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A MULTI-SCALE ANALYSIS OF COMPETITION BETWEEN THE HOUSE FINCH

AND HOUSE SPARROW IN THE SOUTHEASTERN UNITED STATES

CHRISTOPHER J. W. McCLURE', LAURA K. ESTEP, AND GEOFFREY E. HILL
Department of Biological Sciences, 331 Funchess Hall, Auburn University, Auburn, AL 36849

Abstract. The decline of House Sparrow (Passer domesticus) populations in eastern North America has been
proposed to be a consequence of competition between the House Sparrow and the House Finch (Carpodacus mexi-
canus), both introduced species. Previous research testing the hypothesis that House Sparrow declines are due to
competition with House Finches focused on populations in the northeastern U.S., excluding other regions where
the species coexist. We tested for effects of competition between these two species in the southeastern U.S. at two
scales of analysis. First, we looked for evidence of competition at a local scale during the breeding season by ex-
amining patterns of co-occurrence of House Finches and House Sparrows at count points within a 28.3-km? study
area centered on Auburn, Alabama. Second, we tested for the effects of competition at a regional scale across seven
southeastern states by analyzing trends in Christmas Bird Count data. Using null-model analysis, we found no evi-
dence for competitive exclusion in our assessment of local co-occurrence, suggesting that if there is competition be-
tween these species it is not important enough to affect their spatial distribution during the breeding season. At the
regional scale, contrary to findings in the northeastern U.S., the decline of House Sparrow populations within the
southeastern U.S. was not significantly correlated with House Finch abundance. Our results suggest that competi-
tion with House Finches is not a major cause of decline of the House Sparrow population in the southeastern U.S.

Keywords: Carpodacus mexicanus, co-occurrence, House Finch, House Sparrow, interspecific competition,
invasive species, Passer domesticus.

Analisis de Competencia en Multiples Escalas entre Carpodacus mexicanus y Passer domesticus
en el Sureste de Estados Unidos

Resumen.  Se ha propuesto que la disminucidn de las poblaciones de Passer domesticus en el este de América
del Norte es una consecuencia de la competencia entre P. domesticus y Carpodacus mexicanus, ambas especies in-
troducidas. Investigaciones previas que evaluaron la hipdtesis de que la disminucion de P. domesticus es debida a
la competencia con C. mexicanus se enfocaron en las poblaciones del noreste de EEUU, excluyendo otras regiones
donde las especies coexisten. Evaluamos los efectos de la competencia entre estas dos especies en el sudeste de
EEUU, considerando dos escalas de analisis. Primero, buscamos evidencia de competencia a escala local durante
la estacion reproductiva mediante el examen de patrones de co-ocurrencia de C. mexicanus y P. domesticus en
puntos de conteo dentro de un 4rea de estudio de 28.3 km? centrada en Auburn, Alabama. Segundo, evaluamos
los efectos de la competencia a escala regional a través de siete estados del sudeste mediante el analisis de las ten-
dencias en los datos del Conteo de Aves de Navidad. Usando analisis de modelos nulos, no encontramos evidencia
de exclusion competitiva en nuestra evaluacion de co-ocurrencia local, sugiriendo que si hay competencia entre
estas especies no es de una importancia suficiente como para afectar su distribucion espacial durante la estacion
reproductiva. A escala regional, contrariamente a los hallazgos en el noreste de EEUU, la disminucion de las po-
blaciones de P. domesticus en el sudeste de EEUU no se correlaciono significativamente con la abundancia de C.
mexicanus. Nuestros resultados sugieren que la competencia con C. mexicanus no es una causa importante de la
disminucion de las poblaciones de P. domesticus en el sudeste de EEUU.

INTRODUCTION

Competition plays a central role in many ecological processes
including community structuring and species divergence
(MacArthur 1972, Wiens 1989, Tilman 1994). However, the
effects of competition are often not apparent at all scales of in-
vestigation (Diamond and Case 1986, Wiens et al. 1987, Ben-
nett 1990), and the importance of competition can depend
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upon resource abundance and competitor density (Cody 1974,
Cresswell 1997, 1998). Competition involving invasive spe-
cies is a particularly relevant form of interspecific competition
because introduced species are a major cause of declines of
native species. While much of the literature concerning the ef-
fects of invasive species focuses on plants, insects, and patho-
gens, introduced birds can also have serious negative effects
on native bird species (BirdLife International 2000). Birds are
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ideal organisms for assessing the effects of introduced spe-
cies because across most regions of the world census data are
more complete for birds than for any other organisms. There-
fore, the introductions of the House Sparrow (Passer domes-
ticus) and, later, the House Finch (Carpodacus mexicanus) to
eastern North America present opportunities for study of the
interactions between an established species and a newly ex-
panding species.

The House Sparrow was first successfully introduced to
New York City in 1853 (Barrows 1889). Deliberate introduc-
tions in other cities along with rapid population growth and
unaided dispersal led to the species’ spread across the conti-
nent by 1900 (Barrows 1889, Robbins 1973, Bennett 1990).
When the House Sparrow invaded the native range of the
House Finch, a species with which it shares urban habitat, in
western North America, interference competition between the
two species was observed (Bertgold 1913, Kalinoski 1975).
For instance, Bertgold (1913) reported House Sparrows de-
stroyed 16% of House Finch eggs and young in Denver despite
his efforts to protect the House Finch nests.

The House Finch was introduced from western North
America into New York City in 1940 (Elliot and Arbib 1953)
and subsequently spread across the eastern portion of North
America (Veit and Lewis 1996, Gammon and Maurer 2002).
Concurrent with the increase of the House Finch population in
eastern North America was a decline in House Sparrow num-
bers in the same regions, prompting suggestions that com-
petition with the House Finch caused the declines in House
Sparrow populations (Kricher 1983, Wootton 1987, Cooper et
al. 2007). Bennett (1990) summarized the value of the House
Sparrow/House Finch system for studies of competition: (1)
both introductions are recent, so sympatric evolution is un-
likely to have reduced competition; (2) the species interact
in an urban environment and so are somewhat isolated from
other, confounding species; (3) both introductions and subse-
quent invasions are well documented.

Although the House Sparrow was in decline before the
introduction of the House Finch (Hill 2002:23, Sauer et al.
2008), past empirical studies suggest that the House Finch in-
vasion accelerated House Sparrow declines in eastern North
America. Across the northeastern U.S., House Sparrow popu-
lations are negatively correlated with House Finch populations
(Kricher 1983). Wootton (1987) found that House Sparrow
declines accelerated after the House Finch invasion. Bennett
(1990) found evidence for competition only at the continental
scale. Cooper et al. (2007) found that House Sparrow popu-
lations rose after House Finch populations fell because of a
disease outbreak and that House Finch abundance was highly
correlated with the rate of House Sparrow decline.

These studies focused on the interaction of House Finches
and House Sparrows in the northeastern U.S. Other portions
of eastern North America, including the Southeast, have been
excluded from study except for analysis of House Sparrow
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declines prior to the House Finch invasion (Kricher 1983,
Bennett 1990). Both the House Sparrow and House Finch are
less abundant in the southeastern U.S. than in the northeastern
U.S. (Sauer et al. 2008), which may lessen the effects of com-
petition on population dynamics and co-occurrence patterns.

Competition is not always apparent at all scales of inves-
tigation (Wiens 1989, Bennett 1990). Because competition
theory predicts that interference competition between species
should lead to temporal or spatial segregation of habitat (Cody
1974, Maurer 1984), competition may be more apparent at a
local or habitat-level scale. Bennett (1990) found no evidence
of segregation of House Sparrows and House Finches on the
basis of the Christmas Bird Count (CBC)—in which birds are
counted within a circle of 452 km?>—and he explained this
lack of effect may arise because birds segregate at a local scale
within urban, suburban, and rural habitats. Bennett (1990)
suggested competition should be more apparent on the local
scale because House Sparrows restrict House Finches to the
areas between their colonies.

The goal of this study was to evaluate the effects of com-
petition between the House Sparrow and House Finch in the
southeastern U.S. at two distinct scales. First we tested for
competitive exclusion between the two species at a local scale
by examining their patterns of co-occurrence at point loca-
tions within a 28.3-km? study area centered on Auburn, Ala-
bama. For this local (or sublocal, according to the terminology
of Bennett 1990) analysis, we compared observed patterns of
co-occurence to a null model, which is widely viewed as the
most appropriate tool for revealing spatial patterns within a
community (Gotelli 2001). If competition is important in de-
termining the distribution of either or both species, we pre-
dicted that we would detect competitive exclusion between
them. We also examined evidence for competition between
the House Finch and House Sparrow on a regional scale by
analyzing trends in Christmas Bird Count data from seven
southeastern states. If competition between these two spe-
cies is important throughout their shared range, we predicted
that we would find a negative correlation between the House
Sparrow’s population growth rates and the House Finch’s pop-
ulation size. Using the methods of Cooper et al. (2007), we
examined CBC data from the southeastern United States for
evidence for such an association.

METHODS

STUDY AREA AND BIRD SURVEYS

Local scale. Auburn, Alabama, has a human population size of
approximately 55 000 (U.S. Census Bureau 2007) and is located
in Lee County on the edge of the East Gulf Coastal Plain. We
established a circular study area centered on the Auburn Uni-
versity campus and extending to a radius of 3 km (28.3 km?),
encompassing most of the city of Auburn. Within this study
area we defined a grid of 443 points separated by 250 m.
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Major habitat types in the study site include low-, medium-,
and high-intensity urban development, pine forest, mixed
pine/hardwood, and agricultural land. We surveyed each point
for birds with a 5-min point count (Hutto et al. 1986) between
24 May and 24 June 2005, from 05:00 to 11:00 CDT.

Regional scale. We obtained CBC data for Alabama,
Georgia, Florida, Mississippi, North Carolina, South Caro-
lina, and Tennessee through the National Audubon Society’s
website, http://www.audubon.org/bird/cbc. Volunteers search
each CBC circle for birds for 24 hr once annually between 14
December and 5 January.

STATISTICAL ANALYSES

Local scale. We organized count data into a presence—absence
matrix in which rows represented the species and columns
represented survey points. Entries in the matrix were either
presence (1) or absence (0) of each species at each survey lo-
cation (Simberloff and Connor 1979). We analyzed co-occur-
rence with EcoSim 7.0 (Gotelli and Entsminger 2006, Zhang
et al. 2009), which calculates a measure of the number of sur-
vey points at which both species occurred (c-score, Stone and
Roberts 1990) and then compares it to c-scores generated from
5000 random null distributions (Gotelli 2000). Briefly, the
c-score is calculated as (R, - S)(R}. - §), where R, is the number
of occurrences of species 7, Rj is the number of occurrences
of species j, and S is the number of sites at which both occur.
The greater the value of the c-score, the less frequently the two
species are found together. We created null distributions by
shuffling the data in a fashion that maintained the number of
species occurrences but left each site with an equal probability
of being occupied. The c-score has been shown to be robust,
and our reshuffling method has been shown to minimize type I
and IT errors when sample data are used (Gotelli 2000, Sanders
et al. 2003). We calculated c-scores for each null distribution
and used them to create a histogram with which we calculated
the probability of obtaining our observed c-score (Gotelli and
Entsminger 2006). An observed c-score that is significantly
greater than the mean c-score of the null distributions sug-
gests competition (Gotelli 2000, Veech 2006). We calculated
the standard effect size (SES) as (observed c-score — mean of
simulated c-scores)/standard deviation of simulated c-score
(Gurevitch et al. 1992, Zhang et al. 2009). An SES >2.0 sug-
gests species segregation, whereas an SES of less than —2.0
suggests aggregation. Because habitat heterogeneity may bias
results (Gotelli 2000), we analyzed co-occurrence in a subset
of survey locations around which >50% of pixels in a 100-m
circular buffer were classified as developed at medium or high
intensity according to the Alabama Gap Analysis Program
land-cover map (Kleiner et al. 2007). The choice of a 50% cut-
off was arbitrary, but we believe that it is a reasonable thresh-
old and that its use does not bias our inferences.

Regional scale. Our second approach to testing for neg-
ative effects of interspecific competition of the House Finch

and House Sparrow entailed the use of historical population
trends of both species. As put forth by Cooper et al. (2007), a
negative association between House Finch abundance and the
growth rate of House Sparrow populations, revealed through
the assessment of long-term population trends, would sup-
port the hypothesis that competition with the House Finch is
a causal factor in the decline of the House Sparrow. We ex-
tended the analysis by Cooper et al. (2007) of House Finch
abundance in relation to the House Sparrow’s population
growth rates to the southeastern U.S. to test whether evidence
for competition in this region of the country is consistent with
that in the Northeast.

We corrected abundance estimates from the survey data
for each circle-year by using the standard approach of divid-
ing the total number of individuals of each species observed
during the survey by the total duration in hours of the survey.
This correction yielded the number of birds per party-hour
that we then used in developing statistical models. Addition-
ally, before correcting for survey duration, we increased all
raw abundance values of zero by 0.5 to avoid loss of data that
would have resulted from taking the natural log of or dividing
by zero in developing models described below.

Following the methods of Cooper et al. (2007), we de-
veloped a linear mixed model to investigate the effect of
House Finch abundance in each CBC circle on the House
Sparrow’s population growth rate after controlling for the ef-
fect of intraspecific competition. In each model, the response
variable—the growth rate of the House Sparrow population
(In HOSP ,,/HOSP )—was modeled as a function of the fixed
effects and a random intercept. The fixed effects we consid-
ered for inclusion in model development were House Sparrow
abundance (HOSP)), House Finch abundance (HOFI), and
the intercept to account for partial correlation of observations
within the same CBC circles with error structure of variance
components.

Differences between results of our regional-scale analy-
sis for the Southeast and that of Cooper et al. (2007) for the
Northeast could have resulted from different methodolo-
gies or from the lower statistical power of our analysis rather
from than a true difference in trends between the two regions.
To test for such an effect, we repeated our comparison after
making the data sets more comparable. First, we followed
the methods used by Cooper et al. (2007) in preparation of
their dataset for analysis, not incrementing abundances by 0.5
and excluding all circle-years during which the House Spar-
row was observed at a rate >30 birds party-hr!' or the House
Finch was observed at a rate >15 birds party-hr~!. Cooper et
al. (2007) also excluded observations of nonflocking species
encountered at high rates, but they did not give specific de-
tails so we did not attempt to replicate this rule for observation
exclusion. Second, to make the sample sizes in the two data-
sets equivalent, we randomly sampled numbers of sites and
observations from the Northeast dataset equal to those in the
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Southeast dataset. To do this, we used the “ranuni” command
in SAS to sample sites without replacement, with the number
of sites sampled equivalent to the number of sites in the South-
east dataset. We then exported all yearly records for these se-
lected sites to a spreadsheet and assigned random numbers to
each record in the dataset. Next we selected the record within
each site with the lowest random number assigned to it for in-
clusion in the final sample, so that each site would be repre-
sented by at least one year. Finally, we assigned site-years in
the final dataset on the basis of the order of the random num-
ber assigned to them until the number of total site-years in the
dataset was equal to the number in the Southeast dataset. We
then developed new models for the House Sparrow’s popula-
tion growth rate as in the first analysis by using both of these
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datasets in separate models to determine whether the trends
were consistent with those from our first analysis and those
published by Cooper et al. (2007).

We specified all models for the regional analyses with
PROC MIXED in SAS version 9.1.

RESULTS

LOCAL SCALE

We detected 244 House Finches at 78 sites and 258 House Spar-
rows at 64 sites (Fig. 1). We focused on areas developed at me-
dium and high intensity, in which House Finches were detected
at 23 sites, House Sparrows at 26 sites, and at least one of either
species at 38 sites. Within these areas, we found the species

FIGURE 1.

Aerial photo of Auburn, Alabama, showing locations where House Finches (circles), House Sparrows (squares), or both (plus
signs) were detected.
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together at 11 sites, yielding a c-score that was not significantly
different from the randomly generated c-scores (observed c-
score = 180, mean null c-score =222, P=0.35, SES =-0.74).

REGIONAL SCALE

The CBC database contained 205 CBC circles throughout the
Southeast for the period 19702008, and the number of years per
circle ranged from 1 to 38. Across the region, the mean abundance
of the House Sparrow was 1.42 birds party-hr™' (SD = 2.44) and
that of the House Finch was 1.35 birds party-hr~' (SD = 1.96).
The coefficient for the fixed effect of initial House Spar-
row abundance in the model for the first regional analysis of
the House Sparrow’s population growth rates was signifi-
cantly less than zero, with ov = 0.05 (B, =—-0.048, SE = 0.004,
tysoo= —12.52, P < 0.001; Fig. 2a), indicating a negative as-
sociation between the mean growth rates of House Sparrow
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FIGURE 2. Log-transformed growth rate of the House Sparrow
population versus House Sparrow abundance (a) and House Finch
abundance (b). Dots represent individual Christmas Bird Count cir-
cles within the southeastern U.S.

populations and the degree of intraspecific competition they
experienced. However, the coefficient for the fixed effect of
House Finch abundance was not significantly different from
zero (B,=-0.005, SE = 0.005, ,,,,=—1.09, P=0.277; Fig. 2b),

suggesting a lack of influence of House Finch abundance on
the House Sparrow’s population growth rates in the CBC cir-
cles throughout the Southeast.

Our second regional analyses were designed to be compa-
rable to the analyses of Cooper et al. (2007). For the model of
the House Sparrow’s population growth rate in the Southeast in
this second analysis, the coefficient for House Sparrow abun-
dance was negative (B, = —0.098, SE = 0.009, t,,., = —10.54,
P < 0.001), and the coefficient for House Finch abundance

was not significantly different from zero (B,=—-0.019, SE =
0.012, 1,,,=-1.52, P=0.128). In the model for the Northeast,
coefficients of House Sparrow and House Finch abundance
were both negative (House Sparrow: , =—0.045, SE = 0.003,
2283— —16.24, P < 0.001; House Finch: [32 —0.010, SE=0.004,
lyyg3 = —2.66, P =10.008). Thus trends in the second regional
analyses mirrored those of our first regional analysis and those
presented by Cooper et al. (2007), suggesting that differences
in inference were not due to differences in how the datasets
from either region were analyzed or to differences in sample
size, and thus statistical power, between the two datasets.

DISCUSSION

In the latter part of the 20th century, numbers of House Finches
in the eastern U.S. and southern Canada increased dramati-
cally. Over a similar period, populations of House Sparrows
declined steadily and persistently throughout the eastern U.S.
(Kricher 1983, Wootton 1987, Bennett 1990, Summers-Smith
2003, Cooper et al. 2007). These authors hypothesized that
the decline of the House Sparrow, at least in the eastern por-
tion of the continent, was causally linked to increasing num-
bers of the House Finch. Anecdotal observations of the two
species interacting competitively supported the idea that these
interactions could affect the species’ abundances, but rigorous
testing of the hypothesis required more careful and detailed
analyses.

Studies of bird-census data in the northeastern U.S. sug-
gested that the invasion of the House Finch accelerated the
decline of the House Sparrow in that region (Kricher 1983,
Wootton 1987, Bennett 1990, Cooper et al. 2007). In our study,
however, we found no evidence for competition between the
House Sparrow and House Finch in the southeastern U.S. at
either a regional or local scale. In our analysis of regional
trends, we found no significant association between House
Finch abundance and rate of decline of the House Sparrow.
This result is in contrast to the negative association between the
two species reported by Cooper et al. (2007) in the Northeast,
confirmed by our reanalysis of their data. Therefore, if com-
petition exists at a regional scale in the southeastern U.S. as
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appears to be the case in the northeastern U.S., it is too weak
to be statistically demonstrated with CBC data. After an epi-
zootic of Mycoplasma gallicepticum, Cooper et al. (2007) also
found a decline in northeastern House Finch populations that
coincided with a rise in House Sparrow populations, provid-
ing evidence for competition in that region. We were unable
to test for this second relationship because the House Finch’s
invasion of many parts of the Southeast coincided with onset
of the epizootic (Hill 2002).

We also tested for effects of competition at a local scale by
examining patterns of co-occurrence between House Sparrows
and House Finches within 28.3 km? in central Alabama, finding
no evidence that these two species exclude one another at this
local scale. Around Auburn, there was no pattern consistent
with competitive exclusion during the breeding season. Bennett
(1990) suggested that while he found no evidence for competi-
tion in data from CBC circles pooled, there may be competition
at a local scale within a circle. Our results suggest that in the
southeastern U.S. interference competition between these spe-
cies is insufficient to force them to segregate at any scale.

Accounts of the outcome of interspecific encounters be-
tween House Sparrows and House Finches suggest that inter-
actions between these species may be different in the western
part of the continent than in the East. In the West, House Spar-
rows have been reported to dominate House Finches both in
the wild and in aviary experiments (Bent 1968, Kalinoski
1975). Bennett (1990) suggested that while the House Sparrow
may win in aggressive encounters it still incurs an energetic
cost that may manifest itself in population declines. Disper-
sive birds, however, tend to be more aggressive than their sed-
entary counterparts (Duckworth 2008). Wootton (1987) and
Cooper et al. (2007) suggested that the invasive eastern House
Finches are more aggressive than finches in western popula-
tions from which they originated and that aggressive eastern
House Finches may have a greater effect on the House Spar-
row’s population dynamics. If the House Finch is dominant
over the House Sparrows in the East, we should see evidence
of competition on a local scale. Our results, however, show
that neither species is being excluded from the House Spar-
row’s preferred urban habitat.

Cooper et al. (2007) reported evidence of competition be-
tween the House Sparrow and House Finch on the basis of
the CBC, but they were unable to detect the same trend with
Breeding Bird Survey (Sauer et al. 2008) data. The failure to
find such a trend with the Breeding Bird Survey may be due
to differences in sample size or sampling schemes (Cooper et
al. 2007). Cooper et al. (2007) suggested that, at a minimum,
their results reveal competition in the winter and that changes
in winter abundance should correlate with changes in summer
abundance. We were unable to detect evidence of competi-
tion at a local scale during the breeding season or at a regional
scale during the winter. Therefore, we found no evidence of
competition at any time of year in the southeastern U.S.
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The lack of evidence for competition between these spe-
cies in the Southeast, despite the predictions of competition
theory (Cody 1974, Maurer 1984, Bennett 1990) and anec-
dotal evidence of exclusion in the Northeast (Kricher 1983),
may be due to the densities of the two competitors. Effects of
competition are greater and easier to detect when competitors’
densities are higher (Schoener 1983, Cresswell 1997). Both the
House Sparrow and House Finch are substantially more abun-
dant in the northeastern than in the southeastern U.S. (Sauer
et al. 2008). Therefore, densities in the Southeast may not be
high enough to affect the species’ distributions through com-
petition or yield a statistically detectable effect. Nonetheless,
within the seven-state region we analyzed, the House Spar-
row showed the same pattern of decline as in the Northeast.
The fact that competition does not seem to be responsible for
the decline of the House Sparrow in the Southeast suggests
that a factor other than competition is the primary cause of the
House Sparrow’s declines across North America.
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