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Abstract.—The European Shag (Phalacrocorax aristotelis) breeds in a wide range of nest-sites depending on the
locality, such as crevices under fallen rocks, open ground caves and open ledges on craggy cliffs. In this paper the
habitat selection of shags breeding in cavities on the coastal slopes of Islas Cies (Galicia, Northwest Iberian Penin-
sula) are examined. Shags selected sites with more lateral and overhead cover, with better drainage and with average
visibility. In addition, sites where breeding was successful differed from unsuccessful sites. Nest-site characteristics
especially affected the hatching success. In this colony, shags showed adaptive responses to site-quality variability.
Thus, nest-site quality declined with density and with seasonal occupancy. Shag colonies seem to follow an ideal des-
potic distribution, where some individuals monopolize high quality sites and prevented other individuals from set-
tling in the good sites. Further studies are required to assess the proximal mechanisms used for nest-site selection
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Bird nests are not distributed randomly
among potential breeding sites, and it is gen-
erally accepted that non-random distribution
patterns are the result of natural selection
(Cody 1985). Factors affecting breeding suc-
cess can vary among habitats and, in this situ-
ation, fitness effects resulting from habitat
differences can be expected to influence the
evolution of habitat selection (Partridge
1978; Orians and Wittenberger 1991). Natu-
ral selection occurs when there are habitat
differences between successful and unsuc-
cessful sites, and this may modify habitat use
for nesting over evolutionary time (Martin
1998). Short-term selective pressures, such as
weather or predation, can oscillate unpre-
dictably, and then nestsite selection may re-
flect long-term optima that may be neutral or
maladaptive in the short term (Clark and
Shutler 1999). Thus, a crucial step in nest-site
selection studies is to identify temporal and
spatial variations in the differences between
selected and unselected sites, and also be-
tween successful and unsuccessful sites.

When individuals of a $pecies have equal
competitive abilities tHe individuals should be
distributed within a habitat in such a way as to
have equal expected fitness (“ideal free distri-
bution”; Fretwell and Lucas 1970; Bernstein et

al. 1991; Newton 1998). However, when indi-
viduals have different competitive abilities, the
settlement patterns can vary between classes of
individuals (e.g., older birds may obtain more
suitable sites). Dominant or early breeding in-
dividuals are able to gain higher quality sites
than subordinate or later breeding individuals
relegated to low quality sites (“ideal despotic
distribution”; Fretwell and Lucas 1970; Bern-
stein et al 1991; Sutherland 1996; Newton
1998). When reproductive output varies be-
tween nest sites, the territories are occupied in
the order of suitability (Sutherland 1996).
Over a period of years, sites can vary in the fre-
quency of use in low-density years, and only
the best territories should be occupied when
individuals show adaptive responses in habitat
selection (Newton 1991; Shuterland 1996).
The settlement pattern depends on the knowl-
edge by individuals of the quality of each site
(Pulliam and Danielson 1991). Thus, when
the knowledge is imperfect, adaptive respons-
es are expected to be weaker.

The European Shag (Phalacrocorax aristote-
lis) is a colonial seabird that breeds in the west-
ern Palaearctic. Potts ¢ al. (1980) showed that
the shags on the Farne Islands in England
were regulated by the availability of breeding
sites. These authors classified nest sites accord-
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ing to four quality indices (protection from
high tides, protection from the rain, ability to
shelter the brood and accessibility from to the
sea for escape). They also showed that mean
nest quality declined when the number of
birds increased. During their research, in
1968, there was a catastrophic mortality. In
1969, nestsite quality and reproductive suc-
cess increased, especially among young breed-
ers. These young birds, which are generally
relegated to poor quality sites, were able to
breed in top quality sites during that year,
thereby experiencing a greater reproductive
success. When the population recovered, the
proportion of birds that used poorer sites in-
creased again and the average nest success de-
clined. Thus, this species is an example of a
socially induced density-dependent regulation
associated with variation in quality of nest-sites.

The European Shag breeds in a wide
range of nestsites depending on the locality,
such as cavities under fallen rocks and open
ledges on craggy cliffs (Snow 1960; Cramp
and Simmons 1977; Velando and Freire
2001). Habitat selection has been studied in
geveral British colonies on cliff ledges (Potts
et al. 1980; Aebischer 1985; Olsthoorn and
Nelson 1990). Nevertheless, the physical fac-
tors that affect the breeding success on cliffs
may be different from those operating in
rocky cavities. European Shags seem to show
labile responses to local nest-site availability.
Thus, this species uses different types of nest-
sites in the same colony and between nearby
colonies. In Islas Cies (NW Iberian Peninsu-
la), European shags breed mainly (96%) in
cavities under fallen granite rocks on slopes
of rugged cliffs. In contrast, in the nearest
colony (Isla de Ons, 15 km away) most of
nestsites (91%) are located on open ledges
on the cliffs (Velando 1997).

Some of the factors used by Potts et al.
(1980) in their study on Farne Islands to
score the habitat quality may be inappropri-
ate for scoring the sites in cavities. For exam-
ple, in Cies, cavities are large enough to raise
the brood, and are protected from high seas
because they are on slopes approximately
100 m above the_sga, Ifi'6tder to understand
the differences ‘in nestsite characteristics
among colonies, we studied the physical
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characteristics of nest sites used by shags at
Islas Cies. We examined nest-site preferences
of shags breeding on Islas Cies, using data
from a five-year study. We tested whether: (1)
occupied sites differed from non-occupied
sites, as evidence for long-term selection; (2)
successful sites differed from unsuccessful
sites, evidence for ongoing selection pres-
sures (3) site quality varied inversely with an-
nual breeding density; evidence for density-
dependent occupation, and (4) early breed-
ers chose better nest sites than later breeders.

METHODS
Site Characteristics and Breeding Parameters

The datasetincluded all sites in three adjacent areas
on the Ista do Faro (Islas Cies, Galicia, NW Iberian Pen-
insula) used by the European Shag in 1994-1998. Sites
where the shags laid eggs and those where the shags
only accumulated some material, but did not lay, were
included. The breeding density varied during the study,
especially in 1998 when there was a low occupation rate,
with some adults not breeding (Velando and Freire
2002). In 1998, some rock falls during winter restricted
our access to some sites and we could not visit these dur-
ing the breeding season, resulting in a smaller sample
size in that year. For each nest with eggs, the laying date,
clutch size, number of hatched eggs and number of
fledged chicks (defined as number of chicks surviving
to 50 days) were recorded in 1994-1996 (Velando et al.
1999). In 1998, most of the shags abandoned clutches
during incubation.

The nestsites in the study area were underneath
large landslides of granite boulders on the slopes. We di-
vided the cavities into three sections: the entrance, the
gallery (passageway connecting the entrance to the nest
chamber) and the chamber. Four nest-site dimensions
were measured: enfrance area: measured to nearest cm?,
gallery length: measured to nearest cm, chamber width: mea-
sured to nearest cm, chamber volume, measured to nearest
c¢m®, In addition, the following variables were recorded:
Lateral cover: the number of lateral walls (from 0 to 4) sur-
rounding and isolating the chamber; Overhead cover. an
index of the amount of cover over the chamber (1 for
chamber almost totally exposed to 4 for nest totally cov-
ered); Drainage. the walls surrounding the chamber may
be concave (slanting from top to bottom toward the
chamber), straight, or convex; the concave walls increase
the risk of flooding because the water flows through the
wall to the nestsite. The nestsites with more concave
walls were found waterlogged after a downpour. Drain-
age was measured as a count of concave walls (from 0 for
chambers with four concave walls, to 4 for chambers with
no concave walls), which indicates the degree of drain-
age of the nestsite hollow; Accessibility: difficulty for the
shag to enter into the chamber (from 1 for accessible in
a straight line, to 4 for a labyrinth with more than two
bends); Structure of the Chamber; many of the chambers
have small cavities and different compartments (from 1
for only one cavity, to 4 for several cavities); Visibility; the
ability to observe from chamber other shags or predators
(from 0 for no visibility, to 4 for full visibility).
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Statistical Analyses

Since most of the variables were not normally distrib-
uted (Shapiro-Wilks test), we used univariate non-para-
metric analyses of the data (Mann-Whitney test and
Spearman rank correlation). The effects of site charac-
teristics on the annual occupation, success and seasonal-
ly occupancy were investigated using Generalized
Linear Models (GLM; Wedderburn 1974; McCullagh
and Neider 1989). We tested for multicollinearity
among the descriptor variables using principal compo-
nent analysis. The first component explained little of
the variation in the data (25%), implying that the origi-
nal variables were orthogonal (Jackson 1993). Only the
correlation between the overhead and lateral cover was
significant, but explained only the 16% of the variance.
Hence, we use the original variables in the GLM models:

In order to avoid pseudo-replication, we considered
the nest-site as the unit for statistical analysis. Then, site
selection, differences in the reproductive success and
seasonal occupancy of nest sites were tested using the
proportion of years that a single nest-site was occupied,
the mean standardized site success (using the Z distribu-
tion for each year) and the mean laying date for each
site (standardized with respect to the first egg laid per
season), respectively. The link function and error distri-
bution in the GLM models were applied, after taking
into account the presumed. error distribution of the
data (McCullagh and Nelder 1989) and selecting those
that minimized the deviance in the model (Crawley
1993; Herrera 2000). Site occupation was fitted to a bi-
nomial distribution, mean reproductive success did not
differ¥from a normal distribution, and time of breeding
was fitted to a gamma distribution (with the variance
function of the quadratic mean response with a con-
stant coefficient of variation rather than a constant vari-
ance; see McCullagh and Nelder 1989). We fitted each
explanatory variable to the observed data by following a
traditional forward stepwise procedure. Each variable
was tested for significance in turn. The variable that
contributed to the largest significant change in devi-
ance from the null model was then selected and fitted.
Once a variable was fitted to the model we tested wheth-
er the addition of a second variable significantly im-
proved the model. Variables were accepted into the
model when they explained more than 5% of deviance.
It has been stated that the stepwise procedures are not
necessarily able to select the most influential variable
from a subset of variables (James and McCulloch 1990).
‘We use a modification of a stepwise procedure to test al-
ternative models that were obtained when the second or
the third most significant variable was included instead
of the first most significant one at each step. This
branching procedure could produce a set of different
models, but in most instances it converged into a single
model or to a set of models from which similar relation-
ships could be inferred. Quadratic relationships and in-
teraction between response variables were examined.

RESULTS
Nest-site Occupation s
-, T

European Shags' used 132 sites in the
study area during 1993-1998. The annual site
occupation rate varied from 68% in 1995 to
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34% in 1998. There were significant inter-an-
nual differences in site characteristics be-
tween occupied and unoccupied sites during
the period studied (Table 1). The occupied
sites in all years of study had significantly
more walls, a higher roof and less number of
concave walls than unoccupied sites. Nest-
site visibility was significant lower in unoccu-
pied than in selected sites during low-occu-
pation years (1996-98: Table 1, Fig. 1).

The model, fitted with stepwise proce-
dure incorporated the variables of lateral
cover, drainage and visibility (quadratic
function), explained 44% of the deviance.
Thus, these variables had significant effects
on the probability of site occupation. It
showed that shags used for nesting those
sites with a greater lateral cover, better drain-
age and average visibility. None of the inter-
action terms significantly improve the
model. The overhead cover had a significant
influence on the occupation pattern, ex-
plaining as single variable 17% of deviance,
and it was the third most significant variable.
The overhead cover was correlated with lat-
eral cover (r,;3, = 0.40, P <0.001). Alternative
models that included the overhead cover in
the first step also included the walls (Table
2). The remaining variables were not includ-
ed in the alternative models. In all, 21% of
all nest sites in the study area had the highest
possible scores for lateral and overhead cov-
er and drainage.

Nest-site Quality and Annual Breeding
Density

The mean nest-site characteristics varied
among years and their scores increased in
years with low shag density (Fig. 1). The four
variables affecting the probability of the site
being occupied varied with annual breeding
density. The variables of lateral and over-
head cover showed most difference between
low-density years (1997 and 1998) and high-
density years (1994-1996). Most sites selected
had high overhead cover scores and the
mean-annual score was close to the maxi-
murm score (4) in low-density years (Fig. 1).
Visibility was the variable with the highest
correlation with density.
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Figure 1. Mean of annual site quality scores (lateral and overhead cover, drainage and visibility) of European Shag
nests on Islas Cies in relation to annual breeding density, measured as the percentage of nest sites occupied on the

study-area during five years.

Nest-site Characteristics and Breeding Success

The reproductive success varied between
years but it was significant correlated with
site characteristics every year (Table 3, Fig.
2). On average, the number of young
hatched was 77%, 70%, 61% and 72% high-
er in nest sites with the highest scores than in
those with the lowest scores for lateral cover,
overhead cover, drainage, and visibility, re-
spectively.

The relationships between site character-
istics and reproductive success were due
more to hatching success than to chick sur-
vival (Table 3). Some brood reduction in
Islas Cies was due to food limitation during
adverse weather events during the chick-

rearing period, probably caused by reduced
underwater visibility and because the sand-
eels (sandlance, Ammodytidae), the most
important prey (Velando and Freire 1999),
are buried in the sea bed sediment (Velando
et al. 1999). We examined the breeding per-
formance at new sites from the previous sea-
son by pooling 1995 and 1996 data (there
were no annual differences in reproductive
success). The reproductive success in new
sites correlated with lateral cover (r,,, = 0.36,
P < 0.02) and drainage (r,, = 0.38, P < 0.02).
In newsites, the number of fledglings in sites
with only two lateral walls was 32% less than
in sites with four lateral walls, and in sites
with four concave-slanted walls was 33% less
than in sites with one slanted wall. The re-
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Table 2. Generalized Linear Models for nest-site selection of European Shags in Islas Cies assuming a binomial dis-
tribution of errors and a logistic link. The proportion of years that a nest site was selected during 1994-1998 was

used as the response variable.

Multivariate models*®

Univariate models®

Stepwise model

Alternative model®

Variabie® Change in deviance  Model coefficient SE Model coefficient SE
Constant -6.44 191 -7.22 2.24
Lateral Cover 10.0%x 0.85 0.33 0.71 0.38
Overhead Cover 8.3%x* 0.35 0.52
Drainage 9.5¥x¥% 0.41 0.27 0.38 0.28
Visibility 3.8k 2.73 1.50 2.72 1.51
(Visibility)® 2.6%* -0.56 0.35 -0.57 0.35
Residual deviance 25.4 24.9

d.f. 87 85 84

*The remaining variables (see Table 1) were not significant

"Univariate GLM: **P < 0.01, ***P < 0.001.
‘Deviance in the null model = 45.3.
%Variables were included in the model at 5% level.

*Model that included the Overhead Cover in the first step.

maining site characteristics did not correlate
with the reproductive success of sites select-
ed for first time.

The stepwise procedure produced a sig-
&, . . ..
nificant model that included drainage, visi-
bility, and lateral and overhead cover. Thus,
these variables correlated independently on
the mean nest site success. The model ex-
plained 42% of the deviance in the null mod-

el. Other alternative models only differed in
the order in which the different explanatory
variables were included and finally con-
verged with this same model. None of the
quadratic and interaction terms were signifi-
cant. The remaining variables measured
were not included in the models due to their
non-significant effect on the mean repro-
ductive success.

Table 3. Spearman rank correlation between nest-site characteristics and reproductive success, hatching success and
chick mortality of European Shags in Islas Cies. Only significant correlations are shown. **P < 0.01, ***P < 0.001.

Reproductive success® Hatching success® Chick mortality®
1994 1995 1996 1994 1996 1994 1995 1996
Sample size 85 90 79 85 90 79 61 65 62

‘ 0.30%%  0.31%*  0.34%*  0.30%* — 0.36%**

0.47%%* — — 0.44%%*  (.30%*

0.41%*%  (.50*** — 0.37%%%  (,50%**

0.28%  0.33%* - 0.40%%*  0.26+* —
-0.36%*

*Reproductive success measured as number of chicks fledged per pair that laid eggs.
"Hatching success measured as the proportion of hatched eggs by clutch.
Chick mortality measured as the proportion of chicks that died.
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Figure 2. Mean (+SE) reproductive success, measured as number of chicks fledged per pair, of European Shag nest-
sites on Islas Cies in relation to the site quality score (lateral and overhead cover, drainage and visibility) for three

study years.

Nest-site Quality and Seasonal Occupation

Significant differences between years oc-
curred in the laying date of the European
Shag on the Islas Cies (1994 to 1996; One-
way ANOVA: F, 4 = 12.9, P < 0.001). A post
hoc analysis (LSD) indicated that the 1996
laying date was significant earlier than 1994
and 1995 (mean Julian days: 92, 91 and 83 in
1994, 1995 and 1996, respectively). There
were significant differences in the laying
date related to nest-site characteristics (Fig.
3). After correction for year, the laying date
in three years was significant earlier at sites
with more lateral cover and with better
drainage (Fig. 3). There were significant dif-

ferences in laying dates between sites accord-
ing with their visibility and overhead cover
only in 1995, the year with highest density
(Fig. 3). The stepwise model included drain-
age, lateral cover and visibility. The model
explained the 33% of deviance in the null
model (Table 5), and indicated that sites
with more lateral cover, better drainage and
better visibility were occupied earlier. An al-
ternative model included the overhead cov-
er when this variable was introduced in the
first step. Quadratic and interaction terms
were all non-significant.

The effect of site characteristics on mean
reproductive success after controlling for
season was also significant. The GLM models
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Figure 3. Mean (+SE) laying dates, measured as Julian day, of European Shag nest-sites on Islas Cies in relation to
the site quality score (lateral and overhead cover, drainage and visibility) for three study years. Results from
Kruskall-Wallis tests for differences in laying dates among sites with different scores each year are given.

for the effect of site characteristics on mean
reproductive success including the mean
standardized laying date on the first step
(Fy 110 = 50.1, P < 0.0001) was significant for
lateral cover (F, ;;, = 7.0, P < 0.01), overhead
cover (F,,;; = 10.8, P < 0.001), drainage
(Fy 3, = 15.9, P <0.0001), and visibility (F, ,,,
=9.36, P < 0.002). Thus, these physical vari-
ables explained a significant proportion of
reproductive success variance after control-
ling the seasonal effects.

DISCUSSION

European Shags were selective in the
choice of nesting sites; thus physical charac-

teristics of occupied sites differed from unoc-
cupied sites in the years studied. Moreover,
we found that some characteristics affected
the reproductive success, suggesting ongoing
selection pressures. Nevertheless, the corre-
lations between site characteristics and re-
productive success do not necessarily reveal
whether they are due to the sites themselves
or to attributes of the organisms in them
(Coulson 1968; Porter 1990; Ens et al. 1992;
Harris ef al. 1997; Stokes and Boersma 1998).
The oldest or more experienced individuals
are able to hold the preferred sites (Potts
et al. 1980), and then the higher success in
these sites may simply be a result of the posi-
tive correlations between bird quality and site
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Table 4. Generalized Linear Models of the breeding success of each nest site of European Shag in Islas Cies in re-
lation to site characteristics assuming a Gaussian distribution of errors. The mean standardized reproductive suc-
cess for each nest site during 1994-1996 was used as the response variable.

Univariate models™

Multivariate model®

Variable® Change in deviance Model coefficient Standard error
Constant — 0.69 0.17
Drainage 2.1%%% 0.10 0.02
Lateral cover 1. 7% 0.12 0.03
Visibility 1.4%%* 0.07 0.03
Overhead cover 1.4%%* 0.09 0.05
Residual deviance 5.7

d.f. 87 84

*The remaining variables (see Table 1) were not significant.

"Univariate GLM: **P < 0.01, ***P < 0.001.
‘Deviance in the null model = 31.7.
%Variables were included in the model at 5% level.

characteristics. The European Shag is a sea-
sonally breeding bird with marked seasonal
differences in reproductive success due the
age and experience (Potts et al. 1980; Aebi-
scher 1993; Aebischer et al. 1995; Daunt et al.
1999; Velando et al. 2001). After controlling
the laying date, site characteristics (overhead
and #ateral cover, drainage and visibility) had
a significant effect on reproductive success.
Moreover, the site characteristics (lateral cov-
er and drainage) significantly influenced the
reproductive success of sites occupied for
first time, probably occupied by young and
inexperienced birds (Aebischer et al. 1995;
Velando 1997). The characteristics of select-

ed sites seem to increase the reproductive
success, however experimental data are re-
quired to confirm these findings. On present
evidence, there is concordance between site
preferences (occupation) and selective pres-
sures on nestsite selection (hatching suc-
cess), suggesting that these preferences have
been selected to be maintained (Martin
1998; Clark and Shutler 1999).

The study also revealed that hatching
success was related to site characteristics the
but not chick mortality. On the Islas Cies,
many nests were flooded during incubation
by heavy rain in this period. Flooding of a
nest usually results in loss of the nest con-

Table 5. Generalized Linear Models for the seasonal occupation of each nest site of European Shag on Islas Cies
in relation to site characteristics assuming a gamma distribution of errors and identity link. The mean laying date
for each nest site (standardized with respect to first egg laid within seasons) during 1994-1996 was used as the re-

sponse variable.

Univariate models®* Multivariate model?
Variable* Change in deviance Model coefficient Standard error
Constant — 68.97 6.09
Lateral Cover 5.9%*% -6.74 1.40
Drainage 4.9%*% -4.01 1.18
Visibility 2.2%% -3.02 1.16
Overhead Cover 2.5%* — —
Residual deviance — 21.1
d.f. 114 112

*The remaining variables (see Table 1) were not significant.

*Univariate GLM: **P < 0.01, ***P < 0.001.
‘Deviance in the null model = 31.7.
%Variables were included in the model at 5% level.
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tents. Thus, greater lateral and overhead cov-
er and better drainage prevent the nest-sites
from flooding. Protection of nest content
from predation is another benefit of selected
sites with greater lateral and overhead cover.
Shags nesting in cavities with these charac-
teristics avoid predation by Yellow-legged
Gulls (Larus cachinnans). No other predators
are known on Islas Cies. Good visibility from
the nest may be linked to social interactions
(protection of the mate or nest site, attrac-
tion of females) and better escapes routes
(Burger and Gochfeld 1981; Gotmark et al.
1995; Velando and Marquez 2002).

Protection against predators and visibility
may be characteristics that are inherent in
the location of the nests on the ledges of ver-
tical cliffs. In the British colonies, shags nest-
ing on open ledges usually use large, well-
drained sites protected from predators, with
low probability of attack and located distant
from the sea spray (Potts et al. 1980, Aebi-
scher 1985; Olsthoorn and Nelson 1990).
These results point to general characteristics
of nesting sites in this species. The structure
pf thesites are different in different localities,
but the functional effects of the sites selected
seem to be the same: shags use sites that pro-
tect them from atmospheric conditions,
predators, and intra-specific interference.
Many seabirds select sites that protect them
from predators and atmospheric conditions
(Nettleship 1972; Hudson 1982; Burger and
Gochfeld 1985; Burger and Gochfeld 1987;
Seddon and Davis 1989; Bosch and Sol 1998;
Velando and Marquez 2002).

An interesting result, confirming previous
studies, is that the quality of nest sites in-

creased in years with low density (Fig. 1).

Thus in years with high density, shags on aver-
age occupied less suitable sites due to compe-
tition for nest sites. This effect is similar to the
density-dependent decline in reproductive
performance associated with the variation in
the quality of nest sites reported for shags
nesting on the Farne Islands (Potts et al.
1980). Moreover, the early pairs showed a
general preference for high quality sites in
the study years, the same pattern observed on
the Farne Islands (Potts ¢t al. 1980). There-
fore, high quality individuals monopolized
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high quality sites and prevented other individ-
uals from settling in the best places following
an “ideal despotic distribution” (Fretwell and
Lucas 1970). Thus, despite the different type
of nestsites used, in both colonies the shags
showed adaptive responses to site quality.
European Shags select different nest-sites
in nearby colonies. Thus, on the Isla de Ons
(15 km from Islas Cies) the shags choose
open ledges on the cliffs. The geomorpholo-
gy of the two islands is different: the cliffs on
the Islas Cies are c. 200 m high and their
slopes are covered of falling granite rocks; on
the Isla de Ons, the cliffs are low (<50 m) and
have vertical, earth walls. The availability of
different types of breeding sites differs be-
tween the two islands, but the adaptive re-
sponses to availability of different nest sites
depend on how birds obtain the knowledge
of nestsite quality. In Islas Cies, 83% of sec-
ond-year breeders nest on sites not previously
occupied (Velando 1997). Young shags can
recognize site quality but they are relegated
to poor sites by older shags (Potts et al. 1980).
According to this hypothesis, in Islas Cies and
Farne Islands, site quality increased in years
with fewer breeding pairs (Fig. 1; Potts et al.
1980). Thus, the shags seem to recognize site
quality, so there is a need to understand the
proximal mechanisms of nest-site selection.
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