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INTRODUCTION

Seabird communities are influenced, at different
spatial and temporal scales, by dynamic ecological
processes which affect the availability, distribution
and abundance of their prey, as well as their nesting
and resting places (Hunt and Schneider, 1987; Aind-
ley et al., 1994; Monteiro et al., 1996). The study

and quantification of these ecological processes has
been widely covered in the investigation of diverse
marine zones of the world (Berruti et al., 1989;
Anker-Nilssen and Barrett, 1991; Elphick and Hunt,
1993; Blaber and Milton, 1994; Tasker and Reid,
1997; Abelló and Oro, 1998). 

Due to its strategic geographical position
between the Atlantic and Mediterranean environ-
ments, and its socio-economic situation between the
European continent and the North African region,
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SUMMARY: We compared the seabird communities at two sites of the southern and northern shores of the Alborán Sea in
the Western Mediterranean (Melilla and Adra respectively) during a whole year. Similarities and differences in environ-
mental characteristics of the two study sites were caused by a set of geographical, physical and socio-economic human fac-
tors. Sampling was performed weekly during two-hour periods by counting seabirds crossing a given point of the coast. We
found similarities in the composition and seasonality of the species between Melilla and Adra. However, there were differ-
ences between the two sites in the number of species and individuals, which were usually higher on the southern shore. In
this area, seabirds depending on marine trophic resources were more abundant, whereas on the northern shore the most abun-
dant seabird species were those whose feeding habits were not so dependent on sea resources. 
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RESUMEN: COMPARACIÓN DE DOS COMUNIDADES DE AVES MARINAS REPRODUCTORAS EN COSTAS OPUESTAS DEL MAR DE ALBO-
RÁN (MEDITERRÁNEO OCCIDENTAL). – Se comparan las comunidades de aves marinas en dos localidades de las orillas norte
y sur del mar de Alborán y en el Mediterráneo occidental (Melilla y Adra respectivamente) durante un ciclo anual. Las simi-
litudes y diferencias en las características ambientales de ambos lugares se debieron a un conjunto de factores físicos, geo-
gráficos y socioeconómicos. El muestreo se realizó semanalmente durante periodos de dos horas y consistió en el conteo de
las aves marinas que cruzaron un sector determinado de costa. Se hallaron similitudes en la composición y estacionalidad
de las especies entre Melilla y Adra. Sin embargo se observaron diferencias entre ambos sitios en relación al número de
especies e individuos, normalmente mayores en la orilla sur. En esta zona fueron más abundantes las aves marinas más
dependientes de los recursos tróficos marinos mientras que las especies más abundantes en la orilla norte fueron aquellas
cuyos hábitos tróficos no son tan dependientes de los recursos marinos.
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the Alborán Sea is a meeting point that has been
used by man since the beginning of the Western civ-
ilization. There have been continuous major human
interventions, mainly throughout the 20th century,
which, along with other natural processes, have led
to the ecological imbalances found today
(Rodríguez, 1982; García, 1985; Mas, 1995). It is
because of these ecological differences between its
various coastal zones that this sea constitutes an
ideal study site for assessing the human effect on
bird communities. Nevertheless, up to now most
authors who have studied seabird communities in
the Alborán Sea have analysed exclusively the com-
position of only one of its coasts, either the southern
coast (Jacob and Courbet, 1980; Berthon and
Berthon, 1984) or the northern coast (Carrera, 1988;
Paterson, 1997). Although some studies deal with
distribution aspects of seabirds on both coasts (de
Juana and Paterson, 1986; Paterson, 1990; Hashmi,
2000), none of them analyse the ecological differ-
ences between their communities.

Due to the lack of such an analysis, we aim to
compare the characteristics of the seabird communi-
ties at two sites of the southern and northern coasts
of the Alborán Sea, Melilla and Adra, during a
whole annual cycle. Their differences and affinities
will be discussed in relation to the ecological differ-
ences of these two areas. Since seabirds are consid-
ered as bioindicators of environmental parameters
(Monaghan, 1996; Furness and Camphuysen, 1997),
studies like this can provide useful information for
detecting ecological discontinuities in the coastal
environment. 

STUDY AREA AND METHODS

The Alborán Sea located at the western end of the
Mediterranean Sea (Fig. 1). Within this region there
are upwellings off some zones of the Iberian coast,
though they are usually absent in the waters of the
North African coasts (Rodríguez, 1982; García,
1985). The study sites were the shores of Melilla and
Adra (hereafter, M for the North African coast,
35º21’N, 2º59’W and A for the Iberian coast,
36º44’N, 3º3’W), 160 km apart (Fig. 1). The littoral
stretches of M and A were located respectively on the
eastern side of Tres Forcas Cape, Morocco, and the
mountains of Contraviesa, Spain. Both coasts have a
mountainous relief, broken by small sandy beaches
with coastal wetlands or islands in the vicinities, used
by seabirds as resting, breeding or feeding places (de

Juana et al., 1984; Paracuellos et al., 1994; Charco et
al., 1995; Paracuellos and Nevado, 1995). The conti-
nental shelf of the southern coast is approximately
twice the width of the shelf of the northern coast (20
km vs. 12 km maximum width respectively, Fig. 1).
Despite the relative proximity of the two study sites,
the existence of a high economic imbalance in the
human aspect is great. Around M people have a gen-
erally depressed economy, in the process of develop-
ment, whereas around A local people have larger
incomes linked with a higher development than
around of M. Hence, alteration and disturbance on the
littotal, marine pollution and  overfishing are more
intensive on the northern coast (Rodríguez, 1982;
García, 1985; Lara, 1987; Oliver, 1991; Difusora
Internacional, 1993-1996; Mas, 1995; Instituto de
Estadística de Andalucía, 1997).

A weekly census of seabirds at each site was
made during an annual cycle, from 6 September
1997 to 30 August 1998, although during the third
week of January and the fourth week of August no
counts were made at A. The census was carried out
on the same day at M and A in 50% of the cases,
whereas the delay between counts in both zones was
1 to 2 days for the other 50%. Counts were per-
formed at midday (11:00-16:00 GMT in the winter
and 10:00-15:00 GMT in the summer) because of
the lower frequency of fishing vessels entering or
leaving the nearby ports during that time, which
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FIG. 1. – Geographical situation of the area and the two study sites
(asterisks). Also marked, the 200 m isobath (with broken lines), the
main urban nuclei of the littoral (black circles), and the breeding
colonies for the most common species at Melilla or Adra (see text),
with more than 100 and 1,000 pairs (squares and double squares
respectively; according to Jacob and Courbet, 1980; Berthon and
Berthon, 1984; de Juana, 1984; Aguilar et al., 1993; 

Paracuellos and Nevado, 1995; Thibault et al., 1996; own data).



could possibly distort the results because of the
usual association of flocks of seabirds with fishing
vessels (Oro and Ruiz, 1997). In each census, which
was always made from the same point on both

shores, all seabirds in flight or settled on the sea
were counted during two hours, trying to avoid
duplication. Overall, 104 hours were spent at M, and
100 hours at A. Similar optics (60x magnifying
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TABLE 1. – Monthly average values of the temporal index of abundance (nº individuals/hour) for each species of seabird at Melilla and Adra.
The ecological category of each species is indicated. (+), birds essentially dependent on trophic resources existing in the sea; (o), birds which 

usually use alternative trophic resources of a non-marine origin; N, sample size.

SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG

Melilla

Gavia arctica + —- —- —- —- 0.1 —- —- —- —- —- —- —-
Podiceps cristatus o —- 6.1 2.6 0.4 0.6 —- —- —- —- —- —- —-
Calonectris diomedea + 96.0 547.1 773.2 —- —- 23.0 829.9 945.5 409.9 346.3 35.1 13.3
Puffinus sp. + —- 21.1 101.7 24.1 4.2 —- —- —- —- —- 0.5 1.1
Hydrobates pelagicus + —- 0.1 0.1 0.1 0.2 0.1 —- —- —- —- —- —-
Morus bassanus + 0.3 3.8 19.7 47.1 38.7 41.9 3.0 3.4 0.4 0.1 —- —-
Phalacrocorax carbo o —- 0.1 5.0 2.6 1.0 2.4 1.4 0.1 —- —- —- —-
Ph. aristotelis + —- —- —- —- 0.2 0.4 0.8 0.3 —- —- —- —-
Melanitta nigra + —- —- —- 0.8 0.3 —- —- —- —- —- —- —-
Mergus serrator o —- 0.1 0.3 —- 0.4 0.4 —- —- —- —- —- —-
Pandion haliaetus o —- 0.1 0.3 —- 0.2 0.1 0.1 0.1 —- —- —- —-
Stercorarius parasiticus + —- —- 0.1 0.4 0.1 —- 0.1 —- —- —- —- —-
Catharacta skua + —- 0.1 0.3 0.8 —- 0.3 1.3 2.3 1.0 —- —- 0.1
Larus melanocephalus o —- —- 0.1 0.6 0.7 0.6 —- —- —- —— —- —-
L. minutus o —- —- —- 0.6 0.2 —- —- —- —- —- —- —-
L. ridibundus o 9.4 8.3 37.3 109.9 90.2 45.4 9.3 —- —- —- 0.3 0.8
L. genei o —- 0.4 0.5 0.9 1.2 1.6 0.8 0.5 —- —- —- —-
L. audouinii + 19.5 2.9 11.8 14.8 28.2 26.0 89.0 88.6 63.6 113.1 38.0 14.2
L. fuscus o 2.4 2.8 1.2 5.0 5.5 3.0 0.6 —- —- —- —- —-
L. cachinnans o 134.6 126.9 146.5 244.3 182.1 84.9 88.3 101.4 54.9 104.8 40.1 25.0
Rissa trydactyla + —- —- —- —- 3.4 0.3 —- —- —- —- —- —-
Gelochelidon nilotica o —- —- —- —- —- —- 0.5 4.5 0.1 —- —- —-
Sterna caspia o —- 0.3 0.4 0.1 —- 0.1 0.3 —- —- —- —- —-
S. maxima o —- —- —- 0.1 0.2 —- —- —- —- —- —- —-
S. bengalensis + 5.3 14.8 0.6 0.6 0.2 —- 0.8 1.5 1.6 0.1 0.3 0.4
S. sandvicensis + 20.6 16.6 23.0 19.6 4.4 1.0 1.1 3.1 3.2 1.3 —- 0.5
S. hirundo o —- —- 0.6 —- —- —- —- —- —- —- —- —-
S. albifrons o —- —- —- —- —- —- —- —- 6.6 0.5 0.4 0.3
Chlidonias niger o 0.1 0.4 0.7 —- —- —- —- 1.1 2.7 —- —- 1.2
Alca torda + —- —- 1.3 3.5 0.7 0.5 —- —- 0.1 —- —- —-
Fratercula artica + —- —- —- 0.4 0.6 —- —- —- —- —- —- —-

N 4 4 5 4 5 4 4 4 5 4 4 5

Adra

Podiceps nigricollis o —- —- —- —- —- 0.1 0.3 —- —- —- —- —-
Calonectris diomedea 0.3 24.1 0.2 —- —- —- 0.3 0.4 1.8 7.9 0.8 3.0
Puffinus sp. 0.8 35.6 27.8 40.1 9.9 0.9 0.8 0.1 0.4 5.5 —- —-
Hydrobates pelagicus —- 0.1 —- —- —- —- —- —- —- —- —- —-
Morus bassanus 2.1 23.6 34.4 16.4 13.5 5.9 1.1 0.9 1.3 2.5 —- 0.3
Phalacrocorax carbo —- —- 0.7 0.3 0.5 0.6 0.5 —- —- —- —- —-
Stercorarius pomarinus + —- —- 0.1 —- —- —- —- —- —- —- —- —-
S. parasiticus —- 0.1 —- —- —- —- —- —- —- —- —- 0.1
Catharacta skua —- —- 0.3 —- —- 1.1 0.1 0.1 0.1 0.1 —- —-
Larus melanocephalus —- 0.1 0.2 0.5 0.8 1.8 —- —- —- —- 0.3 —-
L. minutus —- —- —- —- —- —- 0.1 —- 0.1 —- —- —-
L. sabini + —- —- —- —- —- 0.3 —- —- —- —- —- —-
L. ridibundus 4.6 15.6 46.4 64.0 25.5 26.1 4.6 0.8 1.7 0.4 5.4 5.0
L. audouinii 2.9 2.3 3.4 0.1 0.5 7.9 1.9 2.8 6.7 11.4 1.8 3.5
L. fuscus 15.6 46.0 133.2 134.5 151.4 112.8 71.4 35.3 2.7 —- —- 5.3
L. cachinnans 40.3 46.9 6.0 4.4 4.5 6.1 10.0 20.8 65.0 12.1 25.3 57.9
Rissa trydactyla —- —- 0.7 —- 0.1 0.6 —- —- —- —- —- —-
Gelochelidon nilotica —- —- —- —- —- —- —- —- 0.1 —- 0.1 —-
Sterna sandvicensis 3.6 13.4 5.9 1.6 4.1 6.8 7.8 2.5 —- —- —- 0.5
S. hirundo 0.1 0.1 —- —- —- —- —- —- 0.4 —- 0.6 0.1
S. albifrons —- —- —- —- —- —- —- —- —- —- —- 0.3
Chlidonias niger —- —- —- —- —- —- —- —- —- —- —- 0.3
Alca torda —- —- 1.0 8.5 2.4 2.9 1.6 —- —- —- —- —-

N 4 4 5 4 4 4 4 4 5 4 4 4



power) and census positions (elevated points at 15-
25 m a.s.l., not more than 15 m from the tide line
and with an angle of marine visibility of about 180º)
were used in both cases. With these counting char-
acteristics, the visual range for identification of the
species reached a maximum distance of 2,500 m.
Similar counting methods have been used by other
authors (Paterson, 1990; van Franeker, 1994).

The total number of species and the specific
index of abundance were considered. The values of
the index of abundance of the most frequent species
(with an average value of >1 individual/hour in
whatever locality or season), as well as of guilds of
species, were also analysed. Guilds were defined
attending to the trophic resources existing in the sea
(e.g. fish, shellfish, mollusks, marine algae, non-
marine resources) (Table 1; Snow and Perrins,
1998). Puffinus shearwaters (either Mediterranean
shearwater P. yelkouan or Balearic shearwater P.
mauretanicus) (Snow and Perrins, 1998; Hashmi,
2000), were included as “small shearwaters” (Puffi-
nus sp.) because of the difficulty of identifying them
correctly.

A dissimilarity cluster analysis was used for each
locality, based on the Complete Linkage algorithm
(Jobson, 1992). This was based on the results of a
matrix obtained by comparing the specific similari-
ty through the pairing of all the months of the year
using the Czchanovsky index (Margalef, 1974). Tak-
ing into account the non-normality of data, the
Spearman correlation coefficient was used to test
associations, the Mann-Whitney U-test for the con-
trast of averages and the G-test for the contrast of
frequencies (Siegel and Castellan, 1988; Sokal and
Rohlf, 1994). Data in the text and in the Table 2 are
expressed as mean values ± SD. 

RESULTS

During the study period we observed 57,914
individuals of 31 species at M and 13,410 individu-
als of 23 at A. Most birds were non-resident and
were observed < 9 months at each site. The average
permanence time was similar for both shores of the
Alborán Sea (5.4 ± 3.4 and 5.6 ± 4.1 months for M
and A respectively; Z = 0.2, P =  0.8; Table 1). 

Two distinct season intervals were identified at
each site, regarding the similarity of species in each
month of the year (Fig. 2). One of the periods
included the months from November to March
(hereafter the winter period), and the other included

the months from May to September (hereafter the
summer period). In A both April and October were
grouped with the summer months, though in M they
were not. 

Though species composition was very similar
between A and M, some differences were found
between the two groups. A number of species on the
southern coast were not seen on the northern coast
(11 exclusive to M against 3 to A; Table 1), some of
them mainly distributed in north and west Africa in
the western Paleartic, like the royal tern Sterna maxi-
ma and the lesser crested tern Sterna bengalensis (de
Juana and Paterson, 1986; Snow and Perrins, 1998;
Hashmi, 2000). Only 12 species were frequently
recorded (Table 2). Of these, the most abundant ones
were Cory’s shearwater Calonectris diomedea
(mainly during their migrations) and the yellow-
legged gull Larus cachinnans (all year at M and
only in summer at A), as well as the lesser black-
backed gull Larus fuscus (during the winter) (Tables
1 and 2).

While a positive and significant relationship was
found between the specific richness of both coasts
throughout the year, there was no relationship
regarding overall abundance (Table 2). Taking into
account only the most frequent species, we found
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FIG. 2. – Cluster analysis taking into account the dissimilarity coef-
ficient (1 - specific inter-monthly similarity) in Melilla and in Adra.



that similar variations existed during the year
between both coasts except for the yellow-legged
gull, Audouin’s gull Larus audouinii, the lesser
crested tern and the little tern Sterna albifrons (Table
2). Larger values were obtained for the average
species richness of seabirds at M during the winter
period and also larger general abundance values dur-
ing the whole year  (Table 2). 

As shown in Figure 3, when birds were grouped
according to ecological affinity, no similarity between
the two shores was observed taking into account the
proportional contribution of each group to the total
abundance of the community (G1 = 136.0, P < 0.001
and G1 = 72.9, P < 0.001, for the winter and summer
times respectively), owing to a predominance of
seabirds essentially linked to the sea when foraging at
M (always 50-75% of the total community abun-
dance) and of those which  usually preyed upon alter-
native trophic resources at A (in both seasons >75%
of the total community abundance).

DISCUSSION

The similar species composition and monthly
fluctuations observed in the seabird communities on
the southern and northern shores of the Alborán Sea
(for other zones on both margins of the Alborán Sea
see also de Juana and Paterson, 1986; Paterson,
1990; Hashmi, 2000) are probably related to the rel-
ative proximity of the study sites (Hunt and Schnei-
der, 1987).

Despite the relative similarity in the structure of
both communities, differences found in richness,
total abundance and abundance of most frequent
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TABLE 2. – Seasonal average values of richness (nº of species/census) and of the temporal index of abundance (nº individuals/hour) for the
communities of Melilla and Adra, as well as of the temporal index of abundance (nº individuals/hour) for each of the most frequent species
of seabirds separately. The statistical differences between the average seasonal values of Melilla and Adra (Z) are also expressed, as well as
the relationships between their annual values of richness and abundance (R). Levels of significance: ***, P < 0.001; **, P < 0.01; *, P < 0.05; 

n.s.- not significant. N - sample size.

Winter period Summer period
Melilla Adra Z Melilla Adra Z R

Richness 12.9 ± 2.6 8.8 ± 1.7 4.6 *** 6.2 ± 2.1 5.6 ± 1.6 0.9 n.s. 0.7 ***
Abundance 654.9 ± 653.5 206.3 ± 111.5 4.2 *** 312.7 ± 249.2 61.1 ± 47.0 4.1 *** 0.0 n.s.

Calonectris diomedea 330.8 ± 649.3 0.1 ± 0.2 2.3 * 183.0 ± 202.5 2.7 ± 3.1 5.0 *** 0.4 **
Puffinus sp. 28.4 ± 57.7 16.4 ± 24.1 0.6 n.s. 0.3 ± 0.6 1.3 ± 4.5 0.1 n.s. 0.6 ***
Morus bassanus 30.0 ± 20.4 15.2 ± 17.6 2.5 * 0.2 ± 0.3 1.2 ± 1.8 2.1 * 0.7 ***
Phalacrocorax carbo 2.5 ± 2.5 0.5 ± 0.5 3.1 ** — — 0.0 n.s. 0.6 ***
Larus ridibundus 58.9 ± 50.4 33.9 ± 29.2 1.7 n.s. 1.9 ± 5.1 3.3 ± 4.1 1.8 n.s. 0.8 ***
L. audouinii 32.7 ± 29.5 2.8 ± 6.2 5.0 *** 48.7 ± 41.7 5.3 ± 8.1 5.1 *** 0.2 n.s.
L. fuscus 3.1 ± 2.6 121.2 ± 63.3 5.6 *** 0.4 ± 1.3 4.6 ± 7.1 2.3 * 0.7 ***
L. cachinnans 150.6 ± 70.2 6.2 ± 4.4 5.6 *** 69.0 ± 45.3 41.3 ± 43.0 2.4 * -0.5 ***
Sterna bengalensis 0.4 ± 0.6 — 2.0 * 1.5 ± 3.0 — 2.5 * 0.0 n.s.
S. sandvicensis 10.2 ± 10.9 5.3 ± 3.9 0.3 n.s. 4.8 ± 11.1 0.8 ± 2.3 2.6 ** 0.4 *
S. albifrons — — 0.0 n.s. 1.7 ± 3.2 0.0 ± 0.1 1.9 n.s. 0.1 n.s.
Alca torda 1.2 ± 1.8 3.2 ± 4.3 1.9 n.s. 0.0 ± 0.1 — 0.2 n.s. 0.4 **

N 22 21 22 21 50

FIG. 3. – Proportional average contribution of the species of each
group of ecological affinity to the total abundance of seabirds in win-
ter (Winter period) and in summer (Summer period) periods for Melil-
la (M) and Adra (A). Within the white area, birds essentially depen-
dent on marine trophic resources; within the black area, birds which 

usually use alternative trophic resources of a non-marine origin.



species when analysed separately for summer and
winter cannot be explained in terms of distance
between sites. The larger numbers on the south coast
contrasted with the presence of the upwelling phe-
nomenon exclusively in the north, which normally
causes greater food availability for seabirds (Hunt
and Schneider, 1987; Gil, 1992; Davenport, 1995).

As previously reported (Blaber and Milton,
1994; Garthe, 1997), the abundance of seabirds dur-
ing the breeding period is directly related to the dis-
tance to the nearest breeding colonies. Hence, dif-
ferences in abundance for Cory’s shearwater,
Audouin’s gull and yellow-legged gulls between M
and A were probably caused by the proximity of
important breeding sites of these species at the
southern study site. Colonies are mainly on the Cha-
farinas Islands, approximately 50 km east of M and
180 km south of A (Fig. 1; Aguilar et al., 1993). The
existence of large colonies of seabirds at Chafarinas
is probably related to both terrestrial and marine fac-
tors. The same factors might also explain the larger
winter abundance of the northern gannet Morus bas-
sanus, the great cormorant Phalacrocorax carbo and
the sandwich tern Sterna sandvicensis, all non-
breeders in the Alborán Sea (Snow and Perrins,
1998). A larger continental shelf in the marine area
off M (Fig. 1) probably determines a higher prey
availability in that area (Hunt and Schneider, 1987).
Moreover, the relative proximity of the Sebkha Bou-
Areg at M, one of the Maghreb wetlands with a
greater abundance of great cormorant and sandwich
tern during winter (Charco et al., 1995), probably
influenced the higher numbers found for these
species in the southern area. 

The different results on abundance of seabirds
between the Spanish and Moroccan sites were also
probably influenced by a human factor. The greater
economic development on the north side has
brought a much higher disturbance to the environ-
ment (Rodríguez, 1982). The main causes of eco-
logical deterioration that most probably affected
seabirds are the following:

• While around A the coast is now very altered
because of intensive human action (e.g. high levels
of transformation of the landscape, density of
autochthonous population and tourism), near M
there are large tracts of shore with a much lower
human presence (Fig. 1; Lara, 1987; Difusora Inter-
nacional, 1993, 1996; Sultana, 1993; Instituto de
Estadística de Andalucía, 1997). 

• Higher levels of marine pollution have been
detected off the northern coasts (Mas, 1995). Pollu-

tion has a negative effect on prey consumed by
seabirds and hence an indirect effect on seabirds
(Monteiro et al., 1996; Thibault et al., 1996; Furness
and Camphuysen, 1997).

• The heavy fishery exploitation near the Iberian
coasts of the Alborán Sea by the Spanish fishing
fleet, with one of the greatest fishery productions in
the world, has caused overfishing (Camiñas and
Martorell, 1991; Oliver, 1991; F.J. Rubio, Conse-
jería de Agricultura y Pesca, Junta de Andalucía,
pers. comm.). For Morocco, its lower economic
development has not allowed a similar exploitation
of marine resources. However, the presence of trawl-
ing or purse-seine vessels fishing near M is much
higher than that near A (own data) because M is a
good fishing ground. A higher level of exploitation
of marine resources as well as a higher productivity
near M probably leads to a higher food availability
for seabirds along the southern coast (de Juana,
1984; Anker-Nilssen and Barrett, 1991; Blaber and
Milton, 1994; Garthe, 1997; Oro and Ruiz, 1997).

Differences in the quantitative composition of
the seabird communities in the two study areas may
have been caused mainly by the asymmetrical avail-
ability of food on each side (Witt et al., 1981;
González-Solís et al., 1997; Furness and Camphuy-
sen, 1997). Important populations of  seabird species
essentially linked to the sea when foraging still exist
on the southern coast. A decrease of these species on
the northern side is likely to have occurred parallel-
ing environmental deterioration.
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