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Abstract. We studied the availability and use of breeding habitat by Red-legged Cormorants (Phalacrocorax gaimardi)
to identify the factors involved in habitat selection. The species nests on cliff-faces. We identified cliffs suitable for nesting
along 21 km of coastline of the Ría Deseado, and recorded the characteristics of each, including the distance to the nearest
potential foraging area. Previous research had indicated that zones of the river with a gravel substrate and <10m deep were
preferred foraging areas for this species. Of the 16 cliffs identified as potential breeding sites, eight were used byRed-legged
Cormorants for nesting. The probability of occurrence of active nests increased with the height and slope of cliffs and
decreased with the distance to the nearest foraging area. Significant differences were observed between characteristics of
cliffs that were used for breeding and those of available habitat in the environment. Cliffs higher than 12m, steeper than 85�

andwithin 3 km of a foraging areawere themost frequently used but were not themost common in the environment. Factors
that influence habitat selection by Red-legged Cormorants appear to be protection from predators and proximity to an
abundant source of food. In this study, we also showed a non-random use of foraging sites. This species prefers zones with
shallow water and gravel substrates.

Introduction

Habitat use refers to the distribution of individuals and the
correlation of that distribution with specific characteristics of
their habitat (Johnson 1980; Jones 2001). To make inferences
about choice of habitat, it is necessary to compare habitat used
by a species with the habitat available in their environment.
Such comparisons allow researchers to describe the process of
habitat selection (Jones 2001; Hamer et al. 2002).

The availability and quality of suitable nesting habitat are
important factors determining the distribution, abundance and
breeding success of seabirds (Buckley and Buckley 1980; Hamer
et al. 2002). For seabirds, the ultimate factors that determine
choice of breeding site are proximity to food and shelter from
predators (Bried and Jouventin 2002). Because nesting site is a
critical resource, selection of nesting sites often dominates other
components of habitat selection (Orians andWittenberger 1991).
However, seabirds tend to settle in breeding localities that are as
close to their feeding areas as possible, minimising the mean
distance travelled between the nest and foraging sites (Buckley
and Buckley 1980; Bried and Jouventin 2002).

TheRed-leggedCormorant (Phalacrocorax gaimardi) breeds
along the coast of the Pacific Ocean, from northern Peru to
southern Chile, and a small section of the Argentinean coast of
the Atlantic Ocean, between 47�050S and 50�230S (Frere et al.

2004). This species nests on cliff-faces, with most nests built on
small ledges. Red-legged Cormorants uses sites that are difficult
for predators to reach (their nests are located on steep cliffs
with small outcrops), have a high availability of usable surface
(cliffs with ledges, outcrops or caves) and are protected from
prevailing winds and the effect of sea-waves (Millones et al.
2008). Its foraging areas are located in inshore waters, usually
<10mdeep,andwithin3 kmof thebreedingcolony(Gandinietal.
2005; Frere et al. 2008). Red-legged Cormorants feed mainly
upon benthic organisms (Frere et al. 2002; Millones et al. 2005).

In this study, we examined the availability and use of
breeding habitat by Red-legged Cormorants, at a local spatial
scale (RíaDeseado,Argentina), to identify the factors involved in
habitat selection. Because some of the factors we studied were
related to the food resources of this species, we also examined the
pattern of use of feeding habitat of Red-legged Cormorants.

Methods

We conducted fieldwork along the Ría Deseado, in the province
of Santa Cruz, Argentina (Fig. 1). The Ría Deseado is an old
river valley now flooded by the sea. There are six colonies of
Red-legged Cormorant, with a total population of ~230 breeding
pairs (Millones et al. 2008). During October 2005, we surveyed
21 kmof coastline of theRíaDeseado to identify potential nesting
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sites (cliffs). For each cliff we identified, we recorded the type of
location (continental or island), height of the cliff (distance
between the mean high-water tide line to the top of the cliff),
length, general slope (from 0� =flat, i.e. no cliff; to 90� = vertical)
and principal orientation (recorded as degrees in thefield and then
analysed according to principal compass directions). For each
cliff, we estimated the available area of potential breeding sites,
defined by the presence of ledges, outcrops or caves. We also
estimated the fetch (the distance of sea over which the wind
blows) in front of the cliff, thereby indirectly measuring the
potential effect that waves may have on nests. A fetch of 0
corresponded to no seawater at the base of the cliff, a fetch of
100m indicated a cliff with 100m of water in front of it. We
recorded the presence or absence of Red-legged Cormorants
nesting on each cliff. In those cliffs where Red-legged
Cormorants were present, we recorded the number of active
nests by direct counts. We also studied the bathymetry within
3 km of each cliff (using the Nautical Chart Number H361,
Servicio de Hidrografía Naval de la República Argentina,
Buenos Aires) and recorded the distance to the nearest
potential foraging area. We considered potential foraging areas
to be zones <10m deep with high abundance of prey. For this
purpose, areas shallower than 10m were grouped into four
categories based on sediment type (Iantanos 2002): (1) gravel;
(2) coarse and medium sand; (3) fine and very fine sand; and (4)

silt. For each category, a professional diver obtained benthic
samples using a collecting net following the methodology
detailed in Millones (2009). Samples were sorted in the
laboratory. For every identified taxon, we estimated its relative
abundance for each substrate type as abundant, poor or absent. To
obtain more complete information we considered previous
studies of fish species at Ría Deseado (Kühnemann 1969;
Iantanos 2002; Martin and Bastida 2008). Based on previous
studies of the diet of Red-legged Cormorants (Millones et al.
2005)we could thenmakepredictions aboutwhich areas hadhigh
abundance of prey and were therefore most suitable for feeding.
We sought to confirm these predictions via a boat-based survey,
identifying foraging sites and determining their characteristics
(depth and substrate type). From October to December 2006, 53
transect lines, covering a total of 16 km of the Ría Deseado, were
surveyed for foraging Red-legged Cormorants. Transect lines
were roughly 300m apart and perpendicular to the shoreline
(Fig. 1b). Feeding behaviourwas identified based on descriptions
in Frere et al. (2002). This foraging survey also allowed us to
study the feeding habitat of Red-legged Cormorants.

Statistical analyses

To test for differences in the characteristics of occupied and
unoccupied cliffs we used Mann–Whitney U-tests and Chi-

(A)

(B)

Fig. 1. TheRíaDeseado, Argentina. (a) Cliffs we identified along the RíaDeseado, and potential foraging areas for Red-legged Cormorants. (b) Sites where
Red-legged Cormorants were observed foraging in the Ría Deseado (numbers are the number of individuals foraging at each site).
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square tests. Chi-square tests were used only for the two variables
‘type of location’ and ‘orientation’, which were categorised in
groups. To determine which variables explained the presence or
absence of Red-legged Cormorants nesting on cliffs we
performed a logistic regression. We used presence and absence
of active nests on the cliffs as response variables, and height,
length, slope, orientation, available area, fetch, median depth
within 3 km of the cliff and the distance to the nearest potential
foraging area as explanatory variables. We used the maximum
likelihood criterion to estimate the parameters of the logistic
regression model. To compare habitat use to corresponding
habitat availability we followed the Neu method (Alldredge
and Ratti 1992). This method compares the observed
occurrence to the expected occurrence for each habitat
category. We categorised every identified variable into four
categories. Then the number of cliffs in each category was
compared to the counts expected if each category were used in
proportion to its availability. To test for significant differenceswe
used the Chi-square test.

Results

We identified 16 cliffs along 21 km of coast of the Ría Deseado.
Nine cliffs (56%) were on islands, the rest (seven cliffs, 44%)
were on continental shores (Fig. 1a). Overall, eight cliffs (50%)
were used by Red-legged Cormorants for nesting, four were on
islands and fourwere on continental shores (Fig. 1a). The number
of active nests on each cliff ranged from 3 to 101.

Before we compared differences in the characteristics of cliffs
occupied by Red-legged Cormorants and those not occupied, we
identified which areas of the Ría Deseado were most suitable for
feeding.Using samplingof benthic organisms, diver observations
and previous studies of the Ría Deseado, we found that fish and
algae, the most frequently observed items in the diet of the Red-
legged Cormorant (Millones et al. 2005), were abundant in
gravel substrates. In the other type of bottom substrates, the
relative abundance of fish and algae was poor. Further, of the
89 Red-legged Cormorants that were observed foraging in the
Ría Deseado, 82% (n= 73) were in zones with gravel substrates
and depths <10m (Fig. 1b). The rest were in zones with silt or
medium sand substrates, and 0–20m deep. Gandini et al. (2005),
who studied foraging sites of Red-legged Cormorants in the Ría
Deseado using radio-transmitters, also observed a high
proportion of Red-legged Cormorants foraging in zones with
gravel substrates and shallow waters. Therefore, we determined

that regions of the Ría Deseado with a gravel substrate and water
depths <10m were the main potential foraging areas for this
species (Fig. 1a). Based on this assumption, we were able to
record the distance fromeachcliff to thenearest potential foraging
area, and included this variable in the analyses.

When we compared differences in characteristics of cliffs that
were used for nesting by Red-legged Cormorants and those that
were not, we observed significant differences in the variables
height, slope and distance to the nearest potential foraging area
(Table 1). The height and slope of cliffs used for nesting were
significantly greater than those of cliffs not used for nesting
(Table 1). The distance to the nearest potential foraging area of
cliffs used for nesting was significantly less than that of unused
cliffs (Table 1). There were no significant differences between
used and unused cliffs for the other variables measured (Table 1).
A significant logistic regression (c23 = 21.7, P < 0.001) also
indicated that height, slope and the distance to a nearest
potential feeding area explained the presence or absence of
nesting Red-legged Cormorants on a cliff. The probability of
occurrence (PO) of active Red-legged Cormorant nests on a cliff
increased with height and slope, and decreased with the distance
to the nearest potential foraging area (distance), according to the
following equation:

PO ¼ eð�61:93þ 3:77�HEIGHTþ 0:43�SLOPE� 3:7�DISTANCEÞ=

ð1þ eð�61:93þ 3:77�HEIGHTþ 0:43� SLOPE� 3:7�DISTANCEÞÞ:
This model correctly classified 100% of the cliffs used by

Red-legged Cormorants.
We found no significant differences between use and

availability of habitat when we compared the number of cliffs
in each category to the counts expected if each category were
used in proportion to its availability (all c2-tests non-significant).
However, when we considered all possible combinations of
height, slope and distance to the nearest feeding area (all
variables included in the logistic model) we found significant
differences between use and environmental availability. Cliffs
>12m in height, within 3 km of a foraging area, and steeper than
85�, were the most frequently used but not the most commonly
available along the Ría Deseado (c23 = 9.3, P = 0.02).

We also observed some differences in the characteristics of
foraging areas that were used and available. Among possible
combinations of substrate type and depth (0–10m, 10–20m,

Table 1. Median values for habitat characteristics of cliffs used for breeding by Red-legged Cormorants
and unoccupied cliffs on the Ría Deseado

Variable Used cliffs
(n= 8)

Unused cliffs
(n= 8)

Test score P

Length (m) 130.0 175.5 Z= 0.8 0.4
Height (m) 14 8 Z= –2.25 0.02
Slope (�) 90.0 82.5 Z= –2.1 0.03
Available area (m2) 1132 1204 Z= –0.26 0.3
Fetch (m) 1250 1423 Z= 1.05 0.3
Median depth of water within 3 km of the cliff (m) 12 8 Z= –1.68 0.07
Distance to the nearest potential foraging area (km) 1.0 6.5 Z= 1.9 0.04
Location (continental or island) – – c2 = 1.75 >0.05
Orientation – – c2 = 2 >0.05

Availability and use of habitat by Red-legged Cormorant Emu 157



>20m deep), zones with both gravel substrate and depths�10m
were the most frequently used by Red-legged Cormorants
(c24 = 387.2, P < 0.001). Nevertheless, as shown in Fig. 1b,
areas of the Ría Deseado with these characteristics were
neither the most abundant nor the most commonly available.

Discussion

Habitat use refers to the distribution of animals and the correlation
of that distribution with specific habitat components (Johnson
1980). In this study, we identified several factors that appear to
influence the pattern of use of breeding habitat by Red-legged
Cormorants. Characteristics of cliffs that provide protection
against predators (steep and high cliffs) seem to determine the
use of a given nesting habitat by Red-legged Cormorants. Our
results are consistent with those obtained by Millones et al.
(2008), who studied the habitat use of Red-legged Cormorants
at a site scale, along the Argentinean coast. The slope of cliffs has
been suggested as an important factor affecting the rate of
predation on nests of seabirds (Siegel-Causey and Hunt 1981;
Coulson 2002). Along the Ría Deseado, slopes of cliffs ranged
from 65� to 90� but Red-legged Cormorants were found breeding
only on the steeper cliffs (80� to 90�). Furthermore, the height of
cliffs can also help to avoid the splash effect of waves breaking
against the base of the cliff.

We also found that the proximity to and accessibility of an
abundant source of food seem to determine the use of a potential
breeding sites by Red-legged Cormorants. Cormorants feed
mainly upon benthic prey, in shallow waters close to the
shore. Their feeding performance is affected by environmental
characteristics like the depth of water, bottom substrate and
density of prey (Monaghan et al. 1994; Frere et al. 2005). As
found byGandini et al. (2005), Red-leggedCormorants tended to
forage in shallow waters over gravel substrates, where algae and
fish (both of them very frequent items in the diet of Red-legged
Cormorants) are common (Kühnemann 1969; Iantanos 2002;
E. Frere and A.Millones, pers. obs.). The proximity to such good
foraging areas seems to determine the use of a given cliff for
breeding by this species.

Comparisons of habitat used by a species with available
habitat are commonly used to describe habitat selection (Jones
2001). In this study, we tested for non-random use of breeding
habitat by Red-legged Cormorants. Cliffs that provide protection
(steep and high) and which are close to a suitable foraging site
were used more than expected by environmental availability.
Thus, in this species, habitat selection is influenced by habitat
characteristics related to protection from predation and proximity
to a source of abundant food. Seabirds generally settle in breeding
localities that are as close as possible to their foraging areas
(Buckley and Buckley 1980; Bried and Jouventin 2002). In Red-
legged Cormorants, both the distance and duration of daily
foraging trips are shorter than those of other cormorant species
breeding in theArgentinean coast (Gandini et al. 2005; Frere et al.
2008). Thus, nesting close to a source of food seems to be an
optimal choice for Red-legged Cormorants. Red-legged
Cormorants have also been seen foraging mainly when the tide
is falling. During low tides, Red-legged Cormorants performed
shorter feeding trips, by diving faster, presumably byminimising
the transit time to and from the bottom and maximising prey

searching time at the sea-floor. It seems to be the optimal
condition to begin feeding, acquire food faster and reduce
diving cost (Gandini et al. 2005). Breeding on cliffs near a
foraging area can help Red-legged Cormorants choose the
optimal tide height to initiate a foraging trip. Finally, in this
study, we also observed that individual Red-legged Cormorants
did not exhibit random use of foraging sites. At Ría Deseado, this
species exhibited non-random preferences for certain
characteristics of foraging sites, which are not the most
commonly available sites.
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