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Abstract: Among symbiotic associations, cases of pseudo-auto-epizoism, in which a species uses
a resembling but not directly related species as substrate, are poorly documented in coral reef
ecosystems. In the present study, we assessed the distribution of an association between the hydrocorals
Stylaster roseus and Millepora alcicornis on about 50% of coral reef sites studied in Bonaire, southern
Caribbean. Although previously thought to be uncommon, associations between the lace coral S. roseus
and the fire coral M. alcicornis were observed at both the windward and leeward sides of Bonaire,
mainly between 15 and 25 m depth, reaching a maximum occupation of 47 S. roseus colonies on
a single M. alcicornis colony. Both species’ tissues did not show any signs of injuries, while an in-depth
inspection of the contact points of their skeletons revealed that both partners can partially overgrow
each other. How it is possible that S. roseus is able to settle on the stinging tissue of Millepora as well
as how, by contrast, the latter may facilitate the lace coral by offering a certain degree of protection
are questions that deserve further investigations.

Keywords: Caribbean Netherlands; fire corals; Hydrozoa; pseudo-auto-epizoism; stony corals;
substrate; symbiosis
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1. Introduction

As one of the most species-rich marine ecosystems, coral reefs are renowned for their plethora of
different interspecific associations [1]. Reef-building corals serve as home for diverse assemblages of
macro- and micro-organisms from all kingdoms of life [2], which rely on them for food, shelter and
substrate [3-5].

To date, reef-building corals belonging to the order Scleractinia account for the majority of host
species studied [3], although other hosts of other benthic groups exist, such us anthozoans, bryozoans,
sponges, ascidians and hydrocorals.

Regarding hydrocorals (Class Hydrozoa), the genus Millepora Linnaeus, 1758 (Suborder Capitata)
occurs as a circumtropical component of shallow-water coral reefs [6-11]. Milleporids are found in
depths of less than 1 m to about 40 m and provide substratum for sedentary organisms and food or
shelter for mobile ones [12-16]. The three-dimensional structural complexity of the colonies generated
by in particular branching Millepora species harbors a great diversity of organisms that includes
crustaceans, worms, fishes and other organisms that live in close association [12-14].

Similar to Millepora, hydrocorals belonging to the family Stylasteridae (Suborder Filifera),
commonly known as “lace corals”, are colonial hydroids characterized by a calcium carbonate
skeleton, with 90% of the species occurring at depths over 50 m [17]. Their colonies are generally
erect and branching with only the Pacific genus Stylantheca Fisher, 1931 having an encrusting
morphology [18]. Most lace corals, including those of the genus Stylaster Gray, 1831, are known
to form strict relationships with other invertebrates [18,19]. Stylasterids are host of a number
of commensals such as polychaetes [20-22], nemerteans, pycnogonids, cirripids, barnacles,
and bryozoans [23,24]. In addition to these, six species of gall living siphonostomatoid copepods of the
family Asterocheridae [25,26] and tiny ovulid gastropods of the genus Pedicularia Swainson, 1840 are
known to be obligate symbionts on various stylasterid species [27,28].

Among interspecific relationships involving hydrozoans, a minority includes a hydrozoan-hydrozoan
association that has been classified as auto-epizoism, even though the two partners do not belong to the
same species [29,30]. Indeed, several hydroids are known to live epizootically on other hydroids, usually
using the other as a solid substratum, e.g., members of the genera Hebella Allman, 1888 and Anthohebella
Boero, Bouillon & Kubota 1997 can be observed on the perisarc of other hydroid species [31,32].

Currently no information is present about a possible association between Stylaster and Millepora,
although two earlier observations have been reported from the southern and eastern Caribbean [33,34].
Here we investigated the distribution and abundance of the association between Stylaster roseus
(Pallas, 1766) and Millepora alcicornis Linnaeus, 1758 found during a biodiversity expedition conducted
at Bonaire, in the Dutch Caribbean. In addition, an in-depth morphological analysis of the skeleton
interactions between both partners is provided.

2. Materials and Methods

The study was conducted in the waters of Bonaire from October to November 2019. We explored
34 localities, chosen randomly among accessible sites (Figure 1; Table S1). The presence of the
Stylaster-Millepora association was recorded by applying the roving diving technique with scuba,
in which a 1-h dive served as the sampling unit, by starting at the maximum depth at each dive locality
(15-35 m) and moving to shallower water from there [35]. Even though the information collected from
this timed dive method does not result in quantitative data per site, it is particularly useful when the
goal of the study is to compare biodiversity among site via finding as many species as possible, or when
looking for small and/or cryptic species and symbiotic associations [36]. Moreover, to preliminarily
assess the abundance and spatial distribution of this association, the total number of Stylaster-Millepora
associations and their depth ranges were recorded for each site. In addition, the total numbers of
colonies of S. roseus found to grow on each M. alcicornis colony were noted. For documentation
purposes underwater photographs of the Stylaster-Millepora association were taken using a Canon GX7
Mark II camera in a Fantasea GX7 Il underwater housing and a Nikon D7100 in a Hugyfot housing.
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A branch fragment of about 10 cm in length of M. alcicornis colonized by S. roseus was collected for
further analyses. Microphotographs (x32) of stylasterids growing on the coral skeletons of M. alcicornis
were taken using a Leica EZ4 D stereo microscope equipped with a Canon GX7 Mark II camera. Several
parts of the fragment were observed using the Zeiss Gemini SEM500 scanning electron microscope
operating at beam energies of 5 kV (ZEISS, Oberkochen, Germany) in order to characterize the skeletal
interface/interactions of the association.
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Figure 1. Map of Bonaire island showing locations where the Stylaster-Millepora association was found
among all sites surveyed.

3. Results and Discussion

Bonaire is known for its rich coral reef ecosystem, considered as one of the healthiest and most
resilient in the Caribbean [37], and therefore it serves as a major tourist destination for scuba divers
and snorkellers. In spite of being one of the most popular diving spots in the Caribbean [38,39],
this is the first time that the Stylaster-Millepora association has been reported. Moreover, to the best of
our knowledge, this is the first report that preliminarily assesses abundance, depth distribution and
skeleton interactions involving both partners.

Our biodiversity survey revealed that the Stylaster-Millepora association was found at 17 out of 34
(50%) of the sites explored (Figure 1; Table S1). Interestingly, this apparently uncommon association
seems to be relatively abundant and widespread on Bonaire’s coral reefs. In fact, it was observed at
both the windward and leeward sides of Bonaire, despite the reefs along the island” windward shores
being generally less developed compared to those of the leeward coast [40].

In particular, S. roseus and M. alcicornis were observed to form strict relationships (Figure 2a)
in depths ranging from 13 to 32 m. In total we counted 55 colonies of M. alcicornis hosting S. roseus
with the highest number of records (n = 37) between 15-25 m depths. Again, the density of S. roseus
colonies on M. alcicornis colonies ranged from one to at least 47 for the largest fire coral colonies
(Figure 2b; Table S1). The observed pattern is not surprising since a high diversity of associated
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invertebrates has been reported from the complex structure of M. alcicornis, showing high numbers
of individuals, which appear to be directly related to the volume of the host colony [14]. Moreover,
additional observations made using a stereo microscope revealed the presence of newly settled
single-cyclosystem colonies (Figure 2c), which were not observable with the naked eye. This suggests
that the number of S. roseus colonies present on each single M. alcicornis coral is probably higher than
observed. Because Millepora and Stylaster represent different families of hydrocorals, Milleporidae and
Stylasteridae, that only resemble each other by forming a calcareous skeleton, while both belong to
different suborders, their relation is not considered an example of auto-epizoism but the first case of
what can be considered pseudo-auto-epizoism.

Figure 2. Stylaster-Millepora association. (a) Overview of field appearance; (b) high number of S. roseus
colonies growing on a M. alcicornis colony; (c) a single S. roseus recruit on M. alcicornis; (d) exposure
of S. roseus when overgrowing a fire coral colony; (e,f) peculiar pattern of S. roseus and M. alcicornis
growth and close-up of both colonies with extended polyps.
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Exploring the position of the association we noted that most S. roseus colonies were clearly located
in the upper parts or in windows between the anastomose branches of M. alcicornis, while they were
always abnormally exposed (Figure 2d). This is remarkable because, typically, S. roseus is a very
cryptic species, inhabiting shaded crevices of the reef or the dead underside of foliaceous corals [33].
Occasionally they are found underneath overhangs or large rocks in shallow water (<3 m depth) where
the colonies are more exposed to light and wave action (Figure S1). However, in these particular cases,
when associated with M. alcicornis, the lace corals are completely exposed with colonies protruding
upwards or toward the maximum exposition of water motion.

In addition, another interesting pattern was observed. In the portions of the colonies of M. alcicornis
where S. roseus are located both species appear to grow in synchrony by creating a specular shape of
the main three-dimensional structure of the colonies (Figure 2e). In this case, if it is S. roseus that limits
the growth of M. alcicornis or, in contrast, if S. roseus simply fills the gaps between the anastomosing
Millepora branches, both seem to be valid hypotheses. In this context, we highlight how, in the majority
of the cases, the polyps of S. roseus and M. alcicornis were frequently observed extended at the same time
(Figure 2f). However, in all our observations no evidence of injuries to either species were detected.
In fact, in this scenario, both partners do not seem to trigger the stinging cells of polyps of their
partner species despite potentially being in contact. It may be that the well-known stinging properties
of Millepora fire corals may facilitate this association by conferring a certain degree of protection.
This is currently unknown and worthy of further investigations.

The patterns observed at the edge of both tissues also deserve attention. In this case, no apparent
inflammation status or stressed condition related to adjacent growth of the partner was found (Figure 3a).
In contrast, on a macroscopic scale, the tissues of both partners seem to attach so tightly that the
boundaries between them almost appear to have disappeared (Figure 3b).

Figure 3. (a) Apparently healthy tissue of both partners when intimately close, and (b) the undefined

borders/edges between the two hydrocorals’ tissues. (Scale bars ~ 2 mm).

An in-depth inspection of the skeletons showed that the skeleton tissue of M. alcicornis can
overgrow that of 5. roseus and may limit its growth (Figure 4a,b). In contrast, in some other observations
it was evident that the skeleton tissue of S. roseus also easily overgrows that of M. alcicornis, extending
the colony above the M. alcicornis tissue and producing an enlarged basal disc from which new
cyclosystems arise (Figure 4c,d). Although both mechanisms can be deducted by the observation of
the growth patterns of the skeletons, we found also a portion of the interface between the two colonies
that appeared literally fused, on which the edges of both species were almost undefined (Figure 4ef).

In colonies of M. alcicornis, the stinging cells in the epidermis can form a barrier against the
larval settlement [33], but this does not seem to prevent settlement of new S. roseus recruits. The early
development stages of the new coenosteum after planulae settlement are known in only a few stylasterid
species. Ostarello [41] studied the natural history of Stylaster sp. and observed that after release,
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the planula generally crawled for a short time around the parental colony before settling close to it.
How S. roseus larvae can settle on M. alcicornis in the present case is not understood.

Figure 4. SEM analyses revealed (a,b) the capacity of Millepora alcicornis to overgrowth Stylaster roseus;
(c,d) the capacity of S. roseus to overgrowth on M. alcicornis; (e f) the apparently intimately connection
of both skeletons in some parts of the associations. (Scale bars: a—c ~100 um; d ~200 um; e—f ~100 um).

Furthermore, it would be intriguing to investigate the advantages of S. roseus in colonizing
M. alcicornis. In fact, despite the fact that this fire coral species has many different growth
morphologies [42,43] (Figure S2a,b), with branches often becoming anastomose (Figure S2c) and
crucial in providing many different places where S. roseus may settle, the higher growth rate of
M. alcicornis [44] may also results in a total overgrowth of S. roseus colonies (Figure 52d).

By contrast, the “sheet-tree” morphology of M. alcicornis (sensu [44]) appears to have a number
of beneficial consequences as the role in competitive interactions, zooplanktivory, and asexual
reproduction [45] that may be potentially vital for the lace coral. Thus, we cannot exclude that S. roseus
may exploit M. alcicornis to increase its capture of zooplankton, taking advantages of the greater asexual
reproduction of M. alcicornis in order to support its natural turnover, as well as to increase the spatial
diffusion of the species and to reduce the conspecific competition.

In conclusion, it will be necessary to understand how this association affects both partners and
how it is of benefit to both of them. Although elucidating the nature of the diverse types of symbiotic
interactions is not always easy, it has already been demonstrated that symbionts may play an active
role in protecting their hosts from various stresses [46-48]. Further investigations on the nature of
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this S. roseus and M. alcicornis association will undoubtedly provide more insights into the nature of
symbioses on coral reefs.

Moreover, since we cannot rule out the possibility that our results may not be representative of
large-scale patterns valid for the whole Bonaire reef, we hope that our preliminary data will promote
future in-depth ecological investigations focusing on this association.

Supplementary Materials: The following are available online at http://www.mdpi.com/1424-2818/12/6/218/s1,
Figure S1. Stylaster rosesus in its natural habitat. Figure S2. Different growth morphologies of M. alcicornis. Table S1.
List of locations and number of associations recorded for each site sampled.
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