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THE ODONTOCETE COMMUNITY AND ITS ENVIRONMENT

IN THE SOUTHWESTERN GULF OF CALIFORNIA1

CHRISTIAN J. SALVADEO2,3,*, ALEJANDRO GÓMEZ-GALLARDO U.2, DANIEL LLUCH-BELDA3 AND JORGE URBÁN R.2

ABSTRACT: Community structure is a function of the number of species, their relative abundance and the characteristics of the
dominant, common and rare species that are part of it. It also can be described by changes in its physical and biological environment.
The aim of the present work is to describe the odontocete community, its temporal changes and the relationship with environmental
variability and food availability in the southwestern Gulf of California (GC). Information was obtained from 21 sampling trips
from September 2003 to March 2006 between La Paz Bay and Loreto, with a sampling effort of 8769.1km. We recorded the presence,
location and other biological parameters of odontocete sightings. Data on environmental variability was obtained from satellite
images of sea surface temperature and chlorophyll concentration, and food availability from published reports. A total of 30201
odontocete cetaceans were recorded from 353 sightings, belonging to 10 different species. We observed a temporal lag between
the peaks in productivity and an increased presence of odontocete species. The community structure showed a seasonal change in
the abundance of the dominant (Tursiops truncatus and Delphinus sp.) and common species (Globicephala macrorhynchus and Kogia
sp.), as well as by the absence or presence of scarce (Physeter macrocephalus and Orcinus orca) and rare species (Pseudorca crassidens
and Lagenorhynchus obliquidens). This seasonal community change is in agreement with the known seasonal movements of its main
prey inside the GC, which, in turn, is related to seasonal environmental variation. We observed that the community structure was
dominated by fish-eating species during the temperate season and responded to the increased presence and aggregation of sardines
(Sardinops sagax caerulea) in the southern GC, whereas the warm season was dominated by squid-eating species and related to the
increased presence and aggregation of the jumbo squid (Dosidicus gigas) in the GC’s west coast.

RESUMEN La estructura comunitaria depende del número de especies, sus abundancias y las características de las especies dominantes,
comunes y raras que la conforman; a su vez, ésta puede cambiar como consecuencia de variaciones naturales de su ambiente. El
objetivo del presente trabajo es describir la comunidad de odontocetos, sus cambios temporales y su relación con la variabilidad
ambiental y disponibilidad de presas en el suroeste del Golfo de California (GC). La información de la comunidad se obtuvo de 21
muestreos en el área de Bahía de La Paz y Loreto realizados entre septiembre-2003 y marzo-2006, con un esfuerzo de 8769.1km; la
variabilidad ambiental superficial se obtuvo a partir de imágenes de satélite (temperatura y concentración de clorofila) y la
disponibilidad de alimento se infirió de reportes y publicaciones científicas. Se observaron un total de 30201 organismos durante
353 avistamientos, identificándose 10 especies. Se observó un desfase temporal entre los picos de productividad y una mayor
presencia de odontocetos, así como un dinamismo estacional en la estructura de la comunidad debido a cambios en las abundancias
de las especies dominantes (Tursiops truncatus y Delphinus sp.) y comunes (Globicephala macrorhynchus y Kogia sp.), así como por la
presencia o ausencia de las especies escasas  (Physeter macrocephalus y Orcinus orca) y raras (Pseudorca crassidens y Lagenorhynchus
obliquidens). Estos cambios coinciden con los movimientos estacionales de presas potenciales en aguas del Golfo. Durante la
estación templada y más productiva (invierno-primavera) se observa una dominancia de especies ictiófagas, coincidiendo con
una mayor disponibilidad de sardinas en el área, debido a que la sardina (Sardinops sagax caerulea) del GC se distribuye más
sureña; mientras que durante la estación cálida y menos productiva se observó una dominancia de especies teutófagas, coincidiendo
con una mayor presencia y agregación de calamares (Dosidicus gigas) en la costa oeste del Golfo.
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Introduction

A biological community is a set of populations of different
species that interact in a determined space and time
(Begon et al., 1999). Community structure is a function of
the number of species, their relative abundances and the
characteristics of dominant, common and rare species that
are part of it. It can also be described by changes in its
physical and biological environment (Krebs, 2001). To
satisfy their metabolic and reproductive requirements
cetaceans, like other mammals, undertake movements
between areas (Reeves et al., 2002). Such movements
determine their distribution and residency patterns,
which affect the structure of the community by changes
at different spatial and temporal scales (Flores-Ramírez

et al., 1996). These distribution and residency patterns can
be interpreted as the manifestation of the environmental
preference, including food availability, as well as
behavioral patterns (reproductive, foraging, etc.),
presence of other species (competition and predation) and
the dispersal capacity of the species (Begon et al., 1999;
Krebs, 2001).

The Gulf of California (GC) is an interesting region for
the study of biological communities due to its
geographic position and oceanographic conditions. The
environmental heterogeneity, high productivity and
oceanographic processes that occur inside the GC,
determine the presence of a great biological diversity,
including cetaceans (Urbán et al., 2005). The aim of the
present work is to describe the odontocete community
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in the southwestern part of the GC and its relationship
with environmental variability and food availability.

Environmental variability of the study area

The GC is considered a semi-enclosed sea from an
oceanographic and meteorological viewpoint (Lluch-
Cota, 2000). The study area (Figure 1) is located in the
southwestern part of the GC. It is a bathymetrically
complex area, with the presence of basins, seamounts and
several volcanic islands. The continental shelf is irregular
and narrow (no more than 5km), except in some areas
like off Loreto, San Jose Channel and the southern part of
La Paz Bay. The hydrography is complex, with a great
spatial and temporal variability, as a consequence of the
oceanographic and meteorological events that occur
inside the GC. Atmospheric forcing over the GC is
markedly seasonal. Two seasons are well defined: a highly
productive temperate period (winter-spring) and a warm,
less productive season (summer-autumn) (Lluch-Cota et
al., 2007). North–northwesterly winds prevail during the
temperate season, promoting upwelling along the GC’s
eastern coast (Maluf, 1983; Soto-Mardones et al., 1999).
Such upwelling fertilizes the entire GC through a system
of eddies that carry enriched waters from the eastern to
the western coast (Beier, 1997; Navarro-Olache et al., 2004).
During the warm season, weak south-southeasterly

winds become predominant, and weak upwelling occurs
along the peninsular coast (Maluf, 1983; Soto-Mardones
et al., 1999). Oligotrophic waters from the North
Equatorial Pacific also enter into the GC at this time
(Jiménez-Illescas et al., 1997), intensifying the stratification
of the water column, while intense radiation and weak
winds reduce the thickness of the mixed layer (Obeso-
Nieblas, 2003). The latter results in a marked drop in net
productivity at most GC localities during the warm
season. Only at the Midriff Islands the high productivity
levels are maintained year-long by tidally-forced mixing
(Santamaria del Angel et al., 1994).

Prey Availability in the GC

Small pelagic fish are a key component of the GC
ecosystem; they are consumed by seabirds, marine
mammals, and other fish (Velarde et al., 2004). The most
abundant species in a regional context is the Pacific
sardine (Sardinops sagax caerulea), which has its main
center of distribution near the Midriff Islands (Figure 1;
Lluch-Belda et al., 1995). During the warm season,
sardines restrict their distribution to the highly productive
waters near the midriff islands, whereas during the
temperate season the expansion of productive waters
allows sardine schools move to the southern GC and
spawn (Lluch-Belda et al., 1986; Hammann et al., 1998).

Figure 1. Study area; ETP: Eastern Tropical Pacific; CCS: California Current System.
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Squid. On a global scale, 80% of odontocete species
regularly include cephalopods in their diet (Clarke, 1996).
The jumbo squid (Dosidicus gigas) is the most abundant
squid inside the GC and presents a complex migratory
behavior: during the warm season they concentrate along
the GC’s western coast, taking advantage of the upwelling
area to feed, whereas during the temperate season some
of them move to the GC’s eastern coast, where the
upwelling takes place, while others concentrate in the
central and deeper areas of the GC (Klett, 1996; Brito-
Castillo et al., 2000; Morales-Bojórquez et al., 2001;
Markaida and Sosa-Nishizaki, 2003).

Material and Methods

Data recording and analysis

Odontocete sightings were obtained from 21 sampling
trips during September 2003 to March 2006, with a
sampling effort of 8769.1km (Table 1, Figure 2). We used
two types of boats: one with 7m in length and 1m in height
(12 sampling trips), and a second one with 15m in
length, 4m in width and 6m in height (9 sampling trips).
In each season at least two trips were made with both
types of boats. During each sampling trip we followed
a consistent but non-random search method, in which
the boat ran in a straight line at cruising speed (11kt)
following a predetermined track (parallel to the coast
and sometimes around of some islands) trying to cover
most of the study area between Bay of La Paz and Loreto,
with less than Beaufort 3 wind scale conditions (higher
conditions significantly reduce the capacity of observers
to detect cetaceans; Kiszka et al., 2007). The trips were
recorded with GPS, with observers located one at the
front and two at each side of the boat for cetacean
searching with the aid of binoculars (7x50 power). Effort
stops, of about two minutes, were made every 30
minutes, for observer rotation. During time of search
effort, when a cetacean was sighted we recorded date,
hour, species (to the lowest possible taxon), location,
number of animals (average between observers),
behavior and association with other marine species
(birds, fishes, mammals and turtles).

The data recorded from each platform (boat type) were
standardized for the analysis using the distance to the
visible horizon of each one. This was calculated using

Equation 1 (Bowditch, 1995), and assumed that the
proportion of effort for each platform was similar to the
proportion between their distances to the visible horizon
(Equation 2). This proportion was calculated (Equation
3) and the effort of the small boat was standardized as
half of the effort of the large boat (D

p
/D

b
= 0.5).
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Where D = distance to the visible horizon in nautical
miles from small boat (D

p
) and large boat (D

b
),

respectively; h = height of the searching platform for
the small boat (hp = 1m) and large boat (hb = 4m),
respectively; and E = effort for the small boat (E

p
), and

large boat (E
b
) (both in km).

To characterize the environmental variability of the
study area, we used monthly averages of sea surface
temperature (SST) and sea surface chlorophyll
concentration (Chl) from Aqua-MODIS and SeaWiFS
satellite images, respectively, in HDF format (http://
oceancolor.gsfc.nasa.gov), at 4km of spatial resolution.
We used MATLAB® program to handle the images
and calculate the monthly averages of SST and Chl.

 SAMPLING TRIPS EFFORT (km) 
 LARGE SMALL LARGE SMALL 

W 03 1  1 608.9 254.3 
T 04 1   3 877.2 591.1 

W 04 1  2 883.5 576.5 
T 05 2  3 1055.7 999.9 
W 05 2  2 1070.9 287.8 

T 06 2  1 1385.8 177.5 
Total 9 12 5882.0 2887.1 

Table 1. Total numbers of sampling trips and kilometers traveled
for each type of boat and season (temperate: T; warm: W) from
September 2003 to March 2006.

Figure 2. Sample trips: a) warm season (summer-autumn) and b)
temperate season (winter-spring).
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We determined the seasonality from the differences
between the monthly SST and the total average of SST
for the entire period, considering two seasons: temperate
(monthly SST < total average) and warm (monthly SST
> total average).

To evaluate the community structure, we calculated an
abundance index (percentage of total for the entire study
period) in three different ways: from the sightings; from
the number of animals; and from estimates of biomass
(number of animals * body biomass) contributed by each
species. Since the dominance of every species depends
on the expressions of the abundance index that was
considered, we decided to calculate, for each species,
the Importance Value Index (IVI; Muller-Dombois and
Ellenberg, 1974); which allows the integration of all of
these indexes into a single one. This method is
commonly used in vegetation ecology, and here it was
modified to evaluate species dominance. The IVI was
calculated as the sum of the percentage of sightings, the
number of animals and the biomass of each species from
the respective total. As an approach of quantify their
seasonal and interannual occurrence inside the area, we
sum to the IVI the percentage of seasons that each species
was present (three warm and three temperate seasons).
From the IVI value we sort the species in four categories:
dominant (IVI > 200), common (200 > IVI > 100), scarce
(100 > IVI > 20) and rare (IVI < 20).

The SST and Chl ‘standard year’ for the study period
(SSTsp and Chlsp, respectively) were calculated using a
least-squares-adjustment to assess temporal changes in
the community structure. Additionally, the Chl ‘standard
year’ for the last 10 years was calculated to compare with
the Chlsp. The monthly averages of abundance index for
dominant species were calculated and compared with the
SSTsp and Chlsp. As we observed in the monthly series
of the ‘standard year’ a temporal lag between Chlsp and
relative biomass (kg/km) from the three most dominant
species, a Spearman’s cross-correlation analysis with one-
month lag was applied.

Then we calculated and compared for each species the
seasonal (temperate and warm season) relative
abundance index (sightings/km, animals/km and
biomass/km) and their seasonal dominance (IVI). In
addition, we calculated and compared the seasonal
community diversity and equity from Simpson’s index
(calculated from biomass). This index expresses the
probability that two individuals randomly taken from
a sample are of the same species. It is calculated as λ = 3 pi2,
where pi is the proportion of the species I from the total
sample. Simpson’s index was plotted to observe seasonal
patterns, and an ANOVA was applied to evaluate
differences in the seasonal diversity.

Results

The average of SST in the area for the study period was
24.8°C, with a minimum of 19°C (during the temperate
season) and a maximum of 31°C (during the warm

season). The Chl showed an average of 0.856 mg/m3, with
a minimum of 0.19 mg/m3 and a maximum of 1.718 mg/
m3. In the monthly average of SSTsp and Chlsp for the
study area (Figure 3a), it is possible to observe the marked
seasonality mentioned above, with a temperate, high
productivity season (winter and spring) and a warm, low
productivity season (summer and autumn).

During the entire study period, 30201 individuals were
recorded from 353 sightings, belonging to 10 different
species and a category of unidentified dolphins (Tables
2 and 3). The dominant species were the common
dolphin (Delphinus sp.) and the bottlenose dolphin
(Tursiops truncatus), the common species were the short-
finned pilot whale (Globicephala macrorhynchus) and the
pygmy and dwarf sperm whales (Kogia sima and K.
breviceps.). The scarce species were the sperm whale
(Physeter macrocephalus) and the killer whale (Orcinus
orca). The rare species were the false killer whale
(Pseudorca crassidens) and the pacific white side dolphin
(Lagenorhynchus obliquidens).

The community structure showed a temporal dynamism
(Figures 3 and 4) due to changes in the abundance and
occurrence of the dominant and common species, as well
as by the absence or presence of scarce and rare species.
The standard year showed a temporal lag between Chlsp
peaks and the major presence of dominant species
(Figure 3). It is approximately one month for the
common dolphins (Figure 3b; r = 0.77, p = 0.006). This
time lag pattern may also be observed when the Flores-
Ramirez et al. (1996) data is matched with the Chl
monthly average for the past 10 years in the area (Figure
3c), although, for common and bottlenose dolphins the
temporal lag is about three months.

The community structure showed seasonal variability
in the dominance and diversity (Figures 4a and 4b) in
response to the changes in population numbers
(abundance and occurrence) of dominant and common
species, as well as the presence or absence of scarce and
rare species (Figures 4c and 4d). The Simpson diversity
index showed a co-variation with the equity index, but
this did not show significant differences between
seasons (F = 4.359, p = 0.105). However, the warm season
was the most diverse due to its greater equity (Figure
4b), a result of a better distribution of species abundances
(Figure 4d). During the temperate season there was an
increase in the presence and abundance of common
dolphins (Figures 4a, 4c, and 4d). In addition, if we look
at the sightings with feeding behavior during this
season, 64% were dominated by common dolphins
(Table 4), and 40% were observed in association with
birds. In contrast, during the warm season there was an
increase in the presence and dominance of bottlenose
dolphins and short-finned pilot whales (Figures 4a, 4c,
and 4d). Some 58% of sightings observed with feeding
behavior during this season (Table 4) were dominated
by squid-eating species like short-finned pilot whales,
sperm whales, false killer whales and bottlenose
dolphins, with no seabirds associated.
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Figure 3. a) Monthly average for the study area and study period of chlorophyll (Chlsp) and sea surface temperature (SSTsp) and
monthly average of chlorophyll (Chl) from the 1997-2007 period; b) relative abundance of common dolphins (D. sp.), bottlenose dolphins
(T.t.) and pilot whales (G.m.) for this study; c) monthly changes in relative abundance of common dolphins and bottlenose dolphins
extracted and modified from Flores-Ramirez et al., (1996).

SPECIES  COMMON NAME A B C 

Physeter macrocephalus (P.m.)  Sperm whale  X  X 

Kogia breviceps (K. sp.) Pygmy sperm whale (Kogia) X   

Kogia. sima (K. sp.) Dwarf sperm whale (Kogia) X  X 

Delphinus capensis (D.sp.) Long-beaked common dolphin X X X 

Delphinus delphis (D.sp.) Short-beaked common dolphin X  X 

Tursiops truncatus (T.t)  Bottlenose dolphin X X X 

Lagenorhynchus obliquidens (L.o.) Pacific white-sided dolphin X X X 

Globicephala macrorhynchus  (G.m.) Short-finned pilot whale X X X 

Pseudorca crassidens (P.c.) False killer whale X X X 

Orcinus orca (O.o) Killer whale X X X 

 

Table 2. Taxonomic list of species observed in: a) this study, b) Flores-Ramírez et al. (1996) and c) Alba-Fernández (1997).
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Discussion

Odontocete community characteristics

A total of 20 odontocete species have been recorded in
La Paz Bay and the adjacent oceanic area (Urbán et al.,
1997), 10 more than in the present study (Table 2).
However, four species only have one stranding record,
and three are known only from one sighting (Alba-
Fernandez, 1997; Urbán et al., 1997). Previous studies
(Flores-Ramírez et al., 1996; Alba-Fernandez, 1997) with
similar methodologies have reported six and eight

species, respectively (Table 2). These differences with
previous studies could be due to: 1) observer experience
in field species identification, 2) differences in the size
of the study area, as previous sampling effort only
includes La Paz Bay, while the present study includes a
larger area, thus more habitats are available to be
exploited by the odontocete community, and 3)
differences in the climatic conditions between previous
works and the present study (1988-1995 vs. 2003-2006).
Therefore, we can say that the community species
richness is generally less than 10 and the rest of the

SPECIES SN NO. WEIGHT BIOMASS S IVI CATEGORIES 

Common dolphins 107 21251 150 3187650 6 239.0 Dominant 

Bottlenose dolphins 187 7861 300 2358300 6 207.3  

Short-finned pilot whales 18 786 1300 1021800 6 120.0 Common 

Dolphins 15 107 225 24075 6 104.9  

Kogias 15 18 300 5400 6 104.4  

Sperm whales 6 66 24000 1584000 3 70.9 Scarce 

Killer whales 3 17 3800 64600 3 51.7  

False killer whales 1 65 1200 78000 1 18.1 Rare 

P. white-sided dolphins 1 30 150 4500 1 17.1  

Totals 353 30201  8328325 6   

 

Table 3. Total number of sightings (SN), number of animals (No.), weight (kg) from Reeves et al. (2002) used to calculate species
biomass, biomass (kg), numbers of seasons that each species was present (S), Importance Value Index (IVI = %SN+%No+%Biomass+%S)
and categories of dominance.

Figure 4. a) seasonal distribution of the relative abundance (biomass); b) seasonal changes of species dominance (Importance Value
Index); c) biomass seasonal changes of more dominant species; d) diversity and equity seasonal changes; warm season (W); temperate
season (T); common dolphins (D.sp.); bottlenose dolphins (T.t.); short-finned pilot whale (G.m.); kogias (K.sp.); sperm whale (P.m.);
killer whale (O.o.); false killer whale (P.c.); Pacific white-sided dolphins (L.o.); dolphins (Dol).
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species are probably occasional visitors that enter into
the area during specific oceanographic conditions,
possibly related to large-scale environmental variability.

As in previous works in the area, common dolphins and
bottlenose dolphins were the dominant species in the
community, due to their high relative abundance and
persistent occurrence (Table 3). Common dolphins are
the most abundant odontocete species inside the GC
(Urbán, 1983; Salinas and Bourillon, 1988; Gerrodette
and Palacios, 1996) and our results support this. This
species was not the most frequently sighted, but it was
the most abundant (Table 3) due to their gregarious
behavior, which in some cases exceeded the thousands
of individuals. Bottlenose dolphins were the most
frequently sighted, due to the presence of small local
groups of the coastal ecotype, which uses the area
throughout the year (Salinas, 2005). Also, both species
were identified as an important component in the
odontocete community in other areas of the GC like the
Ballenas Channel (Tershy et al., 1991), the Bay of
Banderas in the southeastern GC (Moncada, 2005) and
near the GC mouth in front of the peninsula coast
(Troyo-Vega, 2008). The third species in dominance was
the pilot whale, then Kogia sp, the first one considered
as seasonal visitor to La Paz Bay by Vázquez-Morquecho
(1997). As a scarce species we have the sperm whale,
although, it is known that sperm whales are more
abundant in the central GC, from south of the Midriff
Islands to Loreto (Figure 1; Jaquet and Gendron, 2002;
Jaquet et al., 2003). The absence of acoustic sampling with
a hydrophone may have potentially down-biased the
sperm whale data by a factor 3-4 (A. Gannier, pers.
comm.).

Finally, and considering studies in adjacent regions to
the GC, we can say that the GC odontocete community
is similar to other communities reported in different
areas of the Eastern Tropical Pacific (Au and Perryman,
1985; Polacheck, 1987; Reilly and Fiedler, 1994; May-
Collado et al., 2005; Ballance et al., 2006), including the
Galapagos Islands (Smith and Whitehead, 1999; Palacios,
2003). With the exception of oceanic areas where species
of the genus Stenella dominate, the common dolphin and
bottlenose dolphin are the most frequently observed
species, followed by the Risso’s dolphin (Grampus
griseus) and the short-finned pilot whale. Further to the
north, in front of the California Coast, bottlenose
dolphins and common dolphins are important
components of the odontocete community as well
(Bearzi, 2005), while in the oceanic domains of the
California Current the most common odontocete species
are the Dall’s porpoise (Phocoenoides dalli), the Pacific
White-sided dolphin and the harbor porpoise (Phocoena
phocoena) (Keiper et al., 2005).  Based on the above, we
can say that the odontocete community in the study area,
and in the GC in general, is a temperate-tropical
community with affinity to oceanic and coastal waters,
which exploits neritic and/or slope areas depending on
the geographical features of the region. This community

type reflects the environmental characteristics of the GC:
marginal and deeper waters located in the temperate-
tropical transitional zone of the Eastern Pacific.

Temporal community changes

The temporal lag observed in our results (Figure 3b; r =
0.77, p = 0.006) and in the Flores-Ramirez et al. (1996)
study (Figure 3c), was also documented with bottlenose
dolphins in the study area by Salinas (2005), and in an
adjacent ecosystem near Magdalena Bay (Figure 1) with
several species of marine mammals by Mercuri (2007).
This temporal lag between peaks of productivity and
the major occurrence of cetaceans is to be expected,
because primary producers and odontocete species
represent opposite ends of the marine food web. As well,
this lag could represent the species movements coupled
to the cyclical (seasonal) productivity changes of the
environment at a regional scale.

The community structure showed a seasonal dynamism
due to changes in dominance and diversity (Figures 4a
and 4b) in response to changes in population’s numbers
(abundance and presence) of the dominant and common
species, as well as the presence or absence of scarce and
rare species (Figures 4c and 4d). The Simpson diversity
index did not show significant differences between both
seasons (F = 4.359, p = 0.105). however, it co-varied with
the equity index, showing a more diverse and equitable
community during the warm season (Figure 4b),
consequence of a better distribution of species abundances
(Figure 4d). Despite this, major changes were observed
in the occurrence of the more dominant species: common
dolphins were more abundant during the temperate
season, while bottlenose dolphins and short-finned pilot
whales were more abundant during the warm season. It
has been documented that seasonal and interannual
variability in the oceanographic conditions affects the
presence and distribution of marine mammals, mediated
principally by changes in the abundance and availability
of their main prey (Hooker et al., 2002; Lusseau et al., 2004;
Keiper et al., 2005; Learmonth et al., 2006). For that reason
the seasonal variability in the study area (Figure 3a), as a
result of environmental variability in the GC, would be
the driver of seasonal changes in the odontocete
community, mediated by changes in prey availability
within the area.

During the temperate season there was an increase in the
occurrence and abundance of common dolphins (Figures
4a, 4c, and 4d). The members of this genera generally prey
on small schooling fish such as sardines and anchovies
(Young and Cockcroft, 1994; Dos Santos and Haimovici,
2001; Reeves et al., 2002; Sanino et al., 2003; Meyner, 2004;
Pusineri et al., 2007; Garcia-Gobos et al., 2007), an abundant
resource in the study area during this season due to their
seasonal movements within GC waters (Lluch-Belda et
al., 1986; Hammann et al., 1998). Additionally, during the
temperate season, 64% of sightings with feeding behavior
(Table 4) were dominated by common dolphins and 40%
were observed with birds associated like Sula sp.,
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Pelecanus occidentalis, Fregata magnificens and Sterna sp.
Seabirds are an important component of marine
ecosystems and due to their dependence on fish
availability, some species are good indicators of fish
abundance (Hunt and Schneider, 1987; Cairns, 1987;
Velarde et al., 2004). Therefore an increased presence of
seabirds associated with odontocete species confirms the
idea of a greater abundance of small pelagic fish. Thus,
during the temperate and more productive season, a fish-
eating community dominates inside the area. In contrast,
during the warm season this fish-eating community may
move to the north, to the nearby Midriff Islands, following
the sardines’ seasonal movement.

productive season a squid-eating community dominates
inside the area. It is possible that during the temperate
season, this squid-eating community moves to the eastern
GC coast and/or deeper areas of the GC following the
squid’s seasonal movements.

In conclusion, we can say that the seasonal community
structure changed in agreement with the known seasonal
movements of potential prey inside the GC, which, in
turn, are related to known seasonal environmental
variation. The odontocete community is dominated by
fish-eating species during the temperate season and by
squid-eating species during the warm season.
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