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ECOLOGICAL SEGREGATION BETWEEN SYMPATRIC
SPANISH SPARROWS (PASSER HISPANIOLENSIS TEMM.)
AND HOUSE SPARROWS (PASSER DOMESTICUS (L.))
DURING WINTER

ABSTRACT: The differences in food composition, habitat utilization, flocking behaviour
and morphology of sympatric populations of two sparrow species have been analysed in an
agricultural area of W — Spain. There is a clear spatial segregation between both species, the
house sparrows remaining closer to human habitations. Associated flocking and feeding
strategies are discussed.
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1. INTRODUCTION

It has been generally admitted that two closely related species sharing identical
ecological requirements cannot coexist in a stable community in the same locality. The
existence of interspecific isolating mechanisms, like differences in their distribution
ranges, habitats or diets, has been demonstrated for many bird species (L ack 1971,
MacArthur 1972, Cody 1974, Schoener 1974). The house sparrow
and the Spanish sparrow are, phylogenetically, one of the most closely related bird
species pairs (Sibley and Ahlquist — in press), showing partially
overlapping distribution areas and even hybridizing in certain regions (M e i s e 1936,
Johnston 1969, Summers-Smith and Vernon 1972). In the
present paper I study the food composition, habitat utilization and morphology in an
area where both species coexist during winter, trying to identify the mechanisms that
alleviate interspecific competition.
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2. STUDY AREA

The study was conducted in an irrigated farmland comprising round 15000 ha of
corn, tobacco, cotton, and various other minor crops, near Coria in Ciceres, Spain
(39°58' N, 6°20' W). The only forested areas are a few Eucalyptus and Populus
plantations, and willow tree thickets along the river courses. There are two small
villages, apart from dispersed farm houses and granaries in a density of about 5 per
square km.

3. MATERIAL AND METHODS

112 Spanish sparrows and 103 house sparrows were captured with mist nets at
roosting sites between October 1977 and March 1983. Immediately after collection, the
stomach contents were removed, washed and dried at 70°C during 48 hours. Food
elements were counted, weighed to the nearest 0.1 mg and identified with the aid ofa 8
—40 x binocular microscope and comparative collections. A sample of seeds was
sown in a greenhouse to help identify some species. Grit was not included in the weight
of the total stomach contents.

Trophic diversity was calculated with Shannon-Weaver’s information function H'.
Two criteria of trophic diversity were considered: H',, in relation to the biomass
supplied by the different taxa, and H',, in relation to the number of individuals taken
from each taxonomic group (species in the case of plant food and order in the case of
animal food). Pielou’s trophic evenness indices (E = H'/H,,,,) were also calculated for
both number of elements (E,) and biomass (E,). In order to analyse the dietary overlap
between both species, I used a qualitative index (number of classes eaten by both
species/total number of classes identified) and the Morisita’s (see H orn 1966)
quantitative dietary overlap index:

' where €, = dietary overlap (range 0— 1, 1 meaning identical food composition); x; and
y; = frequencies of a given class in the diets of both species compared.

Simultaneously, I recorded the size and species composition of each sparrow flock
detected, the activity of the birds (resting or feeding), time of day, type of ground or
perch, and estimated the distance from the flock to the nearest farm building. The
ground and perch types considered are listed, respectively, in Tables 1 and 2. The
relative extents of the different habitats were estimated recording the ground type at
each of both sides of a 20 km transect through the study area.

The degree of mixing of both species in communal roosts was determined by
mistnetting at random at the main roosting sites.

Additionally, biometrical data were also recorded in a number of individuals.
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4, RESULTS

4,1. TROPHIC DIVERSITY AND DIETARY OVERLAP

The winter diets of both species are basically granivorous (Table 1). The high
overlap values indicate a high interspecific similarity in their compositions. The s=eds of
only three species, Echinochloa crus-galli, Portulaca oleracea, and Digitaria sanguinalis,
all of them very abundant weed grasses in the study area, make up, respectively in
Spanish sparrows and house sparrows, 80%; and 82% of the total number of elements,
and 75% and 50%, of the bicmass consumed. Tiophic evenness values are therefore
relatively low.

Table 1. Winter food composition, and trophic diversity, evenness and overlap of Spanish sparrows and
house sparrows

Spanish sparrow House sparrow
Food elements and no. of . no. of !
weight weight
parameters compared elements " elements .
% Vi ) (4
/
1 2 3 4 5
Polygonum aviculare L. 0.03 0.06 0.08 0.12
P. persicaria L. 0.46 1.05 0.06 0.00
Chenopodium spop. 248 1.43 0.74 0.22
Amaranthus retrof lexus L. 1.75 1.14 1.69 0.74
Portulaca oleracea L. 26.34 L 34.87 6.26
Cerastium spp. 8.01 1.97 6.60 1.91
Spergula arvensis L. 0.03 0.01 0.23 0.06
Tiifolium sp. 0.08 0.04 0.14 0.05
Erodium sp. 0.02 0.07 0.00 0.00
Solanum nigrim L. 0.23 0.30 0.40 0.34
Nicotiana tabacum L. 4.30 0.38 5.13 0.34
Artemisia sp. 0.18 0.11 0.00 0.00
Tiriticum sp. 0.06 3.08 0.55 20.22
Poua sp. 0.57 0.28 0.11 0.04
Avena sterilis L. 0.00 0.00 0.01 0.15
Phalaris sp. 0.67 0.02 0.29 0.01
Digitariu sanguinalis (L.) 15.95 8.04 833 2.85
Echinochloa crus-galli (L.) 37.76 59.02 39.59 41.21
Zea mays L. 0.04 10.56 0.11 20.80
Other Gramineae 0.04 0.11 0.19 2.03
“ypha sp. 0.09 0.01 0.00 0.00
Unidentified seeds 0.62 2.50 032 1.37
Arachnida 0.609 0.03 0.0 0.007
Dermaptera 0.002 0.05 0.00 0.00
Lepidoptera 0.002 0.08 0.01 0.07
Diptera 0.03 0.15 0.01 0.01
Coleoptera 0.04 0.69 0.02 0.16
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1 2 3 4 5
Hymenoptera 0.16 0.54 0.46 0.90
Unidentified arthropods 0.05 0.50 0.03 0.04
Total no. of elements 42661 32362
Total dry weight (g) 37.80 43.06
Diversity of number H, 1.70 1.56
Diversity of biomass H}, 1.58 1.69
Evenness E, 0.51 0.49
Evenness £, 0.47 0.53
No. of identified classes 25 22
Qualitative overlap 0.81
Quantitative overlap in number C,, 097
Quantitative overlap in biomass C,, 0.88

The major interspecific difference is the higher energetic dependence of house
sparrows on cereal food: wheat and corn seeds comprise 419 of total biomass ingested
by this species, but only 139 of biomass ingested by Spanish sparrows.

The diversity of number of elements (H}) is slightly higher, but the diversity of
energy dependence (H,) is slightly lower in the Spanish sparrow than in the house
sparrow. Nevertheless, differences are very small.

4.2. HABITAT USE

Statistically significant differences in habitat use exist between Spanish sparrows
and house sparrows during both feeding (y? = 123.3, p <0.001) and resting
(x* = 172.6,p < 0.001, Table 2). Spanish sparrows select the corn fields as main feeding

Table 2. Relative extents (per cent of surface) and utilizations by both sparrow species (per cent of number of
flocks) of the different ground types

Relative Spanish sparrow House sparrow
Ground type
extent N ; : .
resling feeding resting feeding
Corn fields 48.2 4.0 614 29 13.2
Waste land and road sides 17.7 0.0 169 29 18.9
Pastures 11.6 0.0 7.2 1.4 7.5
Tobacco stubbles 7.3 0.0 48 0.0 1.9
Riparian vegetation 4.3 93.3 3.6 114 0.0
Cotton fields 30 0.0 24 0.0 0.9
Cerecal stubbles 12 0.0 1.2 0.0 09
Other crops 30 0.0 1.2 0.0 0.9
Eucalyptus plantations 12 2457 0.0 2.9 0.0
Grounds adjacent to farms,

granaries or houses 2.5 0.0 12 78.5 55.7

Number of flocks 150 166 70 94

-
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Table 3. Use of perch sites (percentage of flocks)

Perch type Spanish sparrow House sparrow
Ground 51.9 54.9
Shrubs (<2 m) 19.5 24
Trees (> 2 m) 28.5 134
Buildings 0.0 29.3
Number of flocks 316 164

areas, while house sparrows prefer to feed on the grounds adjacent to farm buildings,
waste land and road sides. As resting sites Spanish sparrows select the riparian
vegetation, while house sparrows usually rest on the roofs of farm houses or on trees
nearby.

There are also significant interspecific differences in the utilization of the various
perch types considered (x? = 164.0, p < 0.001, Table 3). Spanish sparrows are more
arboreal than house sparrows, perching most frequently on the willow trees along the
river courses and avoiding the buildings.
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Fig. 1. Distribution of flocks in relation to distance to nearest farm building

There is a clear spatial segregation by distance to farm buildings (Fig. 1). The mean
distances between foraging flocks and farms were 64 m for the house sparrow and
599 m for the Spanish sparrow, the difference being highly significant (t = 20.0,
p < 0.001).
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43. FLOCK SIZE AND COMPOSITION AND DAILY FEEDING PATTERN

Both species are gregarious throughout the whole year in the study area
(Alonso 1982). Only occasionally they form mixed flocks (2% of all flocks
observed). These were always Spanish sparrow flocks located relatively close to villages
of farms, which were joined by a few (1--12) house sparrows. In contrast, I never
observed a Spanish sparrow in a house sparrow flock.

Tuble 4. Degree of mixing of Spanish gpurcows and house Sparrows in commuanal roosts during the non-
teprodirctive season *

Per cent contribu-
. tion of male house
o —— Number Qf rousts To.tal of Number of birds ATl
examined birds captured 1othT Alimber
of males
July 2 20000 73 0
August 1 40000 84 4.7
September 1 60000 130 36.7
October 3 60000 219 36
November 2 4000 237 18.7
December 1 950 57 0
January 1 197 3t 0
February 2 457 28 0 -
March 1 2500 82 0

*Data from Alonso (1982)

Both species also utilize different roosts during winter (Table 4): house sparrows
nsually roost at their nest sites or very close to them, while Spanish sparrows roost in
larger aggregations on shrubs or thickets.

The flock size is significantly larger in the Spanish sparrow (2—4000 birds.
mean = 289.9) than in the house sparrow (1—300 birds, mean = 36.4) (t = 9.04,
p < 0.001). Spanish sparrows form larger aggregations while resting (mean = 417.9
birds, standard error = 122.9) than while foraging (mean = 232.4,5.¢. = 57.0) (t == 2.75,
p < 0.01). In the house sparrow resting and foraging flocks do not show significant
differences (t = 0.89, p > 0.05).

The size of foraging flocks of Spanish sparrows changes significantly throughout
the day (Fs 500 = 3.36, p < 0.01, Fig. 2). After a first fecding period in the morning, the
birds tend to aggregate during midday at certain “day or secondary roosts” (W a r d
1965, 1971) on riparian vegetation thickets. During the afternoon the flocks disperse
again in search for food. Thus, the size of those day roosts changes significantly
throughout the day (Fay3 = 264, p<0.05, Fig. 2). The flock size alsc varies
significantly in the house sparrow (Fs.155 = 3.52, p < 0.01), but this species do not form
such large aggregations during mid day. Thus, foraging and resling flocks have not been
separated in Figure 2.

There are two daily periods of high feeding activity in both species (Fig. 3).
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Fig. 2. Daily variation of flock size: Spanish sparrow foraging flocks (solid line); Spanish sparrow
aggregations at “day roosts” — see text — (dotted line), and house sparrow flocks (dashed line)
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Fig. 3. Daily variation of the feeding intensity in the Spanish sparrow (solid line) and the house sparrow

(dashed line)
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44. MORPHOLOGICAL RELATIONSHIPS

Both species are very similar in their body measurements and weight (Table 5).

Spanish sparrows have larger bills and longer tarsi, and shorter tails than house
sparrows.

5. DISCUSSION

Interspecific differences in the bill size of sympatric populations of two closely
related species have been usually interpreted as a result of selection against competition
for food resources (Vaurie 1951, Schoener 1965 Hespenheide
1966,1973, Pulliam and Enders 1971, Newton 1972, Allaireand
Fisher 1975). Bill size has been also used by ecologists as indicator of prey size,
longer-billed birds generally taking larger food items than smaller-billed birds
(Hespenheide 1966, Newton 1967, Willson 1971, Pullianmn
1983). Although it is possible that the bill size difference between both SPAITOWS
originally developed as a consequence of divergent feeding habits, the slight
interspecific differences in food selection observed in this study do not match the bill
size differences measured: the smaller-billed house sparrows take higher proportions of
the largest seeds — wheat and corn — than Spanish sparrows.

Rather, the results indicate that the spatial segregation is the mechanism utilized by
both sparrow populations to alleviate interspecific competition for food. The difference
in tarsus length could be probably related to differential space use habits between both
Sparrows.

House sparrows are man commensals probably since the origin of the species
Summers-Smith 1963, Johnston and Klitz 1977). In my study
area they are strongly sedentary and do not separate much from the buildings where
they have their nests. In contrast, many Spanish sparrows spend the late summer,
autumn and winter in the study area, far from their breeding sites, and leave it in spring
(Alonso 1982).

Surely as a consequence of the preference of house sparrows to remain in close
proximity to farms and granaries, their diet includes a higher proportion of cereal seeds,
which are usually taken from the food for livestock. This higher consumption of cereal
food by house sparrows has been observed in many different parts of the species’ range,
where their diet has been compared with that of the tree sparrow, Passer montanus (L.)
(referencesin Grin 1975, Wiens and D yer 1977).

Probably due to the low density of farm buildings, house sparrows form only
relatively small colonial groups (A 1o ns o 1982). As they forage close to the farms,
they aggregate in smaller units and roost isolated or in small groups. This is an efficient
strategy when exploiting and defending predictable food resources, i.e., waste cereal
near granaries or cereal seeds in livestock food (see Davies 1976). In contrast,
Spanish sparrows exhibit a higher gregarious and mobile behaviour, that probably
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enables them to exploit locally or temporally abundant food resources more efficiently

(Wiens 1976). This duality in the foraging strategies has been also obscrved in
other instances where two related granivorous species coexist in the same area
(references in Wiens and Jo hnston 1977).
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6. SUMMARY

In thz present study the differences in food, habitat selection, flock size and biometrical features between
sympatric Spanish sparrows, Passer hispaniolensis, and house sparrows, Passer domesticus, are analysed ina
cultivated area of W-Spain during the winter season.

Although diet composition is very similar in both species, in the house sparrows the nutritional
requircments are moie distributed between weed seeds and cereal grain (Table 1). This is a consequence of a
different hakitat selection in both species: while Spanish sparrows feed mainly on weed seeds in corn stubble
fields near river thickets, house sparrows remain in the vicinity of farms and granaries, the distance to
buildings being the principal ecologically segregating factor (Table 2, Fig. 1).

The small biometrical differences (Table 5) suggest the existence of divergent trophic adaptations, and
the differences in daily routine and social structure, with a more gregarious behaviour in the Spanish sparrow
(Fig. 2), are surely adaptive to the social and feeding strategies of both species.

7. POLISH SUMMARY

W pracy oceniono réznice w skiadzie pokarmu, wybibrczoéci §rodowiskowej, wielkosci stad, w
wymiarach ciala w okresie zimowym miedzy sympatrycznymi gatunkami: wréblem hiszpanskim (Passer
hispaniolensis) a wréblem domowym (Passer domesticus), zyjacymi w krajobrazie rolniczym zachodniej
Hiszpanii.

Chociaz sklad pokarmu jest bardzo podobny u obu gatunkéw, wrobel domowy zjada tyle samo nasion
chwastow co ziarn zboz (tab. 1). Jest to wynikiem réznic w wybidrezosci $rodowiskowej obu gatunkoéw.
Wrébel hiszpanski odzywia si¢ glownie nasionami chwastéw na $cierniskach kukurydzy potozonych w
poblizu zaroéli nadrzecznvch. Wrobel domowy przebywa w poblizu gospodarstw i spichrzow. Odleglo$c od
zabudowan jest gléwnym ekologicznym czynnikiem segregujacym oba gatunki (tab. 2, rys. 1).

Male roznice biometryczne (tab. 5) sugeruja istnienie roznic w adaptaciach troficzrych. Roznice w
dziennym obszarze aktywnosci i strukturze socjalnej przy wigkszej towarzyskosci u wrébla hiszpanskiego
(rys.2) sa jedynie przystosowaniami do strategii socjalnej i pokarmowej obu gatunkdow.
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