The Open Marine Biology Journal, 2010, 4, 39-46

39

A Qualitative Assessment of Sponge-Feeding Organisms from the Mexican

Pacific Coast

Verdin Padilla C.J .*, Carballo J.L. and Camacho M.L.

Laboratorio de Ecologia del Bentos, Instituto de Ciencias del Mar y Limnologia, Universidad Nacional Autonoma de
México, Estacion Mazatlan, Avenida Joel Montes Camarena S/N, Apartado Postal 811, Mazatlan 82000, México

Abstract: Predation is one of the most important structuring mechanisms of benthic communities. The objectives of this
study were to identify the main predators of sponges, and their principal prey, in two localities from the Sea of Cortez
(Mexican Pacific Ocean). For this, 60 stomach contents were analyzed from 13 species of fishes, 23 species of
opisthobranchs, and 4 species of echinoderms (urchins and starfishes). Two species of fish (Pomacanthus zonipectus and
Holacanthus passer), and five species of opisthobranchs (Hypselodoris agassizii, Glossodoris sedna, Glossodoris dalli,
Discodoris ketos and Tylodina fungina) included sponges in their diet. Sponge remains were not found in the echinoderm
stomach contents. The two species of fish fed on 26 species of sponge; the most common were Haliclona caerulea and
Spirastrella decumbens. The opistobranchs fed on 19 species, mostly Haliclona caerulea and Tethya taboga. In Mazatlan
Bay there are 70 sponge species reported, and fishes and opisthobranchs feed on 46% of the species present, but predation
seems to have little effect on distribution and abundance of sponges in this locality.
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INTRODUCTION

Sponges play an important role in benthic ecology as
abundant, large, sessile filter-feeders [1, 2]. They are also
notorious for having a very high variety of defence mecha-
nisms and produce feeding-deterrent chemicals [3, 4]. In
addition, their tissue can contain high concentrations of silica
spicules as structural components [1, 5]. Thus, sponges do
not seem to be a good food source for most organisms,
because they are low in nutritional value, contain a lot of
indigestible material, and are protected by chemical and
physical means.

Previous studies have shown that neither the sharp
needle-like structure of many spicules, nor the relative
indigestibility of sponging deter feeding by some fishes and
nudibranchs, which have evolved specialized mechanisms to
be able to feed on sponges [5-8].

In fact, doridacean nudibranchs [9], together with some
fishes (trunkfishes, angelfishes and filefishes) [5, 10-13], are
important predators of sponges. The fishes that feed on
sponges are thought to have evolved relatively recently,
suggesting that competition forced them to eat a less-
preferred food source [14]. Nevertheless, the predation of
sponges by fish has specialized to such an extent that they
seem to be the only predatory organisms able to threaten
sponge populations [15].

Other important organisms that feed on sponges are some
species of echinoderms, such as Oreaster reticulates, which
can eat large volumes of sponge in a short time [16].
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Hawksbill turtles also prey on sponges [17]. Very few papers
have dealt with sponge-feeding fishes from the tropical
Central Pacific [18, 19], or México [20].

This paper reports preliminary research on the factors
shaping sponge assemblages along the Mexican Pacific
Coast [21, 22]. Previous papers in this region [21-23] have
been focused on physical factors or habitat type that explains
the structure of sponge assemblages, but more information
about the biotic factors controlling these assemblages is
necessary. The aim of this paper was: 1) to determine the
most important predators of sponges in two localities from
Mexican Pacific Ocean, and, 2) to determine which sponges
are consumed by these predators.

MATERIALS AND METHODS
Study Area and Sampling Methodology

The diet composition of fishes, opisthobranchs and
echinoderms was studied by examining the gut contents of
60 specimens from two locations in the Sea of Cortez:
Mazatlan Bay, Sinaloa: 23°12°N-106°24’W, and Banderas
Bay, Jalisco: 20°39°N-105°02°W) (Fig. 1). In total, 13 spe-
cies of fishes, 23 species of opisthobranchs, and 4 species of
echinoderms (urchins and starfish) were examined. In
addition, the diet of some opistobranchs was determined by
in situ observations (Table 1).

The specimens were collected by SCUBA diving and
snorkelling in the rocky subtidal zone. All fishes sampled
were adults, and were caught by spear fishing. Opistho-
branchs and echinoderms (starfish and sea urchins) were
collected and placed in plastic bags.

In the laboratory, the stomachs and intestines of fishes
were extracted and preserved in 4% formaldehyde. After 48
hours, they were transferred to 70% alcohol for preservation.
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Fig. (1). Location of the study area in the Gulf of California. A) Mazatlan Bay (Sinaloa). B) Banderas Bay (Jalisco).

Subsequently, the stomach content was analyzed under a
light microscope (OLYMPUS CH30) for the presence of
spicules or sponging fibers. The sponges were identified
considering the morphological characteristics and measure-
ments of the skeletal structures [see method in 24].

To examine the diet of the opisthobranchs without killing
them, the specimens were individually maintained in small 5
ml glass bottles with seawater until the specimens expelled
their faeces. Once expelled, the faeces were analyzed under a
microscope for the presence of sponge spicules [25]. In some
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Table 1.  Species of Fishes, Opistobranchs and Echinoderms Analyzed for Stomach Contents. The Symbol (*) Indicates Remains of
Sponges in the Content
Fishes Opisthobranchs Echinoderms
Holacanthus passer () Navanax aenigmaticus Echinometra vanbrunti
Pomacanthus zonipectus (*) Elysia diomedea Toxopneustes roseus
Jonhrrandallia nigrirrostris Petalifera petalifera Phataria unifacialis
Chaetodon humeralis Stylocheilus striatus Eucidaris thouarsii
Microspathodon dorsalis Aplysia californica
Microspathodon bairdi Tylodina fungina (*)
Stegastes acapulcoensis Berthellina ilisima
Pseudobalistes naugragium Pleurobranchus areolatus
Prionurus punctatus Roboastra tigris
Acathurus xanthoterus Tambja abdere
Ostracion meleaglis Dendrodoris fumata
Canthigaster punctatissima Diaulula aurila
Nicholsina denticulata Discodoris ketos (%)
Chromodoris sphoni
Hypselodoris agassizii (*)
Glossodoris sedna (*)
Glossodoris dalli (*)
Doripsilla janaina
Doriopsilla albopunctata
Notobryon wardi
Flablellina bertschi
Flabellina cynara
Phidiana mariadelmarae
Table2. Species of Sponges Consumed by Fishes and Opisthobranchs. The Letters BB and MB mean Banderas Bay and Mazatlian
Bay, Respectively
H. passer (MB) H. passer (BB) P. zonipectus (MB) G. sedna (MB) H. agassizii (MB) | D. ketos (MB) T. fungina (MB)
Mycale cecilia Mycale cecilia Mycale Cecilia Mycale psila Mycale psila }Clzi::&?;la geglr)(;}(l)sglrrli:ni
Mycale cf. parishii Mycale psila Mycale sp. Microciona sp. Mycale sp.
Mycale psila Mycale sp. Microciona sp. Myzxilla incrustans I_clzi:l:li?;la
magnli\;[}i/;;}fdifera Tedania sp. Tedania sp. Llisss(?((iiiirtlii(l)irsyx calf‘jfl(;(r)rrllizna
Damiriella sp. Geodia media Haliclona caerulea Haliclona caerulea Cliona papillae
Tedania sp. Cliona euryphylla g?;il)?:iz Haliclona turquoisia mazaPtll(; Irllinsis
Myxilla incrustans Pione carpenteri Cliona papillae le;iiyfso pr?lrilcg;a Tethya taboga
Microciona sp. Thoosa sp. Cliona euryphylla Cliona californiana Geodia media
Haliclona caerulea igéfj;gzgi Cliona sp. Cliona amplicavata Dysidea uriae
Cliona papillae asuliziiiliz Tethya taboga Cliona flavifodina
Cliona mazatlanensis Aptos niger Timea sp. Cliona papillae
Cliona euryphyla Callyspongia sp. Thoosa sp. Pione mazatlanensis
Cliona sp. Haliclqn;l Spirastrella Pione carpenteri
turquoisia decumbens
Spirastrella decumbens Cliona sp. Geodia media Tethya taboga
Tethya taboga Chondrilla nucula Aaptos niger
Thoosa sp. Geodia media
Chondrilla nucula Dysidea uriae.
Geodia media
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cases the diet of these opistobranchs was determined in situ
through direct observations. The diet of H. agassizii, G.
sedna and G. dalli was studied by stomach content and
faeces, and the diet of D. ketos and T. fungina was
determined by observations in situ (see results).

The percentage of occurrence, calculated using the data
summation technique [26], was used to quantitatively
characterize the diet. The number of stomachs in which each
prey species occurred was counted and referred to as the
total number of individuals examined. The same was done
for the fishes (see Table 3).

RESULTS

We analyzed 23 species of opistobranchs belonging to 20
genera and 12 families, but sponge remains were only found
in 5 species: Hypselodoris agassizii, Glossodoris sedna,
Glossodoris dalli, Discodoris ketos and Tylodina fungina
(Table 1, Table 2).

These five species fed on 19 species of sponge belonging
to the orders Haplosclerida, Poecilosclerida, Hadromerida,
Astrophorida and Verongida, although they showed
preference for the order Hadromerida.

Verdin et al.

G. sedna had the highest polyphagous diet (16 prey
species), feeding exclusively on spiculated demosponges,
eight of them hadromerid species. H. agassizii also had a
polyphagous diet consisting of nine species of demosponges,
which included eight spiculated species, four of them
hadromerids, and one horny sponge from the genus Dysidea
(see Table 2). In contrast, D. ketos and T. fungina were much
more selective, feeding exclusively on the sponges Haliclona
caerulea and Aplysina gerardogreeni, respectively. The two
sponges most frequently eaten by nudibranchs were
Haliclona caerulea (22.7% of the stomach contents) and
Tethya taboga (18.2% of the stomach contents) (Table 3).

In the case of the fishes, 13 species belonging to 12
genera and 6 families were analyzed, but only two of them,
Pomacanthus zonipectus and Holacanthus passer (family
Pomacanthidae) had sponge remains in their stomachs.
Fishes were found to feed on sponges from 5 orders
(Hadromerida, Haplosclerida, Poecilosclerida Astrophorida
and Chondrosida), and like the nudibranchs they showed a
preference for the sponges from the order Hadromerida; P.
zonipectus included 8 species of hadromerids in its diet, and
H. passer included 10. H. passer had the most polyphagous
diet with 23 species, whereas P. zonipectus fed on 15
species, but the two species together fed on 24 sponge
species. Haliclona caerulea and Spirastrella decumbens

Table3. Frequency of Sponges Found in Gut Contents Expressed as Percentage (%)
Sponges Fishes Opisthobranchs Sponges Fishes Opisthobranchs
Order Astrophorida Order Poecilosclerida
Family Geodidae Family Mycalidae
Geodia media 57.1 9.1 Mycale cecilia 71.4 -
Order Hadromerida Mycale psila 28.6 9.1
Family Clionaidae Mycale cf. parishii 42.8 -
Cliona papillae 57.1 9.1 Mycale magnirhaphidifera 14.3 -
Cliona amplicavata - 4.5 Mpycale sp. 42.8 4.5
Cliona flavifodina - 4.5 Microciona sp. 57.1 4.5
Cliona californiana - 9.1 Family Myxillidae
Cliona euryphylla 57.1 - Myxilla incrustans 42.8 9.1
Cliona sp. 42.8 - Family Coelosphaeridae
Pione mazatlanensis 28.6 9.1 Lissodendoryx isodictialis - 4.5
Pione carpenteri 14.3 4.5 Damiriella sp. 14.3 -
Thoosa sp. 71.4 - Family Tedaniidae
Thoosa mismalolli 14.3 - Tedania sp. 71.4 -
Family Spirastrellidae Order Haplosclerida
Spirastrella decubens 85.7 - Family Chalinidae
Family Tethyidae Haliclona caerulea 85.7 22.7
Tethya taboga 57.1 18.2 Haliclona turquoisia 28.6 4.5
Family Timeidae Family Callyspongiidae
Timea sp. 42.8 - Callyspongia californica 14.3 4.5
Family Suberitidae Order Verongina
Suberites aurantiaca 14.3 - Family Aplysinidae
Aptos cf. niger 14.3 4.5 Aplysina gerardogreeni - 4.5
Order Chondrosida Order Dictyoceratida
Family Chondrillidae Family Dysideidae
Chondrilla nucula 42.8 - Dysidea uriae - 4.5
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were found in 85.7 % of the stomachs, followed by Mycale
cecilia and Tedania sp. (both with 71.4%) (see Table 3).

Four echinoderms belonging to four families, four genera
and four species were analyzed as potential sponge feeders,
but no remains of sponges were found in their guts.

DISCUSSION

Randall and Hartman [5] studied 212 species of fishes
from the Caribbean, but only 11, which included angelfishes,
trunkfishes, and filefishes, regularly fed on sponges. Our
findings support these findings, since despite having ana-
lyzed only 13 species of fishes, the main sponge feeders
were the angelfishes, P. zonipectus and H. passer. Indeed,
the family Pomacanthidae is the most important family of
spongivorous fishes, which contains the principal sponge-
feeding fishes in the Caribbean, particularly the genera
Pomacanthus and Holacanthus [5, 12]. Others fishes such as
Arothron hispidus, A. mappa and the butterflyfish Chaeto-
don ephippium have been reported as sponge-feeding from
islands of the tropical Central Pacific [18, 27]. Bakus [19]
also increased the list of potential sponge feeders to include
goat fish, parrot fish, butterfly fish and trigger fish, since he
found sponge spicules in the gut contents of Chaetodon
auriga, Ctenochaetus striatus, Lutjanus bohar, and
Rhinecanthus aculeatus. We also analyzed species similar to
some of these groups, such as Chaetodon humeralis, but we
did not find sponge remains in the stomach contents. Thus,
the presence of some sponge spicules in the digestive tract
does not necessarily imply that a fish feeds intentionally on
sponges. Sponges spicules are often a component of the
inorganic sediment and may be ingested accidentally with
the prey or incidentally with detritus [5].

For angelfishes, it known that sponges make up a large
part of their diet [14]. In a previous study sponges comprised
over 95% of the food of angel fish of the genus Holacanthus,
over 70 % of the food of the genus Pomacanthus, and more
than 85 % of the food of the filefish Cantherhines macro-
cerus [5, 14, 28, 29]. Pomacanthus arcuatus for example,
live as mating pairs in large territories, and they move and
feed slowly, taking 3-4 bites per minute. Sponges make up
70% of their diet with the rest of their diet consisting of
gorgonian polyps, other invertebrates, and algae. Although
algae make up only 10% of their diet, foraging for algae
takes up about a third of their foraging time [14].

Pérez-Espafia & Abitia-Cardenaz [20] suggested that P.
zonipectus and H. passer are generally omnivorous with
adaptations for herbivory, but we don’t agree, since accord-
ing to our results P. zonipectus and H. passer are mainly
spongivores. The diet of the Queen Angelfish (Holocanthus
ciliaris) is made up almost entirely of sponges (97%), with
the balance made up of algae and invertebrates. French
Angelfish (Pomacanthus paru) forage in a similar manner,
but they consume less gorgonian polyps and algae. Rock
Beauties (Holocanthus tricolor) also eat mostly sponges,
making up 96 % of their diet, although half of their foraging
time is spent scraping algae off of rocks [14]. It seems that
the diet of these species relates to the availability of food in
their local habitat. Interestingly, all these species prefer to
feed on sponges with comparatively low spicule content
[14], and our results support this, since angelfishes from the
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Sea of Cortez fed preferably on hadromerid sponges possibly
because these species are easier to digest than sponges from
the order Poecilosclerida [30, 31]. Juveniles of the angelfish
are also generalists in the consumption of sponges,
presenting a diet similar to that of the adult. Thus, 34 species
of sponges were found in the gut contents of juveniles of the
angelfish Pomacanthus paru, Holacanthus ciliaris and
Holacanthus tricolor in Salvador, Bahia state (Brazil).
However, the juveniles of these species, consume poecilos-
clerid sponges (such as Tedania ignis and Mycale sp.),
together with hadromerids (such as Spirastrella sp.), all with
37.5 % of frequency [40].

Regarding opisthobranchs, it is important to highlight the
presence of highly specialist species such as Tylodina
fungina, whose diet is based completely on the sponge
Aplysina gerardogreeni. These kinds of species that spend
their entire life on the sponge, which serves as a shelter, food
source or provides protection against predators, appear to be
very common in the genus Tylodina [32].

Irrespective of the species considered within the genus
Tylodina, which seem to feed exclusively on the sponges
from the genus Aplysina [32], Discodoris ketos could be
considered another highly specialist species, because it was
always found living over or under the sponge Haliclona
caerulea, even taking the coloration of its prey and this is
one of the most abundant sponges in the rocky coast of
Mazatlan [33] (See Fig. 2).

In Mexico, Hochlowski et al. [34] (Nayarit, Mexican
Pacific Ocean) suggested that the nudibranch Hypselodoris
agassizii fed on the sponge Furyspongia sp. (probably a
Dysidea sp.), because we found that the same species feeds
on Dysidea uriae. In fact, the species from the genus
Hypselodoris display a high specificity for sponges of the
family Dysidea. Other Dorids, such as Glossodoris dalli
from Costa Rica, also feed on the horny sponge Hyrtios
erecta [35]. Dorids studied in the Gibraltar Strait (Spain)
feed mainly on sponges of the genera Mpycale, Myxilla,
Cliona and Geodia [9]. The fact that nudibranchs feed
mainly on sponges of the order Hadromerida in Mazatlan
Bay may be because these species are easier to digest than
sponges of the order Poecilosclerida [30, 31].

Fishes together with opisthobranchs fed on 32 species of
sponges, from 5 orders. In Mazatlan Bay ~70 sponge species
have been reported [36] and the two groups (opisthobranchs
and fishes) eat 46% of the species of sponges present in
those bays. The four sponges most eaten by both predators
were H. caerulea, G. media, T. taboga and Microciona sp.,
which are some of the most abundant species sponges in
Mazatlan Bay [21, 33, and other papers of the group].

In coral reefs sponges are often confined to cryptic
habitats, and when they are exposed to potential predators
they are consumed rapidly [12, 19], even by fishes that are
generally considered herbivores, primarily parrot fishes of
the genus Sparisoma [13]. Sponge remains were not found in
the echinoderm stomach contents, but sea-stars are the
dominant spongivores in Antarctic benthic communities
[38], and in subtidal regions from south-eastern Australia sea
urchins such as Centrostephanus rogersii are the dominant
grazers feeding on sponges in addition to consuming a broad
range of algae [39].
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Fig. (2). Underwater photography of sponge-feeding nudibranchs and fishes from the Sea of Cortez (by JL Carballo) (a) Glossodoris sedna,
(b) Hypselodoris agazzisii on Dysidea uriae, (¢) Glossodoris dalli, (d) Discodoris ketos, (e) Tylodina fungina on Aplysina gerardogreeni, (f)
Holacanthus passer, (g) Pomacanthus zonipectus adult and juvenile, (h).
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A few species of opisthobranch seem to have the ability
to control some sponge population [37], such as Tylodina
species, which consume mainly sponges of the genus
Aplysina. However, most of the studies [3-5,12], and ours
own data, did not show strong evidence that that sponge
predation was a significant factor that limits sponge
distribution and diversity.
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