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Introduction

Astroides calycularis (Pallas, 1766) is an azoo xa n-
thellate colonial scleractinian, with a calcium carbonate 
exo-skeleton (Zibrowius, 1980) that inhabits the rocky 
shores from the surface to a depth of 50 m (Rossi, 1971). It 
occupies both well-lit and dark habitats and appears to pre-
fer environments with strong currents (Zibrowius, 1978; 
1995; Kružic et al., 2002). Its population density can be 
locally high, with colonies covering up to 90% of the sea 
bottom (Goffredo et al., 2011). Populations of A. calycula-
ris mainly have a limited geographical distribution in the 
Mediterranean Sea, restricted to the south-western area 
(Zibrowius, 1980; 1995; Bianchi, 2007). Though, the spe-
cies has been also quoted in Adriatic Sea (Grubelic et al., 
2004). Andalusian rocky shores (southern Iberian Penin-
sula) host one of the highest densities of the orange coral 
populations (Terrón-Sigler et al., 2015).

Terrón-Sigler et al. (2014) observed that peracarid 
crustaceans were the most prevalent species associated 
with the orange coral. Additionally, three of the peracarids 
associated with A. calycularis had a strong orange 
colour (i.e. Janira maculosa, Sthenothoe cavimana, and 
Caprella penantis) (Terrón-Sigler et al., 2014). However, 
the nature of the association is unclear, whether it is 
obligate or facultative, and whether the coral is used as a 
substrate (e.g. refuge, spawning, brood care or protection 
by crypsis) or as a feeding source (partial or totally). 

Amphipods are the most diverse group of crustaceans 
in terms of lifestyle, trophic types and habitats (De 
Broyer & Jazdzewski, 1996). Due to their population’s 

characteristics, amphipods may play major roles in the 
ecology of their habitats (Conlan, 1994). Amphipods 
are known to have versatile feeding strategies (i.e. 
Sarvala & Uitto, 1991) and show a wide range of feeding 
habits (Conradi & Cervera, 1995). They also constitute 
an important food source for a large variety of marine 
predators (Vázquez-Luis et al., 2013); hence playing 
a key role in energy flow through food webs (Guerra-
García et al., 2014). Consequently, the main objective of 
the present study is to explore if peracarids associated 
with A. calycularis feed on the host coral’s tissues, in an 
effort to highlight the nature of the association.

Material and Methods

161 specimens of peracarids were collected from 23 
colonies of A. calycularis from Marina del Este beach 
(Granada coast; Andalusia; Spain) in July 2011 (Figure 1). 
Colonies were covered in situ with plastic bags before 
they were removed in order to keep all the associated 
fauna. The samples were fixed in 4% formalin and 
subsequently placed in 70% ethanol in the laboratory. 
The colonies were washed, the macrofauna sieved using 
a 0.5 mm size mesh, and the specimens collected were 
sorted and identified at the species level, when possible.

Diet study was analysed following the methodology 
proposed by Bello & Cabrera (1999) with slight 
variations. Recently, this method was successfully 
used in amphipods (i.e. Navarro-Barranco et al., 2013; 
Vázquez-Luis et al., 2013; Guerra-García et al., 2014). 
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Abstract

The endangered and Mediterranean endemic orange coral (Astroides calycularis) hosts an important macrofaunal assemblage. 
The gut contents of the main peracarids associated with the orange coral were analysed. In total 161 specimens belonging to 
11 species and 9 families were examined on the southern coast of the Iberian Peninsula. The gut content study was carried out 
introducing the specimens of each species in Hertwig’s liquid. The analysis revealed that the peracarid species associated with 
A. calycularis had different feeding strategies and their main food source was detritus. The results highlight that peracarids may 
depend on the host and the detritus that the coral produces.
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Specimens of each species were introduced in vials with 
Hertwig’s liquid (consisting of 270 g of chloral hydrate, 
19 ml of chloridric acid 1 N, 150 ml of distilled water 
and 60 ml of glycerine) and oven-heated at 65 °C for 
4 to 6 hours depending on the cuticle thickness of the 
specimens. After this, samples were mounted on slides 
for microscope study. The percentage of absolute gut 
content (i.e. total area occupied by the content in the 
whole digestive tract) and the relative gut content (i.e. 
area occupied by each component within the total gut 
content) were estimated using a microscope equipped 
with an ocular micrometer (at 40× or 100×). Mean and 
standard error of the mean were calculated.

Results and Discussion 

The collected peracarid specimens belonged to 11 
species and distributed in 9 families (Table 1), representing 
the dominant peracarids associated with A. calycularis in 
the south Iberian Peninsula. Gut contents of the studied 
amphipod species included detritus, crustaceans and 
macroalgae (Table 1). The dominant component was 
detritus, followed by crustacean pieces and macroalgal 
tissues. In a diet analysis of marine amphipods around 
the Iberian Peninsula, Guerra-García et al. (2014) 
concluded that detritivorous species had fuller guts than 

carnivorous species, where empty guts predominated. 
Nevertheless, trophic classifications may be subjective. 
In our study, three species namely Liljeborgia psaltrica, 
S. cavimana and Eusiroides dellavallei, presented 
empty guts. Although, these three species might be 
considered carnivorous, the amphipods associated with 
A. calycularis colonies presented the majority of the gut 
content occupied by detritus, highlighting the importance 
of detritus for the amphipods already noted in the Iberian 
Peninsula by Guerra-García et al. (2014). 

Gut content ranged from 16% in Leucothoe 
spinicarpa to 64.3% in J. maculosa. In general, species 
with detritus had a higher area occupied by content in the 
digestive tract than other species.

Regarding caprellid species, these findings are 
in agreement with other studies, where the detritus 
was the dominant food source in seaweed-associated 
caprellids (Guerra-García & Tierno de Figueroa, 2009; 
Guerra-García et al., 2014). In the present study, the two 
caprellids collected from orange coral colonies showed 
more than 98% detritus composition in their gut contents.

There is scarce information about the feeding habits 
of marine isopods (e.g. Navarro-Barranco et al., 2013). 
In this study, Paragnathia formica showed 100% detritus 
gut content, while J. maculosa had a diverse gut content 
(Table 1).

Fig. 1: Map of the study site showing Granada coast (Andalusia, Spain) and Marina del Este beach, where the colonies of 
Astroides calycularis were collected (* = 36º43’15” N; 3º43’43” W).
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The tanaid Tanais dulongii associated with Fucus 
spiralis in the south Iberian peninsula is herbivorous with 
fucoid algae its primary diet source (Torrecilla-Roca & 
Guerra-García, 2012). The specimens associated with A. 
calycularis did not show this feeding habit; more than 
98% of the gut content was detritus and the remaining was 
composed of crustacean fragments. This finding highlights 
the plasticity in the feeding habits of peracarid species 
depending on the host or habitat where they inhabit.

Scleractinian corals function as structural engineers 
(Jones et al., 1994), contributing to an increase in habitat 
complexity and surface topography, which promotes 
biodiversity by mediating competition or predation (Hixon 
& Menge, 1991; Coker et al., 2009). Corals provide a large 
surface area where invertebrate assemblages can live, as 
well as refuges from predator, food source in the form of 
coral tissue, mucus and its associated detritus, and a hard 
skeleton used as a substratum by specialized burrowers 
(Castro, 1988). Taking all these factors into account, the 
peracarids associated with A. calycularis might use the 
coral skeleton as a refuge against potential predators (by 
hiding or as crypsis) or as food source of detritus that the 
colonies generate. Commensalisms between amphipods 
and cnidarians has been documented worldwide (e.g. 
Vader & Krapp-Schickel, 1996; Esquete et al., 2014), 
but there is little information about this association 
with corals. Therefore, more studies are necessary in 
this regard with scleractinian corals. The analysis of gut 
contents of peracarids associated with the intertidal algae 
F. spiralis revealed that the assemblage is dominated by 
species feeding mainly on this algae (Torrecilla-Roca & 
Guerra-García, 2012), in contrast with other crustaceans 
inhabiting different seaweed assemblages which mainly 
feed on detritus (Guerra-García & Tierno de Figueroa, 
2009; Alarcón-Ortega et al., 2012). This could highlight 
that, depending upon the host with which the peracarids 
are associated, the relationship could be host-dependent 

or not, but further research needs to be carried out in this 
regard.

Acknowledgements

Our research was supported by the Regional Gov-
ernment of Andalusia (General Office of Environment 
Management, Regional Ministry of Environment). We 
thank the General Office of Marine Protected Area from 
the Spanish state (National Ministry of Environment). 
Financial support for this work was provided by the Aso-
ciación Hombre y Territorio (http://www.hombreyterri-
torio.org) and the Laboratorio de Biología Marina (De-
partamento de Zoología, Facultad de Biología, Univer-
sidad de Sevilla). Special thanks to our colleague J. M. 
Guerra-García for his assistance with laboratory methods 
and taxonomic identifications, and Manuel González 
O’Sullivan and Paul Worrall for their assistance during 
the English review process. The experiments complied 
with current Spanish laws. 

References

Alarcón-Ortega, L.C., Guerra-García, J.M., Sánchez-Moyano, 
J.E., Cupul-Magaña, F.G., 2012. Feeding habits of 
caprellids (Crustacea: Amphipoda) from the west coast 
of Mexico. Do they feed on their hosting substrates? 
Zoologica Baetica, 23, 11-20.

Bello, C.L., Cabrera, M.I., 1999. Uso de la técnica 
microhistológica de Cavender y Hansen en la identificación 
de insectos acuáticos. Boletín de Entomología Venezolana, 
14, 77-79.

Bianchi, C.N., 2007. Biodiversity issues for the forthcoming 
tropical Mediterranean Sea. Hydrobiologia, 580, 7-21.

Castro, P., 1988. Animal symbioses in coral reef communities: 
a review. Symbiosis, 5, 161-184.

Coker, D.J., Pratchett, M.S., Munday, P.L., 2009. Coral 

Table 1. Gut contents of the studied peracarid species. N: number of specimens of each species examined, n: number of specimens 
with detected digestive contents. % Abs: total area occupied by the content in the whole digestive tract. Det: detritus, Crust: 
crustaceans, Malg: Macroalgae. Mean values with standard errors of the mean (in parentheses) are included. 

PERACARIDS N/n % Abs % Det % Crust % Malg Feeding group
Isopods

Janira maculosa Leach, 1814 22/22 64.3 (19.1) 93.9 (8.6) 5.7 (3.1) 0.5 Omnivorous
Paragnathia formica Hesse, 1864 12/10 27.5 (15.5) 100 -- -- Detritivorous

Amphipods
Lembos sp. Bate, 1857 23/22 50.2 (30.7) 92.7 (6.3) 7.3 (5.2) -- Omnivorous
Autonoe spiniventris Della Valle, 1893 9/8 59.4 (39) 100 -- -- Detritivorous
Leucothoe spinicarpa Abildgaard, 1789 19/17 16 (9.1) 98.1 (3.1) 1.9 (0.8) -- Omnivorous
Liljeborgia psaltrica Krapp-Schickel, 1975 20/0 -- -- -- -- Carnivorous
Sthenothoe cavimana Chevreux, 1908 20/0 -- -- -- -- Carnivorous
Eusiroides dellavallei Chevreux, 1899 3/0 -- -- -- -- Carnivorous
Caprella acanthifera Leach, 1814 14/14 61.1 (3.7) 100 -- -- Detritivorous
Phtisica marina Slabber, 1769 11/8 19.4 (13.9) 98.7 (3.5) 1.3 -- Omnivorous

Tanaids
Tanais dulongii Audouin, 1826 8/7 55.7 (28.7) 98.8 (3.7) 1.2 -- Omnivorous



Medit. Mar. Sci., 17/1, 2016, 170-173 173

bleaching and habitat degradation increase susceptibility 
to predation for coral-dwelling fishes. Behavioral Ecology, 
20, 1204-1210.

Conlan, K.E., 1994. Amphipod crustaceans and environmental 
disturbance: a review. Journal of Natural History, 28, 
519-554.

Conradi, M., Cervera, L., 1995. Variability in trophic 
dominance of amphipods associated with the bryozoan 
Bugula neritina (L., 1758) in Algeciras Bay (Southern 
Iberian Peninsula). Polskie Archiwum Hydrobiologii, 42, 
483-494.

De Broyer, C., Jazdzewski, K., 1996. Biodiversity of the 
Southern Ocean: towards a new synthesis for the 
Amphipoda (Crustacea). Bolletino del Museo Civico di 
Storia Naturale di Verona, 20, 547-568.

Esquete, P., Sibaja-Cordero, J., Troncoso, J.S., 2014. A 
new genus and species of Leptocheliidae (Crustacea: 
Peracarida: Tanaidacea) from Isla del Coco (Costa Rica). 
Zootaxa, 3741 (2), 228-242.

Goffredo, S., Caroselli, E., Gasparini, G., Marconi, G., 
Putignano, M.T. et al, 2011. Colony and polyp biometry 
and size structure in the orange coral Astroides calycularis 
(Scleractinia: Dendrophylliidae). Marine Biology 
Research, 7 (3), 272-280.

Grubelic, I., Antolic, B., Despalatovic, M., Grbec, B., Beg 
Paklar, G., 2004. Effect of climatic fluctuations on the 
distribution of warm-water coral Astroides calycularis in 
the Adriatic Sea new records and review. Journal of the 
Marine Biological Association of the United Kingdom, 84, 
599-602.

Guerra-García, J.M., Tierno de Figueroa, J.M., Navarro-
Barranco, C., Ros, M., Sánchez-Moyano, J.E. et al., 2014. 
Dietary analysis of the marine Amphipoda (Crustacea: 
Peracarida) from the Iberian Peninsula. Journal of Sea 
Research, 85, 508–517.

Guerra-García, J.M., Tierno de Figueroa, J.M., 2009. What do 
caprellids feed on? Marine Biology, 156, 1881-1890.

Hixon, M.A., Menge, B.A., 1991. Species diversity: prey 
refuges modify the interactive effects of predation and 
competition. Theoretical Population Biology, 39, 178–200.

Jones, C.G., Lawton, J.H., Shachak, M., 1994 Organisms as 
ecosystem engineers. Oikos, 69, 373-386.

Kruzic, P., Zibrowius, H., Pozar-Domac, A., 2002. Actiniaria 
and Scleractinia (Cnidaria, Anthozoa) from Adriatic 
Ser (Croatia): first records, confirmed occurrences and 
significant range extensions of certain species. Italian 
Journal Zoology, 69, 345-353.

Navarro-Barranco, C., Tierno de Figueroa, J.M., Guerra-García, 
J.M., Sánchez Tocino, L., García-Gómez, J.C., 2013. 
Feeding habits of amphipods (Crustacea: Malacostraca) 
from shallow soft bottom communities; comparison 
between marine caves and open habitats. Journal of Sea 
Research, 78, 1-7.

Rossi, L., 1971. Cnidari e Ctenofori d´Italia. Cuaderni della 
Civica Stazione Idrobiologica di Milano, 2, 77-86.

Sarvala, J., Uitto, A., 1991. Production of the benthic amphipod 
Pontoporeia affinis and P. femorata in a Baltic archipelago. 
Ophelia, 34, 71-90.

Terrón-Sigler, A., Peñalver, P., León-Muez, D., Espinosa, 
F., 2014. Spatio-temporal macrofaunal assemblages 
associated with the endangered orange coral Astroides 
calycularis (Scleractinia: Dendrophylliidae). Aquatic 
Biology, 21, 143-154. doi: 10.3354/ab00577.

Terrón-Sigler, A., León-Muez, D., Peñalver, P., Gálvez-César, 
R., Espinosa Torre, F., 2015. Geographic distribution of 
Astroides calycularis (Scleractinia: Dendrophylliidae) as 
a baseline to assess future human impacts on the Southern 
Iberian Peninsula. Journal of the Marine Biological 
Association of the United Kingdom, 1-9. doi:10.1017/
S0025315415001113.

Torrecilla-Roca, I., Guerra-García, J.M., 2012. Feeding habits 
of the peracarid crustaceans associated with the alga 
Fucus spiralis in Tarifa Island, Cádiz (Southern Spain). 
Zoologica Baetica, 23, 39-47.

Vader, W., Krapp-Schickel, G., 1996. Redescription and biology 
of Sthenothoe brevicornis Sars (Amphipoda: Crustacea), 
an obligate associate of the sea anemone Actinostola 
callosa (Verrill). Journal of Natural History, 30 (1), 51-66.

Vázquez-Luis, M., Sánchez-Jerez, P., Bayle-Sempere, J.T., 
2013. Does the invasion of Caulerpa racemosa var. 
cylindracea affect the feeding habits of amphipods 
(Crustacea: Amphipoda). Journal of the Marine Biological 
Association of the United Kingdom, 93, 87-94.

Zibrowius, H., 1978. Les Scléractiniaires des grottes sous-
marines en Méditerranée et dans l’Atlantique nord-oriental 
(Portugal, Madeíre, Canaries, Açores). Pubblicazioni della 
Stazione zoologica di Napoli. Marine Ecology, 40, 516-45.

Zibrowius, H., 1980. Les Scléractiniaires de la Méditerranée 
et de l`Atlantique nord-orinetal. Memories del´Institut 
Océanographique Monaco 11, 198-201.

Zibrowius, H., 1995. The Southern Astroides calycularis in the 
Pleistocene of the Northern Mediterranean – An indicator 
of climatic changes (Cnidaria, Scleractinia). Geobios, 
28, 9-16.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

