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Abstract
Although well known for their epibiotic relationship with many living substrates, records of bryozoans settling on echinoderms
are uncommon. In the few recorded cases, most basibionts (hosts) are cidaroid sea urchins, and their primary spines seems to be
the preferred place for bryozoa settlement. Here, an unprecedented epibiosis between a bryozoan and a non-cidaroid sea urchin is
reported, in which the epibiont Schizoporella errata (Waters, 1878) was found attached to a living specimen of Echinometra
lucunter (Linnaeus, 1758). Additionally, the total coelomocyte counts (TCC), the differential coelomocyte counts (DCC), and the
wound healing dynamics of the bryozoan-encrusted sea urchin were observed and contrasted to a control group of healthy
animals. Confidence intervals of the mean for TCC and DCC in the healthy animals were calculated and compared with the
bryozoan-encrusted sea urchin. Only one bryozoan colony was found on the affected echinoid, covering a spineless area of 58.9
mm2. Consistent differences were observed in coelomocyte counts (TCC and DCC) for the bryozoan-encrusted echinoid when
compared with the control group: 1.9-fold more coelomocytes and 4.7- and 2.75-fold more red and colorless spherulocytes, as
well as 1.38 and 2.05 fewer phagocytes and vibratile cells respectively. An advanced inflammatory-like response on the wounded
area after the careful removal of S. errata was also observed, suggesting that the healing process had started before epibiont
removal. Thus, the integrated analyses of the results presented here indicate that the basibiont sea urchin was physiologically
affected during epibiotic associations.

Keywords Coelomocytes . Echinodermata . Immune system .Wound healing

Introduction

Epibiosis has been considered as a typical aquatic phenomenon
(Wahl 1989; Abrahão et al. 2017). This facultative biological
interaction involves two organisms: the epibiont, which is the
species attached to the living substrate; and the basibiont (the
species providing the living substratum) (Wahl 1989). This

association can occur throughout the entire life of the epibiont,
or only during its sessile period (Fernandez-Leborans 2013).

Echinoderms are well known as hosts of a plethora of marine
taxa, ranging from microorganisms to vertebrates (Barel and
Kramers 1977), but records of epibiotic interactions are very rare
(Wahl andMark 1999). On the other hand, bryozoans are one of
the most common epibiotic organisms (Wahl and Mark 1999),
usually living in association with a variety of live marine sub-
strates, such as algae, seagrasses, corals, mollusks (Taylor and
Monks 1997; Winston 1986; Di Martino and Taylor 2014), and
vertebrates (Key et al. 1995). Although bryozoans are widely
recognized for their capability of living on these organisms, re-
cords of epibiotic interactions with echinoderms are sporadic.
Among the few recorded echinoderm hosts, cidaroid sea urchins
are the most frequent basibionts for bryozoan settlement (Barel
and Kramers 1977; Jangoux 1987; David et al. 2009;
Sosa-Yañez et al. 2015). Studies dealing with epibiotic
interactions, including those involving bryozoans, usually
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focus on taxonomic and/or ecological aspects (Taylor and
Monks 1997; Manriquez and Cancino 1996; Key et al.
2013), while none studies address epibiont and/or
basibiont physiological aspects during these associations.

In this context, the present work reports an unprecedented
association between the cheilostome bryozoan Schizoporella
errata (Waters, 1878) and the non-cidaroid sea urchin
Echinometra lucunter (Linnaeus, 1758), and discusses some
aspects of the epibiotic interaction between bryozoans and
echinoderms (i. e., the frequency of association and the pre-
ferred place for settlement), based on a survey from literature.
Given that the bryozoan epibiont was found alive and attached
to the test of a living sea urchin, I investigated if the basibiont
sea urchin may be physiologically stressed during the interac-
tion. Some physiological parameters of the affected sea urchin
(i.e., total cell counts, coelomocytes percentage, and wound
healing dynamics after epibiont removal) were analyzed and
compared with healthy individuals.

Material and methods

Animal collection, maintenance, and handling

Over forty specimens of Echinometra lucunterwere collected
by free diving in the winter, on July 2, 2016, at Praia Grande,
São Sebastião, SE Brazil (23° 49′ 24″ S, 45° 25′ 01″ W) at a
depth of 1.5–2 m. The cheilostome bryozoan Schizoporella
errata was found attached to a single sea urchin. The affected
echinoid and its epibiont were transported in 10 L containers
and transferred to an 80 L aquarium at the Laboratório de
Biologia Celular de Invertebrados Marinhos (IB-USP).
Aquarium maintenance and physicochemical characteristics
were adjusted according to Queiroz (2018). After a 1-week
acclimation period, the association was photographed and the
bryozoan was carefully removed using a fine-pointed forceps.
The colony was lifted by the edges, minimizing additional
injuries to the echinoid. After removal, the colony was
photographed, preserved in 70% ethanol, and deposited in
the Bryozoa Collection of the Museu de Zoologia da
Universidade de São Paulo (MZSP 1311). Bryozoan identifi-
cation was based on scanning electron microscopy (SEM),
and measurements were made using the photographs, through
ImageJ software (Souto et al. 2013).

Analysis of physiological parameters

Immediately before colony removal, total and differential cell
counts along with the wound healing process were analyzed.
Coelomic fluid (1 mL) of both the bryozoan-associated sea
urchin and a group of 20 healthy sea urchins (control group)
was collected following standard methods (Queiroz and
Custódio 2015). Shortly, the needle of a syringe preloaded

with 1 mL of isosmotic anticoagulant solution (20 mM ethyl-
enediaminetetraacetic acid (EDTA), sodium chloride 460
mM, sodium sulfate 7 mM, potassium chloride 10 mM,
4-(2-hydroxyethyl)-1-piperazine ethanesulfonic acid
(HEPES) 10 mM, pH 8.2) was inserted into the peristomial
membrane and the same volume of coelomic fluid was col-
lected. Total cell counts (TCC) were made using a Neubauer
chamber after coelomic fluid collection, and the results adjust-
ed to compensate initial dilution. Then, the cell suspension
was adjusted to 106 cell/mL and the differential cell counts
(DCC), i.e., the proportion of phagocytes (Pha), vibratile cells
(VC), and red and colorless spherulocytes (RS and CS) were
performed using Neubauer chamber. For comparative pur-
poses, injuries with a similar area were deliberately created
on three healthy echinoids (the experimentally injured control
group) by removing some spines and scraping gently the de-
nuded test with a surgical scalpel, simulating the situation
found on the injured specimen. During this procedure, only
the epidermis was removed, without damage to the calcareous
structure. The healing process was monitored for 10 days in
the affected sea urchin and the control group.

Statistical analyses

Data on TCC and DCC are presented as mean followed by the
confidence interval of the mean (CIM). To check whether the
physiological data from the bryozoan-associated individual
could be compared with the means of the control group,
95% CIM were calculated and used as reference values to
the healthy sea urchin population. CIM were calculated using
bootstrap resampling, specifically, the adjusted bootstrap per-
centile BCa method (bias-corrected and accelerated), using
the software SPSS® Statistics (IBM, Version 20)
(McCormick and Salcedo 2017). Bootstrap resampling was
used to estimate the mean of TCC and DCC from the healthy
sea urchins through the simulation of 1000 bootstraps
resamples. From this new distribution, 95% CIM were calcu-
lated for healthy individuals and compared with those from
the bryozoan-encrusted specimen.

Results

The bryozoan Schizoporella errata was found encrusting the
test of the sea urchin Echinometrta lucunter (test diameter =
41 mm, Fig. 1a), covering a spineless area of 58.9 mm2. The
colony outline was oval, slightly convex, and raised from the
substrate, measuring 9.59 and 6.82 mm across the longest and
shortest axis, respectively (Fig. 1b). The color of the colony
varied from reddish-brown in the center, the oldest part of the
colony, to yellowish/cream in the periphery, corresponding to
its growing edges (Fig. 1a–c).
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The coelomic fluid of the encrusted sea urchin, collected
immediately before removal of bryozoan colony, had no con-
taminants (e.g., bacteria or protozoan). The TCC was 1.9-fold
higher in the affected echinoid (7.83 × 106 cells/mL), com-
pared with healthy animals (mean = 4.02 × 106 cells/mL, 95%
CIM [2.99, 5.21]) (Fig. 2b). Similarly, DCC in the affected sea
urchin was different from the control group (Fig. 2a, c, d). The
percentage of phagocytes (mean = 59.08%, 95% CIM [55.26,
62.62]) and vibratile cells (mean = 29.57%, 95% CIM [26.63,
32.45]) in the control group was respectively 1.38- and 2.06-
fold higher than in the affected animal (Pha = 42.8 %; VC =
14.3 %) (Fig. 2a, c). On the other hand, red and colorless
spherulocytes were 4.7- and 2.75-fold higher in the injured
organism (27.6 % and 15.2% respectively) than in healthy
specimens (RS mean = 5.84%, 95% CIM [4.46, 7.31]; CS
mean = 5.52%, 95% CIM [4.51, 6.52]) (Fig. 2a, d).

Except for the epibiont-affected area, the bryozoan-
associated echinoid showed no further signs of injury as well
as no classical symptoms of sickness, such as sluggish behav-
ior, spine loss, or tube feet unable to attach (Shimizu et al.
1995). Although the bryozoan colony was carefully removed
by the edges without touching the central region of the wound,
a piece of sea urchin test attached to the basal wall of the
colony was accidentally extracted from the echinoid, leaving
a depression in the area (Fig. 3a). After complete colony re-
moval, a reddish smooth and thick tissue layer on the test and
a reddish-brown tissue around the injury were observed on the
deeper area (Fig. 3a), indicating an intense cell migration, and
consequently an inflammatory-like response. Still, a more

advanced state of wound healing was seen in the periphery
of the damaged region (Fig. 3a). Three days after epibiont
removal, the brownish tissue around the depression was no
longer visible, the red color on the depression began to fade
and the thickness of the red smooth layer began to decrease
(Fig. 3b). Nine days after the epibiont removal, the reddish-
brown tissue around the depression and the red coloration on it

Fig. 2 Cell counts in health echinoids (control group) and the bryozoan-
encrusted (BE) sea urchin after colony removal. a Proportion of
coelomocyte subpopulations in the control group and the BE sea urchin;
b–dmean (black circle) and 95% confidence intervals of the mean (black
error bars) of cell counts (TCC and DCC) to healthy individuals in com-
parisonwith the BE echinoid (red circles). Legend: Pha = phagocytes; VC
= vibratile cell; RS = red spherulocyte; CS = colorless spherulocyte; TCC
= total cell count; DCC = differential cell counts

Fig. 1 Schizoporella errata encrusting Echinometra lucunter. a
Overview of the epibiotic relationship; b overview of the bryozoan
colony on the sea urchin test; c autozooids and avicularia in the center
of the living colony. Legend: black arrow = primary orifice; arrowhead =
avicularia. Scale bars: a = 5 mm; b = 2 mm; c = 400 μm
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had disappeared, revealing the calcareous structures over the
entire injured area (Fig. 3c). In the experimentally injured
control group, the healing process differed in some important
details. Immediately after wound induction, it showed a whit-
ish color, with no reddish material on the injury (Fig. 3d).
Three days later, the red coloration on the wound was evident
and there was a thick layer of rotten tissue on all scraped
region (Fig. 3e), differently from the bryozoan-associated
sea urchin, which had no tissue on the wound periphery. On
the sixth day, the intense red color began to fade and much of
the rotten tissue had disappeared. Nine days after wound in-
duction, the red-colored region and the amount of rotten tissue
on the wound were consistently smaller (Fig. 3f). Only after
the twelfth day, the healing process seemed complete, with no
tissue around the injury, similarly to the ninth day of the
bryozoan-associated echinoid.

Discussion

The bryozoan S. errata is recognized as a widely distributed
exotic species, able to settle on any available surface, includ-
ing living substrates (Butler and Cuffey 1991) and structures
originated from human activity (Micael et al. 2014). On the
Brazilian coast, S. errata was recorded only in the Southeast

region, specifically in the states of São Paulo (Morgado and
Tanaka 2001) and Rio de Janeiro (Ramalho et al. 2011).
Although S. errata was first mentioned more than 100 years
ago (Waters 1878), and has been the focus of several works
(e.g., Morgado and Tanaka 2001), only in 2009 a detailed
study of the S. errata type was performed (Tompsett
et al. 2009). The morphological and morphometric char-
acters of the specimen studied here (Online resource 1
and 2) correspond with those of the topotype and lec-
totype in Tompsett et al. (2009).

Bryozoan epibiosis on echinoderms seems to be rather un-
common, comparedwith other basibiont groups. For example,
281 and 284 bryozoan species were recorded associated with
seagrasses and corals respectively (Winston 1986; Di Martino
and Taylor 2014), taxa with considerable low worldwide spe-
cies diversity (72 and 798 spp.—Short et al. 2011; Briggs and
Bowen 2013). On the other hand, the literature survey showed
that only 34 bryozoan species (most cheilostomes, n = 30)
were recorded as echinoderm epibionts, and the primary
spines of cidaroid sea urchins are the preferred place for set-
tlement (17 spp. out of 24) (Table 1). Similarly, even echino-
derms presenting most of the important traits to be adequate
basibionts (Wahl and Mark 1999), and comprising more than
7000 described species (Pawson 2007), only 13 were previ-
ously recorded as bryozoan hosts (Table 1). Thus, this work
improves the knowledge of the bryozoan-echinoderm associ-
ation, increasing to 35 the number of bryozoan species found
as epibionts and to 14 the number of basibionts (Table 1).

Holothuroidea, Asteroidea, and Ophiuroidea rarely act as
hosts, while 64.2% of basibiont echinoderms are cidaroid sea
urchins, and their primary spines seem to be the most frequent
settlement area (Table 1). Cidaroid sea urchins have no epi-
thelium on the primary spines, while all body surfaces in non-
cidaroid echinoids and other echinoderms have a physiologi-
cally active tissue (Märkel and Röser 1983). For non-cidaroid
sea urchins, the epidermis may function as an additional
means to prevent, or at least hamper, epibiotic settlements
(Mckenzie and Grigolava 1996), added to the most common
strategy, viz. pedicellariae (Campbell and Rainbow 1977).
Thus, the lack of a physiologically inactive body surface area,
such as those of molluscan shells and crustacean carapaces,
may explain why it is so uncommon for non-cidaroid sea
urchins to become basibionts, especially for bryozoans
(Wahl and Mark 1999), compared with cidaroid echinoids.

In echinoderms, the circulating coelomocytes are the
first line of immune defense and may be used as tools
for assessing sea urchin health state in both natural and
altered environments (Matranga et al. 2000, 2005), as well
as in diseased organisms (Jellett et al. 1988). The immune
parameters analyzed in the control group—TCC and
DCC—showed similar values to that observed in healthy
individuals of E. lucunter and Lytechinus variegatus
(Branco et al. 2013; Figueiredo et al. 2016). On the other

Fig. 3 Wound healing process in the bryozoan-encrusted (a–c) and ex-
perimentally injured (control group) (d–f) Echinometra lucunter. a
Wound immediately after colony removal; d wound immediately after
injury induction; b and e after 3 days; c and f after 9 days. Legend: white
star = reddish depression on the test wound of the affected sea urchin;
yellow star, reddish-brown tissue; red arrow = reference point. Scale: 3
mm
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hand, the results obtained from the bryozoan-encrusted
sea urchin were remarkably different from the control
group, following the trend observed in stressed specimens
of E. lucunter and L. variegatus (Branco et al. 2013;
Figueiredo et al. 2016), and this corroborates the idea that
the bryozoan-associated individual was in fact immuno-
logically disturbed. Lastly, it is important to highlight the

increase in TCC and mainly in RS percentage since this
last parameter has been demonstrated to be related to pol-
lution or stressful natural/experimental conditions (e.g.,
injuries, temperature, and salinity—Matranga et al. 2000;
Branco et al. 2013; Shannon and Mustafa 2015).

Studies addressing regenerative capabilities in sea urchins
usually analyze spine or tube feet (Bodnar and Coffman

Table 1 Records of bryozoans living on echinoderm hosts

Echinoderm host Epibiotic Bryozoa Place on host

Class Species Order Species

Cri Poliometra prolixa1, 2 Cheilostomata Eucratea loricata Cirri

Leptometra phalangium3 Cheilostomata Buskea dichotoma Cirri and arms
Microporella ciliata

Smittina landsborovii Arm (pinules)

Ctenostomata Diaperoecia dorsalis Cirri and arms
Tubulipora liliacea

Disporella harmeri

Hol Psolus charcoti4 Cheilostomata Fenestrulina malusii Bivium
Antarctothoa antarctica

Cellarinella watersi

Cellaria aurorae

Ech Archaeocidaris sp†8 Cystoporida† Fistulipora sp. Primary spine (fossil evidence)
Fenestrida† Fenestellidae

Echinolampas sp.9 Cheilostomata Cellepora Test of a dead animal (fossil evidence)
Escharella

Turbicellepora sp.

Crassimarginatella

Schizoporella dunkeri

Rhynchozoon monoceros

Porella

Eucidaris thouarsii5 Cheilostomata Abditoporella dimorpha Primary spine; test of a dead animal

Hesperocidaris asteriscus5, 7 Cheilostomata Abditoporella dimorpha Primary spine
Alderina smitti

Cauloramphus spiniferum

Floridina antiqua

Odontoporella adpressa

Watersipora arcuata

Ctenocidaris perrieri6 Cheilostomata Chaperiopsis cervicornis Primary spine
Smittina obicullata

Ctenocidaris rugosa6 Cheilostomata Arachnopusia sp. 2 Primary spine

Ctenocidaris speciosa6 Cheilostomata Osthimosia sp. 1 Primary spine

Notocidaris platyacantha6 Cheilostomata Arachnopusia sp. 1 Primary spine

Notocidaris lanceolata6 Cheilostomata Micropora sp. Primary spine
Osthimosia sp. 2

Aporocidaris milleri6 Cheilostomata Osthimosia sp. 1 Primary spine

Echinometra lucunter10 Cheilostomata Schizoporella errata Test (live host)

Cri Crinoidea, Hol Holothuroidea, Ech Echinoidea

†Extinct
1Mortensen 1910; 2 Barel andKramers 1977; 3 Gautier 1959; 4Moyano andWendt 1981; 5 Sosa-Yañez et al. 2015; 6David et al. 2009; 7 Salazar-Vallejo
and López-Muraira 1983; 8 Schneider 2003 9Nebelsick et al. 2007; 10 present study
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2016), while test regeneration has been poorly studied
(D’Andrea-Winslow and Johnson 2008). Here, the general
healing pattern observed in the experimentally injured
E. lucunter specimens was similar to that observed in
L. variegatus (D’Andrea-Winslow and Johnson 2008). For
both species, a reddish coloration on the wound, probably
due to migration and accumulation of RS, and subsequent
deposition of echinochrome/spinochrome (Johnson 1969)
was observed on the third day. This increased on up to the
sixth day, and the wound appeared almost healed between 6-8
days in L. variegatus (D’Andrea-Winslow and Johnson
2008), and around the twelfth day in healthy E. lucunter. In
contrast, the healing process in the bryozoan-associated
E. lucunter showed consistent differences. The red coloration
on the wound was observed just after colony removal and
some regions in the periphery were already in an advanced
healing stage (Cf . Fig. 3a), indicating a previous
inflammatory-like process. All dead tissue around the wound
had disappeared on the third day as well as the red color on the
wound begun to fade, and, in the ninth day, the process was
apparently complete. These data corroborate two impor-
tant aspects: (1) the wound was previous to colony re-
moval, and (2) the inflammatory-like response on the
bryozoan-associated echinoid was in an advanced stage
in comparison with experimentally injured individuals,
which explains its faster healing process.

More robust statistical analyses were impossible due to the
single basibiont. However, a clear immunological alteration,
corroborated by TCC, DCC, and wound healing process, was
observed in the bryozoan-encrusted sea urchin. Nevertheless,
two important questions remain unsolved: (1) what did affect
the basibiont immune system? (2) How did the bryozoan
reach the sea urchin test? To the first question, one hypothesis
is the bryozoan itself may have caused the immune alteration,
or the settlement of the bryozoan triggered an opportunistic
secondary infection not observed in this study. Regarding the
second question, the more parsimonious hypothesis to explain
that is a bryozoan larva settled on any exposed calcareous
region of the sea urchin test and started its development.

In conclusion, for the first time a bryozoan colony,
S. errata, was found encrusting the test of a living non-
cidaroid echinoderm, the sea urchin E. lucunter. Although
bryozoans are well known as epibionts on many groups,
non-cidaroid sea urchins (and other echinoderms) do not seem
to be the preferred hosts. This could be related to the presence
of an epidermis completely covering the individual. The data
obtained from the control group fits the pattern found previ-
ously for healthy individuals, while TCC, DCC (specifically
RS percentage), and the intense red coloration on the wound
of the bryozoan-encrusted sea urchin fits the pattern described
for stressed echinoids. These data suggest that the basibiont
was immunologically impaired. However, although the im-
munological impairment may be related to the epibiosis, there

is no sufficient evidence to conclude that the cause was
S. errata’s settlement. Thus, one question still becomes appro-
priate: can basibiont organisms be physiologically impaired
by epibiotic interactions? The limited number of replicates
analyzed here and the lack of knowledge on the sea urchin
health status before bryozoan settlement prevent a confident
answer. However, this work shows that this question deserves
further attention in future studies.
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