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1  |  INTRODUC TION

Understanding the ontogeny and reproductive biology of reef- 
building organisms can shed light on large- scale patterns of pop-
ulation biology and community structure (Babcock et al., 1986; 
Baird et al., 2009). This information can help explain the resilience 
of ecosystems and populations to disturbance (Nyström & Folke, 
2001; Waples et al., 2009). For example, populations can be rap-
idly replenished in species with reproductive capabilities that are 
less affected by disturbances (Lasker et al., 2020). This is partic-
ularly important for taxa like Caribbean octocorals, which have 
been increasing in abundance while scleractinian cover has been 
declining (Lenz et al., 2015; Ruzicka et al., 2013; Sánchez et al., 
2019). This may be because recruitment success in Caribbean 

octocorals makes them more resilient to long- term disturbance 
than scleractinian corals (Edmunds & Lasker, 2016; Lasker et al., 
2020; Tsounis & Edmunds, 2017). For example, Lasker et al. (2020) 
documented the return to pre- disturbance recruit densities of oc-
tocorals on St. John, US Virgin Islands, 2 years after two Category 
5 hurricanes.

Successful recruitment is necessary for the maintenance of 
populations, and characteristics of reproduction and development 
in octocorals may help explain their success on Caribbean reefs. 
Documenting the reproductive biology and early life development 
of species is also important for the optimization of larval propaga-
tion methods, whether for research or restoration purposes. The 
general patterns of sexual reproduction in octocorals are well doc-
umented. Species are primarily gonochoric and either broadcast- 
spawn gametes or brood embryos (Kahng et al., 2011). Eggs are 
frequently yolky, cleavage is usually superficial and holoblastic, 
and the blastula stage is solid (Dahan & Benayahu, 1998; Lasker & 
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Abstract
Patterns of population biology and community structure can be studied by looking 
closely at the ontogeny and reproductive biology of reef- building organisms. This 
knowledge is particularly important for Caribbean octocorals, which seem to be 
more resilient to long- term environmental change than scleractinian corals and pro-
vide some of the same ecological services. We monitored the development of the 
black sea rod, Plexaura homomalla, a common, widely distributed octocoral on shal-
low Caribbean reefs, from eggs to three- polyp colonies over the course of 10 weeks. 
Gametes were collected ex situ on St. John, U.S. Virgin Islands, during spawning events 
that occurred 3– 6 days after the July full moon. Cleavage started 3.0 hr after fertiliza-
tion and was holoblastic, equal, and radial. Embryos were positively buoyant until be-
coming planulae at 3 days after fertilization. Planulae were competent to settle 4 days 
after fertilization. Symbiodiniaceae began infecting polyps ~8 days after fertilization. 
Overall, development was typical for Caribbean octocorals, except for an increase in 
the number of embryos between 3.5 and 6.0 hr after fertilization.
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Kim, 1996). Despite our in- depth knowledge of oogenesis, repro-
ductive strategies, and sexual systems (see Kahng et al., 2011), the 
ontogenies of many conspicuous species have yet to be studied in 
detail.

In this study, we monitored the previously undescribed devel-
opment of the black sea rod, Plexaura homomalla (EspEr 1794), from 
gamete release to post- settlement development. Plexaura homo-
malla is a common member of Caribbean shallow reef communi-
ties and is typically found to a depth of 20 m (Kim & Lasker, 1997; 
Kinzie, 1973, 1974; Yoshioka, 1996; Figure 1). The main source of 
mortality is the toppling of the colony during storm events, most 
commonly due to the failure of the substratum (Kinzie, 1970; 
Yoshioka	 &	 Yoshioka,	 1991).	 Additionally,	 colonies	 of	 P. homo-
malla suffer partial mortality from grazing by ovulid gastropods 
(Kinzie, 1974) and amphinomid annelids (Vreeland & Lasker, 1989). 
Plexaura homomalla is a relatively fast- growing octocoral (Kinzie, 
1974; Yoshioka & Yoshioka, 1991) and broadcast spawns in June 
and	July	 in	Florida	 (Fitzsimmons-	Sosa	et	al.,	2004)	and	 in	August	
and September in Venezuela (Bastidas et al., 2005). Female colo-
nies have a protracted period of oogenesis of 18 months (Kahng 
et al., 2011). In this study we detail the timeline of early devel-
opment, including an observation of an increase in the number of 
embryos shortly after fertilization and a description of growth in 
the field for 8 weeks.

2  |  METHODS

Eleven female and four male branches of Plexaura homomalla were 
collected from adult colonies on an octocoral- dominated reef in 
Round Bay, St. John, USVI (18.345°N, 64.681°W), on July 14– 15, 
2019,	 between	 3.0	 and	 6.0	m	 depth.	 All	 branches	 collected	were	
about 15 cm long. We determined whether colonies were gravid in 
the field by cutting a 5- cm piece diagonally and looking for sper-
maries or eggs. Colonies were transported to the Virgin Islands 
Environmental Research Station and maintained in a sea table (i.e., 
flow- through, open- topped aquarium) with unfiltered running sea-
water pumped from Great Lameshur Bay (18.318°N, 64.724°W) 
from a depth of 1.5 m. Exchange rate in the sea table was ~200 L/
hr (60% of the volume hourly). Two EcoPlus 1/10 HP water chill-
ers	 (Hawthorne	 Gardening	 Company,	 Vancouver,	 WA)	 were	 run	
in series, and set to a temperature of 27°C to reduce temperature 
variability. This reduced water temperature 0.5°C during the day 
(daily temperature range 27.0– 29.4°C) and maintained temperature 
at 27°C at night. Two submersible circulation pumps (Maxi- Jet 900 
and Mini- Jet 404 [Marineland Spectrum Brands Pet LLC, Blacksburg, 
VA])	were	placed	within	the	tank	to	create	a	circular	flow	within	the	
sea table that caused branch tips to occasionally sway.

We began monitoring for signs of spawning (e.g., eggs being 
released, present in the water column, or at the water surface) 
for 5 hr starting at sunset on each of seven nights starting one 
night after the full moon (July 17– 23, 2019). Bastidas et al. (2005) 
found that colonies of P. homomalla spawned six and seven nights 
after the full moon in Venezuela, and we began monitoring one 
night after the full moon in order to capture the entire spawning 
period.	As	soon	as	eggs	were	observed,	pumps	and	water	 input	
were shut off. Eggs and sperm were collected together with 60- 
mL syringes as they were released from the colonies and were 
stored in water from the tank for 30 min to ensure fertilization. 
We were unable to determine the exact moment of fertilization 
for any given egg, so we refer to the time at which gametes were 
collected as t = 0.

Embryonic development was documented on two consecutive 
spawning nights (four and five nights after the full moon). On the 
second night of spawning (four nights after the full moon), 100 eggs 
were placed in an isolated container (i.e., no external water sources), 
and the number of cells was counted in triplicate by two different 
observers (KJT and CDW). Counts were taken every 0.5 hr from 
2.5 to 7 hr after fertilization, and then hourly until 10 h after fer-
tilization. Cell divisions were tracked until embryos had 64 cells. 
Observations of gross morphology were made at 15, 18, 21, and 
24 hr after fertilization, and then daily for 3 days. Once planulae be-
came competent to settle, they were provided with 14 × 14 × 1 cm 
stoneware clay tiles onto which they settled and metamorphosed 
into primary polyps. Nine days later, the tiles were deployed onto 
an octocoral- dominated reef (18.309°N, 64.719°W) and monitored 
2, 4, and 10 weeks after fertilization. Settlement and survival rates 
on these tiles in the presence of varying levels of algal turf cover are 
reported in Wells et al. (2020).

F I G U R E  1 Photograph	of	the	black	sea	rod,	Plexaura 
homomalla. The colony is ~65 cm tall
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On the third night of spawning (five nights after the full moon), 
more detailed observations of embryo development were con-
ducted by counting the number of cells in 11 embryos in triplicate 
every 10 min for the first 2 hr after fertilization and then every 
5 min for the next 4 hr. Individual embryos were kept in separate 
containers. We stopped counting the number of cells after em-
bryos reached 128 cells because further divisions became difficult 
to detect.

3  |  RESULTS

Ex situ spawning in Plexaura homomalla occurred ~2 hr after sunset on 
four consecutive nights, three to six nights after the full moon in July 
2019. Spawning was synchronous. Branches released either eggs or 
an indistinct cloud of sperm. While spawning was observed for up to 
4 hr on four consecutive nights in our aquarium system, individual 
colonies spawned for up to 2 hr on a maximum of three consecutive 
nights. Colonies displayed extended polyps during spawning. We 
collected all eggs released on the third and sixth nights after the 
full moon. Nearly all the eggs were collected on the fourth and fifth 
nights and no eggs were released on the seventh night. The total 
number of eggs collected from the nine female branches were 35, 
7381, 6002, and 123 on the third, fourth, fifth, and sixth nights after 
the full moon, respectively. Eggs and early- stage embryos were posi-
tively	buoyant,	spherical,	and	600–	800	µm	in	diameter	(Figure	2A),	
with high yolk content. Three days after the last night of spawning 
(9 days after the full moon), colonies were checked for gametes to 

determine whether they would spawn the following month. No eggs 
or developed spermaries were observed.

Cleavage began 3 h after fertilization and was holoblastic, equal, 
and radial (Figure 2B,C; Table 1). Cleavage started at one pole of the 
fertilized egg and traveled across its circumference, with increased 
furrow formation after each division. Cleavages to 8- , 16- , 32- , 
and 64- celled embryos led to blastulae with distinct blastomeres 
(Figure 2B,C). Development from 8 cells to 64 cells took about 
45 min (Figure 3; Table 1). Of the 100 eggs or embryos monitored 
on the second night of spawning (four nights after the full moon), 13 

F I G U R E  2 Scanning	electron	
microscope images of early development 
events of the gorgonian Plexaura 
homomalla. A Egg or embryo. B 16- cell 
embryo. C 32- cell embryo. D Early- stage 
gastrula. Scale bar =300 μm

TA B L E  1 Median	and	range	of	time	to	reach	stages	of	
development in the gorgonian Plexaura homomalla

Development stage Median time Range

Oocyte 0 hr 0– 3.7 hr

2- cell 3.0 hr 2.8– 3.7 hr

4- cell 3.3 hr 2.8– 3.8 hr

8- cell 3.4 hr 2.8– 3.8 hr

16- cell 3.7 hr 3.0– 3.9 hr

32- cell 3.8 hr 3.4– 4.2 hr

64- cell 4.3 hr 4.1– 4.6 hr

Stereoblastula 4.9 hr 4.8– 6 hr

Gastrula 15 hr 5– 36 hr

Planula 3 days 2.5– 4 days

Settlement (polyp) 5 days 5– 8 days

3- polyp colony 71 days
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died (i.e., lysed) between 2.5 and 3.5 hr after fertilization (Figure 4). 
A	spherical	stereoblastula	was	formed	4.9	h	after	fertilization,	and	
by 15 hr after fertilization all embryos were irregularly shaped gas-
trulae, appearing like a raisin (Figure 2D; Table 1). Embryos that did 
not progress through stages at a steady rate (i.e., too fast or slow) 
frequently died. Particularly noteworthy, at 3.5  hr after fertilization, 
the number of embryos increased from 87 to 100 (Figure 4). This in-
crease in number, counted in triplicate, was not observed among the 
11 individuals monitored on the third night of spawning (five nights 
after the full moon).

Two days after fertilization, the embryos were ovoid and less 
buoyant than the preceding day. By 3 days after fertilization, em-
bryogenesis	 was	 complete,	 and	 planulae	 had	 formed	 (Figure	 5A,	
Table 1). Planulae were slightly negatively buoyant, pear shaped to 
ovoid, and were capable of swimming at a speed of ~0.5 cm/s. They 
had the ability to become elongated but could quickly return to a 
pear shape. Planulae could be found crawling on the surfaces of the 
culture container but did not stick inside the glass pipettes during 
water changes. By Day 4, planulae were clearly competent to settle. 
They readily attached to surfaces at that time, and it was difficult to 
transfer planulae without forceful flushing of the water to remove 
them from the sides of the pipette. This behavior has been observed 
in Antillogorgia elisabethae, Plexaura kuna, and Pseudoplexaura porosa 
as an indicator of competence (H. Lasker, unpubl. data).

Planulae began settling 5 days after fertilization. Settlement was 
asynchronous; some planulae settled as late as 8 days after fertiliza-
tion. Typically, planulae landed on a surface, crawled around, and ei-
ther attached to the substratum or swam back into the water column. 
Endosymbiotic dinoflagellates (Symbiodiniaceae) were not apparent 
at settlement (Figure 5B). Tentacles on some polyps started to turn 
brown by 8 days after fertilization, indicating the establishment of 
the Symbiodiniaceae endosymbionts. Primary polyps started pro-
ducing purple sclerites 12– 18 days after fertilization (Figure 5C). 
Two to four polyp colonies formed between 4 and 10 weeks after 
fertilization (Figure 5D, Table 1).

4  |  DISCUSSION

This study provides the first detailed description of the spawning, 
embryogenesis, larval behavior, settlement, and post- settlement de-
velopment in Plexaura homomalla (Figures 2– 5, Table 1). We observed 
spawning in July. In Florida, colonies of P. homomalla spawned after 
the full moon in both June and July (Fitzsimmons- Sosa et al., 2004). 
We cannot rule out the possibility of spawning in June, but we are 
confident	 that	 spawning	 did	 not	 occur	 in	 August.	 After	 spawning	
in July, colonies lacked detectable eggs, which take 18 months to 
develop (Kahng et al., 2011). Compared to field observations from 
Venezuela (Bastidas et al., 2005), we observed spawning 1– 2 lunar 
cycles earlier, spawning lasted for twice the duration on each night, 
and took place over twice as many nights. Colonies released few 
gametes on the first and last days of spawning (three and six nights 
after the full moon) in comparison to peak spawning nights (four and 
five nights after the full moon). During such small spawning events, 
observations in a laboratory setting may be advantageous for de-
tecting early- spawning colonies that release just a few gametes. The 
temporal difference between spawning times at different locations 
has been observed with other octocoral species and has been re-
lated to differences in local temperature (De Putron & Ryland, 2009; 
Pakes & Woollacott, 2008). Differences in the hour at which spawn-
ing began and the duration of spawning between our observations 
and those of Bastidas et al. (2005) could be an artifact of collecting 
and conditions in the laboratory (e.g., light pollution or stress).

F I G U R E  3 Development	of	11	eggs	or	embryos	of	the	gorgonian	
Plexaura homomalla, 2– 6 hr after fertilization, monitored at 5- min 
intervals. Each point represents one observation. Cells started 
dividing ~3 hr after fertilization and had all reached 128+ cells by 
5.5 hr after fertilization. The solid black line is the median number 
of cells. Values have been spread on the x-  and y- axes to reduce 
overlap

F I G U R E  4 Number	of	eggs	or	embryos	of	the	gorgonian	
Plexaura homomalla alive in the first 24 hr of development, starting 
with 100 eggs on the second night of spawning (four nights after 
full	moon).	Mortality	was	high	between	2.5	and	3.5	hr.	At	3.5	hr,	
some 64+ cell embryos broke into fragments. The number of 
embryos stabilized after 8 h during the blastula stage
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Compared to the closely related Plexaura kuna LaskEr, kim, & 
Coffroth 1996, spawning times were similar relative to the full 
moon (i.e., several days after full moon), spawning took place over 
approximately the same number of days, and colonies spawned 
for similar amounts of time (Brazeau & Lasker, 1989; Lasker et al., 
1996).	 Additionally,	 embryogenesis	 was	 nearly	 identical	 (Lasker	
et	al.,	1996).	As	in	P. homomalla (Table 1), embryos of P. kuna were 
64 cells by 4 hr after fertilization, gastrulae by 12 hr after fertiliza-
tion, and planulae by 36 hr after fertilization (Lasker et al., 1996). 
These similarities indicate that octocorals share many ontogenetic 
features and that these components have a broad phylogenetic 
basis.

One unexpected observation was the increase in the number 
of embryos on the second night of spawning (four nights after full 
moon; Figure 4). The observation is consistent with polyembry-
ony (i.e., splitting of embryos), although polyembryony was never 
directly observed. This phenomenon has not yet been described 
in octocorals but has been reported in reef- building scleractinian 
corals (Chamberland et al., 2017; Heyward & Negri, 2012). In both 
scleractinian studies, embryos generated from polyembryony de-
veloped into competent, albeit smaller, planulae that successfully 
settled. Further observations are necessary to fully document the 
phenomena and understand the possible mechanisms behind this 
increase in number of embryos. Heyward and Negri (2012) found 
that, during turbulent conditions, small breaking waves could in-
duce fragmentation in scleractinians during the 2-  to 16- cell stages. 
Embryos of P. homomalla were left in still water during this study. 
A	comprehensive	survey	for	polyembryony	in	octocorals	is	needed	
to determine whether this is a potential phenomenon in octocorals 

or whether this behavior is limited to a smaller number of taxa and 
circumstances in anthozoans.

If P. homomalla has the capability of splitting embryos, then in-
ducing polyembryony may help in experiments where the number 
of embryos is limited or in coral restoration efforts (Randall et al., 
2020). Restoration efforts for octocorals have most focused on 
propagating colony fragments (cf. Espitia, 2013; Linares et al., 2008; 
Montseny et al., 2019; Oren & Benayahu, 1997). However, propaga-
tion based on settling larvae will be necessary for species such as al-
cyonaceans, which lack axes and cannot be propagated using colony 
fragments (Steinberg et al., 2020). Bramanti et al. (2007) examined 
field settlement to tiles, which could be transported to new areas, 
but ex situ development of larvae may be important in repopulating 
areas where natural settlement is too low to reestablish populations 
(Vanderklift et al., 2020). Inducing polyembryony, if the larvae are 
equally likely to survive, could be an effective technique to increase 
the numbers of larvae available to remediation projects.

In this study, we found that development in P. homomalla is 
consistent with patterns described in other species except for the 
increase in number of embryos; although polyembryony remains un-
described in octocorals, it is known to occur within the scleractinians 
and	should	be	explored	further	in	octocorals.	A	widespread	effort	to	
document early life history, reproductive biology, and the ecological 
processes that influence recruitment in the octocorals could be key 
to understanding their success on Caribbean reefs.
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