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Decapod crustaceans associating with echinoids in Roatán, Honduras

Floyd E. Hayes, Mark Cody Holthouse, Dylan G. Turner, Dustin S. Baumbach, Sarah Holloway

Abstract.̶Echinoids comprise an integral component of coral reef ecosystems, pro-
viding trophic links, microhabitats, and refuge for a wide diversity of symbiotic or-
ganisms. We studied the association of at least eight species of decapod crustacean 
ectosymbionts with six species of echinoids at Roatán, Honduras, during 6–11 Sep-
tember 2015. Decapods associated most frequently with the echinoid Diadema antil-
larum (10.80% of individuals of this echinoid, six decapod species; n＝799), followed 
by Eucidaris tribuloides (1.74%, three species; n＝746), Echinometra lucunter (1.30%, 
six species; n＝8349), Tripneustes ventricosus (0.86%, four species; n＝1167), Echi-
nometra viridis (0.23%, two species; n＝862), and Lytechinus variegatus (0%, no spe-
cies; n＝12). Of 239 individual decapods observed, Percnon gibbesi was the most 
common species (48.5% of decapods, four echinoid species), followed by unidentified 
hermit crabs (Paguridae; 27.2%, five species), Stenorhynchus seticornis (11.7%, three 
species), Stenopus hispidus (6.3%, three species), Plagusia depressa (3.3%, three spe-
cies), Panulirus argus (1.3%, one species), an unidentified small crab (possibly Pitho 
sp.; 1.3%, one species), and Mithrax verrucosus (0.4%, one species). The frequency 
of association varied with water depth for P. gibbesi, which associated more frequent-
ly with D. antillarum in shallow water (＜5 m), and S. seticornis, which associated 
more frequently with D. antillarum in deep water (＞5 m). None of the decapod spe-
cies associated exclusively with echinoids or was specialized for associating with 
echinoids. Decapods associated with the longest-spined species, D. antillarum, at a 
rate more than six times higher than that of any other echinoid species, supporting the 
hypothesis that decapods seek shelter among the spines of echinoids to benefit from 
decreased predation.
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■ Introduction

Sea urchins (Echinodermata: Echinoidea), 
hereafter referred to as echinoids, comprise an 
integral component of coral reef ecosystems, 
providing trophic links, microhabitats, and ref-
uge for a wide diversity of symbiotic organ-
isms (Clark, 1976; Carpenter, 1997; Glynn & 
Enochs, 2011). Ectosymbionts representing at 
least ten animal phyla have been reported to 
associate with echinoids, including Porifera, 
Cnidaria, Ctenophora, Platyhelminthes, Annel-

ida, Arthropoda, Mollusca, Echinodermata, 
Bryozoa, and Chordata (e.g., Randall et al., 
1964; Strasburg, 1966; Magnus, 1967; Good-
ing, 1974; Bruce, 1982; Hayes et al., 1998a, 
2006; Coppard & Campbell, 2004; Hétérier et 
al., 2004; Hopkins et al., 2004; Hayes, 2007; 
Campos et al., 2009; Britayev et al., 2013). 
The ectosymbionts of echinoids may obtain 
several potential benefits from their hosts; for 
example, sessile species procure a hard sub-
strate for attachment on the test or spines of 
echinoids, parasites obtain nutrition from echi-
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noid hosts, filter feeders increase foraging effi-
ciency by being elevated above the substrate, 
and many species seek shelter from predators 
among the spines (Bruce, 1976; Ross, 1983).

There is ample evidence that some ectosym-
bionts associate with the spines of echinoids, 
especially the longer-spined species, to gain 
protection from predators. For example, several 
species of fishes associate almost exclusively 
with long-spined echinoid species and, when 
threatened, retreat deeper into the echinoids’ 
spines (Strasburg, 1966; Magnus, 1967; Tamu-
ra, 1982; Gould et al., 2014). Some fish ecto-
symbionts match the color of echinoid hosts, 
some possess dark horizontal lines on their 
bodies which are aligned with the echinoids’ 
spines, and some change color when departing 
from their echinoid hosts to forage away from 
them (Strasburg, 1966; Magnus, 1967; Tamura, 
1982; Gould et al., 2014). Experiments with 
echinoid models revealed that fish ectosymbi-
onts preferred those with longer or more dense 
spines (Magnus, 1967; Tamura, 1982) and the 
fish used the models to extend their territories 
over soft substrates (Fricke, 1970).

Similar evidence indicates that ectosymbiont 
decapod crustaceans (Arthropoda: Malacostra-
ca: Decapoda), hereafter referred to as deca-
pods, also benefit from protection by associat-
ing with the spines of echinoids. Several 
species of shrimp that associate exclusively 
with echinoids are cryptically colored, align 
their bodies with the echinoids’ spines, and are 
quickly preyed upon when removed from echi-
noids (Lewis, 1956; Chace, 1969; Fricke & 
Hentschel, 1971; Bruce, 1976, 1982; Patton et 
al., 1985). In an overnight experiment provid-
ing a choice between five potential host species 
of echinoids, the palaemonid shrimp Tuleario-
caris neglecta Chace, 1969 associated exclu-
sively with the diadematid echinoid Diadema 
antillarum (Philippi, 1845), which had the lon-
gest spines (Castro, 1974). In similar 12-min 
and 12-hr experiments providing a choice be-
tween three potential host species of echinoids, 

the inachid crab Stenorhynchus seticornis 
(Herbst, 1788) associated most frequently with 
the longest-spined species, D. antillarum (Jo-
seph et al., 1998). However, along the coast of 
Tobago, S. seticornis did not prefer D. antilla-
rum hosts with longer spines, occurring in 
denser populations, occurring nearer to each 
other, or occurring in deeper water (Hayes et 
al., 1998a). Ory et al. (2013) demonstrated that 
the rhynchocinetid shrimp Rhynchocinetes bru-
cei Okuno, 1994 associated more frequently 
with the diadematid echinoid Diadema setosum 
(Leske, 1778) than the anemone Entacmaea 
quadricolor (Leuckart in Rüppell & Leuckart, 
1828), and preferred to associate with the echi-
noid when given a choice between the two 
hosts, suggesting that the sharp-spined echi-
noid offered greater protection than the soft-
tentacled anemone.

In the Caribbean Sea, a variety of decapods 
associate with echinoids (Hendler et al., 1995). 
However, the frequency of decapods associat-
ing with echinoids has been studied in only 
two species: the echinometrid echinoid Echi-
nometra lucunter (Linnaeus, 1758) in Colom-
bia (Schoppe & Werding, 1996; Monroy López 
& Solano, 2006) and D. antillarum in the Vir-
gin Islands, Grenadines, Grenada, Barbados, 
and Tobago (Hayes et al., 1998a, 2006; Hayes, 
2007). In this study we provide data on the fre-
quency of decapods associating with six spe-
cies of echinoids on the island of Roatán, in the 
western Caribbean Sea, to test the hypothesis 
that decapods associate most frequently with 
the longest-spined species of echinoid, which 
is consistent with the hypothesis that ectosym-
bionts seek shelter among the spines of echi-
noids to benefit from decreased predation. We 
also compare variation in decapod-echinoid as-
sociations at different water depths and with 
other regions of the Caribbean.
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■ Study Area and Methods

Study area
Roatán, one of the Bay Islands of Honduras, 

is situated on the Bonacca Ridge, a crest on the 
south edge of the deep Cayman (or Bartlett) 
Trough in the western Caribbean Sea. It is a 
small island, about 47 km long and 4 km wide, 
located 47 km north of the Honduran mainland 
between 16°25.9′ and 16°16.0′ north, and be-
tween 86°36.2′ and 86°11.4′ west. Roatán is 
comprised of predominantly igneous and meta-
morphic rocks. Uplifted fossilized reefs form 
limestone outcrops along the shore, which al-
ternate with sandy beaches and mangroves. 
The island is surrounded by a mosaic of fring-
ing and barrier reefs, with patch reefs in shal-
low lagoons. The geology of Roatán is de-
scribed by McBirney & Bass (1967) and 
Lallemant & Gordon (1999). The marine envi-
ronment is described by Wells (1988) and Keck 
(undated).

Methods
From 6–11 September 2015, we surveyed the 

association of decapods with echinoids at four 
sites in Roatán (Fig. 1). Snorkeling equipment 

was used to survey echinoids in water ＜5 m 
deep at West Bay, West End, Paya Bay, and 
Parrot Tree. Scuba gear was used to survey 
echinoids in water 5–20 m deep at three dive 
sites at West End. All sites contained an abun-
dance of hard substrates including limestone 
rocks, dead corals, and living corals. We care-
fully inspected each echinoid for decapods. 
Because many echinoids were partially hidden 
within a rock or coral crevice, some small 
decapods may have been overlooked. We did 
not inspect echinoids that were mostly hidden 
within a crevice. An association was consid-
ered to occur when a decapod was encountered 
within 2.5 cm of the spines of an echinoid 
(Hayes, 2007). Each decapod observed (tiny 
species may have been overlooked) was identi-
fied in the field or photographed and subse-
quently identified based on Keith (1985) and 
Humann & DeLoach (2002). However, we did 
not attempt to identify hermit crabs to species 
because they were hidden inside small gastro-
pod shells, requiring their collection and subse-
quent removal, which was prohibited by the 
West Bay-West End Marine Reserve (where 
we obtained most of our data). The number of 
individuals of each species associating with 

Fig. 1. Map of Roatán, Honduras, indicating four study sites for decapods associating with echinoids.
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each echinoid was recorded on underwater 
writing slates.

Statistical analyses
The percent frequency of echinoid hosts oc-

cupied by decapods and the mean number of 
decapods per echinoid host were calculated for 
each decapod species and for all decapods 
combined. Two-sample chi-square tests (χ2 sta-
tistic; Zar, 2009) and Fisher exact probability 
tests (P statistic; Zar, 2009) were calculated to 
compare the frequencies of association among 
the echinoids and decapods, at two depth cate-
gories (＜5 m, ＞5 m), and between geograph-
ic regions. To avoid an expected frequency of
＜1 in our chi-square analyses, we excluded 
the data for one rare species of echinoid in 
which no decapod associates were observed. 
Yates’s corrected chi-square values were used 
for 2×2 contingency tables.

Taxonomy
We follow the taxonomy of Hendler et al. 

(1995) for echinoids and Felder et al. (2009) 
for decapod crustaceans.

■ Results

Echinoid morphology and habitat use
We identified six species of echinoids which 

differed in their morphology and habitat use 
(Hendler et al., 1995; Humann & DeLoach, 
2002). The diadematid echinoid Diadema an-
tillarum has long and extremely thin spines up 
to about 200 mm long. We found it in rock and 
coral crevices with juveniles occurring more 
frequently in shallow water and larger adults 
occurring more frequently in deeper water (up 
to 15 m). The cidarid echinoid Eucidaris tribu-
loides (Lamarck, 1816) has medium-length 
spines that are thick and blunt, up to about 
50 mm long. We encountered it in rock and 
coral crevices of water ＜5 m deep. The toxo-
pneustid echinoid Lytechinus variegatus (La-
marck, 1816) has short spines up to about 

20 mm long. We encountered it on relatively 
flat rocks or dead corals in water ＜5 m deep. 
The toxopneustid echinoid Tripneustes ventri-
cosus (Lamarck, 1816) has short spines up to 
about 20 mm long. We found it on relatively 
flat rocks or dead corals, sometimes at the edge 
of seagrass beds, in water ＜5 m deep. The 
echinometrid echinoid Echinometra lucunter 
has medium-length spines up to about 30 mm 
long. We encountered high densities in holes 
that it bores in limestone along the shore, 
mostly in very shallow water ＜1 m deep, but 
some occurred up to 3 m deep and some were 
in living corals. The echinometrid echinoid 
Echinometra viridis A. Agassiz, 1863 has me-
dium-length spines up to about 40 mm long. 
We encountered the highest densities in crevic-
es of the agrariciid coral Agaricia tenuifolia 
Dana, 1848 from 2–10 m deep, but some were 
in limestone crevices ＜1 m deep.

Differences in association among echinoid 
species

The frequency of decapods associating with 
echinoids (Table 1) differed among the five 
species of echinoids (χ2＝378.47, df＝4, p＜
0.001; we excluded a sixth species, which was 
rare, to meet the assumptions of a chi-square 
test). Decapods associated with 10.80% of the 
longest-spined echinoid, D. antillarum (six 
species, 0.120 decapods per echinoid; n＝799), 
which was more than six times higher than any 
other echinoid species and accounted for 
91.5% of the overall chi-square value. Deca-
pods associated with 1.74% of E. tribuloides 
(three species, 0.017 decapods per echinoid; 
n＝746), which had the second longest spines, 
followed by 1.30% of E. lucunter (six species, 
0.014 decapods per echinoid; n＝8349), 0.86% 
of T. ventricosus (four species, 0.009 decapods 
per echinoid; n＝1167), 0.23% of E. viridis 
(two species, 0.002 decapods per echinoid; n＝
862), and 0% of the rarest species, L. variega-
tus (n＝12).
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Differences in association among decapod 
species

We observed 239 decapods of at least eight 
species associating with echinoids. The deca-
pods differed significantly in their frequency of 
association with echinoids (χ2＝361.45, df＝7, 
P＜0.001; Table 1). The plagusiid crab Perc-
non gibbesi (H. Milne Edwards, 1853) was the 
most common associate of echinoids, compris-
ing 48.5% of the decapods observed. It associ-
ated with four species of echinoids and oc-
curred most frequently with the longest-spined 
species, D. antillarum (χ2＝379.07, df＝5, p＜
0.001; Table 1), usually alone (93.6%) but 
sometimes with a second individual (6.4%). 
We very rarely observed it apart from echi-
noids. Unidentified hermit crabs (Paguridae) of 
an unknown number of species accounted for 
27.2% of the decapods. They associated with 
five species of echinoids and occurred most 
frequently with E. lucunter (Table 1), but the 
data for this and the remaining species were in-
sufficient for statistical tests of the frequency 
of association with echinoid species. Usually 
they were alone (90%) but sometimes a second 
was present (10%). We often observed them 
apart from echinoids. The inachid crab Steno-
rhynchus seticornis (Herbst, 1788) comprised 
11.7% of the decapods. It associated with three 
species of echinoids and occurred most fre-

quently with D. antillarum (Table 1), nearly al-
ways alone (96.3%) and rarely with a second 
individual (3.7%). We rarely observed it apart 
from echinoids. The stenopid shrimp Stenopus 
hispidus Olivier, 1811 represented 6.3% of the 
decapods. It associated with three species of 
echinoids and occurred most frequently with D. 
antillarum (Table 1), either alone (63.6%) or 
with a companion (36.4%). We often observed 
it apart from echinoids. The plagusiid crab Pla-
gusia depressa (Fabricius, 1775) comprised 
3.3% of the decapods. It associated with three 
species of echinoids and occurred most fre-
quently with E. lucunter (Table 1), but one 
shuttled back and forth between a D. antilla-
rum and a T. ventricosus, and it was always 
alone. We often observed it apart from echi-
noids. The panulirid lobster Panulirus argus 
Latreille, 1804 represented 1.3% of the deca-
pods. Three juveniles associated with D. antil-
larum (Table 1), always alone. We often saw 
adults, none of which associated with echi-
noids, but we rarely saw a juvenile apart from 
an echinoid. An unidentified small, gray deca-
pod (possibly Pitho sp.) accounted for 1.3% of 
the decapods, associating only with E. lucunter 
(Table 1) and always alone. We never observed 
any apart from an echinoid, but it is easily 
overlooked. One mithracid crab Mithrax verru-
cosus H. Milne Edwards, 1832, comprising 

Table 1. Percent of echinoids occupied by decapods (mean number of decapods per echinoid) at Roatán, Honduras. Echinoids 
by column (n＝number of echinoids observed): Da＝Diadema antillarum; El＝Echinometra lucunter; Ev＝Echinometra viridis; 
Et＝Eucidaris tribuloides; Lv＝Lytechinus variegatus; Tv＝Tripneustes ventricosus. Decapods by row: Hc＝unidentified hermit 
crab; Mv＝Mithrax verrucosus; Pa＝Panulirus argus; Pg＝Percnon gibbesi; Pd＝Plagusia depressa; Sh＝Stenopus hispidus; Ss＝
Stenorhynchus seticornis.

Da Ela Ev Et Lv Tv

n 799 8349 862 746 12 1167
Hc 1.13 (0.014) 0.37 (0.004) 0.12 (0.001) 1.47 (0.015) ̶ 0.60 (0.006)
Mv ̶ 0.01 (0.0001) ̶ ̶ ̶ ̶
Pa 0.38 (0.004) ̶ ̶ ̶ ̶ ̶
Pg 5.01 (0.054) 0.80 (0.009) 0.12 (0.001) ̶ ̶ 0.09 (0.0009)
Pd 0.13 (0.001) 0.08 (0.0008) ̶ ̶ ̶ 0.09 (0.0009)
Sh 1.13 (0.016) ̶ ̶ 0.13 (0.001) ̶ 0.09 (0.0009)
Ss 3.00 (0.031) 0.02 (0.0002) ̶ 0.13 (0.001) ̶ ̶

a An unidentified small, gray decapod (possibly Pitho sp.) associated with 0.04% of E. lucunter (0.0004 per urchin)
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0.4% of the decapods, associated with an E. lu-
cunter (Table 1). We did not observe any apart 
from echinoids. Two species associated with an 
echinoid on only one occasion: an unidentified 
hermit crab and a P. gibbesi associating with an 
E. lucunter.

Differences in association by water depth
The frequency of decapods associating with 

D. antillarum did not differ between water 
＜5 m deep (10.3%, n＝687) and water ＞5 m 
deep (13.4%, n＝112; χ2＝0.65, df＝1, p＝
0.42). However, the crab P. gibbesi associated 
with D. antillarum more frequently in water ＜
5 m deep (5.8%) than in water ＞5 m deep, 
where it was not observed (0%; χ2＝5.70, df＝
1, p＝0.017). In contrast, the crab S. seticornis, 
which was the only decapod associating with 
echinoids＞5 m deep, associated more fre-
quently with D. antillarum in water ＞5 m 
deep (13.4%) than in water ＜5 m deep (1.3%; 
Fisher exact p＜0.001). We encountered only 
one other echinoid species, E. viridis, in water 
＞5 m deep, but no decapods associated with 
the dozen echinoids observed.

Differences between sites
In water ＜5 m deep, decapods associated 

with D. antillarum more frequently at West 
End (11.70%, n＝581) than at nearby West 
Bay (2.44%, n＝82; χ2＝6.53, df＝1, p＝0.02), 
and decapods associated more frequently with 
E. lucunter at West End (1.53%, n＝5364) than 
at distant Paya Bay (0.83%, n＝2278; χ2＝
5.40, df＝1, P＝0.02). The frequency of deca-
pods associating with echinoids was too low to 
permit statistical comparisons between other 
sites for these two species and between sites 
for other species.

■ Discussion

Ecology of decapod-echinoid associations
None of the decapod species observed in this 

study associates exclusively with echinoids or 

is specialized for associating with echinoids 
(Williams, 1984; Keith, 1985; Hendler et al., 
1995). However, P. gibbesi associates almost 
exclusively with E. lucunter (e.g., Schmalfuss, 
1976; Humann & DeLoach, 2002). Several 
species, including hermit crabs, S. seticornis, S. 
hispidus, and P. argus, often associate with D. 
antillarum in the eastern Caribbean (Hayes et 
al., 2006; Hayes, 2007). Juvenile P. argus in 
the Virgin Islands have been observed associat-
ing with D. antillarum as they move across 
seagrass beds and quickly return to them when 
removed and released several m away (Davis, 
1971). Although crustaceans often appear to 
associate intentionally with echinoids, some of 
the associations we observed may have been 
incidental rather than intentional.

Decapods associated with the longest-spined 
species, D. antillarum, at a rate more than six 
times higher than that of any other echinoid 
species, providing strong evidence that the 
decapods seek shelter among the spines of 
echinoids to benefit from decreased predation. 
Our results are consistent with controlled ex-
periments demonstrating that the shrimp T. ne-
glecta and the crab S. seticornis consistently 
prefer to associate with the longest-spined 
echinoid, D. antillarum, when given a choice 
among several echinoid species (Castro, 1974; 
Joseph et al., 1998). However, test and spine 
fragments of small D. antillarum have been re-
ported in the gut of the spiny lobster P. argus 
(Randall et al., 1964), suggesting that the asso-
ciation of adult P. argus with echinoids, which 
has been reported in the Virgin Islands (Hayes, 
2007), may represent a predatory rather than a 
defensive relationship. It remains unknown 
whether the echinoids benefit from the deca-
pods. Echinoids may potentially benefit from 
decapods cleaning their tests or spines, which 
has been reported in the apogonid fish 
Siphamia versicolor (Smith & Radcliffe in 
Radcliffe, 1912) (Eibl-Eibesfeldt, 1961). The 
decapod-echinoid relationship documented in 
this study is best regarded as a facultative asso-
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ciation rather than an obligatory commensal-
ism (Hayes, 2007).

How decapods locate echinoids and assess 
their value for protection from predators re-
mains unknown, although visual cues are prob-
ably the most important. Experiments with 
echinoid models revealed that the palaemonid 
shrimp Tuleariocaris zanzibarica Bruce, 1967 
uses visual cues to find Diadema setosum 
(Leske, 1778) hosts, preferring dark rather than 
pale spines, vertical rather than horizontal 
spines, and dense spines rather than sparse 
spines (Fricke & Hentschel, 1971). Further ex-
periments revealed that the endoparasitic larva 
of the pilumnid crab Echinoecus pentagonus 
(A. Milne Edwards, 1879) use both visual and 
chemical cues to locate echinoid hosts (Castro, 
1978). Acoustic sounds generated by foraging 
echinoids may also help guide decapods to 
echinoids (Radford et al., 2008, 2010).

New records of association
We recorded nine new records of association 

(13 if unidentified hermit crabs are included) 
between decapods and echinoids. At least ten 
species of decapods have been reported associ-
ating with D. antillarum, including Mithracu-
lus sculptus (Lamarck, 1818), P. argus, P. gib-
besi, Periclemenes sp., Petrolisthes galathinus 
(Bosc, 1802), Stegopontonia sp., S. hispidus, S. 
seticornis, Tuleariocaris neglecta, and an un-
identified hermit crab (Randall et al., 1964; 
Chace, 1969; Davis, 1971; Castro, 1974; 
Gooding, 1974; Schmalfuss, 1976; Criales, 
1984; Hayes et al., 1998; Wirtz, 2004; Hayes, 
2007). Our study adds P. depressa as an associ-
ate.

The only species of decapod reported to as-
sociate with E. tribuloides is S. seticornis 
(Hayes et al., 1998b). Our study adds S. hispi-
dus and an unidentified hermit crab as associ-
ates.

The only species of decapod reported to as-
sociate with L. variegatus is Gnathophylloides 
mineri Schmitt, 1933 (Lewis, 1956). We did 

not find any decapods associating with L. var-
iegatus, although our sample was very small.

Two species of decapods have been recorded 
associating with T. ventricosus, including G. 
mineri and M. sculptus (Lewis, 1956; Criales, 
1984; Patton et al., 1985; Hayes, 2007; Wirtz 
et al., 2009). We added P. gibbesi, P. depressa, 
S. hispidus, and an unidentified hermit crab as 
associates.

Five species of decapods have been reported 
associating with E. lucunter, including Clas-
totoechus vanderhorsti (Schmitt, 1924), Gna-
thophyllum ascensione Manning & Chace, 
1990, P. gibbesi, Teleophrys pococki Rathbun, 
1924, and T. neglecta (Manning & Chase, 
1990) (Schoppe, 1991; Schoppe & Werding, 
1996; Hayes et al., 1998b; Monroy López & 
Solano, 2006; Giribet & Lemer, 2014). Our 
study adds M. verrucosus, P. depressa, S. seti-
cornis, and an unidentified hermit crab as asso-
ciates.

No species of decapods have been reported 
associating with E. viridis. Our study adds P. 
gibbesi and an unidentified hermit crab as as-
sociates.

Geographic variation of association
Given the heterogeneity of coastal habitats 

on any given island, local variation in the fre-
quency of decapods associating with echinoids 
can be expected (Hayes et al., 2006; Hayes, 
2007). Substantial regional variation has been 
documented in the frequency of decapods asso-
ciating with D. antillarum in shallow water 
(＜5 m deep) of the Caribbean Sea. The fre-
quency of association on Roatán (10.3% of 
echinoids, 0.12 decapods per echinoid, n＝
687) was slightly but significantly higher than 
in the Virgin Islands, where Hayes (2007) re-
ported that 6.4% of D. antillarum (n＝1800) 
hosted decapods with an average of 0.09 indi-
viduals per echinoid (χ2＝10.63, df＝1, P＝
0.001). However, the frequency of association 
on Roatán was nearly three times lower than in 
islands of the southeastern Caribbean (Grena-
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dines, Grenada, Barbados, and Tobago), where 
Hayes et al. (2006) reported that 30.1% of D. 
antillarum (n＝991) hosted decapods with an 
average of 0.49 individuals per echinoid (χ2＝
90.98, df＝1, P＜0.001).

The proportions of decapod species associat-
ing with D. antillarum in shallow water (＜5 m 
deep) were similar among the three regions of 
the Caribbean Sea, with four species consis-
tently ranking among the most frequent deca-
pods. In all three regions P. gibbesi was the 
most common decapod associating with D. an-
tillarum, comprising 56.3% of the decapods 
(n＝80) in Roatán, 48.8% in the Virgin Islands 
(n＝164; Hayes, 2007), and 79.1% in the 
Southeastern Caribbean (n＝487; Hayes et al., 
2006). Unidentified hermit crabs represented 
13.8% of the decapods in Roatán, 30.5% in the 
Virgin Islands, and 8.2% in the southeastern 
Caribbean; S. seticornis accounted for 12.7% 
in Roatán, 11.0% in the Virgin Islands, and 
7.0% in the southeastern Caribbean; and S. his-
pidus comprised 16.3% in Roatán, 5.5% in the 
Virgin Islands, and 0% in the southeastern Ca-
ribbean.

Substantial regional variation also occurs in 
the frequency of decapods associating with E. 
lucunter. In separate studies along the coast of 
Colombia, Schoppe and Werding (1996) re-
ported that C. vanderhorsti associated with 
20.4% of E. lucunter (n＝820) and Monroy 
López & Solano (2006) reported that C. van-
derhorsti associated with 60.5% and T. pococki 
associated with 3.5% of E. lucunter (n＝2587). 
Neither C. vanderhorsti nor T. pococki has 
been recorded from Roatán (Keith, 1985), 
where we recorded decapods of six species as-
sociating with only 1.3% of E. lucunter (n＝
8349; Table 1).

The environmental factors responsible for lo-
cal, regional, and temporal variation in the fre-
quency of decapods associating with echinoids, 
which may include either or both abiotic and 
biotic factors, remain unknown. Hayes et al. 
(2006) and Hayes (2007) suggested that geo-

graphic and temporal variation in the frequency 
of decapods associating with D. antillarum in 
the Caribbean Sea may be affected by regional 
differences in the population growth rate of D. 
antillarum following the 1983 mass mortality 
event (see review by Lessios, 2015).
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