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Abstract Cnidarians are known to undergo reverse

development as a survival mechanism against adverse

environmental conditions. Polyp bail-out consists in the

polyps’ detachment from the mother colony due to stressful

conditions, followed by a complete tissue and cells rear-

rangement and in some cases in a regression into a simple,

ciliated form. Here we describe a massive polyp bail-out

event occurred in the mesophotic black coral Antipathella

subpinnata in reared conditions. This is the first report of a

bail-out event in this species providing new insights into

the life cycle and ecology of black corals.

Keywords Antipatharians � Asexual reproduction � Bail-

out � Aquaria

Introduction

Polyp bail-out, the active detachment of polyps from the

mother colony (Sammarco 1982), is an extreme response

serving as a survival and escape strategy under unfavorable

environmental conditions, which could lead to the death of

the mother colony (Peter III et al. 2014; Fordyce et al.

2017). Polyp bail-out represents an example of reverse

development (Piraino et al. 2004) in which a detached

polyp undergoes complete tissue and cell rearrangement

with loss of the compartment structure present in the pri-

mary polyp (Kariyazono and Hatta 2015). Until now, this

phenomenon has been described only in aquaria, even

though its presence is hypothesized in natural conditions

(Miller and Grange 1997).

Indeed, the capability of cnidarians to undergo polyp

bail-out highlights their high plasticity to shift from a

colonial to a solitary form and vice versa (Kvitt et al. 2015)

and, for many Anthozoa, from a sessile to a motile form,

escaping unsuitable environments or interspecific compe-

tition (Lee et al. 2012), thus enabling survival in extreme

conditions.

The process of bail-out differs from polyp expulsion,

which is an asexual reproductive strategy occurring in

physiologically healthy coral and regulated by the parent

colony (Kramarsky-Winter et al. 1997).

The species able to produce bail-out propagules studied

so far include shallow tropical (Sammarco 1982, Capel

et al. 2014; Shapiro et al. 2016; Fordyce et al. 2017) and

temperate scleractinians (Kružic 2007; Serrano et al. 2018),

as well as deep cold-water and tropical octocorals (Rakka

et al. 2019; Wells and Tonra 2020). This phenomenon

occurs or can be mechanically induced (e.g., by cutting the

tentacles) also in antipatharian species (Parker et al. 1997;

Bo 2008; Gonçalves 2016).
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Antipathella subpinnata (Ellis and Solander, 1786) is the

most frequent black coral species of Mediterranean Tem-

perate Mesophotic Ecosystems (TMEs) (i.e., communities

found below PAR 1%, approximately between 40 and

260 m depth) (Bo et al. 2019a; Cerrano et al. 2019). It

forms forest-like aggregations (animal forest, sensu Rossi

et al. 2017), providing a tridimensional habitat and refuge

or nursery area for many associated species (Bo et al.

2019b). A. subpinnata is gonochoric, reproduces sexually

at the end of summer (Gaino and Scoccia, 2010) and

asexually through fragmentation (Coppari et al. 2019).

Until now, asexual reproduction has been observed only in

aquaria, but its presence in natural environments could not

be excluded (Costantini et al. 2019).

Considering that no detailed description of the bail-out

process exists for antipatharians, in the present paper, we

describe for the first time, this phenomenon in A. subpin-

nata, under controlled conditions.

Materials and methods

Six Antipathella subpinnata colonies (height ranging

between 50 and 80 cm) were sampled in Bordighera (43�
46.110 N; 7� 40.820 E) at 63 m depth on July 9, 2018

(Fig. 1a). Immediately after sampling, each of the colonies

was placed at the bottom of a tank (144 L) filled with

seawater collected at 60 m depth by a 10L Niskin bottle

and kept at constant temperature (T = 14 �C, same as the

sampling site) during the transport. After approximately

10 h, colonies were transferred to Banyuls-sur-Mer

Aquarium facilities (Biodiversarium) and positioned in an

open circuit 2000-L tank (Fig. 1b) filled with filtered

(0.2 mm) seawater taken at 20 m depth. Constant tank

temperature (14 �C) was ensured by both a refrigerator

system and a thermostatic room also equipped with blue

lights to simulate the natural light regime (0–5 lmol m-2

s-1; photoperiod: 12 h day and 12 h night). Two sub-

mersible water pumps were used to ensure water move-

ment; salinity and temperature were checked daily, while

the ratio of NH3/NH4 and the values of NO2, NO3, PO4, pH

and copper were checked once per month. Colonies were

fed twice a day with Artemia nauplia and Rotifera.

To catch the propagules, the main aquarium wastewater

passed through a PVC cylinder equipped with a 0.2 mm net

(propagules trap) placed in a tank on the side of the main

tank. Bail-out propagules retrieved in the trap were col-

lected and observed with a dissecting microscope to study

their morphology. Propagule size was measured from pic-

tures using the software Fiji-ImageJ (Schindelin et al.

2012). To quantify variability in shape and survival, 10

bail-out propagules were randomly collected every day,

measured, preserved in small beakers filled with filtered

seawater (0.2 lm) and monitored every 3 days for 45 days.

Scanning Electron Microscope (SEM) observations

were performed to examine the propagules external struc-

ture including their cnidome.

Histological examination after resin inclusion was also

performed to study the internal structure of the propagules:

samples were fixed in 70% ethanol and then dehydrated in

a graded ethanol series followed by inclusion in a cold-

curing resin and finally mounted on plastic supports. The

sections (9 lm thick) obtained by a microtome were col-

ored with Toluidine blue, then analyzed on a compound

microscope.

Result and discussion

One month after the transport to the aquarium facilities,

colonies started to form motile and negative buoyant bail-

out propagules (ESM 1). The process started with coeno-

sarc withdrawal from the apical branches of the mother

colony, followed by detachment from the skeleton and

subsequent expulsion and ended with the formation of free-

living propagules (Fig. 2a; ESM 1). The portion of the

colony releasing propagules underwent necrosis and con-

secutive death. In addition to necrosis and polyp bail-out,

we observed fragmentation of mother colonies’ branchlets.

Moreover, gamete reabsorption, by two of the six colonies

that were fertile at the time of sampling, was observed by

means of polyps’ dissection and histology. The bail-out

phenomenon was massive, with hundreds of propagules

produced daily; thus, dissecting microscope observations

were performed on a subsample of 2585 randomly selected

propagules. Four main morphologies were observed

(Fig. 2b): circular (74%, n = 1915); elongated (13%,

n = 335); polypoid (10%, n = 248) (Fig. 2b); and ‘‘other’’

(3%, n = 87). Regardless of the morphology, all propa-

gules were actively moving by rotation on multiple axes

(ESM 1). Hundred propagules for each shape were mea-

sured, and results are listed in Table 1.

Most of the propagules assumed the circular morpho-

logy (Fig. 2c). Nearly all selected propagules survived for

the whole period of observation; however, settlement has

never been observed.

The histological analysis allowed a description of the

internal anatomy of all propagules types (Fig. 3a–c). The

shape of the circular propagule in transversal section sug-

gests it was either a fragment of a tentacle or a later

developmental stage of the elongated or polypoid shape.

The elongated propagule, in longitudinal section, had a

cylindrical shape, with a rounded distal end and an

enlarged base, suggesting it derived from a whole tentacle

(base included) detached from a polyp. The polypoid shape
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was more variable depending on how many tentacles

detached. In the observed transversal section, a tripartition

was visible, and signature of the sagittal tentacles sur-

rounded the original gastric cavity, where mesenteries were

still visible.

In each propagule, it was possible to recognize external

and internal layers, derived from the epidermis and from

the re-organization of the gastroderm, respectively, and

separated by an amorphic mesoglea (Fig. 3a–c). The epi-

dermal layer was characterized by a dense palisade of

muciparous cells. Sparse and spherical structures were

visible in the gastroderm, suggesting the occurrence of

vacuoles. Few nematocysts (basitrich isorhiza, 9 lm long

and 2.3 lm wide) were observed in the epidermal layer

(Fig. 3d), some of which exploded (Fig. 3e). Their size was

consistent with adult colonies’ ones (Fig. 3f).

The presence of nematocyst capsules was also observed

with SEM analysis on the surface of propagules (Fig. 3g,

h). The epidermal layer was covered with extruded barbs

(Fig. 3i) with a distinct set of spines spirally arranged

Fig. 1 A forest of Antipathella
subpinnata at the sampling site

(Bordighera, 63 m depth) (a),

the experimental tank (2000 L)

at the Biodiversarium facilities,

with visible colonies (b)

Fig. 2 Phases of the polyp bail-out formation, with settlement not observed in this study (a), different morphologies of the propagules: circular

(C), elongated (E), polypoid (P) and other (O) (b), shape modification toward the circular (c)

Table 1 Size of the three main bail-out morphologies: circular (C), elongated (E), polypoid (P), n = 100, SD indicates the standard deviation

Shape Average long side ± SD

(mm)

Average short side ± SD

(mm)

Max long side

(mm)

Min long side

(mm)

Max short side

(mm)

Min short side

(mm)

C 0.26 ± 0.12 – 0.78 0.09 – –

E 0.50 ± 0.15 0.34 ± 0.11 0.92 0.18 0.81 0.10

P 0.73 ± 0.28 0.42 ± 0.14 1.49 0.25 0.89 0.13
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Fig. 3 Internal anatomy of the circular (a), elongated (b) and

polypoid (c), propagules show the presence of an epidermal layer

(EL), an internal layer (IL), the mesoglea (M) and the vacuoles

(V) (a). The enlarged base (EB) of the elongated propagules is also

evident (b) while in c the original polyp gastric cavity is visible (GC),

together with the mesenteries (MS). Septa (S) of epidermal tissue as

well as muciparous cells (MC) are also visible. White arrows indicate

the basitrich isorhizas observed in the epidermal layer (d), whereas in

e the arrow points to one exploded nematocyst. f Shows the detail of a

basitrich isorhizas of an adult specimen. SEM images highlighting the

presence of nematocyst capsules (N) on the surface of circular bail-

out propagules (g), close-up of the nematocyst capsule (h), several

exploded nematocysts with evident barbs (B) on the surface of the

propagule (i), exploded nematocyst with barb and filament (F) (j),
close-up of the structure of the filament (k), presence of cilia (C and

white arrows) on the surface of the propagule (l)
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(Fig. 3j) and a spiny filament (Fig. 3j, k). On the propag-

ules’ surface, cilia with thinner diameter and smoother

surface than filaments were observed (Fig. 3l).

The coenosarc withdrawal followed by detachment from

the skeleton and formation of free-living propagules

observed in our samples (Fig. 2) allowed classifying this

phenomenon as polyp bail-out. However, while the shape

modification observed in A. subpinnata was reported for

another antipatharian species (Bo 2008), and for gorgonian

species (Rakka et al. 2019), it was not observed in the

scleractinian Pocillopora damicornis (Kvitt et al. 2015),

suggesting different propagules formation mechanisms in

distinct taxa.

In black corals, the bail-out phenomenon was observed

either by mechanical induction in Antipathes sp. (Bo 2008),

Antipathes caribbeana Opresko 1996 and Plumapathes

pennacea (Pallas, 1766) (Gonçalves, 2016) or triggered by

stressful conditions in the congeneric Antipathella fior-

densis (Grange, 1990) (Parker et al. 1997). In all these

studies, the detachment of a whole polyp or a polyp frag-

ment resulted in the formation of motile propagules. The

present study confirmed that antipatharians are able to

spontaneously form motile bail-out propagules. According

to our observations, bail-out propagules can originate also

from polyp portions (tentacles), a mechanism which has

never been observed in other coral species and which

resembles pinnitomy, an asexual reproductive strategy,

reported for octocorals, in which tentacular pinnules can

autotomize and detach from the parent colony forming a

new polyp and potentially, new colonies (Gohar 1940).

Black corals propagules can display different movement

patterns with Antipathes sp. (Bo 2008) and A. subpinnata

propagules rotating on multiple axes (ESM1, ESM2), dis-

sected A. caribbeana tentacles moving as a torpedo and P.

pennacea ones oscillating around a main axis (Gonçalves

2016).

Stressful conditions known to trigger the polyp bail-out

in cnidarians include the decrease in O2 concentration

(Sammarco 1982; Rakka et al. 2019), temperature increase

(Kružic 2007; Fordyce et al. 2017; Rakka et al. 2019), the

secondary metabolites produced by macroalgae (Lee et al.

2012), changes in salinity (Shapiro et al. 2016) and pH

(Kvitt et al. 2015) as well as low-food availability (Serrano

et al. 2018) (ESM3). In the present study, we could exclude

all those factors since water and nutrient parameters were

checked monthly and colonies were regularly fed. There-

fore, the bail-out observed here was more likely related to a

delayed effect of sampling and transport or rearing condi-

tions per se, as observed in other species (Serrano et al.

2018). In a natural environment, A. subpinnata can be

found at high densities (Bo et al. 2009) with overlapping

branchlets; therefore, our experimental setup was similar to

in situ conditions; however, different water circulation

dynamics may have been a limiting factor. This species is

known to be particularly sensitive to aquarium conditions

with a previous study describing asexual reproduction

through fragmentation in controlled environment (Coppari

et al. 2019). Nevertheless, after 45 days, in order to avoid

the death of the mother colonies, necrotic parts were

removed and colonies transferred to a large exhibition

tank, whose size and current circulation were probably

more suitable for colonies. These colonies are still in good

health two years after the experiment.

Similarly to previous studies, the settlement of bail-out

propagules was not observed (ESM3). This might be

related with the 45 days duration of our experiment, which

is short compared to the 7 months of pre-settlement period

reported for scleractinian bail-out propagules (Capel et al.

2014) or with the not optimal rearing conditions of the

propagules (i.e., small glass beakers, lack of suitable sub-

strate, insufficient water current). The long-term survival of

non-feeding, motile propagules remains an open question,

and it would be worth analyzing their lipid compositions to

quantify their energetic reserves.

Information on the histological structure and anatomy of

the bail-out propagules is lacking, and our results show a

complete re-organization of the gastroderm with formation

of vacuoles of unknown function and appearance of cilia.

The presence of cnidocysts is documented although more

limited in number and types.

Although the bail-out process is an extreme response to

stressful conditions, the mechanisms underlying such pro-

cesses are similar to polyp expulsion (tissue and polyp

detachment); this means that species able to bail-out may

also be able to release entire polyps as a reproductive

mechanism. This form of asexual reproduction, in natural

environments, might help to maintain scattered patches

where sexual reproduction would not be effective due to

the low density. The extended life span of the bail-out

propagules (Capel et al. 2014), and potentially of the

asexually produced ones, might favor long-distance dis-

persal under unfavorable conditions, having an ecological

importance in the connectivity between populations.

However, at present, this possibility for A. subpinnata can

only be indirectly inferred from the high connectivity

showed by genetic studies (Costantini et al. 2019) and

reported also for the congeneric species A. fiordensis

(Miller and Grange, 1997).

In cnidarians, asexual reproduction is considered an

adaptation to unstable or unfavorable environments (Foster

et al. 2007) and bail-out in particular, an extreme response

to adverse conditions (Sammarco 1982). The capability of

A. subpinnata to reproduce, by fragmentation and poten-

tially by polyp expulsion, might guarantee the survivorship

of this species and the colonization of more suitable envi-

ronments, through propagules dispersal, in presence of
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human impacts (e.g., mechanical stress due to fishing

activities) or climate change-related impacts. However, to

ensure the genetic recombination and diversity through

sexual reproduction, stronger management measures

should be established to preserve these valuable vulnerable

marine ecosystems.
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Evolution [q-bio.PE]. Université Pierre et Marie Curie - Paris VI,

English

Kariyazono ST, Hatta M (2015) Bail-out of the polyp from the

skeleton of spats in the scleractinian coral Acropora tenuis.
Galaxea 17:19–20

Kramarsky-Winter E, Fine M, Loya Y (1997) Coral polyp expulsion.

Nature 387:137
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