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Abstract
Halimeda bioherms on the Northern Great Barrier Reef (GBR) extend for over 6000  km2. To explore the ecological and 
biogeographical importance of these bioherms was one of the aims of a recent voyage on the Research Vessel (RV) Inves-
tigator. Through the use of underwater images and habitat sampling, we found populations of Heteropsammia cochlea 
(Spengler, 1781) living in the bioherms. The scleractinian coral genus Heteropsammia (Dendrophylliidae) is a group of 
solitary, apozooxanthellate, single-polyp corals with a widespread distribution in tropical and sub-tropical regions. Popu-
lations of H. cochlea were observed with individuals dispersed on open-sand habitat and among patches of Halimeda at 
30–40 m water depth in mean densities of 89 and 29 corals per  m2, respectively. Fluorescence microscopy was used to 
assess the presence of zooxanthellae, indicating that they are actively photosynthesising at these depths. These are the 
first observations of H. cochlea in association with the Halimeda bioherms on the Northern GBR.
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Introduction

The scleractinian coral genus Heteropsammia (Dendro-
phylliidae) is a group of solitary, apozooxanthellate, single-
polyp corals with a widespread distribution in tropical and 
sub-tropical regions (Schuhmacher and Zibrowius 1985; 

Hoeksema and Best 1991; Hoeksema and Matthews 2015; 
Igawa and Kato 2017). These free-living corals have a facul-
tative association with zooxanthellae and occur on open sand 
near reefs at depths ranging from ~ 8 to 40 m (Fisk 1983; 
Hoeksema and Matthews 2015). On mesophotic reefs, they 
can occur to 100 m, supposedly as azooxanthellate corals 
(Hoeksema and Best 1991), but specimens have also been 
collected from 762 m (Kitahara and Cairns 2021).

The genus Heteropsammia is in need of taxonomic 
revision (Hoeksema and Best 1991). Of the three species 
currently accepted, Heteropsammia cochlea is currently 
considered the most widespread (Goreau and Yonge 1968; 
Fisk 1983). Originally described from the Bay of Ben-
gal, the geography of the species changed after numer-
ous Heteropsammia species across the Indo-Pacific were 
synonymised under the taxon H. cochlea based on mor-
phological and ecological similarities (Yabe and Eguchi 
1942; Hoeksema and Best 1991). These corals have an 
unusual symbiotic relationship with a range of inverte-
brates. The best studied of these associations is with the 
sipunculan worm, Aspidosiphon muelleri muelleri (Hoek-
sema and Best 1991; Schulze and Kawauchi 2021; Herrán 
et al. 2022). A similar association was recently observed 
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with the hermit crab Diogenes heteropsammicola (Igawa 
and Kato 2017). These symbionts benefit the host coral 
by actively stabilising the free-living corallum and pre-
venting prolonged smothering by sediment deposition 
(Hoeksema and Best 1991; Igawa and Kato 2017), which 
free-living mushroom corals would need to do by them-
selves (Bongaerts et al. 2012). In turn, the associate ben-
efits from the physical protection provided by the coral if 
threatened while feeding on the surface sediment (Yonge 
1975; Igawa and Kato 2017).

The vast Halimeda bioherms of the northern Great Bar-
rier Reef (GBR) are biogeographically important inter-reef 
habitats that host high invertebrate biodiversity (McNeil 
et al. 2021). We encountered populations of H. cochlea in 
association with this unique algal habitat. Here we report our 
observations on the presence of H. cochlea in the Halimeda 
bioherms and used fluorescence microscopy to assess the 
presence of zooxanthellae.

Material and methods

A 28-day research voyage was undertaken on the CSIRO 
Marine National Facility RV Investigator (IN2022_V07) 
during August–September 2022, to characterise the geo-
morphology and biota associated with Halimeda bioherms 
in the northern Great Barrier Reef (GBR).

Visual surveys of the habitat and biodiversity were under-
taken by deploying drop cameras on 21 sites over a 6-km-
long transect on the outer-shelf offshore from Lizard Island 
(14°39′26.9″S 145°32′09.1″E) (Fig. 1). The Deep Towed Cam-
era Mark II was deployed with a GP Winch (HOTS) supported 
by a Triplex A-Frame. A HDSD Video Camera (Sony Alpha 
9 Mark I, Zeiss Milvus Lens) provided a live video stream to 
the camera operator. The camera unit was lowered downward 
facing to approximately 2–4 m above the seafloor (dependent 
on rocky outcrops), where images were captured of the seabed 
environment with the starboard and port stereographic cameras 

Fig. 1  a Distribution of the northern GBR Halimeda bioherm habitat 
(green) (McNeil et  al. 2016) and the study area is indicated by the 
open circle (map created using ArcGIS Pro Intelligence 2.8); b, c 
Examples of Heteropsammia cochlea (insert and arrow) scattered in 

the sea floor on open Halimeda sand/gravel sediments and in areas 
with medium–high Halimeda cover (arrow; scale bar = 300 mm). The 
corals were observed and collected from four sites along the transect 
(Table S2)
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(Sony Alpha 9 Mark II, Zeiss Lexia Lens) illuminated by strobe 
lights (DSP&L 2075 SeaStrobe LED Sealite). The photographs 
were used to estimate the density of H. cochlea and the size 
of their calicular view, which was measured on ImageJ using 
the known distance between camera lasers to set the scale. 

Sediments and samples of Halimeda and its associated biota 
were collected using a box corer and Smith-McIntyre grab 
along the same transect as the drop camera. We collected 13 
living H. cochlea from the grabs. This confirmed the presence 
of the species as previously observed from the drop cameras.

Fig. 2  Heteropsammia cochlea 
collected from Halimeda 
bioherms habitat (scale 
bars = 0.5 cm) (n = 13); a Oral 
(right) and aboral (left) view. 
Note the sipunculan worm 
emerging from the pore (arrow); 
b, c Fluorescence on adult 
colonies collected from ~ 28 to 
34 m deep; d Base and e side 
views showing the pore that the 
worm uses to navigate in and 
out of the coral

Fig. 3  Distribution of Heteropsammia cochlea based on observations 
and original descriptions from the literature (Table S3). Locations of 
the original descriptions of Heteropsammia species currently syn-
onymised as H. cochlea are displayed in yellow. Descriptions based 

on fossil records for Heteropsammia species are shown with the 
† symbol. Type locality of the species is displayed in red. Map cre-
ated using ArcGIS Pro Intelligence 2.8
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The fluorescence of the corals collected was visualised 
using the Dino-Lite® 5MP Edge AM7915MZT microscope 
paired with NightSEA® lighting system (https:// night sea. 
com/) excited by royal blue wavelength (440–460  nm) 
together with the stereo-fluorescence long pass barrier fil-
ter. Fluorescence microscopy was undertaken to assess the 
presence of zooxanthellae.

Results and discussion

We observed conspicuous assemblages of H. cochlea in 
association with the sipunculan worm A. muelleri muel-
leri during the investigation of the Halimeda bioherms 
habitat. While H. cochlea has been reported from nearby 
Lizard Island (Fisk 1983), our report represents the first 
observations from the Halimeda bioherms (Fig. 1a), which 
are an expansive, but understudied habitat on the Great 
Barrier Reef that extend for over 6000  km2 (McNeil et al. 
2016). The taxonomic diversity of Halimeda in the bio-
herms remains to be determined, but previous surveys 
reported high frequency of occurrence of H. bikensis, H. 
borneenses, H. gigas, H. opuntia, H. gracilis, and H. dis-
coidea (Pitcher et al. 2007; Hurray et al. 2013; Diaz-Pul-
lido 2019). Based on the drop-camera underwater video 
and photographs, H. cochlea mostly occurred at depths 
between ~ 24 and 35 m on sand with scattered Halimeda 
(Fig. 1b, c; Table S1). Populations of H. cochlea were 
observed at four sites (Table S2) along the transect scat-
tered across open sand and in association with Halimeda 
(Fig. 1b, c) at mean densities of 89 (SE = 45.12; range 
12–195) and 29.25 (SE = 16.25; range 2–72) per  m2, 
respectively. Possibly, the corals were found within two 
species of Halimeda, including H. cf. gracilis and H. cf. 
discoidea (Diaz-Pullido 2019). The H. cochlea from the 
open sand and live Halimeda habitats had mean diameters 
of 16.92 mm (SE = 0.71, n = 40, range = 9.74–29.68 mm) 
and 16.13 mm (SE = 0.69, n = 35, range = 7.70–28.02 mm) 
respectively, with normal size frequency distributions 
(Fig.  S1). Heteropsammia cochlea was conspicuous 
in association with Halimeda sediment (coarse sand to 
gravel) and also in association with live Halimeda, which 
occurred as patches over the substrate (Fig. 1c).

The corals showed fluorescence when excited by a 440- to 
460-nm royal blue source (Fig. 2), confirming the presence 
of zooxanthellae. The presence of zooxanthellae in numerous 
mesophotic coral populations is known, but the presence and 
role of fluorescence in those assemblages have been largely 
overlooked (Eyal et al. 2015). Heteropsammia cochlea as deep 
as 40 m are known to have zooxanthellae (Hoeksema and Best 
1991; Fine et al. 2013), but these are the first observations 
of fluorescence in this species. Since H. cochlea has zoox-
anthellae, the presence of the species on coarse sediments 

can be beneficial. The coarse sediments can reflect the light 
to the sides of the corals, so that the buried portion of the 
coral can receive a greater amount of light for photosynthesis 
(Fine et al. 2013). Despite their location in deeper water, H. 
cochlea individuals have also been observed to bleach during 
heatwaves (Hoeksema and Matthews 2015). This species may, 
therefore, be vulnerable to bleaching, similar to other stony 
corals in adjacent shallow waters of the northern GBR during 
recent heatwave events (Frade et al. 2018). However, as this 
species is heterotrophic and can ingest large preys (Mehrotra 
et al. 2016), it may be able to meet the metabolic requirements 
through heterotrophic feeding during bleaching (Mehrotra 
et al. 2019). Although fluorescence has been proposed to 
screen harmful radiation in shallow coral populations, its 
biological role in mesophotic corals and/or their symbionts 
remains uncertain (Eyal et al. 2015; Roth et al. 2015). Heter-
opsammia cochlea is also likely to be vulnerable to predation 
by the two species of the sea star genus Acanthaster that co-
occur with this coral on the Great Barrier Reef (Byrne et al. 
2023; Keesing et al. 2023).  In a recent study, A. brevispinus 
was shown to prey on H. cochlea (Keesing et al. 2023).

As the Halimeda bioherms appear to be a suitable habitat 
for H. cochlea and cover an estimated area of ~ 6000  km2 on 
the GBR, with patches extending as far south as the Swains 
Reefs (McNeil et al. 2016), this coral may be more abundant 
and widespread than previously reported. The global records 
of the distribution of H. cochlea are patchy, but indicate that 
this coral is potentially widespread across the entire Indo-
Pacific (Fig. 3). The global distribution of H. cochlea was 
obtained from original descriptions (Gill and Coates 1977; 
Fisk 1983; Hoeksema and Best 1991; Igawa and Kato 2017) 
and from available literature including fossil records (Hoek-
sema and Best 1991). That said, as the taxonomy of these 
free-living corals is uncertain and primarily based on macro-
morphological differences (Hoeksema and Best 1991), it is 
not possible to know if this species represents one or a suite 
of species. Recent phylogenies have highlighted incongrui-
ties between morphology-based taxonomies and molecular 
data (Arrigoni et al. 2014). However, research on the tax-
onomy of the genus Heteropsammia is lacking. A compre-
hensive systematic assessment of the genus is needed. This 
is especially important when these corals occur in specific 
habitats, such as the Halimeda bioherms.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s12526- 023- 01348-x.
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