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ABSTRACT.--We used published data on winter sparrow densities (from Christmas Bird 
Counts) and summer precipitation to test the hypothesis that local densities of wintering 
sparrows in southeastern Arizona are affected by the abundance of food. Our analyses rest 
on the assumption, justified by previous studies, that the abundance of seeds available to 
wintering granivorous birds is correlated with the quantity of rainfall the previous summer. 
Our results strongly supported two a priori predictions: (1) the density of sparrows should 
be positively correlated with summer rainfall, and (2) the density of individual sparrow 
species should be positively correlated with the total density of all other sparrow species. 
Our findings provide further evidence that winter finch populations are food-limited and 
suggest that interspecific competition may be important in at least some avian communities. 
Received 3 December 1980, accepted 25 May 1981. 

OwE of the primary unresolved issues of cur- 
rent population and community ecology is the 
extent to which food supply and interspecific 
competition influence population size and 
community structure. Because competition is 
expected to occur primarily when essential re- 
sources are in short supply, the potential im- 
portance of competition can be assessed by 
determining how frequently and under what 
circumstances populations are resource-limit- 
ed. Several investigators have suggested that 
food is the most limited resource for many 
populations of small passerine birds and that 
intra- and interspecific competition for food 
plays a major role in determining population 
size and community structure (e.g. MacArthur 
1958, 1964; MacArthur and MacArthur 1961, 
Lack 1966; Cody 1968, 1974; Grant 1968; Fret- 
well 1972; Abbott et al. 1977; PullJam and Par- 
ker 1979). This viewpoint has been criticized 
or modified by other investigators, some of 
whom argue that food is only occasionally and 
temporarily a limited resource for songbirds 
and, consequently, that competition plays, at 
most, a minor role in regulating population 
size and influencing community structure (e.g. 
Wiens 1974, 1977; Ricklefs 1975; Emlen 1978). 
The issue is further complicated because most 
investigators have studied migratory song- 
birds primarily on either their breeding or 
their wintering grounds. Even those investi- 
gators who strongly support ideas of food lim- 

itation and competition often stress its impor- 
tance at different seasons (e.g. compare 
MacArthur 1958 and Cody 1974 with Fretwell 
1972 and PullJam and Parker 1979). 

A number of studies (reviewed in Brown et 
al. 1979) suggest that seeds are the most im- 
portant limited resource for granivorous ani- 
mals inhabiting the deserts and arid grasslands 
of southwestern North America. In desert hab- 

itats heteromyid rodents and harvester ants 
appear to be the dominant seed eaters, but 
these two taxa decrease in abundance and 

species diversity in grasslands, where birds 
become the most conspicuous granivores. The 
most abundant and diverse of the seed-eating 
birds are the emberizine sparrows. Most 
species of this group are found in the arid hab- 
itats of southwestern North America only in 
the winter, when their diets consist primarily 
of seeds. Pulliam and his associates (Pulliam 
1975, PullJam and Brand 1975, PullJam and 
Mills 1977, PullJam and Parker 1979; see also 

Raitt and Pimm 1976) have studied the popu- 
lation biology and community ecology of win- 
tering sparrows in the arid grasslands of south- 
eastern Arizona. They have shown that the 
production of seeds available to sparrows in 
these habitats depends on summer rainfall, 
and they have presented evidence that com- 
petition for these seeds affects the density, dis- 
tribution, and interspecific interactions of win- 
tering sparrow populations. Pulliam and 
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TABLE 1. Description of censuses for five Arizona Christmas Bird Counts. All data from 1958 to 1979 were 
used; the Tucson Valley count was not run in 1975. Proportions of grassland and desert habitat were 
combined to calculate the percentage of arid habitat within each census area. 

ß summer 

Years of Arid precipitation ß total birds/ 
Location Latitude/longitude census habitat (%) (ram) party-hour 

Portal 31ø55'N/109ø08'W 8 50 287.9 43.02 

Patagonia 3 lø29 'N/110ø55'W 17 30 277.7 39.84 
Nogales 31ø23'N/l10ø12'W 20 35 273.1 69.20 
Ramsey Canyon 31ø29'N/l10ø12'W 11 42 224.2 27.91 
Tucson Valley 32ø18'N/l10ø58'W 21 35 143.3 49.93 

Parker (1979) suggest that the density and dis- 
tribution of wintering sparrows in the south- 
western United States and northern Mexico re- 

flect facultative migrations in which birds 
select wintering sites on the basis of seed avail- 
ability, which in turn is dependent upon rain- 
fall during the previous growing season. They 
supported this concept v,•th data showing a 
positive correlation between local rainfall 
levels and the numbers of a single species, Spi- 
zella passerina, in different parts of its winter- 
ing range. The generality of this relationship 
remains to be tested. 

The present study is an independent, a 
priori test of the hypothesis that available food 
resources limit local population densities of 
wintering sparrows in southeastern Arizona. 
This test rests on one critical assumption: that 
food resources available to wintering sparrows 
are closely and positively correlated with the 
quantity of precipitation during the previous 
summer. The validity of this assumption is 
supported by data demonstrating a direct re- 
lationship between seed production and sum- 
mer rainfall in one arid grassland in south- 
eastern Arizona (Pulliam and Brand 1975, 
PullJam and Parker 1979). In addition, there is 
abundant evidence that seed production is 
closely coupled with precipitation in arid and 
semiarid habitats throughout the southwestern 
United States (Brown et al. 1979). On the basis 
of these studies, we make three predictions: 
(1) If food limits sparrow populations in win- 
ter, then we predict a positive correlation be- 
tween summer precipitation and unbiased es- 
timates of sparrow densities the following 
winter. (2) Because variations in total sparrow 
densities could be the result of wide fluctua- 

tions in one or a few abundant species, an ad- 
ditional test is required to determine the gen- 
erality of the above prediction. If all sparrow 

species are food-limited, good years for one 
sparrow species should be good years for most 
other species. Therefore, we predict that pop- 
ulation densities of individual species should 
be positively correlated with densities of all 
other sparrows. (3) There are theoretical rea- 
sons to expect that consumer species diversity 
should increase with increasing productivity 
(MacArthur 1972). In seed-eating rodents and 
ants there appears to be a positive relationship 
between granivore species diversity and seed 
availability among sites of different productiv- 
ity (Brown 1973, Brown et al. 1979). Granivo- 
rous birds might show similar responses from 
year to year, because sparrow species that are 
usually absent or rare in poor years might be 
present in increased numbers when more 
seeds are available. Therefore, we predict a 
positive correlation between summer precipi- 
tation and sparrow species diversity recorded 
on counts the following winter. We tested all 
three predictions using estimates of sparrow 
densities from Christmas Bird Counts and data 

on summer precipitation for the U.S. Weather 
Bureau. 

METHODS 

Christmas Bird Counts published by the National 
Audubon Society (Audubon Field Notes 1958-1970, 
American Birds 1971-1979) were used to estimate lo- 
cal sparrow abundance in southeastern Arizona. 
Counts from five census localities (Table 1) were se- 
lected for analysis on three bases: numerous annual 
censuses were available, a large proportion of arid 
grassland and desert habitats were included in the 
census area, and large numbers of many species of 
sparrows were counted. Christmas Bird Counts pro- 
vide standardized censuses of wintering birds with- 
in a constant area (a circle of 12 km radius). In ad- 
dition to the number of birds seen of each species, 
counts provide data on the proportion of different 
kinds of habitat in the census area and descriptive 
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data of the census itself (weather statistics, number 
of participants, etc.). Because the amount of time and 
effort put into each census varies both from year to 
year and from count to count, each count also records 
the number of party-hours, the total time spent afield 
by each group doing the censusing, as a measure of 
census effort. 

Christmas Bird Counts are subject to sampling 
errors resulting from data collection by nonscientific 
amateurs (Stewart 1954), but they provide relatively 
unbiased estimates of winter bird distribution and 

abundance. They have proven valuable in several 
recent quantitative studies (DeHaven 1973; Back and 
Lepthian 1974, 1976; Tramer 1974; Anderson and 
Anderson 1976; Banney 1979). To minimize errors 
owing to variation in sampling effort, data were nor- 
malized by calculating the number of each species 
reported per party-hour. This method was criticized 
by Stewart (1954), but its validity has been estab- 
lished by several recent studies (e.g. Back and Smith 
1971, Raynor 1975). 

For each species of finch in the subfamily Embe- 
rizinae reported in the counts, we calculated means 
and variance/mean ratios for the number of birds 

counted per party-hour. Using these statistics we 
selected for analysis 10 species [Calamospiza mela- 
nocorys, Passerculus sandwichends, Pooecetes grami- 
neus, Chondestes grammacus, Junco hyemalis (includ- 
ing related J. caniceps), Spizella passerina, Spizella 
breweri, Zonotrichia leucophrys, Melospiza lincolnii, 
and Calcarius ornatus] that were reasonably abun- 
dant at all sites during at least some winters and had 
high variance/mean ratios, indicative of a variable 
winter population density. This effectively eliminat- 
ed from the analysis nonmigratory resident species 
and very rare species. Total sparrow densities for 
each site in each year were calculated by summing 
the reported numbers of each of the 10 common 
species and dividing by party-hours. To indicate rel- 
ative abundances of each species, the total number 
of individuals reported, summed over all available 
years, is given in Table 4. 

Data on precipitation for the summer months 
(June-September) were compiled from the U.S. En- 
vironmental Data Service's monthly reports of 
weather statistics for U.S. Weather Bureau stations 
in Arizona. Data were taken from stations within 

each count circle. Southeastern Arizona typically has 
two rainy seasons per year, in summer and winter; 
the intervening fall and spring are dry. Total summer 
precipitation was calculated by summing the month- 
ly totals from June to September, the normal season 
of summer rains in the census areas. 

RESULTS 

We first test the prediction that densities of 
wintering sparrows should be positively cor- 
related with the quantity of precipitation re- 
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TABLE 3. Spearman's coefficients of rank correlation for either numbers of all species summed for each 
locality or total numbers of each species summed over all localities correlated with summer rainfall. a 

A. All species, by locality 
Ramsey Tucson 

Nogales Patagonia Portal Canyon Valley 

0.734** 0.555* 0.833* 0.382 0.483* 

B. All localities, by species 
C. 

melano- P. sand- P. grami- C. gram- S. pas- Z. leu- M. 
corys wichensis neus macus J. hyemalis serina S. breweri cophrys lincolnii C. ornatus 
0.302 0.619'* 0.545* 0.737** 0.734** 0.796** 0.674** 0.579** 0.632** 0.801'* 

a * = p < 0.05; ** P < 0.01. 

ceived during the previous summer. Because 
we had no a priori reason to assume a partic- 
ular form for the assumed relationship be- 
tween rainfall and seed production and be- 
cause some data suggest that it is nonlinear 
(Pulliam and Parker 1979), we performed least 
squares regression analysis using both un- 
transformed and Iog•0 transformed data from 
counts published between 1958 and 1977, in- 
clusive. Results of the analysis (Table 2) show 
a high frequency of significant positive corre- 
lations. Twenty-seven of 66 correlations be- 
tween numbers of individual species and sum- 
mer precipitation totals at particular localities 
were positively significant at the 0.05 level us- 
ing untransformed data, whereas 24 of the 66 
correlations using Iog•0 transformed data were 
positive and significant. Only 12 correlations 
of untransformed data and 6 of transformed 

were negative, and only 1 of these was statis- 
tically significant. Most important is the ob- 
servation that total numbers of sparrows of all 
10 species were significantly correlated with 
summer precipitation for 4 of the 5 census lo- 
calities in either linear or log•0 transformed 
analyses. The other site, Portal, had the fewest 
years of census data available at the time of the 
study. Subsequent calculations show that, 
with the addition of 2 more years of data (1978 
and 1979), the correlation with Iog•0 trans- 
formed data from Portal was significant (r = 
0.782, P < 0.05, df = 7). All 10 finch species 
showed significant positive correlations with 
summer precipitation summed over all locali- 
ties combined, in one of the two analyses. 
There was no clear pattern that regressions us- 
ing either untransformed or Iog•0 transformed 
data fitted the observed values better. Sites or 

species for which fewer observations were 

available tended to be significant only with 
log•0 transformation. The probabilities of find- 
ing this many positive correlations strictly by 
random chance is extremely small. These re- 
suits strongly support the first prediction, al- 
though correlation coefficients usually were 
less than 0.70, indicating that precipitation ac- 
counted for less than half of the variance in 

sparrow densities. 
For statistical clarity, we also performed a 

more general, conservative analysis using 
Spearman's coefficient of rank correlation (rs). 
Data published from 1958 through 1979, inclu- 
sive, were analyzed. The results are summa- 
rized in Table 3. Total numbers of all sparrows 
were significantly correlated with summer pre- 
cipitation for four of the five sites. Correlations 
of each species summed over all localities with 
summer precipitation were significant for 9 of 
the 10 species. Again, these results strongly 
support the first prediction. 

We now use Spearman's coefficient of rank 
correlation to test the second prediction: that 
densities of individual species of wintering 
sparrows should be positively correlated with 
densities of all other species. Table 4 shows 
that this prediction is sustained for all 10 
species studied. It is noteworthy that the high- 
est correlations were for Passerculus sandwich- 

ensis, Chondestes grammacus, Spizella breweri, 
and Calcarius ornatus, which are highly mo- 
bile, flocking species that winter primarily in 
desert and grassland habitats. The least signif- 
icant correlations were found for the ]unco hye- 
malis species complex and for Calamospiza me- 
lanocorys. Juncos characteristically winter in 
more wooded habitats at higher elevations 
than the grasslands. C. melanocorys winters 
primarily on the southern Great Plains and the 
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TABrE 4. Results of Spearman's rank correlation 
analysis, in which, for each species, number of 
birds/party-hour was correlated with the com- 
bined totals of all other species. 

Total 
number 
of birds/ 

Species party-hour rs a 

Calamospiza melanocorys 722.90 0.504* 
Passerculus sandwichensis 67.94 0.762** 
Pooecetes gramineus 236.30 0.788** 
Chondestes grammacus 198.30 0.933** 
Junco hyemalis 171.23 0.508* 
Spizella passerina 867.68 0.738** 
Spizella breweri 332.29 0.832** 
Zonotrichia leucophrys 1,153.27 0.598** 
Melospiza lincolnii 37.17 0.626** 
Calcarius ornatus 150.95 0.808** 

a,= P < 0.05;** = P < 0.01. 

uplands of the Chihuahuan desert, well to the 
east of our study area. While C. melanocorys 
does occur in relatively high densities in 
southeastern Arizona in some winters, it is 

likely that its appearance is more related to 
poor conditions on its normal winter range 
than to good food supplies in Arizona. This 
hypothesis might be tested using other Christ- 
mas Bird Count data. In general, the data 
strongly support the second prediction. 

Finally, we correlated summer precipitation 
with species diversity as measured by the 
Shannon-Wiener information index. Numbers 

of all emberizine sparrows reported on the 
Christmas Counts were used in calculating the 
indices. Results are summarized in Table 5. 

Only the Nogales correlation was significant. 
The number of sparrow species reported on the 
counts does not vary widely from year to year, 
and this may be responsible, in part, for the 
lack of correlation in this analysis. The data, at 
best, only weakly support the third prediction. 

DISCUSSION 

We have conducted a quantitative, a priori 
test of the hypothesis that winter sparrow pop- 
ulations in southeastern Arizona are limited by 
food resources. Three specific predictions from 
the hypothesis were tested using quantitative, 
apparently unbiased data available in the lit- 
erature. Predicted positive correlations be- 
tween the number of sparrows recorded per 
party-hour on Christmas Bird Counts and the 
total quantity of precipitation during the pre- 
ceding summer were obtained. In addition, 

TABrE 5. Results of Spearman's rank correlation 
analysis of species diversity on rainfall for each 
locality. Species diversity was estimated using the 
Shannon-Wiener information index (/• = -• p• 
log p•).a 

Ramsey Tucson 
Nogales Patagonia Portal Canyon Valley 

0.541' -0.100 0.286 0.673 -0.270 

•*= P < 0.05. 

expected positive correlations between abun- 
dance of individual sparrow species and total 
abundance of all other species also were ob- 
tained. A third prediction, that species diver- 
sity should be positively correlated with sum- 
mer precipitation, was not strongly supported. 
Our test of the first prediction assumes a pos- 
itive relationship between summer rainfall and 
the production of food (primarily seeds) avail- 
able to wintering sparrows. This assumption 
is supported by several studies of seed pro- 
duction in arid and semiarid habitats (cited in 
the introduction) and does not require further 
justification. There remains the possibility that 
the correlation between summer rainfall and 

winter sparrow densities reflects some causal 
process other than food limitation. The most 
likely candidate is cover, which probably in- 
creases, particularly at ground level, in re- 
sponse to summer precipitation and which 
might be conducive to high bird densities. We 
think precipitation-mediated changes in cover 
are unlikely to account for the patterns report- 
ed above, however, because some of the spar- 
row species (most notably Calcarius ornatus) 
that responded positively to increased rainfall 
characteristically forage in open areas and do 
not seem to rely on cover for protection from 
predators or for other vital functions (Pulliam 
and Mills 1977). Our analysis provides strong 
support for the proposition that the local abun- 
dance and distribution of seed-eating birds, at 
least of sparrows in southeastern Arizona, are 
regulated primarily by the availability of food 
resources (Pulliam 1975, PullJam and Brand 
1975, Raitt and Pimm 1976, Pulliam and Parker 

1979). The mechanism of this regulation is not 
apparent from our data, but facultative migra- 
tion, as proposed by PullJam and Parker, is 
consistent with our results. 

While our analyses do not provide any direct 
evidence on the extent of interspecific compe- 
tition for food among wintering sparrows or 
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the importance of such competition in struc- 
turing winter finch communities, our results 
do have significant implications for evaluating 
the role of competition. First, they suggest the 
potential importance of competition. If, as our 
results suggest, winter sparrow populations 
are food-limited, then it is only necessary for 
different species to overlap significantly in 
their utilization of food for interspecific com- 
petition to occur. To the extent that purported 
demonstrations of interspecific overlap in food 
utilization (Pulliam and Enders 1971, Fretwell 
1972, PullJam 1975, PullJam and Parker 1979) 
are correct, then our analyses support the in- 
terpretation that competition is important in 
determining population densities and com- 
munity structure in wintering sparrows. Our 
data do not enable us to evaluate how food 

limitation varies with seed production, how- 
ever, because we have no direct information 

on the relationship between summer rainfall 
and seed availability to sparrows the following 
winter. Thus, we cannot refute the contention 
(Pulliam and Brand 1975, Pulliam and Parker 
1979) that seed availability may be severely 
limiting to wintering finch populations only in 
winters following summers of exceptionally 
low rainfall and seed production. This problem 
warrants further study. The conclusions of Pul- 
liam and his coworkers are based on estimates 

of sparrow energy requirements in relation to 
measured seed production and assume that all 
seeds produced are equally available for spar- 
row consumption. This may not be true if, in 
years of high rainfall and heavy seed crops, an 
increasing proportion of the seeds are harvest- 
ed by other granivores (e.g. ants and rodents) 
or hidden in the denser vegetation and litter. 

A second implication of our results is that 
resource-limited, potentially competing species 
often may show positive correlations in their 
population densities over time if the limiting 
resource that they share is subject to wide an- 
nual variation. Negative correlations in den- 
sities are often presented as evidence for com- 
petition. Some authors have even suggested 
that such relationships, corrected for differ- 
ences between species in habitat utilization, 
can be used to calculate the intensity of com- 
petition interaction (Hallett and Pimm 1979, 
see also Crowell and Pimm 1976). Such infer- 
ences are questionable, because positive cor- 
relations in population density, even among 

intensely competing species, are likely when- 
ever there are significant fluctuations in the 
availability of shared limiting resources. We 
submit that it is hazardous to conclude any- 
thing about competition from temporal pat- 
terns of fluctuation in natural populations un- 
less a great deal is known about levels of 
resource availability and mechanisms of re- 
source utilization. 
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