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BETWEEN AND WITHIN HABITAT DISTRIBUTION
OF THE CANARY COMMON CHAFFINCH
(FRINGILLACOELEBS OMBRIOSA): A TEST OF THE FOOD
ABUNDANCE HYPOTHESIS

Alfredo VALIDO*, José L. TELLERIA** and Luis M. CARRASCAL***

SUMMARY.—Between and within habitat distribution of the Canary Common Chaffinch (Fringilla coelebs
ombriosa) A test of the food abundance hypothesis. Population density and foraging bchaviour of the
Canary Common Chaffinch ( Fringilla coelebs ombriosa) was studied in a pine wood and an evergreen
forest at El Hierro island (Canary [slands) to test the influence of food availability on habitat selection
during the breeding season. Chafiinch density was significantly lower in the pine wood than in the
evergreen forest. In the pine wood chaflinches mainly foraged in the foliage, whereas in the evergreen
forest foraging was restricted almost exclusively to the ground. Differences in food intake rate between
habitats and substrates were directly associated with differences in population density and use of foraging
substrates. These patterns of density variation and foraging behaviour in chaffinches were consistent with
food availability {arthropod abundance and prey size). Our results support the hypothesis that lood
availability is very important in selection of habitat by passerines during the brecding season. The
resource abundance hypothesis may represent an alternative view to the previously accepted hypothesis
which supports that there has been competitive -exclusion with the Blue Chaflinch ( Fringilla teydea), to
explain the between habitat distribution of the Common Chaffinch among istands.
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RESUMEN.—Distribucion inter e intrahdbitar del Pinzdn Vulgar Canario (Fringilla coelebs ombriosa):
test de la hipdtesis de abundancia de alimento. La densidad y uso del espacio del Pinzén Vulgar ( Fringilla
coelebs ombriosa) se estudié en un bosque de pinos y en un fayal-brezal de la isla de El Hierro (Islas
Canarias), para testar la influencia de la disponibilidad del alimento en la seleccién de hdbitat durante el
perfodo reproductor. La densidad de pinzones fue significativamente menor en el pinar que en el fayal-
brezal. En el pinar los pinzones buscaron principalmente el alimento en el follaje, mientras que en el
fayal-berzal lo obtenfan fundamentalmente en el suelo. Las diferencias en las tasas de ingestién de
alimento entre hdbitats y sustratos estuvieron directamente asociadas con las diferencias cn la disponibili-
dad de alimento y tamafno de presas. Estos resultados apoyan la hip6tesis de que el alimento es muy
importante determinando la seleccién del hdbitat de paseriformes durante la estacién reproductora. La
hip6tesis de abundancia de recursos representa una vision alternativa a la hipdtesis previamente aceptada
de la exclusién competitiva por el Pinzén Azul (Fringilla teydea), para explicar la distribucién entre
hébitats del Pinzén Vulgar entre las Islas Canarias.

Palabras clave: Cananas, densidad, disponibilidad de alimento, Pinzén Vulgar, seleccién de hébitat,
uso del espacio.

observed patterns (Wiens, 1989). For instance,
food availability has received little attention
despite of the fact that an-individual’s ability
to obtain food has been recognized as an im-

INTRODUCTION

Studies of habitat selection by birds have
been usually centered on the relationship bet-

ween bird abundance and vegetation structu-
re using correlational analyses (Cody, 1985;
Wiens, 1989). However, little attention has
been given to the processes implied in the

portant proximal factor in determinig habitat
preferences (Newton, 1980; Goss-Custard,
1984; Wiens, 1989). A greater abundance of
food resources would reduce the amount of
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time required for searching, and/or increase
the rate of food ingestion which will in turn
influence reproduction and body condition.
Therefore, food abundance could be an im-
portant factor determining population density
and habitat selection through foraging effi-
ciency. To understand the interaction between
habitat selection and food availability, a fo-
raging approach can be employed for stu-
dying the proximal mechanisms involved in
resource use (i.e. patch choice; Pyke, 1984).

In this paper we employ the above mentio-
ned foraging approach to the study of habitat
selection by the endemic subspecies of the
Canarian Common Chaffinch inhabiting the
El Hierro island (Fringilla coelebs ombriosa
Hartert). The Canarian subspecies of the
Common Chaffinch (tintillon, ombriosa and
palmae) inhabit pine woods and monteverde
woodlands (evergreen forests composed of se-
veral tree species of the Lauraceae, Fagaceae,
etc., with tree heath Erica arborea; Martim,
1987a and references therein). Its differential
pattern of habitat distribution between is-
lands has been formerly interpreted by Lack
& Southern (1949) and Grant (1979) as a
paradigmatic example of habitat shift due to
its exclusion by the dominant Blue Chaffinch
( Fringilla teydea Moguin-Tandon): the Blue
Chaflinch occurs in Gran Canaria and Tene-
rife islands, where it occupies pine woods,
while the Common Chaffinch breeds mainly
in evergreen forests in these two islands
(Martfn, 1987a). Nevertheless, data obtained
for Tenerife and El Hierro (Carrascal et al.,
1992) have supported the habitat selection
hypothesis for differences between islands,
while the competitive exclusion hypothesis
does not seem to apply, at least in ecological
time. In El Hierro only the Common Chaf-
finch is present, so the between habitat distri-
bution should be independent of the compe-
1itive pressure with the Blue Chaffinch. The
main objective of this paper is to test the
influence of food availability on within habi-
tat distribution and density vampation bet-
ween the main two habitats of the Canarian
common chaffinches. The three following
specific question will be addressed:

a) If food availability is the main factor
affecting the selection of foraging subs-
trata (within habitat distribution), chaf-

finches should select those substrates in
each habitat with the highest food avai-
lability.

b) At a larger scale, between habitat distri-
bution of chaffinch abundance at El
Hierro island should also track food
availability, chaffinches being denser in
the habitat with the highest abundance
of food resources.

¢) If within- and between-habitat use are
food mediated, then food intake rate
should be higher in those habitats or
substrates selected.

STUDY AREA AND METHODS

The study was carried out during April
1991 in El Hierro island (Canary Istands:
28°N, 18°W). El Hierro is the smallest of
the principal islands (278 km?), reaching a
maximun altitude of 1,500 m a.s.). The two
study areas were two nearby forest (less
than 1 km apart) located at Hoya del Mor-
cillo (pine wood; 1,100-1,200 m a.s.}) and at
Degollada Bailadero de Las Brujas (ever-
green forest; 1,300 m a.s.l.). The pine wood
was characterized by the presence of sparse
old trees of Pinus canariensis of an average
height of 16 m (50 % of canopy cover), a
shrub cover of 3% (approx. 0.8 m in
height), and a herbaceous cover (Trifolium
campestre, Vicia disperma, Micromeria his-
sopifolia) of 38 % (Carrascal et al., 1992).
The luxuriant evergreen forest had denser
tree cover (higher than 80 %) dominated by
Myrica faya and Erica arborea trees of ap-
prox. 10 m in height and an abundant
shrub-herb layer of approx. 0.6 m in height
and 60 % of cover (Urtica spp., Myosotis
latifolia, Geranium spp.; see Pérez de Paz,
1981 and Gonzalez er al., 1986 for a more
detailed description of vegetation in these
two habitats). Average meteorological data
for April at 1,000 m a.s.l. is 10.6°C mean
temperature, and 20.8 mm of rainfall (Her-
nidndez et al., 1984; Marzol-Jaén, 1988).

Birds were censused early in the morning
by the line transect method, with fixed belts
of 25 m on both sides of the observer (Jarvi-
nen & Viisinen, 1975; Teller(a, 1986). A total
of 60 ha were censused in the pine wood divi-
ded in sampling units of 1,000 m long (5 ha).
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Due to the small surface of the evergreen
forest, only 10 ha were censused; this census
was repeated in two consecutive days, and
the average density of chaffinches was esti-
mated. Other bird species in the pine wood
were Parus caeruleus. Serinus canaria and Re-
gulus regulus, being in the evergreen forest
Phylloscopus collybita, Turdus merula, Parus
caeruleus, Sylvia atricapilla, Serinus canariu
and Regulus regulus. In the pine wood, the
Kestrel (Falco tinnunculus ) and the Sparrow
Hawk (Accipiter nisus; two diurnal predators
on passerines), were commonly seen above
and below the canopy at densities of 0.3
birds/10 ha and 0.15 birds/10 ha respectively.
Nevertheless, these small raptors were rarely
seen flying above the denser evergreen forest,
and never within it.

The use of space (foraging substrates) was
sampled at 30-s intervals on focal birds that
were recorded a maximum of 2 times (Ca-
rrascal, 1983; Morrison, 1984). Foraging
substrates were divided nto five categories:
ground, trunk, branches, twigs-foliage (small
branches less than 1 cm in diameter, and
leaves or needles), and air. We also recorded
the number of prey items captured (mainly
arthropods and a few pine seeds) in the most
commonly used substrates, namely ground
and twigs-foliage. Only samples longer than
30 seconds were considered in data analyses.
Only chaffinches not reacting to the presence
of the observer were monitored.

During the sampling period, chaffinches
mainly fed on arthropods (only two out of 43

observations of food ingestions were not ar-
thropods but pine seeds). The relative abun-
dance of arthropods was measurend in the
foraging substrates most commonly used by
the Common Chaffinch jn both the pine
wood and the evergreen forest: ground and
foliage. Arthropod abundance was evaluated
by carefully counting invertebrates larger
than 1 mm over 2 min (see Cooper & Whit-
more, 1990 and references therein). We also
annotated the size of each arthropod counted
considering the following length categories:
1-3 mm, 3-7 mm, 7-15 mm and more than 15
mm. Forty-five samples were obtained in the
foliage and on the ground in both habitats,
The most common taxa in the ground sam-
ples (and therefore those more probably con-
sumed by chalfinches) were Arachnida, Dip-
tera, Orthoptera and Hemiptera, and in the
foliage Diptera, Arachnjda, Coleoptera and
Lepidoptera (caterpillars).

Statistical analyses used were t-test for
comparing an observed mean with an expec-
ted one, ANOVAs, and y2 tests. Original da-
ta were log- (food intake rate and chaffinch
density) or square-root transformed (arthro-
pod abundance) prior to ANOVAs in order
to attain normality and homoscedasticity
(Sokal & Rohlf, 1981).

RESULTS

Arthropod abundance was significantly lo-
wer In the foliage than in the ground in the

TaBLE |

Food availability (no. arthropods counted/2 min) in the two main substrates used by chaffinches in
evergreen forest and pinewood. F y P refer to ANOVAs comparing arthropod abundance between the
two forests. All sample sizes were n=45. %: average; sd: standard deviation.
[Abundancia relativa de wrirépodos (no./2 min) en los dos sustratos principalmente utilizados por los
pinzones en el fayal (evergreen forest) y en el pinar (pinewood forest). F y P hacen referencia u las
comparaciones entre formaciones vegetales utilizando ANOVAs. Todos los tumaitos muestrales son n=45.

X: media; sd: desviacién tfpica.]

Evergreen Pinewood
Sforest Jorest
£ sd x sd F P
Twigs and foliage 0.66 090 087 .10 1.01 0.318
Ground .......c.c.... 476 442 076 093 4472 <0001




32 ARDEOLA 41(1). 1994

“© PINEWOOD

IR

3-7 7-15 >1S mm

I:IGROUN'D CIFOLIAGE
N=46 N=39

$MREY ITERS

EVERGREEN FOREST

o6
4
= ﬂ
Lo o ——
1-3 7-15 >15 mm
EIGROUND CJFOLIAGE
N=232 =30

Fi1G. 1.—Size distribution of prey lenghts in the two
mainly used subtrates by chaffinches in the pine-
wood and evergreen forest. N: sample size.

[ Distribucién de tamafios de presa en los dos sustra-
tos principalmente utilizados por los pinzones en el
pinar y fayal. N: tamajio de muestra.]

evergreen forest (F, 44 =44.73, P <0.001), but
was similar in these two substrates in the
pinewood (F, 44 =0.304, P=0.590; Table 1).
The size distribution of arthropods was signi-
ficantly different between ground and foliage
in the pinewood (3*=19.15, 3 df, P<0.001),
although there was no significant difference
in the evergreen forest (x*=2.68, 2 df,
P=0.262; Fig. 1). Prey availability in foliage
did not significantly differ between pinewood
and evergreen forest (P=0.318), although in
the ground it was significantly higher in the
evergreen forest (P <0.001).

Chaflinch density in the pinewood was sig-
nificantly Jower than in the evergreen forest
(pinewood: X = 1.6 birds/5 ha, sd=1.5, n=12;
evergreen forest: 9 birds/5 ha; ¢, =17.07,
P=0.001). Chaffinches mainly foraged in the
foliage (needles) of the pinewood, while in the
evergreen forest foraging was almost restricted

% USE OF SUBSTRATES

BPINEWOOD 3EVERGREEN FOREST
N=is4 N=IT3

FiG. 2.—Percentage use of foraging sustrates by the
Common Chaffinch in the two habitats. N: sample
size.

[ Porcentaje de uso por el Pinzén Vulgar de los sus-

tratos de alimentacion en los dos hdbitats. N: ra-
mafio de muestra.]

to the ground (Fig. 2). Both frequency distri-
butions significantly differed (3% =182.88, 4 df,
P=0.001).

Food intake rate was significantly higher
in the evergreen forest than in the pinewood
(F,.45=6.42, P=0.015; Fig. 3). This difleren-
ce was mainly due to the predominant use of
ground in the evergreen forest, where food
intake was higher than in the foliage
{F, 10=35.65 P=0.028). Food intake did not
significantly differ between the pinewood and
the evergreen forest when comparing records
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F1G. 3.—Intake rate (¥+sd) of the Common Chal-
finch in the two habitats, and in the most commonly
used foraging subtrates. Numbers indicate sample
stzes.

[Tasa de ingestién de presas (%+sd) del Pinzén
Vulgar en los dos hdbitats y en los sustratos mids
Srecuentemente utilizados para obtener -alimento. Los
mimeros indican tamanios muestrales. ]
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of chaffinches foraging in the foliage
(F, ,,=0.0001, P=0.996). These results are
consistent with those obtained for food avai-
lability, as the higher the arthropod abun-
dance, the higher the food intake rate.

DISCUSSION

The Chaffinch population of El Hierro
tracked food availability during the breeding
period: chafflinches actively selected the habi-
tat and substrates in which intake rates were
higher. This result seems to support the hy-
pothesized role of food availability as a pro-
minent process determining the pattern of
abundance and distribution of species in a
given region, even during the breeding period
(see nevertheless Diaz & Pulido, 1993 for a
similar study with Parus caeruleus). Contrary
to generalization by Fretwell (1972) and
Wiens (1977 and 1989), on the limitation of
temperate bird populations during winter
(see also Nilsson, 1979; Blake & Hoppes,
1986; Dunning & Brown, 1982), recent evi-
dence supports the limiting role of food avai-
labity during the breeding season (Martin,
1987b). Some studies have indicated that
food becomes abundant only during insect
outbursts (which occur sporadically and in-
frequently), and that birds in temperate fo-
rests depend heavily on non-irrupting prey,
which are depressed along the breeding
period an may involve prolonged periods of
food limitation (Holmes et al., 1986; Holmes,
1990). In a region of tropical climate such as
the Canary Islands, in which the seasonal
flush of productivity and the related arthro-
pods outbursts may be less marked than in
other more seasonal northern regions, the
potential food shortages could play an im-
portant role in determining between-habitat
bird distribution.

Although food abundance does not ex-
plain the unbalanced use of substrates in the
pinewood, prey size differences between the
two mainly used substrates can explain the
most frequent use of pine foliage. The effect
of prey size on habitat use has been aslo
demonstrated with other bird species (e.g.
Alonso et al., 1991), and can be explained
considering the higher energy intake per prey
unit provided by larger prey which allow

search time to be reduced (Pyke, 1984). Ne-
vertheless, predation risk may be another fac-
tor determining the habitat use of chaffinches
in the pinewood (see review by Lima & Dill,
1990; Suhonen et al., 1992, 1993). In this ha-
bitat, the [requent presence of kestrels and
sparrow hawks, as well as the relative open-
nes of this habitat and the long distance bet-
ween the ground and the lower branches of
the pines (3-5 m on average; pers. obs.), could
determine a high perceived predation risk on
the ground, and therefore a lower use of this
substrate.

The importance of food availability in ex-
plaining the habitat distribution of the Com-
mon Chaffinch may also support the species-
specific habitat selection hypothesis as the
main determinant of bétween-habitat distri-
bution of Canary chaffinches among islands
(Carrascal et al., 1992). This hypothesis may
represent an alternative view to the previous-
ly accepted competitive exclusion hypothesis
with the Blue Chaffinch (Lack & Southern,
1949; Grant, 1979). The Blue Chaffinch oc-
curs in Gran Canaria and Tenerife, where it
only occupies pinewoods. In the two islands
where the Blue Chaffinch occurs, the Com-
mon Chaffinch breeds mainly in evergreen
forests (Bannerman, 1963; Martfn, 1987a). At
these latitudes, precipitation is considered to
be the main determinant of primary produc-
tivity, and consequently of invertebrate abun-
dance (Lieth & Whittaker, 1975; Mooney &
Kumerow, 1981). Rainfall has often been lin-
ked to the distribution of species on gradients
of xericity in woodlands (e.g. Kendeigh &
Fawyer, 1981; Smith, 1977; Tellerfa & Santos,
1993). The role of precipitation on food
abundance could explain the high densities of
chaffinches in the mesic evergreen forests, in
comparison to the more xeric pinewoods,
and also could explain the presence or absen-
ce of chaffinches in some Canarian pine-
woods. Thus, mean annual precipitation of
the pine forest belts in the islands where the
Common Chaflinch inhabits pine woods (La
Palma and El Hierro, 600-800 mm) is higher
than in those where the Common Chaffinch
is only marginally present (Tenerife and Gran
Canaria; 300-600 mm; Anonymous, [1980).
Therefore, precipitation, through its influence
upon food availability, could be a prime fac-
tor determining the higher abundance of
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Common Chaflinch in evergreen forests of
the whole archipelago, and the presence in
some pine woods.
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