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ABSTRACT
Fragments of dead coral belonging to Pocillopora Lamarck, 1816 were used during a 1-year
period as artificial micro-habitats and positioned at a coral reef community at Islas Marietas, Bahía
Banderas, on the west coast of Mexico, to attract and capture isopods. Three species of isopods,
totaling 961 specimens were collected. The dominant species was Joeropsis dubia (Menzies, 1951)
(Joeropsididae) (83.03% of the total number of specimens), followed by Califanthura squamosissima
(Menzies, 1951) (Paranthuridae) (9.78%), and Paracerceis sculpta (Holmes, 1904) (Sphaeromatidae)
(7.18%). The average density of isopods was of 12.0 × 10−2 ind. · cm−2 . A positive relationship
between water temperature and total density of individuals during the sampling period was found.
Annual water temperature changes influenced the abundance of each species in a similar way, with
the higher abundances associated to the lower temperatures, which is also related to an increase in
primary productivity and the presence of upwellings in the area.
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RÉSUMÉ
Des fragments de coraux morts du genre Pocillopora Lamarck, 1816 ont été disposés comme
un micro-habitat artificiel pour une période d’un an à proximité d’un récif corallien près des îles
Marietas, dans la baie de Banderas, le long de la côte ouest du Mexique, afin d’attirer et de
capturer des isopodes. Trois espèces d’isopodes, totalisant 961 spécimens, ont été récoltées. L’espèce
dominante, Joeropsis dubia (Menzies, 1951) (Joeropsididae), représentait 83,03% des spécimens,
suivi de Califanthura squamosissima (Menzies, 1951) (Paranthuridae) (9,78%) et de Paracerceis
sculpta (Holmes, 1904) (Sphaeromatidae) (7,18%). La densité moyenne des isopodes fut de 12,0 ×
10−2 ind. · cm−2 . Une relation positive a été obtenue entre la température de l’eau et la densité totale
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des individus au cours de la période d’échantillonnage, et les variations de la température de l’eau
ont eu une influence identique sur l’abondance de chaque espèce.
Mots clés. — Isopoda, côte ouest du Mexique, récifs

INTRODUCTION

With about 6400 described species, isopods represent approximately 13% of
all species of crustaceans described with the ability to live in marine, freshwater,
and terrestrial habitats (Appeltans et al., 2012). The marine isopods include 3154
species (Poore & Bruce, 2012) distributed from the intertidal to great depths, either
free-living or associated with other organisms (e.g., algae, sponges, corals, fishes).
They inhabit different substrata such as wood, rock, and sand among others, and
some species are classified as true parasites (Brusca & Iverson, 1985; Grutter,
1999; López et al., 2012) even of other crustaceans (Williams & Boyko, 2012).
There is a large series of contributions dealing with the taxonomy and distribution
of marine isopods occurring in the tropical eastern Pacific where about 420 species
have been recorded to date (see Espinosa-Pérez & Hendrickx, 2001a, 2002a, 2006;
Hendrickx, 2008). With 81 species recorded, the Gulf of California, one of the most
diverse ecosystems within the East Pacific, is particularly species-rich (Brusca
& Iverson, 1985; Campos & Villareal, 2008); however, coral reefs are scarce in
this region. The Cabo Pulmo and Bahía Banderas areas are known for their welldeveloped coral reefs (Brusca, 1980; Carriquiry & Reyes-Bonilla, 1997; ReyesBonilla & López-Pérez, 1998), but little is known about their Peracarida fauna.
Consequently, the number of species of isopods in this enclosed area could be
much higher than presently known.
Coral reefs are among the most productive natural marine communities and
serve as shelter and as a food source for a large series of species, including fishes
and invertebrates (Sheppard, 2010). One of the most important coral community
in the Mexican Pacific is found at Islas Marietas, where many coral species have
been recorded. Most representative species are the branching members of the genus
Pocillopora, i.e., P. verrucosa (Ellis & Solander, 1786), P. damicornis (Linnaeus,
1758) and P. capitata Verrill, 1864, and the sub-massive and incrusting corals
such as Pavona and Porites (Reyes-Bonilla & López-Pérez, 1998; Carriquiry et
al., 2001). In addition to the presence of coral species, which are locally protected,
a high diversity of fishes and invertebrates are associated to these reefs (CONANP,
2007). As in other regions of the world, corals serve as refuges for species of
isopods (see Glynn & Enochs, 2011; Poore & Bruce, 2012). However, these
communities are difficult to sample due to the fact that in most countries where
coral reefs occur, they benefit from special protection by law as they are important
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ecosystems that provide for social and ecological services (Alquezar & Boyd,
2007). Mexico is no exception to this and sampling in coral reefs ecosystems is
strictly regulated by federal laws and enforcement (CONANP, 2007). This partly
explains why there are so few data related to the presence of isopods or other
species within coral reefs in the Mexican Pacific compared to other regions (see
Kensley, 1984; Müller, 1992, 1993a, b).
Isopods associated with coral-reefs are highly diversified and belong to several
families (e.g., Anthuridae, Parathuridae, Cirolanidae, Sphaeromatidae, Janiridae,
Munnidae, Stenetriidae) (see Müller, 1991, 1993a, b, 2008; Müller & Salvat, 1993;
Kensley, 2008; Poore, 2009; Winfield et al., 2010). Coral reefs are also the habitat
for species of Isopoda (e.g., Cymothoidae, Gnathiidae) selectively associated with
reef fish species (see Pattipeiluhu & Gill, 1998; Sullivan & Stimmelmayer, 2008).
With a view to detect the presence of isopods in a natural environment where
coral reefs constitute a major potential refugee for cryptic species, a series of
artificially-built coral debris structures were deployed in the vicinity of a coral
reef. This contribution reports on the species that were collected in these structures
and on their abundance.

MATERIAL AND METHODS

Samples of isopods were obtained from Islas Marietas National Park
(20°42 47 -20°41 11 N, 105°33 18 -105°36 00 W), Bahía de Banderas, off the
coast of Nayarit, Mexico. The Islas Marietas complex is located near shore (aproximately 8 km) and consists of two small islands of volcanic origin, Isla Redonda
and Isla Larga (fig. 1) (CONANP, 2007), and in an area under the influence of the
California Current, the Costa Rica Coastal Current, and the water of the Gulf of
California (Wyrtki, 1965).
Sampling was performed every two months from March 2011 to February
2012 at one reef patch located at Isla Larga, where all the species of Pocillopora
reported for the area are present (Reyes-Bonilla et al., 2005). Two semi-spherical
concrete structures with 6 steel rods each were placed on a sandy bottom, next
to the healthy Pocillopora coral colonies six months before sampling. The site is a
protected shallow natural reserve where diving and visits are prohibited (CONANP,
2007). In order to follow the federal regulations which forbid direct sampling in
coral reefs habitats, 5 cm long fragments of dead coral belonging to the genus
Pocillopora were used as a micro-habitat to attract isopods living in the area.
Selected fragments of dead coral were sampled in situ and submerged in a 10%
solution of sodium hypochlorite for 24 h to eliminate organic material. Clean
fragments were washed with running fresh water for 8 hours and dried in an oven
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Fig. 1. Location of Islas Marietas National Park, Bahía de Banderas, Nayarit, Mexico. The sampling
area is marked with a rectangle.

(60°C) for 24 h. A series of 24 coral fragments were attached to the steel rods (288
fragments in total) fixed vertically in the concrete bases. These two structures were
submerged at 5 m depth as close as possible to natural coral reef structures. During
each bimonthly sampling operation, the coral fragments attached to one rod of
each structure were collected. To avoid loss of associated fauna, each fragment
was introduced into a plastic bag in situ. Closed bags were transported to the
laboratory in an ice box filled with sea water and deep-frozen (−20°C) until further
processing. After being defrosted, each fragment was carefully examined under
magnification and all specimens associated with it were identified and counted.
Identified specimens were preserved in a 70% ethanol solution. In order to evaluate
the relative abundance of isopods, the surface of each coral fragment was estimated
using the method described by Marsh (1970) in which area is calculated with an
aluminum foil technique. Density data were expressed as number of individuals
per cm2 . The Shannon-Wiener (J  ) diversity index and Margalef richness index
(Cardona, 2007) were calculated with the resulting data. Water temperature was
recorded at bottom level with an in situ HOBO Pendandt® thermograph and the
temperature data are expressed as the mean temperature ± standard error.
Statistical analyses were performed with the Sigma Plot V.11.0 software for
Windows. A one-way ANOVA (p<0.001) was used to test possible relationships
between species total abundance and temperature. As data from the three species
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were not normally distributed or homogeneous, a Kruskal-Wallis test was performed in order to test the impact of temperature over the three species. A Dunn a
posteriori test was employed to determine significant differences (α = 0.05).

RESULTS

Three species of isopods were obtained from the samples: Califanthura squamosissima (Menzies, 1951) (Paranthuridae), Joeropsis dubia (Menzies, 1951) (Joeropsididae), and Paracerceis sculpta (Holmes, 1904) (Sphaeromatidae). A total
of 961 specimens were collected. Joeropsis dubia was the most abundant species
(83.03% of total), followed by C. squamosissima (9.78%) and P. sculpta (7.18%).
Considering the entire series of samples, the average density of isopods was of
12.0 × 10−2 ind. · cm−2 , with a diversity J  = 0.567 and a richness value of
0.291. The highest density was observed in November-December (22.3 × 10−2
ind. · cm−2 ) and the lowest density (5.4 × 10−2 ind. · cm−2 ) in July-August.
Two of the three species, J. dubia and C. squamosissima, dominated the
samples. Two species, J. dubia and P. sculpta, were present in all samples
throughout the survey while C. squamossissima was found in 5 out of 6 sampling
periods. The average bimonthly density for each species indicates that J. dubia was
by far the dominant species in the samples during almost the entire survey, except
in March-April when C. squamosissima was the most abundant species (fig. 2).
Maximum abundance for J. dubia was observed in the November-December
sample (22.105 × 10−2 ind. · cm−2 ) while in the rest of the samples density for
this species was always below 10 × 10−2 ind. · cm−2 . The maximum density for
C. squamosissima (6.949 × 10−2 ind. · cm−2 ) and P. sculpta (6.508 × 10−2 ind. ·
cm−2 ) was similar and observed in the March-April samples.
Sea water temperature showed strong variation throughout the year (fig. 2)
with highest values recorded in July-August (30.34 ± 0.01°C) and SeptemberOctober (30.56 ± 0.01°C). Overall lowest temperature was observed in MarchApril (20.95 ± 0.02°C). A one-way ANOVA showed a positive relationship
between water temperature and total density of individuals during the sampling
period (F = 28.227, p<0.001). In addition, annual water temperature changes
influenced the abundance of each species (Kruskal-Wallis, H = 18.233, p<0.001)
in a similar way (Dunn test p<0.05).

DISCUSSION

Marine isopods are widely distributed worldwide and are highly diverse in coral
reefs (Poore & Bruce, 2012). Kensley (1988) estimated that there might be as
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Fig. 2. Relation of the abundance (×10−2 ind. · cm−2 ) of the three species of isopods and annual
variation of surface water temperature (°C) ± SE from March 2011 to February 2012 at the sampling
site.

many as 13 000 isopod species in the world’s coral reefs, with a high degree of
endemicity (up to 80% of endemism for the Eastern-Central Pacific islands). The
three species collected during this survey are all known from California, U.S.A.,
and extend their southern distribution to the Gulf of California or further south
(Carvacho & Hassmann, 1984; Espinosa-Pérez & Hendrickx, 2001a, 2002b, 2006;
Campos & Villareal, 2008). Their wide distribution and their presence in the study
area can be explained by the fact that the islands are close to shore and under the
influence of coastal processes, including littoral species dispersion.
Jaeropsidae are distributed worldwide and are a common group of marine
isopods (Schultz, 1969). Jaeropsis dubia is the only species of this family on record
for the entire western coast of Mexico, including the Gulf of California. Two other
species (J. concava (Schutz, 1966) and J. lobata (Richardson, 1899)) are reported
from California but so far have not been collected in the Mexican portion of the
California Province or further south. The presence of J. dubia at Islas Marietas
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corresponds to the first record of this isopod for the central Mexican Pacific and in
a coral substrate, where they are generally rare and usually collected from adjacent
off-reef areas (Poore & Bruce, 2012).
Califanthura squamosissima and Paracerceis sculpta are also known from
California and throughout the Gulf of California, the former south to Oaxaca
and the latter to Michoacán, Mexico; P. sculpta has also been reported from the
East and West Atlantic and the Mediterranean as an invasive species (Carvacho &
Hassmann, 1984; Espinosa-Pérez & Hendrickx, 2001, 2002b; Campos & Villareal,
2008). Califanthura squamosissima is also the only species of the genus known
from the west coast of Mexico. Paracerceis sculpta is one of the three species of the
genus occurring along the west coast of Mexico and certainly the most frequently
found in the intertidal zone (Schultz, 1969; Espinosa-Pérez & Hendrickx, 2002a,
b; López et al., 2012).
Records presented herein are directly related to the presence of a nearby
living coral reef habitat and the use of fragments of dead coral as a collecting
method simulated the reef matrix, which is the most abundant substrate available
for recruitment in coral ecosystems. Consequently, the results provide a good
indication that these three species are indeed associated with the coral reef
community. The dominance of J. dubia, a rarely reported species, is remarkable.
This could indicate that it represents a key element of the adjacent reef bioscenosis,
in a similar way as what has been described by Castellanos et al. (2003) for a reef
area in the Mediterranean Sea, where J. brevicornis was one of the three dominant
species. Although J. dubia might represent a case of early colonizer, the fact that
it was present in the samples throughout the study period is probably linked to its
ubiquity and abundance in the area.
The geographic location of Islas Marietas favours the presence of species
associated with different zoogeographic provinces. Indeed, it is located at the
southern edge of the Cortés Province (Gulf of California and southern tip of the
Baja California Peninsula), a predominantly tropical-subtropical ecosystem, at the
northern edge of the Mexican Province, a typically tropical area, and is also under
the seasonal influence of the warm-temperate California Current (Wyrtki, 1965;
Lavín & Marinone, 2003; Hendrickx et al., 2005). The confluence of these three
provinces and their respective fauna in a transition area under the influence of
both warm temperate and tropical water masses favours a high local biodiversity.
The number of species reported herein (three) is therefore very low considering
that coral reefs are particularly complex ecosystems and can host a high marine
isopods diversity (Poore & Bruce, 2012). Further studies aimed at collecting a
larger sample of isopods associated with the Islas Marietas corals is therefore
necessary, perhaps using non invasive and non destructive traps located directly
within the coral community.
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This work represents the first record of isopods in the study area and also
represents the first local ecological data for the entire group. The annual changes
in abundance of marine invertebrates are clearly associated with temperature
fluctuations (Sanford & Kelly, 2011), thus the seasonal temperature changes is
a key factor that determines the presence and density of the different species. Islas
Marietas is located at the southern limit of the Sea of Cortés sub-tropical/tropical
Province and the area is under the influence of the California Current in the winter
and spring (Lavín & Marinone, 2003). It could therefore represent the distribution
limit for north-temperate species.
Isopods are important contributors to biodiversity and biotic resources, and
they play an important role in recycling organic matter (Schultz, 1969) making
it available for higher trophic groups (López et al., 2012). Coral reef communities
are very complex and large series of isopods, not detected by the method used
during our study, is likely to be hidden and associated to algae or other invertebrates
(e.g., sponges, anemones, soft corals, hermit crabs shells). The study of the
species, however, will request further non-destructive methods. Despite this, and
considering the local importance of the Islas Marietas National Park as a refugee
for coral reefs communities, the year-long presence of isopods increases our
knowledge on the biodiversity in this ecosystem.
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