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Abstract 

Anthozoans exhibit great plasticity in their responses to stressful conditions, including decreasing 

individual size, detaching from the substratum and relocating, and releasing endosymbiotic 

microalgae. Another response to stress used by some colonial anthozoans is polyp bailout, in which 

the coenenchyme breaks down and individual polyps detach from the colony. We observed polyp 

bailout in the common Caribbean gorgonian Eunicea flexuosa after eight hours of aerial exposure. 

After nine days, 28% of bailed-out polyps reattached, although none opened to resume feeding. 

Polyp bailout is a costly and high-risk escape response, but reattachment indicates that this can be 

a genet-saving behavior in cases where whole-colony mortality is likely. While it has been 

described in several species of scleractinians and two octocorals, we still do not know how 

widespread this behavior is in anthozoans. 

Introduction 

 As marine environments around the world change in response to warming climates and 

increasing severe weather events, coral reef organisms such as octocorals face stressful 

environmental conditions (Carpenter et al. 2008). Under thermal stress, corals respond by 

bleaching, becoming less resilient to disease, and slowing growth rates (Bruno et al. 2007; Cantin 

et al. 2010; Hughes et al. 2017). Another response to environmental stress in some coral polyps is 

through a temporary breakdown of their colonial structure when local conditions are too extreme. 

This is done by detaching from their colony mates and reattaching in a more suitable location in a 

process known as “polyp bailout” (sensu Sammarco 1982) . 

 Polyp bailout is a directed breakdown of coloniality in some anthozoans through tissue-

specific apoptosis (Kvitt et al. 2015). It can be triggered by starvation (e.g., Goreau and Goreau 

1959), chemical stress (Yuyama et al. 2012), or drastic changes in salinity, temperature, pH, or 
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oxygen levels (e.g., Kružić 2007; Kvitt et al. 2015; Shapiro et al. 2016; Rakka et al. 2019). Bailed-

out polyps drift until finding a suitable attachment location and, if successful, resume colonial 

growth (Sammarco 1982). This behavior is different from “polyp expulsion” (sensu Kramarsky, 

1997) , a form of asexual budding where individual polyps and their calices detach from healthy 

colonies and then reattach to form new colonies. 

 Polyp bailout has been observed in two octocorals (Acanella arbuscula and Acanthogorgia 

armata: Rakka et al. 2019), as well as in seven scleractinian corals (Sammarco 1982; Kružić 2007; 

Yuyama et al. 2012; Capel et al. 2014; Kvitt et al. 2015; Serrano et al. 2018) (Sammarco 1982; 

Kružić 2007; Yuyama et al. 2012; Capel et al. 2014; Kvitt et al. 2015; Serrano et al. 2018) and one 

black coral (Coppari et al. 2020) . While reattachment has been observed in three scleractinians 

(Sammarco 1982; Kružić 2007; Shapiro et al. 2016), neither octocoral species reattached (Rakka 

et al. 2019). In this study, we observed polyp bailout after exposure to air for eight hours and 

subsequent reattachment of polyps of the abundant Caribbean octocoral Eunicea flexuosa. This 

description of polyp bailout is a contribution to the largely unexplored topic of stress responses in 

octocorals. 

Methods 

Fifteen branches of Eunicea flexuosa were collected from an octocoral-dominated reef in 

Round Bay, St. John, U.S. Virgin Islands (18.345 °N, 64.681 °W) on 14-15 July, 2019 between 

3.0 and 6.0 m depth.  Branches were originally collected to describe spawning, embryogenesis, 

and the effect of turf algae on recruitment in detail (Wells et al. 2020a; Wells et al. 2020b). 

Colonies were maintained in a sea table (i.e., flow-through, open-topped aquarium) with unfiltered 

running seawater at the Virgin Islands Environmental Resource Station. For the first six weeks, 

colonies did not show signs of stress. Due to a sea table malfunction overnight, the water level was 
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reduced so only the lowest five centimeters of each branch was submerged. The water level was 

returned to normal height after at most eight hours. Colonies were visibly stressed; polyps became 

fully extended and the coenenchyme changed from beige to dark brown. Within two days 

coenenchyme had begun to disintegrate due to necrosis. Five days after being exposed to air, 

bailed-out polyps were observed and collected with a 150-µm mesh filter attached to the outflow 

of the sea table. Bailed-out polyps were from the exposed portion of the branches; the nonexposed 

portion of each branch survived and polyps remained in their colony. In order to determine if these 

polyps could reattach, 40 bailed-out polyps were placed in a 1-L dish with a stoneware clay tile 

(14 × 7 × 1 cm). Water circulation was provided by bubbling air from a glass Pasteur pipette 

attached to an air pump. Water movement was slow but circulation was observed throughout the 

container. Ambient sunlight was provided from large south facing windows and temperature of 

the room was held at 28°C. The tile was examined for signs of attachment after nine days by gently 

jetting water from a transfer pipette at polyps that appeared to have reattached. Due to logistical 

reasons, polyps could only be monitored for nine days. 

Results and Discussion 

Bailed-out polyps were slightly negatively buoyant, did not possess external sclerites, and 

were 550 to 650 µm wide. It is unknown whether polyps contained internal sclerites. They were 

an unusual grey-blue hue (Fig. 1). These observations of tissue contraction and loss of sclerites 

have been observed in two other octocorals where polyps detached after being under stress (Rakka 

et al. 2019). After nine days, 11 of the 40 polyps (28%) reattached to the tile (Fig. 2). No 

individuals attached to the container. There was no indication of axis redevelopment during the 

first nine days. The other 29 polyps remained unattached but had not died. We never observed 

polyps with extended tentacles, indicating that they were not feeding after bailing out of their 
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colonies. Endosymbiotic dinoflagellates (Symbiodiniaceae) were visible (Fig. 1) and may have 

been providing a source of energy while the polyps were attaching to the substratum. 

Bailing out of a colony is a potential alternative to death, but there are many inherent risks 

with this strategy and the loss of coloniality. Octocorals generally follow a type III survival curve 

(Linares et al. 2007), meaning that mortality risk is much higher for single polyps than adult 

colonies. Additionally, most octocorals have to reach a minimum size before being able to 

reproduce (Kahng et al. 2011). In scleractinians, damage or asexual reproduction that results in a 

reproductive colony becoming smaller than this minimum size can lead to the colony becoming 

non-reproductive (i.e., “reverse puberty”) until it surpasses the minimum reproductive size 

(Szmant 1986). Despite these costs, several anthozoans have the capability of disassociating from 

their colony during stressful times (e.g., Capel et al. 2014; Kvitt et al. 2015; Shapiro et al. 2016) 

and it may be a normal form of asexual reproduction for some corals (Sammarco 1982). While 

there are other forms of asexual reproduction in octocorals, such as autotomizing of branches 

(Lasker et al. 1984), we do not believe that E. flexuosa is using this behavior as a method of 

reproduction, but rather as a genet-saving behavior. It seems that coenenchyme degradation, often 

seen in diseased and damaged octocorals (e.g., Morse et al. 1981; Wahle 1985; Harvell and 

Suchanek 1987), and subsequent polyp bailout, is a potentially viable last-ditch option for 

octocorals to survive an otherwise fatally stressful experience. 

 Currently, we do not know how widespread this behavior is in octocorals or whether this 

behavior is simply an artefact of laboratory culturing. Studies that induce polyp bailout 

in  scleractinians have already shed light on important phenomena such as calcification, bleaching, 

and disease in corals (Shapiro et al. 2016), all critical topics in the face of the current coral reef 

crisis (Bellwood et al. 2004; Veron et al. 2009; Hughes et al. 2010). Indeed, a more widespread 
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survey of this behavior is needed within Octocorallia, especially in situ during stressful events 

such as reef-wide bleaching. With the potential change of scleractinian coral dominated reefs to 

octocoral dominated reefs in the Caribbean (e.g., Ruzicka et al. 2013; Lenz et al. 2015; Edmunds 

and Lasker 2016; Sánchez et al. 2019), it is critical to understand the physiological impacts of 

environmental stress on octocorals. 

 

Acknowledgements 

This work was completed under permits from the Virgin Islands National Park (VIIS-2019-SCI-

0011) and the Virgin Islands Division of Fish and Wildlife (DFW19010) and was funded by the 

National Science Foundation (OCE 1756381). We thank the Virgin Islands Environmental 

Research Station and the University of the Virgin Islands for laboratory space, L. Bramanti, H.R. 

Lasker, Á. Martínez-Quintana, and A.M. Wilson for field and laboratory assistance, and E.R. 

Anderson, H.R. Lasker, and Á. Martínez-Quintana for reading and commenting on the manuscript. 

The authors declare that there is no conflict of interest regarding the publication of this article. 

 

References 

Bellwood DR, Hughes TP, Folke C, Nyström M (2004) Confronting the coral reef crisis. Nature 429:827-833 
Bruno JF, Selig ER, Casey KS, Page CA, Willis BL, Harvell CD, Sweatman H, Melendy AM (2007) Thermal stress and 

coral cover as drivers of coral disease outbreaks. PLoS Biol 5:1220-1227 
Cantin NE, Cohen AL, Karnauskas KB, Tarrant AM, McCorkle DC (2010) Ocean warming slows coral growth in the 

central Red Sea. Science 329:322-325 
Capel KCC, Migotto AE, Zilberberg C, Kitahara MV (2014) Another tool towards invasion? Polyp “bail-out” in 

Tubastraea coccinea. Coral Reefs 33:1165-1165 
Carpenter KE, Abrar M, Aeby G, Aronson RB, Banks S, Bruckner A, Chiriboga A, Cortés J, Delbeek JC, DeVantier L, 

Edgar GJ, Edwards AJ, Fenner D, Guzmán HM, Hoeksema BW, Hodgson G, Johan O, Licuanan WY, Livingstone 
SR, Lovell ER, Moore JA, Obura DO, Ochavillo D, Polidoro BA, Precht WF, Quibilan MC, Reboton C, Richards 
ZT, Rogers AD, Sanciangco J, Sheppard A, Sheppard C, Smith J, Stuart S, Turak E, Veron JEN, Wallace C, Weil 
E, Wood E (2008) One-third of reef-building corals face elevated extinction risk from climate change and 
local impacts. Science 321:560-563 

Coppari M, Fumarola L, Bramanti L, Romans P, Pillot R, Bavestrello G, Bo M (2020) Unveiling asexual reproductive 
traits in black corals: polyp bail-out in Antipathella subpinnata. Coral Reefs  



7 

 

Edmunds PJ, Lasker HR (2016) Cryptic regime shift in benthic community structure on shallow reefs in St. John, US 
Virgin Islands. Mar Ecol Prog Ser 559:1-12 

Goreau TF, Goreau NI (1959) The physiology of skeleton formation in corals. II. Calcium deposition by hermatypic 
corals under various conditions in the reef. Biol Bull 117:239-250 

Harvell CD, Suchanek TH (1987) Partial predation on tropical gorgonians by Cyphoma gibbosum (Gastropoda). Mar 
Ecol Prog Ser 38:37-44 

Hughes TP, Graham NAJ, Jackson JBC, Mumby PJ, Steneck RS (2010) Rising to the challenge of sustaining coral reef 
resilience. Trends Ecol Evol 25:633-642 

Hughes TP, Kerry JT, Álvarez-Noriega M, Álvarez-Romero JG, Anderson KD, Baird AH, Babcock RC, Beger M, Bellwood 
DR, Berkelmans R, Bridge TC, Butler IR, Byrne M, Cantin NE, Comeau S, Connolly SR, Cumming GS, Dalton 
SJ, Diaz-Pulido G, Eakin CM, Figueira WF, Gilmour JP, Harrison HB, Heron SF, Hoey AS, Hobbs J-PA, 
Hoogenboom MO, Kennedy EV, Kuo C-Y, Lough JM, Lowe RJ, Liu G, McCulloch MT, Malcolm HA, McWilliam 
MJ, Pandolfi JM, Pears RJ, Pratchett MS, Schoepf V, Simpson T, Skirving WJ, Sommer B, Torda G, Wachenfeld 
DR, Willis BL, Wilson SK (2017) Global warming and recurrent mass bleaching of corals. Nature 543:373-377 

Kahng SE, Benayahu Y, Lasker HR (2011) Sexual reproduction in octocorals. Mar Ecol Prog Ser 443:265-283 
Kramarsky-Winter E, Fine M, Loya Y (1997) Coral polyp expulsion. Nature 387:137-137 
Kružić P (2007) Polyp expulsion of the coral Cladocora caespitosa (Anthozoa, Scleractinia) in extreme sea 

temperature conditions. Natura Croatica 16:211-214 
Kvitt H, Kramarsky-Winter E, Maor-Landaw K, Zandbank K, Kushmaro A, Rosenfeld H, Fine M, Tchernov D (2015) 

Breakdown of coral colonial form under reduced pH conditions is initiated in polyps and mediated through 
apoptosis. Proc Natl Acad Sci U S A 112:2082 

Lasker HR, Peters EC, Coffroth MA (1984) Bleaching of reef coelenterates in the San Blas Islands, Panama. Coral Reefs 
3:183-190 

Lenz EA, Bramanti L, Lasker HR, Edmunds PJ (2015) Long-term variation of octocoral populations in St. John, US Virgin 
Islands. Coral Reefs 34:1099-1109 

Linares C, Doak DF, Coma R, Díaz D, Zabala M (2007) Life history and viability of a long-lived marine invertebrate: 
The octocoral Paramuricea clavata. Ecology 88:918-928 

Morse DE, Morse A, Duncan H, Trench RK (1981) Algal tumors in the Caribbean octocorallian, Gorgonia ventalina: II. 
Biochemical characterization of the algae, and first epidemiological observations. Bulletin of Marine Science 
31:399-409 

Rakka M, Bilan M, Godinho A, Movilla J, Orejas C, Carreiro-Silva M (2019) First description of polyp bailout in cold-
water octocorals under aquaria maintenance. Coral Reefs 38:15-20 

Ruzicka RR, Colella MA, Porter JW, Morrison JM, Kidney JA, Brinkhuis VIP, Lunz KS, Macaulay KA, Bartlett LA, Meyers 
MK, Colee J (2013) Temporal changes in benthic assemblages on Florida Keys reefs 11 years after the 
1997/1998 El Niño. Mar Ecol Prog Ser 489:125-141 

Sammarco PW (1982) Polyp bail-out: An escape response to environmental stress and a new means of reproduction 
in corals. Mar Ecol Prog Ser 10:57-65 

Sánchez JA, Gómez-Corrales M, Gutierrez-Cala L, Vergara DC, Roa P, González-Zapata FL, Gnecco M, Puerto N, Neira 
L, Sarmiento A (2019) Steady decline of corals and other benthic organisms in the SeaFlower Biosphere 
Reserve (Southwestern Caribbean). Front Mar Sci 6:1-13 

Shapiro OH, Kramarsky-Winter E, Gavish AR, Stocker R, Vardi A (2016) A coral-on-a-chip microfluidic platform 
enabling live-imaging microscopy of reef-building corals. Nat Commun 7:10860 

Szmant AM (1986) Reproductive ecology of Caribbean reef corals. Coral Reefs 5:43-53 
Veron JEN, Hoegh-Guldberg O, Lenton TM, Lough JM, Obura DO, Pearce-Kelly P, Sheppard CRC, Spalding M, Stafford-

Smith MG, Rogers AD (2009) The coral reef crisis: The critical importance of<350ppm CO2. Mar Pollut Bull 
58:1428-1436 

Wahle CM (1985) Habitat-related patterns of injury and mortality among Jamaican gorgonians. Bulletin of Marine 
Science 37:905-927 

Wells CD, Tonra KJ, Lasker HR (2020a) Embryogenesis, polyembryony, and settlement in the gorgonian Plexaura 
homomalla. bioRxiv:2020.2003.2019.999300 

Wells CD, Martínez-Quintana Á, Tonra KJ, Lasker HR (2020b) Welcome to the jungle: Algal turf negatively affects 
recruitment of a Caribbean octocoral. bioRxiv:2020.2005.2027.119404 



8 

 

Yuyama I, Ito Y, Watanabe T, Hidaka M, Suzuki Y, Nishida M (2012) Differential gene expression in juvenile polyps of 
the coral Acropora tenuis exposed to thermal and chemical stresses. J Exp Mar Bio Ecol 430-431:17-24 

 

Fig. 1. Aboral end of a bailed-out polyp of the gorgonian Eunicea flexuosa immediately after 

collection. Many clusters of golden-brown endosymbiotic Symbiodiniaceae are visible. Scale bar 

is 200 µm. 

 

Fig. 2. Reattached bailed-out polyp of the gorgonian Eunicea flexuosa. Scale bar is 1.0 mm. 

 


