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Abstract Ricordea yuma (Ricordeidae WATZL, 1922)
is a tropical corallimorpharian found throughout the Indo-
Pacific region. Individuals of this species are often found in
bright colours making them popularly sought-after within
the marine ornamental trade. Despite their popularity in
marine aquaria, little is known about the sexual reproductive
biology of this species and therefore it’s capacity to maintain
and renew genetically diverse populations in the wild. This
note provides evidence that this species is gonochoric and
engages in broadcast spawning during the austral summer.
While further research is required to discern the size and/or
age of sexual maturity, duration of the gametogenic cycle,
and the precise periodicity of spawning, the information pro-
vided here is an important first in step elucidating the sexual
reproductive biology of this species. Understanding the gen-
eral biology of R. yuma will allow for a better understanding
of this species’ life history, and enhance the monitoring and
management of populations.
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Introduction

Corallimorpharia currently comprises 48 accepted species

and is a relatively small order within Anthozoa (phylum:
Cnidaria), when compared to Scleractinia (hard corals;

< K. L. Kaposi
katrina.kaposi@my.jcu.edu.au

1 College of Public Health, Medicine and Veterinary Science,

James Cook University, Cairns, Australia

Australian Institute for Tropical Health and Medicine, James
Cook University, Cairns, Australia

1679 species) and Actiniaria (sea anemones; 1176 species)
(WoRMS 2023). Despite being noncalcareous, corallimor-
pharians are taxonomically more closely related to hard cor-
als than sea anemones (Lin et al. 2016) and are consequently
commonly referred to as false or mushroom corals. Coral-
limorpharians inhabit a diverse range of habitats such as
shallow tropical waters to deep temperate seas (Fautin et al.
2009). Owing to the bright coloration of many corallimor-
pharian species, coupled with their tolerance to a range of
environmental conditions, species such as Ricordea sp. are
popular amongst marine aquarium hobbyists (Fenner 2015;
Torres-Pratts et al. 2011; Wallace and Crowther 2019).

Ricordea yuma (Fig. 1) and R. florida are the sole mem-
bers of the family Ricordeidae (WATZL, 1922) (WoRMS
2023). Polyps of both these species may be found as soli-
tary individuals or in colonial aggregations (Muhando
et al. 2002; Parr 2019; Torres-Pratts et al. 2011) in shallow
(<54 m) tropical waters (den Hartog 1980). They are each
found in distinct regions, with R. yuma distributed through-
out the Indo-Pacific region and R. florida in the Atlantic
Ocean (Parr 2019; Torres-Pratts et al. 2011). Polyps within
this family are characterised as being large fleshy polyps,
with stocky bodies and flat oral discs entirely covered with
short tentacles (den Hartog 1980). As with many other scler-
actinian and actiniarian species, Ricordea sp. are photosym-
biotic and have a close mutualistic relationship with micro-
dinoflagellates within the family Symbiodiniaceae (Lin et al.
2019). Similarly, both species have been shown to expel their
symbionts and undergo ‘bleaching’” when exposed to stress-
ful environmental conditions (Lin et al. 2019; Parr 2019).
As such, like other photosymbiotic cnidarians, Ricordea sp.
may be susceptible to the threats of climate change.

As with many other anthozoans, corallimorpharian spe-
cies may engage in both sexual and asexual reproduction
(Chadwick-Furman et al. 2000; Chen et al. 1995a, 1995b;
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Fig. 1 Ricordea yuma polyps
(A) from a captive clonal
population that has established
asexually through methods such
as (inset) pedal laceration, and
(B) from genetically distinct
colonies, identified by their
unique colorations, collected
from the wild. Scale bars are
approximately: A, 4 cm; B,

1 cm; and inset, 1 cm

Holts and Beauchamp 1993; Parr 2019). While several
asexual strategies, including pedal laceration, marginal
budding, inverse budding, longitudinal fission, two-mouth
fission, and tentacle autotomy, have been documented
within Corallimorpharia (Chadwick-Furman et al. 2000;
Chen et al. 1995a; den Hartog 1980; Kaposi et al. 2022;
Lin et al. 2013), the sexual reproductive biology of these
species is poorly understood. This is despite the signifi-
cance of sexual reproduction in a species’ ability to main-
tain and renew populations and promote genetic diversity
(Harrison 2011).

Descriptions of sexual reproduction currently only exist
for four corallimorpharian species; Corynactis califor-
nica, Rhodactis rhodostoma, Rhodactis indosinensis, and
Ricordea florida (Chadwick-Furman et al. 2000; Chen et al.
1995a, 1995b; Holts and Beauchamp 1993; Parr 2019)
(Table 1). Subsequently, these species have been reported
to be either gonochoric or sequential hermaphrodites, par-
ticipating in broadcast spawning, whereby gametes are
fertilised externally in the water column (Chadwick-Fur-
man et al. 2000; Chen et al. 1995a; Holts and Beauchamp
1993). In contrast, anthozoans may also be simultaneous

Table 1 Summary of the literature concerning the sexual biology of species within Corallimorpharia

Family Species Sexual system and ~ Mode Timing Location Reference
patterns
Corallimorphidae Corynactis Gonochoric Broadcast spawn- Winter California Holts and Beau-
californica ing/external (November— champ (1993)
fertilisation December)
Discosomidae Rhodactis Sequential (possibly Broadcast spawn- Summer The Red Sea Chadwick-Furman
rhodostoma alternating) her- ing/external (June—July) et al. (2000)
maphrodite with fertilisation
sexual dimorphism
(males < females).
Sex is believed to
be influenced by
position within
the aggregation
Rhodactis Sequential (possibly Broadcast spawn- Summer Taiwan Chen et al. (1995a, b)
indosinensis alternating) her- ing/external (May—June)
maphrodite with fertilisation
sexual dimorphism
(males < females).
Sex is believed to
be influenced by
position within
the aggregation
Ricordeidae Ricordea-florida Possibly a sequen-  Broadcast spawn- Summer Florida Keys Parr (2019)
tial (protandry) ing/external (June—July)
hermaphrodite fertilisation

or gonochoric
with sexual
dimorphism
(males < females)
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hermaphrodites and/or undergo internal fertilisation, vivipa-
rous brooding, and release developed planula larvae (Har-
rison and Wallace 1990). Indeed, a mix of strategies may
also occur between species of the same family (Harrison
and Wallace 1990). As such, it is premature to make broad
conclusions as to the sexual biology of all corallimorphar-
ians, based on the current evidence alone.

Despite their popularity in marine aquaria, little is known
about the sexual reproductive biology of Ricordea yuma.
This study aimed to address this knowledge gap and provide
valuable information on the reproductive system and strat-
egy implemented by this species, as well as provide prelimi-
nary evidence for size of maturity and reproductive timing.

Methods

Routine fragmentation (via bisection) of Ricordea yuma pol-
yps from an established captive clonal population (Fig. 1a)
held at the James Cook University (JCU), Cairns (Australia)
(hereafter referred to as the ‘JCU population’) in October
2020 revealed that some of these polyps had started to
exhibit distinct white features amongst their mesentery fila-
ments that had not been present earlier in the year. As austral
spring coincides with when many anthozoans on the Great
Barrier Reef (GBR) begin to show signs of fecundity and
sexual maturity (Babcock et al. 1986), it was hypothesised
that these polyps may be maturing in preparation for spawn-
ing. As the JCU population comprised entirely of genetically
identical, asexually derived polyps, additional specimens
from distinct colonies (n=13), distinguished by their unique
coloration (Fig. 1b) and spatial separation, were freshly har-
vested from local reefs around Cairns during October and
November 2020 to increase genetic diversity, allowing for
this hypothesis to be investigated.

All polyps were maintained in a large 60,000-L system
with salinity 35+ 1%¢ and pH 8-8.5. The temperature is
maintained at 27+ 1 °C, but may reach 28.5 °C during
November through to January (austral summer).

For the determination of sex, twenty-five polyps (12
from the JCU population and 13 freshly harvested from
the wild) were bisected in October—November of 2020
(austral spring), by cutting down through the mouth, in
the centre of the oral disc. In doing so, the internal features
of the polyps were exposed whereby the actinopharynx,
mesentery filaments, and gonads could be easily identified.
Polyps for which gonads were identified were also meas-
ured for approximate size (diameter of the oral disc), and
a portion of gonad was removed. The presence of gametes
within the gonads was confirmed under a Zeiss inverted
compound microscope (10-100 x magnification). The
resulting halves of each polyp were placed back into the
tank to regenerate, a process which takes approximately

14 days (Vroom 2016). Similarly, some of these polyps
were randomly resampled in February 2021 to determine
if they still displayed signs of sexual maturity.

To determine the behaviour of gamete release (slow,
vigorous, or passive), mode (internal or external ferti-
lisation), and timing (day and time) of spawning within
R. yuma, observations of polyps were made in Decem-
ber 2020. Specifically, signs of ‘setting’ (eggs visible in
the actinopharynx), the direct release of eggs or sperm
clouds, increased water opacity (indicative of sperm), and
the presence of eggs on the surface or in the water column,
were checked for.

Polyps were placed into individual glass holding
baths within the main system. Observations were made
in 15-min intervals between 1730 and 0000 h (AEST),
each night for eight nights (1-8 days after the full moon
(DAFM) in November; 30/11/20). These times were
selected as they coincide with when the majority of scle-
ractinian species on the GBR are reported to spawn (Bab-
cock et al. 1986). The time of sunset for this period was
approximately 1839-1843 h (AEST). A metal halide UV
lamp set on a 12 h:12 h light cycle (0600-1800 h) was sus-
pended above the system. A red LED headtorch was used
for all inspections so as to not disrupt the biological circa-
dian rhythm of the polyps (Kaniewska et al. 2015). Simi-
larly, attempts were made to block out all other potential
sources of artificial light, such as security sensor lights.

From the 9th DAFM, polyps were maintained in a
235-L observation tank, connected to the main aquarium
system with a flow-through exchange rate of approximately
150 L per hour. To prevent the loss of gametes, the water
outlet was protected with a 125-um mesh filter. The mesh
filter, surface, and water column were checked each morn-
ing at approximately 0600 h, and periodically every 2-3 h
thereafter throughout the day, for evidence of spawning.

When eggs were observed on the surface or in the water
column, they were collected with a pasture pipette. Over
the entire study, a subset of these eggs (approximately 30
eggs) was taken and fixed in 4% formalin for later size
measurements, and the remainder (approximately 40 eggs)
were inspected with a Zeiss inverted compound micro-
scope for signs of fertilisation and embryonic development
(e.g. cleavage and cellular division). To this end, inspec-
tions of eggs showed no sign of larval development (e.g.
gastrulation and/or elongation) and were thus confirmed
not to be brooded larvae. The eggs were then transferred to
50 ml of seawater and monitored for four hours, at which
point signs of fertilisation should be apparent (Babcock
et al. 1986). Of the eggs that were preserved, 18 were
photographed with a camera mounted onto a Zeiss Axio
Imager.M1 microscope and measured for diameter with
Zeiss Zen Software.
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Results and discussion

Anthozoans may be either gonochoric, exhibiting distinct
sexes, or hermaphroditic, whereby polyps possess both male
and female gametes (Harrison 2011; Kahng et al. 2011,
Ryland 1997). Gonads were observed in polyps from six
of the fourteen colonies that were sampled, of which pol-
yps from three colonies contained ovaries and three con-
tained spermaries. Gonads were not found in polyps from
the remaining eight colonies, and the presence of both male
and female features in a single polyp was not observed. The
gonads observed in R. yuma were similar to those previously
described for the corallimorpharian Rhodactis indosinen-
sis (Chen et al. 1995a, 1995b). Females were character-
ised by the presence of orange eggs that were distributed
throughout the mesentery filaments in bundled clusters,
seemingly encapsulated by a thin membrane (Fig. 2a and
b). Conversely, male polyps were identified by the pres-
ence of distinct white spermaries amongst the mesentery
filaments (Fig. 2c and d). Similarly, the occurrence of sepa-
rate sexes has also been confirmed in R. florida (Parr 2019).
Altogether, our observations suggest that R. yuma is a gono-
choric species.

Several gonochoric anthozoan species may undergo
sequential hermaphroditism, transitioning from one sex
to another, or exhibit sexual dimorphism (Harrison and
Wallace 1990). The sex of 10 of 12 polyps from the JCU
population was successfully determined and identified to be
male. These male polyps ranged from approximately 6-12cm

Fig. 2 Sexually mature (A,

B) female and (C, D) male
Ricordea yuma polyps. The a)
actinopharynx, m) mesentery
filaments, 0) ovaries, inset)
eggs, and s) spermaries are
shown. Scale bars are approxi-
mately: A, 1 cm; B, 0.2 cm; C,
0.5 cm; D, 0.25 cm; and inset,
0.5 mm
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diameter, while the sex of polyps smaller than this could
not be determined. Similarly, each of the male and female
polyps that were identified from specimens collected from
the wild also fell within this size range. This is in contrast
with R. florida; however, where male polyps were signifi-
cantly smaller than females (Parr 2019). This size differ-
entiation suggests that R. florida may either display sexual
dimorphism or undergo protandry (Parr 2019), with females,
therefore, representing larger size classes. Sequential her-
maphroditism has also been reported in other corallimor-
pharian species (Chadwick-Furman et al. 2000; Chen et al.
1995a; Holts and Beauchamp 1993).

Owing to the distinct lack of females identified within the
JCU population (despite the large range in sizes sampled),
and females harvested from the wild being similarly sized
as the JCU males, R. yuma appear to be gonochoric and do
not undergo sex change or exhibit sexual dimorphism as
reported in R. florida and other corallimorphs (Chadwick-
Furman et al. 2000; Chen et al. 1995a, 1995b; Holts and
Beauchamp 1993; Parr 2019. Further research and a larger
sample size may be required before a definitive assessment
as to the sexual status of R. yuma can be made.

In marine broadcast-spawning species, including antho-
zoans, an important determinant of successful reproduc-
tion is the ability for individuals in a population to release
gametes synchronously, often within minutes from one
another, thereby increasing the likelihood of external gam-
ete fertilisation (Randall et al. 2020). Patterns in a range of
environmental factors such as sea temperature, and lunar,
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tidal, and light cycles contribute to this synchrony (Bab-
cock et al. 1986; Randall et al. 2020). While the precise time
of spawning is often species and region specific (Babcock
et al. 1986), many species will engage in broadcast spawning
within a shared temporal window. On the Great Barrier Reef
(GBR), the syncronised spawning of multiple species occurs
during the warmer months of the late austral spring—sum-
mer, often between October and December, depending on
the year (Babcock et al. 1986).

Observations conducted during December 2020 and
early January 2021 (austral summer) revealed that R. yuma
is likely a broadcast-spawning species, passively releasing
gametes in the water column for external fertilisation. This is
in agreeance with a report that shows that R. florida also par-
ticipates in broadcast spawning during the summer months
(June and July) in the Florida Keys (Parr 2019). A small
number of eggs, sometimes as little as one, were released
at irregular intervals over the course of a month, beginning
16 days after the full moon (DAFM) in November through
to 14 DAFM in December. In total, approximately 70 eggs
were observed from ten spawning events, whereby the great-
est number (approximately 40) were found in December, 22
DAFM. While females spawned the majority of these eggs
at night, they also released a small number of eggs during
the day, as early as 1430 h (AEST). None of the females
were ever observed releasing large amounts of eggs, as is
typically the case during major spawning event. Similarly,
males showed no signs of spawning.

Similarly to other broadcast-spawning anthozoans
(Bocharova 2016), R. yuma females released the eggs
through the mouth. Eggs were released individually and
were positively buoyant. Most eggs were orange/pink in
colour and had an average diameter of 596 um (+SD 34).
On one occasion, eggs were seen to have a green—blue hue.
Variable egg colour has also been reported in some scler-
actinian species (Babcock et al. 1986). Inspections of the
eggs revealed no signs of fertilisation or embryonic devel-
opment. Additionally, when left for observation, all eggs
disintegrated within a few hours.

By February, there was no evidence of mature gonads in
any Ricordea yuma polyp. Further research is required to
determine whether the spawning event was simply missed, or
whether collection, dissection, or unintentional interference
by artificial lights, placed undue stress on the polyps, leading
to the reabsorption of gametes (Rossin et al. 2019). Other
anthozoan species, including a male Heteractis magnifica
(sea anemone), have been successfully spawned within this
facility, however. Similarly, such aquarium-based spawning
events have coincided with the natural mass spawning that
occurred on the GBR during that time. To this end, future
studies seeking to discern the precise timing of spawning in
this species may benefit by refraining from bisecting pol-
yps in the months and weeks leading up to the predicted

spawning period, increasing protection from artificial lights,
increasing the window of sampling observations, and if pos-
sible, implement video surveillance.

The biology of the popular corallimorpharian Ricordea
yuma is poorly understood. This is the first study document-
ing the sexual reproduction of this species. Using both his-
tological analyses and spawning observations, we provide
evidence that this species is gonochoric and reproduces via
broadcast spawning. Several key aspects of this species’
reproductive biology, however, remain unanswered, includ-
ing minimum size or age at sexual maturity, onset and dura-
tion of gametogenesis, as well as timing of reproduction.
Nonetheless, the information presented here is a valuable
first step towards better understanding this species’ life his-
tory. Additionally, this information may also contribute
towards enabling the captive breeding of this species for the
ornamental trade or for potential restocking of wild popula-
tions if required.
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