman, San Francisco, California, USA. 

Rotenberry, J. T. 1978. Components of avian diversity along 
a multifactorial climatic gradient. Ecology 59:693-699. 

Rotenberry, J. T., R. E. Fitzner, and W. H. Rickard. 1979. 
Seasonal variation in avian community structure: differ- 
ences in mechanisms regulating diversity. Auk 96:499-505. 

Rotenberry, J. T., and J. A. Wiens. 1978. Nongame bird 
communities in northwestern rangelands. Pages 32-46 in 
R. M. DeGraff, coordinator. Proceedings of the workshop 
on nongame bird habitat management in the coniferous for- 
ests of the western United States. General Technical Re- 
port PNW-64, Forest Service, United States Department 
of Agriculture, Portland, Oregon, USA. 

Roughgarden, J. 1972. Evolution of niche width. American 
Naturalist 106:683-718. 

Schoener, T. W. 1968a. Sizes of feeding territories among 
birds. Ecology 49:123-141. 

. 1968b. The Anolis lizards of Bimini: niche parti- 
tioning in a complex fauna. Ecology 49:704-726. 

. 1970. Size patterns in West Indian Anolis lizards. 
II. Correlations with the sizes of particular sympatric 
species-displacement and convergence. American Natu- 
ralist 104:155-174. 

. 1974. Resource partitioning in ecological commu- 
nities. Science 185:27-39. 

Selander, R. K. 1966. Sexual dimorphism and differential 
niche utilization in birds. Condor 68:113-151. 

Simpson, E. H. 1949. Measurement of diversity. Nature 
163:688. 

Sokal, R. R., and F. J. Rohlf. 1969. Biometry. W. H. Free- 
man, San Francisco, California, USA. 



March 1980 SHRUBSTEPPE BIRDS: DIET AND COMPETITION 109 

Sokal, R. R., and P. H. A. Sneath. 1963. Principles of nu- 
merical taxonomy. W. H. Freeman, San Francisco, Cali- 
fornia, USA. 

Stander, J. M. 1970. Diversity and similarity of benthic fau- 
na off Oregon. Thesis. Oregon State University, Corvallis, 
Oregon, USA. 

Thorp, J. M., and W. T. Hinds. 1977. Microclimates of the 
Arid Lands Ecology Reserve, 1968-1975. BNWL-SA- 
6231, Battelle, Pacific Northwest Laboratories, Richland, 
Washington, USA. 

Tramer, E. J. 1969. Bird species diversity: components of 
Shannon's formula. Ecology 50:927-929. 

Werner, E. E., and D. J. Hall. 1977. Competition and habitat 
shift in two sunfishes (Centrachidae). Ecology 58:869-876. 

Wiens, J. A. 1974. Climatic instability and the "ecological 
saturation" of bird communities in North American grass- 
lands. Condor 76:385-400. 

. 1977a. On competition and variable environments. 
American Scientist 65:590-597. 

. 1977b. Model estimation of energy flow in North 
American grassland bird communities. Oecologia 31:135- 
151. 

Wiens, J. A., and M. I. Dyer. 1975. Rangeland avifaunas: 
their composition, energetics, and role in the ecosystem. 
Pages 146-182 in D. R. Smith, coordinator. Proceedings 
of the symposium on management of forest and range hab- 
itats for non-game birds. General Technical Report WO-1, 
Forest Service, United States Department of Agriculture, 
Tucson, Arizona, USA. 

Wiens, J. A., and J. T. Rotenberry. 1980, in press. Patterns 
of morphology and ecology in grassland and shrubsteppe 
bird populations. Ecological Monographs. 

Wiens, J. A., J. F. Ward, and J. T. Rotenberry. 1974. Di- 
etary composition and relationships among breeding bird 
populations on US/IBP Grassland Biome sites. Technical 
Report 265, United States Grassland Biome, Fort Collins, 
Colorado, USA. 

Williams, W. T. 1971. Principles of clustering. Annual Re- 
view of Ecology and Systematics 2:303-326. 

Zaret, T. M., and A. S. Rand. 1971. Competition in tropical 
stream fishes: support for the competitive exclusion prin- 
ciple. Ecology 52:336-342. 

See following page for Appendix. 



APPENDIX. Dietary composition of five bird populations on the ALE Reserve, 1971-1974. Values are the percent of total sample dry mass for each 
collection. 

White- 
Ves- crown- 
per ed 

Horned Lark Sage Sparrow Western Meadowlark Spar- Spar- 
row row 

No- No- 
Jan- Feb- Au- Octo- vem- vem- Decem- Au- Au- Jan- 
uary ruary April May May June gust ber ber ber ber April May May June gust May May June gust June uary 

Prey taxon 1974 1974 1971 1971 1972 1974 1974 1973 1972 1973 1973 1971 1971 1972 1974 1974 1971 1972 1974 1974 1974 1974 

Angiospermae 

Gramineae 1.3 21.0 15.7 8.8 0.7 29.1 56.3 48.4 16.6 65.4 50.0 18.9 2.7 0.1 31.1 13.2 2.7 3.7 29.5 8.9 

Chenopodiaceae 98.4 5.0 0.1 0.3 7.3 3.6 41.3 19.5 23.5 0.2 2.5 56.0 

Cruciferae 0.1 0.1 0.1 0.1 2.6 0.4 0.2 0.2 0.1 
Miscellaneous forbs 0.3 14.1 0.6 2.5 0.3 2.9 3.8 5.2 8.4 7.7 17.9 4.4 0.3 1.1 1.2 1.3 1.1 0.5 14.5 

Arachnida 

Araneida 4.7 1.1 2.1 2.8 0.3 0.3 0.2 3.9 0.2 5.3 2.4 1.0 0.5 2.0 0.3 0.2 0.2 0.1 0.3 

Solpugida 2.2 4.7 0.2 0.9 0.6 2.3 2.8 

Insecta 

Coleoptera 
Curculionidae 28.7 15.5 50.5 73.1 2.6 1.1 0.3 17.2 42.0 67.9 2.9 3.9 19.4 37.8 0.1 2.0 4.8 6.0 0 
Tenebrionidae 3.2 2.3 2.4 2.9 12.0 22.5 28.1 8.9 20.6 2.1 z 
Scarabaeidae 2.9 1.5 4.1 0.4 0.2 9.0 1.5 0.1 1.8 0.1 0.3 14.4 5.0 0.1 1.1 

Carabidae 2.9 9.5 1.5 0.2 0.4 0.4 1.5 1.0 0.1 21.1 8.0 0.6 0.5 1.4 9.4 

Larvae 6.9 26.7 8.0 10.3 0.2 4.3 3.8 18.5 0.9 0.8 2.5 1.3 0.9 0.2 0.9 

Miscellaneous 
Coleoptera 3.6 2.1 0.1 0.7 0.4 0.8 1.5 0.1 0.5 1.3 6.5 0.4 0.4 3.1 0.3 0.4 

Hymenoptera 
Formicidae 0.4 1.3 0.8 0.2 1.2 6.9 0.2 0.2 0.1 0.1 2.7 0.5 0.2 0.7 5.9 0.6 5.4 0.3 2.1 0.1 0.2 

"Wasps" 2.5 0.1 0.3 0.3 0.1 0.4 0.3 0.6 2.6 1.0 0.4 0.2 3.1 2.4 0.4 0.2 0.5 

Lepidoptera 
Larvae 2.7 9.3 18.8 14.0 6.0 0.4 0.1 1.0 0.1 5.4 23.9 6.0 3.6 0.1 34.4 0.8 5.9 1.4 

Diptera 
Asilidae 0.6 4.6 1.7 14.5 2.1 3.6 1.0 0.3 1.1 2.4 1.2 

Miscellaneous 
Diptera 0.7 3.2 0.1 1.2 0.3 0.5 0.8 0.1 0.1 

Neuroptera 1.0 0.6 0.4 4.8 2.6 8.4 2.4 0.7 0.6 2.8 0.2 

Hemiptera 0.2 1.1 2.1 1.2 0.6 2.9 0.3 0.1 0.9 1.0 1.0 2.0 0.3 1.0 1.0 1.8 0.4 1.3 0.2 2.7 

Orthoptera 13.7 4.2 0.5 27.9 15.7 19.1 16.2 11.3 4.8 32.8 46.5 5.2 49.5 63.7 53.6 

Homoptera 
Cicadidae 0.3 8.4 2.4 29.5 

Miscellaneous 
Homoptera 0.1 1.1 0.1 0.3 0.1 0.7 0.1 2.5 1.4 0.1 1.3 

Other Insecta 0.2 0.3 0.1 0.1 0.1 0.8 4.4 3.8 3.6 0.9 0.5 2.5 

Number of specimens 16 16 8 12 22 23 22 16 19 9 16 4 12 20 18 14 2 3 10 8 5 9 o 

Total sample dry mass 
(g) 1.013 2.086 1.295 1.583 3.891 10.293 8.011 3.296 1.294 0.063 2.064 0.563 1.399 2.929 9.025 6.712 0.918 1.037 13.015 8.389 2.837 0.428 

Dry mass per specimen 
xt 0.063 0.130 0.162 0.132 0.177 0.448 0.364 0.206 0.068 0.071 0.129 0.141 0.117 0.146 0.501 0.479 0.459 0.345 1.301 1.049 0.567 0.048 

SD 0.020 0.066 0.077 0.063 0.096 0.208 0.188 0.137 0.075 0.035 0.065 0.061 0.040 0.078 0.237 0.229 0.181 0.043 0.495 0.468 0.238 0.034 

Numberoftaxa 3 17 18 14 17 20 17 18 13 11 12 14 15 17 22 17 10 13 17 15 14 11 

Dietary diversity 1.10 6.20 6.35 3.25 1.80 5.29 2.81 3.64 4.08 2.11 2.94 7.31 3.90 2.11 4.46 3.44 4.47 4.19 2.90 2.22 2.64 2.81 
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