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Abstract Many reef fish are known to be associated with
particular microhabitats that provide food and refuge, such
as branching corals, gorgonians, macroalgal beds and sea ur-
chins. We investigate the association of reef fishes with the
long-spined sea urchin Diadema antillarum in shallow reefs
of Trindade Island, southeastern Brazil. A total of 1283 fish
individuals from seven families and nine species were associ-
ated with 495 sea urchins. Sea urchins provide important shel-
ter especially for juveniles of the Noronha wrasse,
Thalassoma noronhanum. Larger fishes were found at higher
densities associated to sea urchins with larger spines. At reefs
lacking structurally complex organisms, such as branching
corals, sea urchins can be an important refuge for juveniles
or small-bodied reef fish species, influencing their distribution
and acting as ecosystem engineers.

Keywords Trindade island .Microhabitat . Habitat use . Fish
interactions . Tropical reefs . Fish behavior . Reef complexity

Introduction

Habitat structure and complexity are known to influence reef
fish abundance and diversity at various spatial scales from
micro to mega habitats (Roberts and Ormond 1987; Ferreira
et al. 2001; Rogers et al. 2014). In reef environments, many
fish species are known to be associated with particular habi-
tats, mostly due to optimal refuge against predators and avail-
ability of food (Dahlgren and Eggleston 2000). Many organ-
isms are known to modify the environment or create micro-
habitats, being described as ecosystem engineers (Jones et al.
1994). Several species of small sized or juvenile reef fish can
be associated with microhabitats provided by complex bio-
genic sessile structures such as branching corals (Pereira and
Munday 2016), macroalgae (Chaves et al. 2013), gorgonians
(Goh et al. 1999) and mobile organisms such as sea urchins,
cucumbers and crinoids (Karplus 2014).

The fish-sea urchin association has long been reported, es-
pecially for the cardinalfishes (Apogonidae) and clingfishes
(Gobiesocidae) families with sea urchins from the family
Diadematidae (Randall et al. 1964; Karplus 2014). The struc-
tural complexity generated by sea urchin spines harbors a di-
versity of small fish that can be closely associated, favoring the
development of juvenile stages or even a whole life stage as an
obligatory association (Randall et al. 1964; Sakashita 1992).
For some fish species, sea urchins may influence the density
of their commensals in the reef by providing refuges against
predators. For instance, Hartney and Grorud (2002) found a
close association among the crowned sea urchin,
Centrostephanus coronatus, and the blue-banded goby
Lythrypnus dalli. Results showed that the crowned sea urchin
has an influence on the abundance, recruitment, migration rates
and survival of this small fish. However, only a small fraction
of associated fish is permanent and obligatory (Karplus 2014).
Most of the fish and sea urchin associations are facultative and
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commensal (Moore and Auster 2009). Fish from the
Gobioesocidae and Gobbidae families are also described as
ectoparasitic, in which the associated fish feed on the tube feet
or pedicelaria of their hosts (Dix 1969; Karplus 2014).

In some reefs, sea urchins occur at higher abundances,
providing an increase in the reef complexity and, consequently,
microhabitats for themarine biota. Thismay have positive effects
for reef fish by providing them habitat structure, otherwise at
some tropical reefs, sea urchins can largely increase bioerosion
(McClanahan and Kurtis 1991) and erode reef structural com-
plexity (Graham and Nash 2012). However, in the southwestern
Atlantic reefs, such associations between reef fish and sea urchins
remain poorly described (Dalbern and Floeter 2012).

The sea urchin Diadema antillarum was once abundant in
Atlantic tropical reefs and referred to as a keystone species up
until the 1980s, when an event of mass mortality led to sig-
nificant depletion (Lessios et al. 2001). Here, we describe the
association among the long-spined sea urchin Diadema
antillarum and reef fishes at Trindade Island, an oceanic island
located in the southwestern Atlantic. At Trindade Island, in the
shallow reefs, this is the most abundant sea urchin, and is usu-
ally found forming densely packed groups of dozens of indi-
viduals (Cordeiro et al. unpubl.). Individuals of D. antillarum
are commonly found in caves, overhangs, and crevices that
provide protection against predators and are more abundant in
zones protected from strong waves (Alvarado 2008). The aim
of this study was to describe which fish species are associated
withD. antillarum and verify whether density and body size of
associated fish vary according to the size of sea urchin spines.
In addition, we determined if density of fishes associated with
sea urchins was correlated to those not associated with urchins,
for instance, fish moving across the reef or fish associated with
other structures.

Methods

Study area

Trindade Island, along with the Martin Vaz Archipelago, com-
prises the most isolated island complex of the Brazilian coast,
and is located 1160 km off the coast with a terrestrial area of 9.2
km2 (Gasparini and Floeter 2001). Compared to the Brazilian
coast, the remote location makes Trindade Island home to
impoverished fish (Floeter et al. 2008; Pinheiro et al. 2011)
and benthos assemblages (Pereira-Filho et al. 2011).

Along the Brazilian coast, D. antillarum is more abundant
in the tropical northeastern region (Attrill and Kelmo 2007),
and rare in the subtropical reefs along the south and southeast-
ern coastline (Cordeiro et al. 2014). In the shallow reefs (5-
12m depth) of Trindade Island, D. antillarum is the dominant
species among the five sea urchin species found locally [38%
of total abundance of sea urchins and 0.01–1.5. ind.m−2 at five

sites around the island (Cordeiro et al. unpubl.)], and is the
only species with long spines that hosts different fish species.

Data collection

Data were collected from August to September 2014 at three
shallow sites (3–10 m depth) in the north of Trindade Island:
Cabritas, Calheta and Ponta Norte. Observations were con-
ducted in rocky reefs through 26 roving scuba diving counts,
in which two observers searched for the specimens.
To avoid sampling the same sea urchin twice, observers roved
parallel to the reef in the same direction. When a sea urchin
was found, the observer slowly approached to verify the pres-
ence of any associated fish, and when found, the abundance
and body size of the fish species was described (total length –
TL). Fish were identified using checklists from Trindade
Island (Gasparini and Floeter 2001; Pinheiro et al. 2015).
The size of the sea urchin spines was visually estimated based
on the length of the largest primary spines and grouped into
three categories: short (≤5 cm), medium (6–15 cm) and long
(>15 cm). Additionally, observers described the behavior of
the fish associated with sea urchins and recorded their spatial
distribution among the urchin’s spines.

In order to assess reef fish abundance, an underwater visual
census were performed using belt transects (20x2m) at all the
sampled sites (Cabritas, n= 11, Orelhas, n = 10, and Ponta Norte,
n = 15). Sampling units were distributed randomly along rocky
reef areas, and all fish observed within transects were counted
and measured.

Data analysis

Differences between body size and density of the most abun-
dant fish species (species of which >15 individuals were re-
corded) associated with sea urchins were compared using a
non-parametric ANOVA (Kruskal-Wallis test), since the re-
sponse distribution was non-normal and data was nonpara-
metric. A post-hoc analysis using the Dunn’s test was per-
formed to verify differences among categories of sea urchin
spine size. Composition of fish assemblages and mean fish
density amongst sites were tested using a PERMANOVA
(9999 permutations, package vegan, function adonis) and
ANOVA, respectively. A Pearson correlation was used to ver-
ify whether overall abundance of the non-associated fish with
sea urchins was correlated with abundance of fish associated
with the urchinD. antillarum. Analyses were conducted using
the R software (R Core Team 2016).

Results

A total of 1283 fish from seven families and nine species were
recorded in association with 495 individuals of D. antillarum
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with short (n = 98), medium (n = 196) and long (n = 201)
spine sizes. Individuals of D. antillarum with long and medi-
um spines have higher densities of commensal fishes than
short-spined sea urchins (Kruskal-Wallis test, H = 117.1,
p < 0.001; Dunn’s test: long = medium > short). Seventy-
three percent of sea urchins with short spines hosted no com-
mensal fishes, while 83% of sea urchins with medium spines
and 89% with long spines had fishes associated with them.
The most frequent species found among D. antillarum spines
were Thalassoma noronhanum, occurring with 81% of sea
urchins sampled at a mean density of 2.11 (±0.17 SE) individ-
uals per sea urchin. The second most abundant species was
Malacoctenus brunoi, found in 12% of sea urchins surveyed
at a mean density of 0.32 (±0.04) (Table 1). Higher densities of
T. noronhanumwere detected in long-spined urchins (H = 6.9,
p = 0.03; post-hoc test: long = medium > short; Fig. 1a, b),
while densities of M. brunoi were similar regardless of spine
size. Higher densities of Chromis multilineata and Apogon
americanus were also observed in sea urchins with larger
spines, although non-significant (Fig. 1c, d). Fish body size
increased proportionally along different size categories of sea
urchin spines for T. noronhanum (H = 23.9, p < 0.001), and
M. brunoi (H = 22.4, p < 0.001) (Fig. 2a, b). Chromis
multilineata and A. americanus were not found associated
with small sea urchins, and their body sizes were similar to
individuals found associated with medium and long spines
sizes (Fig. 2c, d). Amblycirrhitus pinos and Coryphopterus
thrix were only associated with sea urchins with long spines.
Four fish species associated with sea urchins were recorded
only during the juvenile stage, and the other five only as adults
(Table 1).

The assemblage composition (PERMANOVA, F3,44 = 1.22,
p = 0.19) and mean fish abundance (ANOVA, F3,41 = 2.68, p =
0.06) were similar among sampled sites. Differences in the
density of T. noronhanum among sites were correlated with

lower abundance of individuals associated with sea urchin
spines (Pearson, r = 0.74, p < 0.02) at Cabrita. For other spe-
cies, the correlation was not significant or could not be tested
due to a low number of individuals. Therefore, results should
be interpreted carefully because they represent cryptic behavior
and incidence is underestimated when sampling by visual cen-
sus methods.

Fish species were observed inhabiting different areas of
the sea urchin’s spines. Thalassoma noronhanum and
M. brunoi generally inhabited the tips of the spines, while
A. americanus and C. multilineata were more associated
with the base, near the test (Fig. 3). Individuals of
Ophioblennius trinitatis were found only as a single indi-
vidual in contact with the bottom and were rarely seen in
the presence of another fish species. The behaviors of the
most abundant species (>15 individuals observed) are de-
scribed in Table 2.

Discussion

Our results suggest that at Trindade Island, Diadema
antillarum function as an alternative refuge for reef fish, es-
pecially for juveniles of T. noronhanum. By offering shelter,
they are a significant determinant of reef fish abundance at
local scales (Graham and Nash 2012), the habitat structure
provided by sea urchins may reduce the effects of predation.
Trindade Island lacks branching corals or other structural
complexity builders. Branching corals and macroalgal beds
are known to provide microhabitats that shelter juveniles of
several fish species (Chaves et al. 2013; Coni et al. 2013; Leal
et al. 2013). Thus, because of the abundance of D. antillarum
and the refuge provided by its spines, we suggest that this
species has the same functional significance as branching
corals and other biogenic structures found in coastal areas,

Table 1 Reef fish species
recorded in association with sea
urchins in the Trindade Island,
Brazil

Family Species No. of individuals Life
stage

Fish density
(mean ± SE)

Body size
(mean ±
SE)

Labrisomidae Thalassoma
noronhanum

1043 J 2.11 ± 0.17 3.9 ± 0.06

Labrisomidae Malacoctenus brunoi 157 A 0.32 ± 0.04 5.2 ± 0.08

Pomacentridae Chromis multilineata 40 J 0.08 ± 0.03 4.9 ± 0.24

Apogonidae Apogon americanus 15 J 0.03 ± 0.01 4.1 ± 0.12

Pomacentridae Stegastes fuscus 10 J 0.02 ± 0.006 4.6 ± 0.27

Blennidae Ophioblennius trinitatis 7 A 0.01 ± 0.005 4.1 ± 0.26

Gobiidae Elacatinus pridisi 7 A 0.01 ± 0.007 4.7 ± 0.47

Cirrhitidae Amblycirrhitus pinos 3 A 0.006 ± 0.003 6.6 ± 0.33

Gobiidae Coryphopterus thrix 1 A 0.002 ± 0.002 4 ± 0
Total 1283

Life stage: J) juvenile and A) adult.
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functioning as ecosystem engineers for some species and pro-
viding a microhabitat for small fish that are associated with
parts of the reef of lower structural complexity.

The wrasse T. noronhanum was the most predominant spe-
cies associated with the sea urchins. The species was found in
shoals of 5–15 individuals swimming near sea urchins and
seeking refuge amongst themwhen approached by the observ-
er. Such behavior clearly indicates the close association be-
tween these two animals. This is possibly a causal commensal
relationship since fish benefit from shelter against predators,

whereas for sea urchins such association is likely to be neutral
(not detrimental). However, sea urchins can benefit from this
association, since fish may use the urchin’s ectoparasites as a
food resource (Karplus 2014).

To the best of our knowledge, this is the first time that the
associations between sea urchins and fish are reported for the
nine observed fish species (see Table 1). Our observations
comprise ∼14% of the 61 species described as associated with
16 species of sea urchins (Karplus 2014). Including data
from this study, fishes described as associated with sea urchins

Fig. 1 Mean density of reef fishes associated with sea urchins according
to the spine size. The deviations are standard errors. Species names:
Thalassoma noronhanum (Tha_nor); Malacoctenus brunoi (Mal_bru);
Chromis multilineata (Chr_mul); Apogon americanus (Apo_ame);

Stegastes fuscus (Ste_fus); Ophioblennius trinitatis (Oph_tri);
Elacatinus pridisi (Ela_pri); Amblycirrhitus pinos (Amb_pin); and
Coryphopterus thrix (Cor_tri)

Fig. 2 Body size (measured as
total length) of the most abundant
fishes associated with
D. antillarum according spines
size. (a) Thalassoma
noronhanum; (b) Malacoctenus
brunoi; (c) Chromis multilineata
and (d) Apogon americanus. The
deviations are standard errors
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represent 15 families, but associations are most frequent in
Apogonidae (29 species), Gobioesocidae (12 species) and
Gobiidae (10 species). Regarding the genera Diadema and
Echinothrix, they were the urchins most commonly having
fish associates, and the most important species was
D. antillarum (Karplus 2014). Sixteen fish species were asso-
ciated with that species, and 12 withD. setosum. These urchin
species are long-spined and are generally preferred by organ-
isms seeking shelter, because they provide structurally com-
plex microhabitats used as refuge against predators (Graham
and Nash 2012).

Fish species described as associated with sea urchins in this
study comprise ∼6% of the teleost fish species known to in-
habit Trindade Island (Pinheiro et al. 2015). However, it is
important to highlight that we found fewer than ten individ-
uals ofO. trinitatis, E. pridisi, A. pinos and C. thrix associated
with sea urchins. Although observed associations are likely to

be opportunistic, the presence of adults and juveniles of some
species in the spines suggests that either sea urchins are an
optimal shelter, or that space limitation mediates ontogenetic
spatial segregation for these species. In the first case, urchins
are good shelter providers for the adult and juvenile species
observed among sea urchin spines. To them, the urchins serve
as a microhabitat. In the latter, the juvenile species observed
may probably be taking advantage of this association until
they attain a large enough size to escape predation (Scharf
et al. 2000). Also, some species of the Indo-Pacific ocean,
such as Siphamia tubifer also present daily site fidelity and
might return to the same sea urchin after being displaced two
kilometers away (Gould et al. 2014). In this study, we verified
for a specific sea urchin the same number of A. americanus
specimens during three consecutive days. This suggests shel-
ter fidelity during non-active periods, since this species is
nocturnal.

Fig. 3 Representative sketch of a sea urchin indicating the spatial distribution of the associated fish species observed. 1) Apogon americanus; 2)
Chromis multilineata; 3) Stegastes fuscus; 4) Thalassoma noronhanum; 5) Ophioblennius trinitatis; 6) Elacatinus pridisi; and 7)Malacoctenus brunoi

Table 2 Behavior of reef fishes
associated with sea urchins in
Trindade Island, Brazil

Species Behavior

Thalassoma noronhanum Sighted in small shoals in the reef (5–15 individuals).
Take shelter randomly in the closest sea urchin when
the diver presence was detected. Remain at the final
portion of spines and leaves the sea urchin when the threat ceases

Malacoctenus brunoi Found in contact with the substrate at the final portion of long spines,
mainly in medium and large sea urchins

Chromis multilineata Inhabit medium and large sea urchins on dark crevices, distant from
the final portion of the spines, near the carapace. Small shoals
(2–5 individuals)

Apogon americanus Inhabit medium and large sea urchins on deep and dark crevices

Stegastes fuscus Inhabit medium and large sea urchins on dark crevices

Ophioblennius trinitatis Found solitary, with no other species. Associated with the bottom,
near the sea urchin carapace. Hides away near the sea urchin carapace
in the presence of threats

Elacatinus pridisi Associated with the substrate, in pairs on the sea urchins in shallow and less shaded
crevices
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Individuals of D. antilarum with larger spines were more
densely populated by commensal fish. Similarly, by providing
better refuge, sea urchins with medium and long spines were
preferred by larger individuals. Longer spines are described to
play a major role in sea urchin attractiveness (Hartney and
Grorud 2002). They form a network of interstices within which
the fish found a more effective shelter than that of short-spined
urchins (Karplus 2014). Longer spines hosted more species, but
fish were spatially distributed along zones of the spines. Despite
the high number of fish of different species associatedwith some
long-spined sea urchins, we did not observe agonistic behavior
among them, as has been observed for fish in branching corals
(Leal et al. 2013). The distribution of species along spines could
be associated with species behavior or guild (see Bellwood et al.
2006). For instance, the invertebrate feeders T. noronhanum and
M. brunoi occupied the tips of spines and the planktivore
C. multilineata was observed close to the base of spines. Sea
urchins might also serve as a feeding station where some species
can lie down and wait for prey. Invertivorous species inhabit the
tips of spines, fromwhere they canmake short excursions on the
surrounding substrate to search for food. Nevertheless, it is pos-
sible that our results were underestimated because some sea
urchins were sheltered in deeper crevices, out of the observer’s
view. The number of fish species associated might be
underestimated because some species can only be detected by
displacing the sea urchin (Patzner 1999).

The color patterns of fish associated with sea urchins does
not follow the longitudinal striped dark pattern (see Fig. 3),
common among fish who seek shelter in sea urchins (Karplus
2014). This color pattern was intended to assist in the fish’s
camouflage (Lachner 1955). This suggests that species found
at Trindade Island have a more distant association than other
species do to such as clingfishes and cardinalfishes.

By providing a structurally complex microhabitat in the
impoverished reefs of Trindade Island, D. antillarum is an
important refuge to juveniles of one of the most abundant fish
species T. noronhanum, and other small reef-associated fish
species. The limitation of natural complexity providers such
as corals and other reef builder organisms at Trindade Island
may enhance other types of intra- and interspecific interac-
tions. However, in order to confirm this hypothesis, future
experimental work with mimics of structures provided by reef
builder organisms will provide a greater understanding on this
spatial limitation puzzle. This study adds to the body of
knowledge that structurally complex benthic organisms pro-
vide microhabitats that are an important habitat for small-
bodied reef fishes, possibly acting as ecosystem engineers.
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