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Foraging habitat selection by breeding White Storks (Ciconia ciconia) was studied at two contrasting areas in Spain, in relation r 	 to physical features of the terrain, food availability, and distance to the colony. In the first area, where storks captured mainly 
orthopterans, they selected tall-grass pastures and recently ploughed cereal fields, which were the habitats with highest densities 
and largest average sizes of prey. In the seeond area, where storks preyed almost excIusively on earthworms, flooded and open 
ash groves with short grass and high den sities of earthworrns were the preferred habitat. In this area, marked storks dispersing 
farther to feed in seleeted open ash gro ves more often than in dense ones. Fordging bouts, were longer, aggregations were larger, 
and food intake rates were greater, in open ash groves than in dense ones, owing to greater earthworm availability and 
accessibility. Depletion of earthworms led to an inereased distance of dispersa! to forage in the second are a, but not in the first, 
where because of rapid reproduetion of orthopterans, the birds were not forced to forage at greater distances later in the season. 

ALONSO, J. C., ALONSO, J. A., et CARRASCAL, L. M. 1991. Habitat selection by foraging White Storks, Ciconia ciconia, during 
the breeding season. Can. J. Zool. 69: 1957-1962. 

Le choix du site de quete de nournture a été étudié chez des Cigognes blanches (Ciconia ciconia) en deux habitats tres distinets 
d'Espagne, et certaines caractéristiques ont été observées plus particulierement, notamment les caractéristiques physiques du 
terrain, la disponibilité de la nourriture et la distance de la colonie. Au premier site, ou elles capturaient surtout des orthopteres, 
les eigognes choisissaient des ehamps de végétation herbeuse haute et des champs de céréales labourés depuis peu et e'est la que 
les proies avaient les plus fortes densités et les tailles moyennes les plus élevées. Au seeond site, ou les cigognes eapturaient 
surtout des vers de terre, les bosqutes inondés et cJairsemés de írénez a végétation herbeuse basse supportaient les plus grandes 
densités de vers de terre et étaient les habitats favoris des cigognes. A ce site, les cigognes marquées qui s'éloignaient le plus de 
la colonie ehoisissaient de préférence les bosquets cJairsemés aux bosquets denses de frenes. Les cigognes passaient aussi plus 
de temps a se nourrir, se ressemblaient en groupes plus importants et avaient des taux de eonsommation de nourriture plus élevés 
dans les plantations clairsemées que dans les plantations denses, paree que la disponibilité des vers de terre y était plus grande 
et qu'ils étaient plus aecessibles. La chute de densité des vers de terre entratnait une augmentation de la distance pareourue en 
quete de nourriture au seeond site alors qu'au premier site, le renouvellement rapide des orthopteres ne fon,:ait pas les oiseaux 
a se déplaeer davantage en fin de saison. 

[Traduit par la rédaction] 

Introduction 	 This behavioural approach to habitat selection has shown that 
The habitat preferences of birds are detennined by an indi habitat use shows important interindi vidual. spatial, and temporal 

vidual's ability to obtain food and shelter against predators and differences, in contrast to the previous idea of a species-specific 

1 weather, which are the main selective pressures related to fitness fixed pattem (e.g., Noon el al. 1980). AIso, consideration of 
(see reviews in Hildén 1965; Cody 1985). Animals tend to feed recent foraging theory (Pyk;¡! 1984; Stephens and Krebs 1986) in 
in areas of high foad availability (reviews in Nilsson 1972; the analysis of bird habitat selection allows testable predictions 
Newton 1980; Herrera 1981; Goss-Custard 1983,1984; Birkhead to be defined. Through this behavioural perspective, habitat 
and Fumes 1985; Wiens 1989a) and low predation risk (e.g .• preferences can be understood as a complex phenomenon 
Bamard 1980; Grubb and Greenwald 1982; Lima el al. 1987; resulting from the ínteraction between the costs and benefits 
Ekman 1987; Hogstad 1988). derived from habitat use (foraging time available, travel distance, 

Studies of habitat selection by birds have usually focused on food intake rate, etc.). 
defining the relationship between vegetation structure and bird In this paper we study habitat selection by White Storks 
density or presence. Nevertheless. the associations described in (Ciconia ciconia) in Spain. Although sorne studies have dealt 
these correlation analyses do not show the causal mechanisms with habitat selection by this species in Central Europe, under 
underlying habitat preferences in the ecological and evolutionary relatively homogeneous environmental conditions (e.g., Pinow
sense (Sherry and Homes 1985). A better way to define the ska and Pinowski 1989), little is known about storks' habitat 
functional importance of habitat features to birds is through the preferences in the Iberian Península, where the species reaches 
study of severalaspects ofbehaviour (Morse 1980; Wiens 1973, its highest population densities in Europe (Lázaro el al. 1986). In 
1985. 1989b). For example, if territories are used as feeding many areas of central Spain several habitat types can be distin
areas, study offoad abundance and the birds' foraging behaviour guished near stork colonies, and birds have to decide which 
should explain the birds' distribution and habitat use pattems. habitats to use, how long to stay in them, and how far to fly to 
Prioled ío Canada ¡Imprimé .u Can.da 
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reach feeding areas. Our purpose was to describe habitat 
selection pattems in two contrasting area in relation to prey 
abundance. The following specific questions were addressed: (i) 
do dispersal and habitat use pattems of White Storks relate to 
food availability? (ii) do storks deplete their food resources? and 
(iii) is habitat use dependent on distance from the colony through 
a trade-off between travel costs and foraging benefits? 

Studyarea 
We selected two different areas, each containing a White Stork 

colony, to represent the two main biotopes utilized by this species in 
Iberia during the breeding season (Lázaro et al. 1986). The first area 
lies in westem Spain, c10se to El Gordo (39°52'N, 50 '18'W, 300 m asl), 
and consists of 2000 ha of cereal fields (what, rye, and oats) and dry 
pasture land partly used for sheep grazing, around a large reservoir, 
with sorne woodlots containing holm oak (Quercus rotundifolia), pine 
(Pinus spp.), and eucalyptus trees (Eucalyptus spp.; see Fig. 1). The 
climate is Mediterranean, with an average yearly temperature of 
l5-16°C, warm dry summers, and low precipitation (400-500 mm 
annual!y). Al! 16 stork pairs of this colony nest on roofs of buildings in 
the village (10 birds on a single roof) and feed almost exc1usively on 
arthropods (mainly orthopterans; of the identified prey ingested by 21 
focal birds surveyed for at least 5 min, more than 95% were arthropods 
(personal observation». The second area, near El Escorial (400 35'N, 
4°05'W, 900 m asl), contains the largest White Stork colony in central 
Spain. It consists of ca. 600 ha of flat wet pasture land used for cattle 
grazing, with ash (Fraxinus angustifolia) and elm (Ulmus campestris), 
where the stork nests are built, and interspersed woodlots of holm oak 
and Pyrennean oak (Q. pyrenaica). This area has a colder and more 
humid c1imate than the first, with a yearly mean temperature of9-lOoC, 
cool springs with freezing night temperatures, sometimes even during 
May, and annual precipitation of 700 mm (Elías and Ruiz 1977). The 
food of adult storks consists of almost exc1usively of earthworms 
(Carrascal et al. 1990). 

Methods 
Habitat selection 

Both areas were surveyed between early April and late June 1988, 
using previously (late March) established itineraries which were fixed 
according to the dispersal of storks from the colonies. The totallength 
ofthese survey routes was 29 km in El Gordo and 12 km in El Escorial. 
Transects driven along them by car in both areas lasted 1.5-2 h and 
were carried out 3 times per field day: early morning (06:00-08:00), 
midday (11 :00-13:(0), and late aftemoon (16:00-19:00). The locations 
of al! sighted storks were plotted on maps (1 : 25 000) of the study 
areas, and the type ofhabitat was recorded. Storks spent almost al! their 
time outside the nest foraging (Carrascal et al. 1990). We considered 
observations made during each of the three daily transects to be 
independent, since the time elapsed between them was always longer 
than 3 h, though foraging bouts last 15 min - 2 h (unpublished data 
from radio-tagged birds). A vailability of the different habitat types was 
estimated using the same transects, recording the habitat type at each 
side of the transect every 200 m. In El Gordo we considered the 
fol!owing habitats: (i) woods (Pinus spp., Eucalyptus spp., and holm 
oak); (ii) pasture land, which we divided into three categories according 
to the height ofthe grass: <10, 10-30, and >30 cm; (iii); fields being 
tilled that day; (iv) fields tilled at least 1 day prior to observation; (v) 
cultivated cereal fields; and (vi) the shores of the reservoir. In El 
Escorial the fol!owing habitats were considered: (i) streams and ponds, 
(ii) oak woods, and (iii) ash groves. The transect was repeated 13 times 
in El Escorial and 12 times in El Gordo. As the main foraging habitat 
in El Escorial, ash groves (see below), was homogeneous, we studied 
it in more detail. At intervals of 50 footsteps we recorded the degree to 
which ash groves were swamped, measuring the water level (cm) where 
water was present, and the height of the grass (cm). We also counted the 
number of trees >2.5 m tal! withih a radius of 25 m at l00-footstep 
intervals along random transects established in pastures both visited and 
not visited by foraging storks. 
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FIG. 1. Habitat availability and use by White Storks in El Gordo, 
Spain. W woods; PL, pastureland (grass < 10, 10-30, or > 30 cm high). 
CF, cultivated fields; RT; recently tilled fields; PF, ploughed fields; 
WM, water reservoir margins. The results of t-tests for proportions 
comparing paired percentages are indicated aboye the bars as fol!ow: 
ns, not significant; ***, p < 0.001. The p value shows the significance 
of l test comparing availability and use distributions. N is the number 
ofbirds. 

Individual foraging behaviour 
In 1989 we captured and radio-tagged five birds in El Escorial. Three 

were females (two ofthese bred successful!y, the third was an immature 
bird) and two were males (a breeding one and an immature). We 
fol!owed the three breeding storks by car or on foot, depending on the 
distance flown by the bird and the accessibility ofthe foraging site, and 
studied their foraging behaviour during the incubation period (20 field 
days), Le., dispersal from the nest, patch residence time, habitat 
selection, food intake, and vigilance time. Each foraging bout was con
sidered to be an independent observation, since for each individual there 
was no autocorrelation in travel distance, patch residence time, and food 
intake and scanning rates in the sample of foraging bouts. Consecutive 
foraging bouts were separated by an incubating bout or defined by a 
change in foraging site by a distance of >500 m covered by flight. 
Periods during which the storks did not forage were not considered. For 
analysis we combined the data from the three individuals, since there 
were no significant differences in their foraging behaviour (feeding rate, 
vigilance time, habitat use, length of foraging bouts, and distance 
between foraging site and nest). 

Food availability and depletion offood resources 
We counted arthropods > 1 cm in length (mainly orthopterans and 

beetles) seen while walking slowly along transects 25 m long X 2 m 
wide in both areas (see Folse 1982 and Blancher and Robertson 1987 
for a similar approach). Earthworms and hypogeal insect larvae were 
counted in earth samples of 20 X 20 X 5 cm taken with a shovel and 
crumbled by hand. The length and width of each earthworm and larva, 
and the approximate length of arthropods, were estimated to obtain an 
approximation of its biomass, assuming a cylindrical form for earth
worms and larvae and a ellipsoidal or a hemiellipsoidal form for 
arthropods. To estimate the availability of prey near the shores of the 
reservoir in El Gordo, we sampled 24 transects 50 m long X 2 m wide 
along the shores most frequently visited by the storks, counting aquatic 
prey (fishes, newts, frogs, and macroinvertebrates). Although this 
method did not al!ow precise measurement of the real availability of 
prey to the storks, it provided a reliable index of prey abundance for 
comparison among the habitats. 

Depletion of food resources by the storks was estimated by measur
ing prey abundance at selected foraging sites before and 15 (El Gordo) 
or 10 (El Escorial) days after storks had been foraging on them. 

Statistical procedures 
We used Student's t-test to compare means and proportions in 

independent series, l tests to compare series of proportions, and simple 

--------.----- ------
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TABLE l. Food availability in the two study areas 

Numberjsample gjsample 

x SD x SD 

El Gordo (arthropods) 
Woods-shrublands (22) 4.0 3.7 1.0 1.8 
Pasture land 

Grass < 10 cm (10) 17.0 16.5 2.9 2.8 
Grass 10-30 cm (32) 115.6 93.6 15.3 12.2 
Grass >30 cm (8) 173.9 179.6 27.1 31.6 

Cultivated fields (25) 9.7 14.9 2.0 3.8 
Recently tilled fields (9) 6.3 4.6 3.5 3.7 
Ploughed fie1ds (14) 2.6 2.6 0.9 1.4 

El Escorial (hypogeal invertegrates) 
Woods (50) 0.1 0.3 0.1 0.3 
Nonvísited ash groves (50) 1.8 2.9 0.6 1.2 
Visited ash groves (43) 3.1 2.9 2.1 2.7 

NOTE: As swrk:s did not feed on hypogeal invertebrates in El Gordo oron arthropods in El 
Escorial, these data are not given (sce Results for data). Numbers in parentheses show 
sample sire. 

and partíal regression analyses. Data series were analyzed after 
logarithmic transformation. Habitat selection was estimated through 
Ivlev's (1961) eligibility index (Ui A/U¡ + A¡), where Ui andA¡ are 
the proportions of use and availability, respectively, of the different 
habitats. This index varies between -1 (complete avoidance) and + 1 
(complete preference). 

ResuJts 

Food availability 
Earthworms were more abundant in El Escorial (x = 2.11, 

SD = 2.74, n 43) thanin El Gordo (x 0.11, SD 0.31, n = 
50) (t-test, P < 0.001). Artbropods, however, were much less 
abundant in the first area (x 0.2, SD = 0.2, n = 26) than in the 
second (x = 17.7, SD 17.9, n = 40) (t-test, p < 0.001). In El 
Escorial the density and biomass of earthworms and other 
hypogeal invertebrates were significantIy higher in ash groves 
than in oak: woods (t-test, p < 0.001; see Table 1). In El Gordo 
there were more arthropods in tall-grass pastures than in other 
pastures, cultivated land, or woods (t-tests, p < 0.05; see Table 
1). However, in fields being ploughed, artbropods were much 
larger (mean 0.6 g) than in other habitats (0.15-0.3 g), although 
their density was as low as in cultivated land and short-grass 
pastures. 

Habitat selection 
Frequency distributions ofhabitats available to and visited by 

the storks differed significantly, in both El Gordo (X2 test, p < 
0.001; Fig 1) and El Escorial (X2 test, p < 0.001; Fig. 2). Storks 
clearly selected sorne types among all available habitats in the 
two study areas. In El Gordo they avoided cereal-sown ground 
and wooded areas and visited ploughed fields only sporadically, 
except for those being ploughed on the same day, which were 
positively selected. They also selected tall-grass pastures, but 
were indifferent to short-grass pastures and the shores of the 
reservoir (Fig. 1). 

The eligibility index for the seven terrestrial habitats in El 
Gordo was significantIy correlated with the average density and 
mean weight of prey on each (partial correlation coefficients; 
r = 0.96, p < 0.01 for density and r = 0.94, p < 0.01 for 
weight). These two variables explained 93% of the variance in 
eligibility for any ofthe seven habitats (p < 0.01 in the multiple 
regression analysis). 

TABLE 2. Characteristics of the ash gro ves used and 
not used by white storks in El Escorial 

Ash groves Ash groves 
not visited visited 

Degree of flooding 
% sites with water 
n 

Height of grass (cm) 
Mean 
SD 
n 

No. of treesjO.2 ha 
Mean 
SD 
n 

100 , 
N=282 

8°l 
80 

cP. 
40 

20 

o 
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FIG. 2. Habitat availability and use by White Storks in El Escorial. 
See Fig. 1 for details. 

In El Escorial, storks selected ash groves but avoided wooded 
areas and did not use ponds and streams in proportion to their 
availability (Fig. 2). Ash gro ves selected by the storks had fewer 
trees (p < 0.01) and shorter and grass (p < 0.001) and were 
more flooded (p < 0.001, t-tests) than those not used (Table 2). 
AIso, the density and biomass of earthworms and other hypogeal 
invertebrates were significantIy greater in ash groves used by the 
storks (p < 0.001, t-tests). 

Foraging behaviour 
Individually marked storks dispersed farther and their foraging 

bouts were longer in open than in dense ash groves (Table 3). 
The absolute food intake rate and mean aggregation size were 
also greater in open ash groves. To exclude the influence of the 
larger aggregations, which are associated with a shorter vigilance 
time (Table 3), we caIculated the net food intake rate (only with 
head down), which better reflects the quality of the foraging site 
(see Carrascal et al. 1990). The net food intake rate was also 
significantly higher in open ash groves. 

Food depletion and dispersalfrom the colony 
The abundance of arthropods in pastures increased in El 

Gordo at a site regularly visited by storks during 15 days in May, 
as a consequence of the high reproductive and growth rates of 
artbropods (mainly orthopterans) during spring (Fig. 3). In 
contrast, in El Escorial the density of earthworms decreased in 
May after 10 days of regular use by storks (Fig. 3). Since there 
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TABLE 3. Foraging parameters ofWhite Storks feeding in El Escorial 

Open ash gro ves Dense ash groves 

i SE n i SE n 

Patch residence time (min) 69.3 11.8 45 31.2 7.9 21 *** 
Dispersal distance (m) 457.2 84.0 47 206.5 38.6 21 ** 
Flock size 6.2 0.8 46 1.9 0.37 19 *** 
Vigilance time (s/min) 19.8 2.6 29 34.3 11.5 9 * 
Absolute intake rate (no./min) 3.2 0.4 27 1.3 0.4 9 ** 
Net intake rate (no./min) 4.0 0.4 27 1.6 0.5 9 ** 

p < 0.05: *', p < 0.01: *'*. p < 0.001. 

significantly between April and May in El Escorial, whereas it 
did not change significantly, and even showed a slight decreasing 
trend, in El Gordo (Fig. 4). 

Discussion 

The results of this study show that food availability is an 
important causal factor in habitat selection and foraging dispersal 
of White Storks from the breeding colony. Similar results have 
been obtained by researchers working with other bird species 
(e.g., Newton (1979, 1986) with raptors, Grzybowski (1982), 
Boag and Grant (1984), and Grant and Grant (1987) with 
granivorous birds, Goss-Custard (1983, 1985) with waders, 
Bailey and Titman (1984) with ducks, Ford and Paton (1985) 
with nectarivorous birds, and Terril and Ohmart (1984), and 
Brush and Stiles (1986) with insectivorous birds). These results 
agree with the prediction from foraging theory of a higher use of 
patches with greater food availability owing to the higher benefit 
obtained by individuals foraging in them (Schoener 1971; Krebs 
etal. 1983; Pyke 1984; Stephens and Krebs 1986). The absolute 
food intake rate of marked individuals in El Escorial was indeed 
higher in open ash groves, which were selected by foraging 
storks over any other habitat. This high absolute intake rate in 
open ash groves could be a consequence of (i) decreased 
vigilance time and (or) (ií) greater food availability. An increase 
in vigilance time with decreasing visibility in the habitat has 
been recorded in shorebirds (Metcalfe 1984), and tits (Hogstad 
1988), and attributed to the greater vulnerability of a foraging 
individual surrounded by objects such as trees, foliage, rocks, or 
banks. However, though foragíng storks spent more time vigilant 
in dense ash groves, this was mainly a result of the smaller 
flocks in these areas, because of inverse relationship between 
feeding and vigilance. Dense ash groves in El Escorial are 
probably not so dense as to cause a significant increase in vigi
lance. Thus, the main cause of the higher food intake rate in open 
ash groves was probably the greater food availability, since the 
net food intake rate, which excludes the effect of vigilance, was 
higher in open ash groves (see also Carrascal et al. 1990). Higher 
food intake rates in patches with greater food avaílability have 
also been recorded for other bird species (e.g., Krebs et al. 1972; 
Barnard 1980; Goss-Custard 1984; Blancher and Robertson 
1987; Draulans 1987). 

Not only were open ash groves visited more frequently by 
storks, but the foraging bouts in them, and the distance covered 
by the birds to reach them, were longer than for dense ash 
groves. These result..<¡ agree with two predictions of the patch 
model for central place foragers: that patch residence time should 
be longer in better patches, and in more distant patches (see 
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FIG. 4. Monthly changes in dispersal distance from the colony to 
foraging areas (mean ± 95% confidence interval). The significance of 
t-tests is indicated. 

were no significant numbers ofother predator species feeding on 
the sarue prey, we conclude that in El Gordo, storks did not 
deplete food resources (mainly grasshoppers), whereas in El 
Escorial they did significantly deplete their main prey (earth
worms). 

The mean distance that storks dispersed to feed increased 
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Stephens and Krebs 1986). When storks flew longer distances to 
feed, they not only prolonged their foraging bouts, but also 
selected open ash groves more frequently. The percentage of 
open ash groves visited at distances greater than 250 m from the 
colony was 81 % (n 26) compared with 62% (n = 42) for 
closer sits. Dispersal distance to foraging sites and duration of 
foraging bouts were positively correlated, as predicted by central 
place models (r 0.30, n = 66, p 0.016). 

Three facts suggest that in addition to food abundan ce, other 
factors influenced habitat selection by White Storks. First, the 
eligibility of ash groves with shorter grass suggests that prey 
accessibility or detectability was probably also important in 
determining storks' preference for a patch (e.g. small earth piles 
left on the surface by earthworms is one of the clues to their 
presence). Similar conclusions were drawn by Pínowska and 
Pínowski (1989) from the study of another White Stork popula
tion, and by Brownsrnith (1977) for starlings (Sturnus vulgaris) 
feeding on pasture land. 

Second, habitat eligibility in El Gordo was independently 
correlated with abundance and size of the prey. Indeed, the 
highesteligibility index values were forrecently ploughed fields, 
which offered the largest prey (large hypogeal invertebrates and 
srnall vertebrates tumed up by the plough). This result is not 
surprising, given the higher energy intake rate per prey unit 
provided by larger prey, which allows search time to be reduced 
(see Pyke 1984; Stephens and Krebs 1986). The low selection for 
the shores of the reservoir, which offered even larger prey, 
ca. 200 carp 20-50 cm/100m2 of water surface, is explained by 
the long handling time required to capture and swallow these 
fishes (personal observations). 

Third, the presence of stork s already feeding at a site is 
probably one of the main causes of passing individuals being 
induced to land, which enhances the use of profitable patches. 
By joining other foraging individuals, storks thus obtain both 
feeding and antipredator advantages (Carrascal et al. 1990). 
Therefore, such enhancement is surely decisive in feeding site 
selection by foraging storks, as has also been shown for other 
species (Krebs et al. 1972; Baker et al. 1981; Andersson et al. 
1981; Clark and Mengel 1984; Ekman and Hake 1988). 

White Storks monitored food availability throughout the 
breeding season, measuring the degree of resource depletion and 
modifying the dispersal distance between colony and foraging 
site accordingly. This conclusion is supported by the clear differ
ences found in the pattems of prey availability and dispersal of 
foraging storks from the colon y between the two study areas. In 
El Gordo, where the availability of grasshoppers and other 
arthropods increased notably throughout the spring, we did not 
record a seasonal increase in the distance travelled by the storks 
to feed. In contrast, in El Escorial, where earthworms were 
depleted because of their 10wer reproductive rate, storks did 
increase their foraging trip distance throughout the season. These 
results show the importance ofa knowledge of food depletion in 
understanding the distribution pattems of feeding animal s in 
relation to food availability (for studies of the different relation
ships among bird density, food abundance and depletion rates 
see Goss-Custard (1983), Folse (1982), Jordano (1987), and 
Pulliam and Dunning (1987». 
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