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Southeast Florida large Orbicella
faveolata are highly fecund
without evident disease
intervention effects

D. Abigail Renegar*, Hunter K. G. Noren, Nicholas R. Turner,
Joana Figueiredo and Brian K. Walker

Department of Marine and Environmental Science, Halmos College of Arts and Sciences, Nova
Southeastern University, Dania, FL, United States

The recent widespread mortality and tissue loss in Florida from stony coral tissue loss
disease (SCTLD) has propelled the need for assisted reproduction to restore reefs,
especially for the ESA listed species Orbicella faveolata. In situ gamete collection can
be challenging due to the weather and resources (boats and divers) required during
the expected spawning window. In the northern portion of the Florida coral reef
tract, coral spawn collection has been even more difficult due to historical
inconsistency in annual spawning times and the potential for “zombie” corals, i.e.
large but reproductively senescent individuals. Therefore, we examined the current
reproductive potential of seven large (>2 m diameter) O. faveolata colonies from this
region, quantified their fecundity, and estimated the spawning timeframe using
histology. Additionally, we explored whether previous SCTLD lesion amoxycillin
treatments affected reproductive metrics. Understanding the reproductive capacity
and spawning timing of these large corals, given their history of disease and disease
treatment, is critical to evaluate potential impacts of SCTLD treatments and the
success of assisted reproduction efforts. The histological analysis coupled with in-
water observations indicated a probable split-spawn in these individuals in 2020,
although the dates of spawning may not be consistent with predictions for the wider
Caribbean or with other colonies in Miami and the Florida Keys. All seven large O.
faveolata colonies were found to contain abundant oocytes, with no obvious impact
of SCTLD treatments on gamete development or fecundity.

KEYWORDS

stony coral tissue loss disease, coral reproduction, Orbicella faveolata,
antibiotics, fecundity

1 Introduction

Florida’s Coral Reef is currently experiencing a multi-year disease-related mortality event
that has resulted in widespread mortality and tissue loss in multiple coral species (Precht et al,,
2016). Approximately 21 species of coral, including both Endangered Species Act-listed
and primary reef-building species, have exhibited lesions and tissue loss which often result in
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whole colony mortality (Precht et al., 2016; Walton et al., 2018; Rippe
etal, 2019; Muller et al., 2020; Hayes et al., 2022). First observed in late
2014, stony coral tissue loss disease (SCTLD) has since spread to the
northernmost extent of the Florida Reef Tract, southwest to the Dry
Tortugas, and continues to spread throughout the Caribbean
(Precht et al., 2016; Alvarez-Filip et al,, 2019; Weil et al., 2019).

To save existing resources, part of the SCTLD response involves
applying topical treatments of CoralCure mixed with antibiotics along
active disease lesion progression (Neely et al., 2021; Shilling et al., 2021;
Walker et al,, 2021). The antibiotic paste is approximately 80-90%
effective at stopping lesion progression and has kept thousands of
corals alive. However, the potential effects of these treatments on the
coral and/or the surrounding environment are unknown. Wide-
spread overuse of antibiotics has previously led to unintended
environmental consequences, including attribution of decreased
reproductive capacity to antibiotics exposure in other vertebrates
and invertebrates (Flaherty and Dodson, 2005; Yan et al, 2016;
Kraemer et al, 2019). As continued application of antibiotic
treatments is needed in the environment to prevent the complete
loss of coral colonies to SCTLD, it is important to understand the
possible unintended effects of these disease interventions.

As one of the main reef builders in the Caribbean, the
endangered Orbicella faveolata is a species of particular
importance for reef restoration. The spread of SCTLD has
resulted in a substantially lower density of corals on the reef,
contributing to a prezygotic barrier (reduced chance of sperm and
eggs from different colonies to meet) which can ultimately reduce
recruitment of corals back to the reefs (Quiroz et al., 2023). Natural
recruitment of these hermaphrodite broadcast spawners is not
keeping pace with losses on many reefs (van Woesik et al., 2014);
therefore, they are a focal species for assisted reproduction where
their gametes are collected, fertilized, reared in captivity, and
outplanted to restore their populations. Large corals have a higher
reproductive potential (Szmant, 1986), increasing their ability to
naturally replenish reef communities and increasing the efficiency
of gamete collection in the field to support assisted reproduction
efforts. As a proxy for age, a boulder coral’s size is an indicator of
resistance to previous perturbations, suggesting higher fitness, and
their structure provides essential ecological functions such as
habitat for many valuable species and shoreline protection.
Prioritizing the largest, oldest colonies of Caribbean reef-building
species for restoration efforts is imperative to preserve ecological
function and genetic diversity of the most resilient corals.

Southeast Florida is home to several large colonies of O. faveolata
which have been subject to multiple SCTLD intervention treatments
over time and for which previous attempts at in-situ gamete collection
from these colonies have been unsuccessful, with no spawning
observed during predicted spawning windows during which other
colonies of this species in Miami and the Florida Keys have been
observed to spawn. This unpredictable spawning timing may be related
to abiotic factors, such as ongoing temperature stress events (Fisch
et al,, 2019); it may be due to the fact that these colonies belong to a
genetically distinct lineage from other O. faveolata found throughout
the Kristin Jacobs Coral Reef Ecosystem Conservation Area (Coral
ECA) and the Florida Keys (Klein et al., 2024); or it may be that they
inhabit the far-Northern limit of their range which influences the
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otherwise predictable spawning window. Additionally, indirect impacts
of disease on individual colonies currently or previously affected by
SCTLD may include systemic effects resulting in reduced reproductive
output, as has been described for O. faveolata affected by Yellow Band
Disease (YBD) (Weil et al., 2009). The main purpose of this study was
therefore to examine the reproductive status of these unique survivors,
estimate their spawning timeframe, and evaluate any potential effect of
the disease treatments on their reproductive potential.

2 Materials and methods
2.1 Coral samples

A 20 x 30 m site on the nearshore ridge complex in Fort
Lauderdale, FL that contains 16 large, live Orbicella colonies up to
3 m in diameter at a depth of ~6 m was targeted for monitoring
Orbicella spawning (Figure 1). The corals at this location were
monitored monthly for 30 months and treated as needed for
SCTLD (Figure 2). The proximity of these colonies to each other
facilitated the complex logistics of collecting and fertilizing gametes
from many presumed different genotypes in the field. In 2018 and
2019, this site was monitored for spawning activity during predicted
spawning windows each September, without success.

In 2020, seven O. faveolata colonies (LC-003, LC-041, LC-044,
LC-047, LC-052, LC-053, and LC-054) were selected for histological
sampling. These colonies had been monitored monthly since 2018,
and all exhibited disease at some point in time. The majority of
SCTLD interventions (25) were conducted prior to August 2019 using
chlorinated epoxy. Beginning in August 2019, the more effective
amoxycillin in CoralCure paste was used to treat all subsequent
disease lesions (Walker et al.,, 2021). These interventions consisted
of applying the antibiotic paste to the disease lesion margin and
spreading so that the paste covered ~lcm of live tissue.

The colonies sampled for histology had a total of 34 disease
interventions conducted between January 2018 and October 2020,
totaling 840 cm in length. LC-003 had the greatest number of
treatments (eight) followed by LC-052 (seven), LC-041 (five), LC-
044 (four), LC-047 (four), LC-053 (three) and LC-054 (three)
(Figure 2A). LC-044 had the longest total length of diseased tissue
margin treated (182 c¢cm) followed by LC-052 (159 cm), LC-041
(129 cm), LC-054 (129 cm), LC-053 (126 cm), LC-003 (103 cm) and
LC-047 (17 cm) (Figure 2B). Between August 2019 and October
2020, six antibiotic treatments were conducted on three of the
colonies: LC-041 (two), LC-047 (two), LC-052 (two). These totaled
73 c¢m in total length of diseased tissue margin treated: LC-052
(34 cm), LC-041 (28 cm), and LC-047 (10 cm) (Figure 2B). The
remaining colonies were not treated with antibiotics.

In 2020, O. faveolata was predicted to have three spawning
windows due to an early full moon in August. The spawning
windows were: August 8-12, September 5-9, and October 5-9
(Vermeij et al., 2020) All seven colonies were sampled for
histological analysis on July 9 (before predicted spawning) and
September 3, 2020, and two colonies (LC-041 and LC 053) were
sampled on September 18, 2020 to confirm that spawning had
occurred. All colonies were cored at a central horizontal location
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FIGURE 1

10.3389/fmars.2024.1369222

Site map showing the coral locations of all 16 monitored Orbicella faveolata colonies off Fort Lauderdale Beach, FL. Yellow dots indicate colonies
sampled for histology. Four representative colony pictures are provided with a meter stick for scale.

near the apex of the colony using a 2.5 cm diamond core bit hole
saw on a Nemo V2 Divers underwater drill. Cores were drilled to a
depth of approximately 3 cm to ensure collection of the entire
corallite. Upon removal from the colony, cores were placed in
Whirl-Pak® sample bags and transported to the boat where they
were placed in zinc-buffered formalin (Z-Fix). The core holes were
filled with 2-part epoxy (Z Spar Splashzone) to deter herbivore
predation and facilitate tissue regrowth, and monitored monthly.

2.2 Histology and estimation of fecundity

Coral samples for histological analysis were fixed in zinc-buftered
formalin (Z-Fix) for at least 24 hours. Samples were then rinsed and
decalcified in a 5% HCl/ethylenediamine tetraacetic acid (EDTA)
seawater solution, dehydrated in a graded series of ethanols and
xylene, and embedded in paraffin wax (Paraplast Plus®).
Longitudinal and transverse sections (4 pm thick) were mounted on
slides, cleared in xylene, and stained with modified Heidenhain’s
aniline blue. Stained slides were viewed in an Olympus BX 43 light
microscope at magnifications ranging from 4X to 60X and
photographed with an Olympus DP21 digital camera.

Histological sections were assessed for the presence or absence
of male and female gametes, the reproductive stage of gametes, the
number of oocytes or ova per mesentery/number of mesenteries per
polyp, and the diameter of oocytes. Fecundity per polyp was
estimated as the product of the average number of mesenteries
per polyp (in 5-10 polyps per sample) and the average number of
oocytes or ova per mesentery in longitudinal section (in 3-5 polyps
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per sample). Oocyte/ova diameters were measured from 5 randomly
selected polyps per coral.

The small number of large colonies at the site and lack of
available control colonies (colonies with no history of disease or
disease treatment) precluded a comprehensive sampling design and
statistical analysis. Therefore, results are presented as a qualitative
assessment of the effects of SCTLD occurrence and/or antibiotic
treatments on reproductive potential.

3 Results

All colonies sampled on July 9, 2020 contained abundant
oocytes/ova of Stages I-IV, with the majority at Stage III
(Figures 3A, B). Early stage spermaries (mostly Stage IT) were also
observed (Figure 3B). Polyp fecundity (ova per polyp) was
estimated for all coral samples collected in July 2020 based on the
number of Stage III oocytes/ova, due to the limited samples with
Stage IV oocytes collected in September 2020. This likely
contributed to the high estimates of polyp fecundity for each
coral, which were higher than most reported fecundity estimates
for this species (Holstein et al., 2015). Numerous Stage V spermaries
were also present (Figure 3D) on September 3, 2020.

Overall, the mean oocyte/ova diameter increased between July
2020 and September 2020 (Figure 4A), while the mean polyp fecundity
decreased over that same period (Figure 4B). Corals sampled in
September 2020 had lower polyp fecundity (0.5-51.8 oocytes/polyp)
compared to July 2020 (100.8-181.1 oocytes/polyp) (Figure 4B). Coral
LC-003 contained the largest number of oocytes relative to the other
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FIGURE 2

Orbicella faveolata. (A) The total number of disease interventions by monitoring period, and (B) the total length of diseased tissue margin treated by
monitoring period for the large colonies. All treatments before August 2019 were chlorinated epoxy only, and all treatments after August 2019 were

antibiotic paste only

individuals sampled in September 2020; fewer oocytes were present in
September 2020 compared to July 2020, but oocytes present were larger
and more fully developed, consisting of mainly Stage IV oocytes
(Figure 3C). Although these oocytes were larger in size, a substantial
decrease in fecundity from July to September sampling dates was found
for all corals, indicating a likely split spawn in 2020. Two corals, LC-041
and LC-053 were sampled again on September 18, 2020 after the
anticipated September spawning window. Very few gametes remained,
with a limited number of oocytes present in either coral.

A team of at least 5 divers monitored the large corals at the site for
spawning each night from September 5 through September 9. Corals
were checked for the presence of setting bundles regularly from
approximately 7:00 pm until approximately 12:00 am; no setting
bundles or spawning were observed by divers on the dates monitored.

4 Discussion

This study sought to examine the current reproductive potential
of seven very large (>2 m diameter) O. faveolata colonies located on
nearshore reefs of southeast Florida. It has been hypothesized that
large, old corals such as these may be reproductively senescent or
“zombie” corals (Woodley et al., 2013; Bythell et al., 2018; Grinblat
et al., 2023), but our histological results clearly indicate that this is
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not the case, as all seven colonies were found to contain abundant
oocytes. Similarly, the extensive use of antibiotics to treat SCTLD
has raised concerns regarding potential impacts to coral
reproductive capacity. No clear pattern of effects on oocyte size or
polyp fecundity related to previous SCTLD treatment history was
observed in these corals, with oocyte size very similar across all
sampled corals. The coral with the highest overall polyp fecundity,
LC-047, was treated for SCTLD twice during the 2019-2020
spawning year, and as recently as February 2020. The coral with
the lowest overall polyp fecundity, LC-054, had no disease
occurrence, and therefore no treatments, since December 2018.
Polyp fecundity of coral LC-041 was similar to that of coral LC-054,
however LC-041 had disease occurrence and treatment in both July
and August 2020; this coral also had a number of previous
treatments with chlorinated epoxy. Polyp fecundity in the
colonies treated most frequently for SCTLD (e.g. LC-003, LC-041,
LC-044, LC-052) did not appear to be different from colonies less
frequently treated. This was also the case for colonies treated with
antibiotic paste only (LC-047 and LC-052) compared to colonies
treated with chlorinated epoxy only (LC-003, LC-044, LC-053 and
LC-054) and the colony treated with both (LC-041). Overall,
estimates of polyp fecundity, although based on Stage III oocytes/
ova, were higher for these 7 large colonies compared to other
reported fecundity estimates for this species (Weil et al, 2009
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FIGURE 3

Stage V spermaries in coral LC-041, sampled on September 3, 2020.

Orbicella faveolata. (A) Stage Ill oocytes/ova in mesentery, coral LC-052, sampled July 9, 2020; (B) Stage Ill oocytes/ova and Stage Il spermaries,
coral LC-044, sampled on July 9, 2020; (C) Stage IV oocytes/ova in coral LC-041, sampled on September 3, 2020; and (D) Stage IV oocytes/ova and

Borger and Colley, 2010; Holstein et al., 2015). Therefore previous
SCTLD lesions and SCTLD treatments did not appear to result in
the systemic reduction in reproductive potential that was observed
for YBD-affected colonies of this species (Weil et al., 2009), or that is
caused by abiotic stressors such as temperature stress and bleaching
(Szmant and Gassman, 1990; Levitan et al., 2014; Fisch et al., 2019),
at least in these very large corals where tissue area may offset
energetic deficits or other constraints on reproduction (Johnston
et al., 2020).

Spawning in these large O. faveolata was not directly observed at the
site in September 2020, although the histological analysis demonstrated
that all seven corals sampled on July 9 had a large number of later-stage
developing oocytes, which were significantly larger by September 3. The
observed polyp fecundity was however lower in early September,
indicating that spawning or partial spawning had already occurred by
that date. Additionally, polyp fecundity was higher in corals LC-003 and
LC-041 compared to the other colonies sampled in early September,
which could indicate that these corals had only partially spawned. By
September 18, polyp fecundity in LC-003 and LC-041 had declined to a
level comparable to the other previously sampled corals, indicating that
these two corals may have spawned again in September, either just
before or possibly after the predicted September spawning window for
Caribbean O. faveolata (Alvarado-Chacon et al., 2020), as spawning was
not directly observed during the spawning window dates.

Bright et al. (2021) monitored two nearby populations of O.
faveolata in Miami and the upper Florida Keys in 2020. Spawning
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was observed in 14 out of 20 colonies of O. faveolata in Key Largo
on August 9, with six of six monitored colonies in Miami spawning
a day later, on August 10. A partial repeat spawn in two of six
colonies in Miami was observed on September 8. It is therefore
possible that peak spawning in the Broward colonies occurred in
August 2020, with a partial repeat spawn in September, although
this did not occur on the same date as other nearby populations or
on predicted dates for spawning of this species in the Caribbean. It
is unclear whether the deviation from the predicted spawning
window is due to the early full moon in August which may have
precipitated a split spawning, the presence of a subpopulation
(Rosser, 2015; Klein et al., 2024) or a breakdown in regional
spawning synchrony due to external stressors associated with
inhabiting the northernmost boundaries of the species’ range
(Harrison and Wallace, 1990; Shlesinger and Loya, 2019). It is
possible that synchronicity at a finer scale (on the order of days) is
compromised, potentially due to high turbidity and/or coastal night
light pollution in this region of the reef tract. More frequent
sampling and/or in-water monitoring would be required to
determine this.

Although spawning was not directly observed in-situ, the
histological analysis indicated that these seven unique individuals are
still highly fecund, developing gametes and spawning synchronously
with each other. No obvious temporal impact of SCTLD occurrence or
antibiotic treatments on reproductive potential was found, and
although more data is required given the small sample size described
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Orbicella faveolata. (A) oocyte/ova diameter (um) and (B) mean (+ SD) polyp fecundity for the individual corals sampled on July 9, 2020, September

3, 2020 and September 18, 2020.

here, the results suggest that the use of antibiotics did not impact
reproductive metrics. Given these corals’ large size, persistence in a
SCTLD endemic zone and the fact that they are highly fecund, we
suggest expanded monitoring around predicted spawning dates. This
will allow us to obtain more definitive spawning data and collect
gametes from these important corals.
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