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h i g h l i g h t s

• Each coastal habitat contained a distinct species composition.
• In the rocky substrate was recorded the 88% of the total abundance and the 79% of the total richness.
• The mobile invertebrate feeders were the trophic group with the highest richness and abundance.
• The fish assemblage from sandy bottoms could be affected by the presence of artificial structures.
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a b s t r a c t

Strong relationships exist between reef fishes and their habitat, anthropogenic habitat alterations may
lead variations in the associated fish. Knowledge of fish species distribution over coastal areas heavily
impacted by tourism over the Mexican Central Pacific is scarce. This work aims to identify the reef fish
species on different coastal habitats (sand, rock,mud) present in PuertoMarques Bay. The fish community
was characterized in terms of species richness, abundance, feeding behavior and was further assessed
using similarity analysis. The number of species and the relative abundance of fish species recorded varied
significantly among the habitats (ANOSIM test: R = 0.676, P< 0.01, 999 permutations). In rocky areas, the
highest value of richness, exclusive species and the number of organisms were recorded. In comparison
with soft bottoms, the complexity of hard substrates plays a significant role in reducing prey abundances
and providing nesting sites and different food resources such as invertebrates and macroalgae. Mugil
cephaluswas the only species recorded with muddy habitat affinity, where it feeds on detritus. Predatory
species like Caranx caballus, Lutjanus jordani and Lutjanus peru, generally associated with complex rocky
substrates were recorded exclusively in sandy areas near to the tourist marina. Although our data do not
allow to conclude the anthropogenic outcomes in the reef fish community structure, they suggest that
fish assemblage from sandy bottoms could be affected by the presence of artificial structures.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Strong relationships exist between reef fishes and their habitat,
a more complex habitat appears to be more favorable to reef
fishes, with significantly higher species richness and abundance
than flatter areas (Davis and Smith, 2017).

Reef fish have the capacity to respond to many environmental
disturbances (Öhman and Rajasuriya, 1998; Guidetti et al., 2003).
Changes to one aspect of the habitat may lead to subsequent
changes in the community structure (Chong-Seng et al., 2012). For
example, anthropogenic habitat alterations may lead variations in
the associated fish (Fabi et al., 2002; Burt et al., 2013). Modification
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in the fish assemblage is a good indicator of changes in habitat
quality (Azzurro et al., 2010).

The bays of Acapulco and PuertoMarques present a high degree
of pollution and habitat deterioration, influenced by the disor-
derly growth of the human population, tourism infrastructure and
the exploitation of local fishery resources (Zamorano and Leyte-
Morales, 2009). In nearby places to Puerto Marques, as coastal
lagoon Tres Palos, in thirty-two years has changed from being
eutrophic to a hypereutrophic system (De la Lanza Espino et al.,
2008).

In some areas of Guerrero, artisanal fishing has been reduced
to critical levels in the last 20 years, a local disappearance of
species of high commercial value by species of lower cost has
been recorded due to the low economic income from fishing
(Kennett et al., 2008).
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Fig. 1. Transects of the study site. Sites with sandy substrate are represented by the letter (S); sites with rocky substrate are represented by the letter (R); sites with muddy
substrate are represented by the letter (M). Image modified from Surfer©10.

Coastal tourism has become one of the fastest growing areas
worldwide (Hall, 2001) and for decades Acapulco City tourism
has severely impacted ecosystems with an extensive resort strat-
egy (Avilez et al., 2013). Nevertheless, in the study area, reef fish
ecological studies have been limited to one or two sampling points
in the rocky zone of the bay, and knowledge of fish species distribu-
tion associated to soft bottoms (sand and mud) is one of the major
gaps over theMexican Central Pacific. So this work aims to identify
the reef fish species on different coastal habitats (sand, rock, mud)
present in Puerto Marques Bay during the rainy season.

Identifying the fish community attributes, in order to have
future comparisons, are likely to have implications for ecosystem
service provision, for example fisheries and tourism (Chong-Seng
et al., 2012).

2. Materials and methods

2.1. Study area

The study was carried out in the Puerto Marques Bay
(16◦80′11′′N 99◦50′55′′W), located in Acapulco City, Guerrero, and
it is part of the central coast of the Mexican Pacific. The bay has
a semicircular shape with rocky edges and is formed by sandy
sediments located at a depth between 0 and 15 m, but towards
the center, the depth increases to 33 m, and it is formed by fine
sediments (Kennett et al., 2008). The south of the bay presents an
important development of tourist infrastructure, which includes
hotels, small food places and a marina (Fig. 1).

The coast of Guerrero, since the years 1960 and 1970 is one of
the favorite vacation spots in Mexico (Avilez et al., 2013). Particu-
larly in Acapulco city, fishing and tourism are the main economic
activities (Brenner and Aguilar, 2002). In the bays of Acapulco and
Puerto Marques contamination by sewage is constant throughout
the year and intensifies from June to November, when the rainy
season increases the pluvial discharges with an elevated concen-
tration of contaminants (Meave-del Castillo et al., 2012).

2.2. Reef fish community structure

To record fish species and their abundance, as well as for the
characterization of the habitat, diurnal underwater visual census
with SCUBA diving equipment were used (Bennett et al., 2009). For
the description of reef fish, a total of 18 belt transects of 50m long x
5mwidewere realized, six transects in each of the different coastal
habitats of the study area (sand, rock, mud). All transects were

made during the rainy season: July and August 2016 (9 transects
each month).

The fish community was characterized in terms of species rich-
ness (S), abundance (N) and was further assessed using similarity
analysis (ANOSIM, CLUSTER, SIMPER).

Species were characterized based on their diet information
and feeding behavior, obtained from FishBase (Froese and Pauly,
2003), and assigned into one of seven trophic groups: herbivorous–
detritivorous (i.e., fishes feeding on turf or filamentous al-
gae and/or undefined organic material); macroalgal herbivorous
(i.e., fishes eating large fleshy algae and/or seagrass); sessile-
invertebrate feeders (i.e., feeding on corals, sponges, ascidians);
mobile invertebrate feeders (i.e., feeding on benthic species such
as crustaceans); planktivorous (i.e., fishes eating small organisms
in the water column); piscivorous (i.e., fishes that prey on other
fishes); omnivorous (i.e., fishes that feed on a variety of organisms,
including both animal and plant species) (Mouillot et al., 2014).

2.3. Statistical analysis

We applied ANOSIM one-way design to see if there were sig-
nificant differences in reef fish species richness, and possible dif-
ferences in abundance were tested using a Kruskal–Wallis non-
parametric one-way ANOVA, both among the different coastal
habitats of the study (sand, rock, mud). The analysis used square-
root transformed data to reduce the influence of a few overly abun-
dant species (Clarke and Green, 1988), and a Bray–Curtis index of
similarity was applied (Bray and Curtis, 1957).

To characterize transects form the different substrate types of
the study, a cluster analysis was run based on the values of fish
abundances. The analysis used fourth root transformed data and
a Bray–Curtis index of similarity. Four transects of the muddy
substrate were not taken by the cluster analysis since no species
were recorded.

SIMPER analysis was performed to determine each species con-
tribution percentage in the similarity and dissimilarity between
and within the substrates analyzed (Clarke and Gorley, 2006). For
the description of the SIMPER results, we selected those species
that together contributed a cumulative 70% of the similarity.

3. Results

In the three types of coastal habitats evaluated in the study,
a total of 2316 organisms belonging to 48 species grouped in 26
families were recorded (Table 1). The families with the highest
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