The Condor 103:544-554 = -
© The Cooper Omithological Society 2001

HOW GENERAL IS THE CENTRAL-PERIPHERY DISTRIBUTION
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Abstract. The central-periphery distribution model of nest dispersion suggests that nests
located in the center of a colony are less accessible to predators and that birds breeding in
the central area are of better physical quality and have greater reproductive success. Another
hypothesis, the central-satellite distribution model, suggests that low-quality birds build their
nests near those of high-quality pairs, which do not necessarily settle in the colony’s center.
_Advantages of this type of association include increasing the opportunity for extra-pair
copulation by low-quality females and increasing the potential for low-quality individuals.
to obtain a better breeding site or partner in the following season. Here we test these
hypotheses on two colonies (Portelo and Faro) of the European Shag (Phalacrocorax aris-
totelis) on the Cies Islands. Galicia, northwest Spain. Spatial distribution of pairs differing
in quality was analyzed using residuals of reproductive success, eliminating the effect of
physical quality of the nest site. A negative autocorrelation of these residuals between nests
at short distances was detected for the Portelo colony. In Faro there was no evidence that
nest distribution differed from a random distribution. Occupation of nest sites {measured as
new nest or reoccupied nest) showed negative autocorrelation at short distances, implying
that there was an association between new and reoccupied sites. These results demonstrate
that nest distribution of European Shag colonies does not fit the central-periphery model,
but rather corresponds to either the central-satellite model or to a random distribution.

‘ Ke):'»i'i?frds;".: central-satellite, coloniality, European Shag, nest site, Phalacrocorax ‘aris-
totelis, seabirds, spatial autocorrelation.

.Es Generalizable el Modelo Centro-Periferia a Todas las Colonias de Aves Marinas?
Distribucién Espacial de los Nidos en Phalacrocorax aristotelis

Resumen. La distribucién de los nidos en aves coloniales puede ser explicada por dos mo-
delos. El modelo centro-periferia implica que las aves que crian en el centro de una colonia son
menos accesibles a los depredadores, poseen una mejor condicién y tienen un mayor éxito
reproductivo. En cambio, el modelo centro-satélite sugiere que aves de baja calidad construyen
sus nidos cerca de parejas de alta calidad para obtener ventajas como un mayor nimero de
c6pulas extrapareja por parte de hembras de baja calidad o un mejor sitio de cria o pareja en la
siguiente estacién de cria. En el presente estudio, nosotros contrastamos estos modelos con la
distribucién de la calidad de las parejas de Phalacrocorax aristotelis en dos colonias (Portelo y
Faro) de las Islas Cies situadas en Galicia, noroeste de Espafia. Hemos utilizado como indicador
de la calidad de la pareja los residuales del éxito reproductor, eliminando el efecto de la calidad
del sitio de nido. En la colonia del Portelo se observé una correlacién negativa entre la calidad
de las parejas a una distancia menor de 4 m; en el Faro, en cambio, no hubo evidencias de una
distribucién diferente al azar. Ademds, se encontré una correlacin espacial negativa entre los
sitios de nido en los que se construy6 un nido por primera vez y los sitios que fueron reocupados.
En global, estos resultados muestran que la distribucién de las colonias del P. aristotelis no
corresponde al modelo centro-periferia, sino més bien al modelo centro-satélite o en todo caso,
a una distribucién al azar.

INTRODUCTION Jution of coloniality in birds (Lack 1968, Got-

Nest defense against potential predators has long mark and Andersson 1984). Nests located in the
been suggested as an important force in the evo- more densely populated areas of colonies are
more sheltered from predation than those at the
Manuséripl received 24 February 2000; accepted 7 periphery (Witlenbe.rger _and Hunt 1985). In [.he
March 2001. ’ context of this relationship between nest density
3 E-mail: avelando@uvigo.es and predation, the central-periphery distribution
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hypothesis (called *“‘periphery model™ in this-l—);-

per) was first proposed by Coulson (1968) in his .

study of a colony of Kittiwakes (Rissa tridacty-
la), where he found that birds breeding in the
central area were of better physical quality and
had higher reproductive success than those nest-
ing at the periphery. Moreover, subsequent stud-
ies showed that this population is regulated by
the availability of central sites (Porter and Coul-
son"1987) and that birds breeding in the center
have a higher survival rate (Aebischer and Coul-
son 1990). The periphery model predicts that
variation in survival arises because central in-
dividuals are less accessible to predators (Ham-
ilton 1971, Vine 1971).

Several studies-on seabirds report nest distri-
butions that fit the periphery model, and this
‘model is the generally accepted explanation for
nest dispersion patterns in seabird colonies (Wit-
tenberger and Hunt 1985, Furness and Mona-
ghan 1987, Kharitonov and Siegel-Causey
1988). However, there are some examples where

this model is not fulfilled. Ryder and Ryder.

(1981) found a colony of Ring-billed Gulls (La-
rus delawarensis) in which there was no varia-
~tion in reproductive success between central and
peripheral areas, while in another colony, Pu-
gesek and Diem (1983) observed that differenc-
es in reproductive success were determined by
different spatial distributions of age groups. Sco-
laro et al. (1996), in a study on a colony of the
South American Tern (Sterna hirundinacea),
found that birds’ nest site selection is at first
random, and then uniform, but not in the central-
periphery pattern. Research on the Blue-eyed
Shag (Phalacrocorax atriceps) carried out by
Shaw (1985, 1986) showed that neither the spa-
tial distribution of reproductive success nor the
age of breeders followed the periphery model;
as in most studies, this author did not specify
the type of distribution that did occur.

In a study on the behavior of Kittiwake re-
cruits in a colonyin North Shields, Porter (1990)
found that first-time breeders prefer more dense-
ly populated sites, with poorer quality birds be-
ing relegated to peripheral zones. Danchin et al.
- (1991) reported that recruits are directly attract-
ed by successful sites and that they visit these
sites during the prospecting season. Wagner et
al. (1996) suggested that in colonial birds, fe-
males that mate with young males may be at an
advantage if they breed near older males, be-
cause they may obtain extra-pair fertilizations

. and perhaps change mates during a following
_season. Moreover, males may acquire better sites

in the area surrounding their own nest site in
subsequent years (Aebischer et al. 1995). Thus.
“commodity selection’ has been proposed to
explain colonial breeding, in that animals that
breed colonially are actually choosing commod-
ities such as breeding habitats or mates, which
in turn creates breeding aggregations (Wiley and
Poston 1996, Danchin and Wagner 1997).

In the context of commodity selection, it is
therefore possible to put forth an additional hy-
pothesis for social distribution within seabird
colonies that is dependent upon habitat hetero-
geneity and the desirability of good breeding
sites. This central-satellite distribution model
(herein called ‘“‘satellite model™) may occur in
species that are attracted to breed near the best
nest sites, both to achieve extra-pair copulations
and to acquire a better site or mate in the fol-
lowing season. The term central-satellite refers
to the spatial association of pairs differing in
quality (i.e., poorer-quality pairs cluster around
a central, high-quality pair).

In the Great Cormorant (Phalacrocorax

_carbo), recruits are attracted. to and build their
nests close to successful sites (Schjgrring et al.

1999). Snow (1963) observed that newly formed
pairs of European Shags (Phalacrocorax aris-
totelis) breed close to nests that are already es-
tablished. Adults do not venture very far from
the site of their first breeding and they occupy
better sites as they get older (Aebischer et al.
1995). In this socially monogamous species,
males pursue a mixed-mating strategy, pairing
with one female while copulating with others
(Graves et al. 1993). Thus, in years with high
reproductive success, extra-pair paternity is ev-
ident at 18% of nests (Graves et al. 1993). Males
choose breeding sites and attract females to their
nest sites (Graves and Ortega-Ruano 1994) and
males of highest quality (those that breed suc-
cessfully and have a good nest site) are more
successful in attracting females to their territo-
ries for extra-pair copulations (Graves et al.
1993, Graves and Ortega-Ruano 1994).

This paper tests the two models of nest dis-
tribution in space in two colonies of the Euro-
pean Shag on the Cies islands, Galicia, north-
western Spain. As indicators of pair quality we
used residuals of reproductive success and lay-
ing date from a regression of these variables on
the physical quality of the nest site. The pair-
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quality indexes allowed us to compare the spa-
tial distribution of low and high quality nesting
pairs to predictions made by the periphery and
satellite models.

METHODS

The Cies Islands have a nesting population of
around 1000 pairs of shags that build their nests
mostly in cavities formed by fallen granite rocks
(Velando, Docampo, and Alvarez 1999). From
1994 to 1996, we studied all sites where nests
were built in two areas, Portelo and Faro, which
are far enough away from other breeding areas
to be considered isolated colonies. For each nest
with eggs, laying date and number of fledged
chicks (defined as number of chicks. surviving
to 25 days) were recorded (Velando, Ortega-
Ruano, and Freire 1999), as were variables de-
scribing the physical habitat.

A general linear model with Poisson errors
and log link (a logarithmic linear model where
the response variable has Poisson distribution,
iCrawley 1993) was used to calculate an index
of physical quality of the nest site relative to
cumulative reproductive success between 1994
and 1996 in each nest site: Physical Quality In-
dex = —1.62 + 0.27 X Visibility + 0.29 X Cov-
ering — 0.34 X Walls + 0.57 X Roof (R? =0.43,
P < 0.0001; Velando, unpubl. data). In this
model, Visibility ranks the possibility of observ-
ing other shags or predators from the nest, from
1 for total visibility to 4 for no visibility. Cov-
ering is the number of walls (from O to 4) sur-
rounding and isolating the nest ledge. The walls
may be concave (slanting toward the nest),
straight, or convex. Walls is a count of concave
walls (from O to 4) that indicates the degree of
drainage of the nest hollow; the more concave
walls, the greater the risk of flooding. Roof in-
dexes the amount of cover over the nest (from
1 for nest or ledge almost totally exposed to 3
for nest or ledge totally covered).

As indices of quality of breeding pairs, we
used residuals from a linear regression between
either reproductive success or laying date on the
index of physical quality of the nest site in each
season. All nest sites in the two areas were
marked each year and mapped during the sum-
mer of 1996. Coordinates (in m) were deter-
mined for all nest sites, with the x-axis corre-
sponding to a horizontal line parallel to the cliff
edge and the y-axis a vertical line perpendicular
to the coastline. Degree of slope (mainly in the

direction of the y-axis) was not taken into ac-
count.

" Simulations of the two models of nest distri-
bution were made to determine statistical char-
acteristics of their spatial structure and to con-
trast them with the indices of pair quality ob-
tained in each colony. In addition, a random
model with random distribution was considered.
Simulations under each of these three models
examined pattern of nest distribution in a colo-
ny, assuming similar physical quality and 40%
nest success (pair quality).

Spatial structure of nest distribution according
to the three models and of indices of nest site
quality and pair quality were analyzed using
techniques of geostatistical analysis (Rossi et al.
1992). Spatial structure was analyzed by calcu-
lating the experimental variogram, which rep-
resents semivariance between pairs of points
(nest sites) separated by a lag (distance) h:

N

yh) = =——— >, [z(x) -

2N(h) 2 z2(x; + h)]?

where y(h) is the semivariance estimated for lag
h, N(h) is the number of pairs separated by lag
h, z(x) and ‘z(x; t h) are values of the variable
on two points separated by lag h. Lag was set
to 4 m with a tolerance of *2 m. The semiva-
riance was standardized by dividing it by the
total variance of all points. When standardized
semivariance is low (<1), the points separated
by this distance have similar values, whereas if
semivariance is high (>1), there are great dif-
ferences between pairs of points.

Spatial autocorrelation of pair quality in each
colony was tested statistically by product-mo-
ment correlation coefficients in the first lag cal-
culated as

N

2 [z(x;) -
N(h)

m_)z(x; + h) — m_,]

) S5

where r(h) is the product-moment correlation
coefficient estimated for lag h, S_, and S., are
standard deviations of values of tail and head of
the vector, respectively. and m_, and m,, are
mean values of points pertaining to the tail and
head of the vector, respectively, in interval A.
Autocorrelations were calculated at the first lag
(from O to 4 m). Mean distance * SE to the
closest nest was 3.4 = 1.0 m. Additionally, di-
rectional pattern of reproductive parameters was
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FIGURE 1. Theoretical distribution of pair quality
(as indexed by residuals of reproductive success) in
three nest distribution models. Spatial distribution of
residuals is shown at left. Filled circles stand for pos-
itive residuals (high pair quality) and unfilled circles
negative residuals (low pair quality). Standardized va-
riograms for each model are shown at right (dotted line
indicates standardized total variance). Standardized se-
mivariances are shown in each lag (distance between
nests); high semivariance values indicate a negative
autocorrelation and low values indicate a positive au-
tocorrelation.

studied at Portelo. Autocorrelations were calcu-
lated for nests grouped into 45° (+22.5°) cate-
gories based on their x-y coordinates. For ex-
ample, the 0° group included all nests on the
same horizontal plane; the 90° grouping includ-
ed all nests directly above or below each other.
At Faro the number of pairs of points per lag
was extremely low, and therefore directional
patterns were not analyzed. Significance of spa-
tial autocorrelation was determined by ¢ statistic
for product-moment correlation coefficient (So-
kal and Rohlf 1995). The variograms and corre-
lograms were obtained using the geostatistical
software VARIOWIN (Pannatier 1996). Data are
expressed as means * SE.

-
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TABLE 1. Predictions of spatial autocorrelation of
pair quality as indexed by reproductive success or its
residuals, given random or aggregated nest-site quality,
for each of three distribution models. Note that pre-
dictions using reproductive success do not allow dis-
crimination among hypotheses, whereas reproductive
success residuals make clearly different predictions.

Spatial
autocorrelation
predicted
Repro-
ductive
Distribution Repro- success
of nest site Distribution ductive residu-
quality  models of pair quality success als
Central-periphery +/0 +
Central-satellite -0 -
Random 0- 0
Aggregated
Central-periphery ++ +
Central-satellite 0 -
Random + 0
RESULTS

PREDICTIONS OF THE THEORETICAL MODELS
OF SOCIAL DISTRIBUTION

In the periphery model. high-quality birds tend
to occupy a central position around which other
pairs arrange themselves (Fig. 1, Table 1). In this
model, the semivariance of pair quality, mea-
sured as reproductive success in the model. giv-
en homogeneous nesting habitat, results in low
values at short lags and increasing values as lags
become greater. This model predicts a positive
spatial autocorrelation of reproductive parameter
residuals at short lags. In the satellite model,
low-quality birds are attracted to nest near bet-.
ter-quality birds. At short lags the standardized
semivariance is much higher than 1, then drops
quickly as the lag increases, resulting in values
close to 1. At short lags a negative autocorre-
lation is predicted. The random model assumes
no spatial relationship in distribution of pair
quality. The semivariance has values close to 1
at all lags and a lack of spatial autocorrelation

(Fig. 1).

SOCIAL DISTRIBUTION IN EUROPEAN SHAG
COLONIES: A TEST OF THE PREDICTIONS OF
THE THEORETICAL MODELS

The Portelo colony had more occupied nests
(42—-47) per season and a higher mean nest-sitc
quality each year (vearly means ranged from
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FIGURE 2. Distribution and physical quality of
nest sites (left) and standardized variograms (right)
of European Shags at Portelo and Faro colonies,
Cies Islands, Spain. Unfilled triangles = low nest-
site quality (<3.5); unfilled circles = medium (3.5~
7.0); filled circles = high quality (>7.0). Nest-site
quality was estimated from a multiple regression
model relating cumulative reproductive success
from 1994 to 1996 to physical variables describing
nest site (see Methods.). Number of pair compari-
sons given in each case.

4.2-4.5) than the Faro colony (20-29 nests;

range of means 2.2-2.9). Figure 2 shows distri-
bution of nest sites of different physical quality
in the two colonies on the Cies Islands. The
standardized semivariograms indicated random
distribution with respect to physical quality, with
standardized semivariance values close to 1, re-
gardless of lag, although in the Faro colony
there appeared to be some association of high-
quality nests with those of poorer physical qual-
ity.

Using the pair-quality index, we tested the

predictions of each model (Tables 1 and 2). In
the Portelo colony, a negative spatial association
(satellite model) of pair quality as indicated by
reproductive success was observed in 1994 and
1995. The same pattern was detected with re-
spect to laying date in 1995 and 1996. The re-
maining autocorrelations calculated for this col-
ony were not significant and indicated random
distribution. In the Faro colony, the spatial dis-
tribution of pair quality did not differ from a
random distribution.

Spatial distribution of pair quality was ana-
lyzed in the Portelo colony (Fig. 3). A negative
spatial autocorrelation was observed at lags of
between 0 and 4 m along the x-axis (0°), which
decreased, in most cases, at 45° and 135°. This
observation fits the satellite model along the x-
axis. On the y-axis (90°) there was a lack of
spatial autocorrelation. Negative spatial relation-
ships were significant at 0° for reproductive suc-
cess and laying date in 1994 and 1995, and at
135° for reproductive success in 1996.

According to the satellite model the best nest
sites should be occupied by better-quality birds;
these nests attract poorer-quality or younger

pairs to occupy nearby new or less desirable -

sites. This model predicts that newly built nests - -
are located near sites reoccupied from the pre-
vious season, reoccupation being an indication
of high nest-site quality (Velando 1997). We ex-
amined this prediction for the Portelo colony in
1995 and 1996 and for the Faro colony in 1995
(at Faro in 1996 there were only two new sites)
by recording occupied nest sites as new or re-
occupied from the previous season. At short lags
there was a negative spatial autocorrelation of
reoccupation, which was significant in 1995 at

TABLE 2. Autocorrelation, r(b), of residuals of reproductive success, laying date, and reoccupation (reoc-
cupied or new) with respect to index of physical quality of the nest site of European Shag in the first lag
(distance between nest sites <4 m) during a three-year study period at Portelo and Faro colonies, Cies Islands,
Spain. Number of pair comparisons in parentheses; significance level indicated as *P < 0.05, **P < 0.01,

**kkp < 0.001.
Portelo Faro
1994 1995 1996 1994 1995 1996
Reproductive success —0.55%* ~0.19** -0.08 0.03 -0.14 0.20
(138) (178) (166) (28) (62) (26)
Laying date -0.11 ~0.23%%* -0.17* 0.02 —0.31* 0.22
(138) (178) (166) (28) (62) (26)
Reoccupation — -0.53%* -0.33 — -0.60%* —
(30) (32)

(32)
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FIGURE 3. Directionality of nest distribution of the European Shag in the Portelo colony, Cies Islands, Spain..
Directional autocorrelation shown (every 45° * 22.5° considering x-axis as 0°~180° and y-axis 90°-270°) in the
first lag (4 m) of residuals of reproductive success and laying date. Black bars indicate significant autocorrelation
index (P < 0.05). Number of pair comparisons given in each case. (Dots in x-axis labels indicate orientation
on the cliff face of pair-nest comparisons for each category)..

both Portelo and Faro (Table 2), implying that
there is an association between new and reoc-
cupied sites at these distances.

DISCUSSION

We found that the two European Shag colonies
studied do not fit the periphery model pro-
posed by Coulson (1968). Instead, there is a
contrasting relationship with birds of differing
quality or age festing in proximity to each
other. In the Portelo colony there was signifi-
cant negative association of residuals of repro-
ductive success (which indicate pair quality,
after removing the effect of physical quality
of the site) for nests within 4 m in two of the
three years studied. High-quality individuals
breed earlier (Aebischer 1985, Velando 1997),
and in this colony in two of the years of study
there was a negative autocorrelation of resid-
uals of laying date at short lags. Distributions

of reproductive parameters in the Faro colony
appeared to be random, and only in 1995 was
there a negative correlation in laying date at
short lags. In this colony, nest-site quality is
low. Mean quality of nest sites in the Portelo
colony was high, but there are a limited num-
ber of good sites for breeding (only 7 of 59
nest sites were of high quality, Fig. 2). Poor-
quality or younger birds could select any of
these lower-quality sites (random distribu-
tion), or be relegated to the peripheral zones
due to competition for the central sites (Porter
and Coulson 1987). However, at Portelo there
was an association between the poorer and
better quality birds, suggesting a satellite mod-
el.

In the European Shag. age is one important
factor causing differences in breeding success
(Potts et al. 1980). Shags gradually attain better
breeding sites as they get older (Aebischer et al.
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1995). Young and poor-quality breeders return
late to the colony and nest in poor-quality sites
(Potts et al. 1980, Aebischer 1985, Velando
1997). In the Cies Islands the laying season is
very long, from February to June, but successful
pairs lay before 20 April (Velando 1997, 2000).
In many cases late or young breeders build nests
at new sites (Velando 1997), but close to high-
quality pairs.

In the European Shag, males vary more than
females in reproductive success, with males in
better condition obtaining more extra-pair
copulations than poorer-condition males
(Graves et al. 1993). There may be two selec-
tive pressures that induce low-quality or
young birds to breed close to high-quality
birds in the same season. One is the opportu-
nity for females and males to obtain extra-pair
copulations, and the other is the possibility of
changing mates or breeding sites in the next
season (Wagner 1993, Wagner et al. 1996).
There is evidence that the frequency of extra-
pair copulations correlates with distance be-
tween individuals and colony size (Mgller
1991, Birkhead and Mgller 1992). and there is
also evidence__that. mate changes may be
caused by. extri-pair -copulations (Ens et al.
1993). In birds, the choice of nest location
could be influenced by conspecific attraction
based on mating tactics (Ramsay et al. 1999).
In the European Shag, females seeking extra-
pair copulations can use the male dart-gape
behavior and his nest site as clues to his qual-
ity (Graves et al. 1993). In the Isle of May the
poor-quality males, occupying nest sites of
poor quality, increased their dart-gape fre-
quency when squatting near high-quality nests
(Ortega-Ruano, unpubl. data). Moreover, in-
dividuals that breed close to high-quality pairs
can obtain information about environment,
nest, or mate quality at a local scale that can
be useful in the next season (Boulinier et al.
1996). In the Eugdpean Shag, changes of mate
and nest site between seasons have been found
to be dependent on distance between nest sites
(Aebischer et al. 1995). Therefore, both sexual
_partners and nest sites (‘‘commodities’) can
explain the satellite model distribution shown
in shag colonies.

The attraction to conspecifics can generate
central-satellite patterns in patchy environ-
ments, but in homogeneous habitats aggrega-
tion can generate other spatial patterns (Dan-

chin and Wagner 1997). Many seabirds breed
on homogeneous open ground with low vari-
ability in nest-site quality. In this type of hab-
itat, birds can choose to nest very close to oth-
ers because the quality of breeding habitat de-
pends only on the presence of nesting conspe-
cifics, and density offers protection against
predators (Birkhead and Harris 1985). This
may explain why species in homogeneous en-
vironments breed in high-density colonies (Ta-
ble 3). Habitat selection in the European Shag
and in seabirds in general can be determined
by two sometimes opposing forces: one, the
attraction to breed near others (both for pro-
tection against predators and for social fac-
tors); and the other, the drive to seek out sites
of high quality for protection (both against
predators and adverse weather conditions, Ve-
lando 1997). The satellite model may apply in
patchy environments with low breeding-bird
density and high-quality nest sites (Table 3);
in contrast, the periphery model appears to ap-
ply to species that breed in dense colonies. An
example may be the ledges of the warehouse
studied by Coulson (1968), where Kittiwakes
bred on identical windowsills. This was_also...
the case in the anthropogenic constructions -
used for nesting by the Cape Cormorant (Pha-
lacrocorax capensis; Berry 1976). In these
two examples, the driving force of selecting
high-quality nest-sites is not present; therefore
only the benefits of breeding close to others
come into play, as was pointed out by the
above authors.

In species offered a wide variety of habitats
differing in quality, selection favors individuals
that choose better habitats. Young birds or
those in poorer physical condition will be rel-
egated to the less favorable sites (Porter 1990).
However, poorer sites are abundant, which may
be why individuals breed close to other pairs in
better condition. These cases may fit a satellite
model, as we propose here. In our study, this
distribution was evident on some occasions,
particularly when direction was taken into ac-
count. Parallel to the coastline (x-axis), there
was a negative correlation between residuals
for nests at a distance of 4 m. Potts et al. (1980)
report that European Shags are not affected by
the activity of other individuals at greater dis-
tances. The absence of autocorrelation along
the vertical axis (y-axis) may be due to the in-
clination of the slope in places where large
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rocks fallen from higher ground have settled.
The arrangement of the large rocks as a vertical
barrier makes the interacting distance between
individuals greater on the y-axis than on the x-
axis. Thus, the interactions with shags nesting
above or below a nesting pair are reduced rel-
ative to interactions with shags nesting on the
same horizontal line.

Aebischer (1985) studied reproduction of the
European Shag in central and peripheral areas of
a colony on the Isle of May. This author did not
find any differences in reproductive success be-
tween zones; however, nest-site quality was
higher in peripheral areas. This could imply col-
onization of new zones, however. since most of
the problems in studies of center and periphery
stem from definitions of “‘center” and ‘‘periph-
ery.” Aebischer (1985) did not present a clear
definition of periphery. The two colonies studied
on the Cies Islands are relatively isolated from
others, but it may also be argued that we have
studied relationships within a central area that
has a periphery in less dense areas. In any case,
regardless of the definition used, the colonies
studied did not fit the model in which high-qual-
ity individuals nested close together, but rather
the opposite held true. This model is”probably
best applied to those habitats where protection
against predators is due to nest-site quality and
not density of individuals. We predict that ho-
mogeneous habitats having a low level of pro-
tection are likely to fit the periphery model pro-
posed by Coulson (1968). However, in hetero-
geneous habitats where high-quality nest sites
are scarce, the quality of neighboring nests may
be inversely related. That is, high-quality indi-
viduals are likely to occupy the few best nest
sites, while low-quality individuals select the

ample poor quality sites that surround hlgh-qual- :

ity breeders.
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