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Abstract: Giant barrel sponges (GBSs) belong to a cryptic species complex (Xestospongia spp.) and
are found on tropical reefs worldwide. Over their range, including most of the Caribbean, GBSs
have a cylindrical shape, with variation in height, diameter and surface complexity. However, off
the southwest coast of Barbados, GBSs mostly exhibit a clam shape or a tub shape, interspersed
with a few that have the normal barrel morphotype, suggesting that this variation is not due to
environmental factors. Haplotype identification (mtDNA-COI) of six clam and six normal sponges
indicated no clear genetic differentiation based on morphotype; hence, this morphological variation
remains unexplained.
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Morphological variation is foundational in delimiting species in many animal phyla,
with notable exceptions among modular and clonal taxa such as sponges [1]. Phylogenetic
analyses revealed interesting examples of substantial morphological variations within
sponge species [2], and examples of cryptic species with apparently identical morphologies [3]. Clear morphological differences between species are helpful to researchers when
visually identifying sponges [4], particularly when choosing experimental subjects or
compiling benthic survey data.
On most tropical reefs, giant barrel sponges (GBSs) of the genus Xestospongia have
a normal barrel morphology (Figure 1a), with variation in height, diameter, and surface
complexity (smooth to highly papillate) [5], and a generally cylindrical inner cavity of
the sponge (atrium). In surveys of sponges on reefs across the Caribbean [6], the GBS (as
Xestospongia muta) was the second most common sponge species as a percentage of reef
surface area, and was found to almost exclusively exhibit this normal barrel morphology.
However, on reefs off the southwest coast of Barbados [7], the most common morphology
is similar to that of a clam (Figure 1b), with the atrium forming a long slit. The second most
common morphology is similar to a tub (Figure 1c), with the atrium opening widely, and
the outer lip exceeding the diameter of the base of the sponge. These two morphotypes
co-occur with the normal barrel-shaped morphotype, which is least common on reefs off
the southwest coast of Barbados. Morphology has important implications for pumping
rates of GBSs [8], but how these very different morphologies affect water processing is
not yet known. Both clam and tub morphotypes are known from other locations in the
southeast Caribbean: in Tobago, the clam morphotype is common [9], and the tub form
was photographed in Curaçao [10], but all three are present in proximity to each other
in Barbados.
What is the reason for the morphological variation seen in GBSs off the coast of
Barbados? The co-occurrence of all three morphotypes next to each other suggests that the

Diversity 2021, 13, 663. https://doi.org/10.3390/d13120663

https://www.mdpi.com/journal/diversity

Diversity 2021, 13, 663

2 of 3

variation in morphology is not due to environmental factors, such as localized water flow. Is
there a genetic difference between the morphotypes? GBSs were recently found to include
several cryptic species [11–13], with evidence of genetic differentiation among sponges
with different surface morphologies on reefs off the coast of Indonesia [5]. We sequenced a
fragment of the barcoding gene (mtDNA-COI) on tissue samples from six sponges each
with the clam and normal barrel morphotypes from Barbados and compared these with
samples of normal barrel morphotypes from a long-term study of GBSs on Conch Reef,
Florida Keys [12,14] and the global network of GBS haplotype diversity [11,13] (Table 1).
While the sponges with the clam morphotype shared the same haplotype (C2/H1), they
also shared this haplotype with sponges having the normal barrel morphotype from
Barbados, other locations in the Caribbean Sea, and other ocean basins (Table 1). Therefore,
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an explanation for the morphological variation among GBSs off the coast of Barbados
remains elusive.

Figure 1. (a) Xestospongia muta, showing examples of the normal barrel morphotype off Carrie Bow Cay, Belize. (b,c) The
clam and tub morphotypes, respectively, off the SW coast of Barbados. (a) Photograph taken at ~20 m depth on Carrie Bow
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depth on Carrie Bow Cay reef, March 2019. (b,c) Photographs taken at ~20 m depth on Pine Shallows reef, near
Needhams Point, January 2019. Sponges are ~0.5 m, ~1.5 m and ~2 m across, respectively.

Table 1. Genetic classifications and morphotype diversity of giant barrel sponges (GBSs) of the genus Xestospongia,
highlighting shared haplotypes between clam and normal morphotypes in Barbados based on partial mitochondrial
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Table 1. Genetic classifications and morphotype diversity of giant barrel sponges (GBSs) of the genus Xestospongia, highlighting shared haplotypes between clam and normal morphotypes in Barbados based on partial mitochondrial cytochrome
oxidase subunit I (COI) gene sequences. GenBank accession numbers for sequences obtained here: OL693693-704.
Microsatellite Cluster
[12]

COI Haplotype
[11,13,15]

Morphotypes
(This Study)

Location
[5,11,15]

1
2

C2/H1
C5/H3

Clam (n = 6), Normal (n = 2)
Normal (n = 4)

Caribbean Sea, Indo-Pacific Ocean, Indian Ocean
Caribbean Sea, Indo-Pacific Ocean, Indian Ocean, Red Sea

Author Contributions: Conceptualization, supervision, illustrations, J.R.P.; sample collection, J.R.P.,
D.C.M.; haplotype determination and analysis, J.S.E., P.M.E., S.L.-L.; original draft preparation,
J.R.P.; review and editing, all authors. All authors have read and agreed to the published version of
the manuscript.
Funding: Partial support provided by a grant from the US National Science Foundation (OCE 1558580).
Institutional Review Board Statement: Not applicable.
Acknowledgments: Thanks to the Coastal Zone Management Unit of Barbados for permission to
collect sponge tissue samples (permit CZ/01/9/9).
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.

4.
5.

6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Bergquist, P.R. Sponges, 1st ed.; University of California Press: Berkeley, CA, USA, 1978.
López-Legentil, S.; Erwin, P.M.; Henkel, T.P.; Loh, T.L.; Pawlik, J.R. Phenotypic plasticity in the Caribbean sponge Callyspongia
vaginalis (Porifera: Haplosclerida). Sci. Mar. 2010, 74, 445–453. [CrossRef]
Klautau, M.; Russo, C.A.M.; Lazoski, C.; Boury-Esnault, N.; Thorpe, J.P.; Sole-Cava, A.M. Does cosmopolitanism result from
overconservative systematics? A case study using the marine sponge. Chondrilla Nucula. Evol. 1999, 53, 1414–1422. [CrossRef]
[PubMed]
Zea, S.; Henkel, T.P.; Pawlik, J.R. The Sponge Guide: A Picture Guide to Caribbean Sponges. 2014. Available online: https:
//spongeguide.uncw.edu (accessed on 10 December 2021).
Swierts, T.; Peijnenburg, K.; de Leeuw, C.; Cleary, D.F.R.; Hornlein, C.; Setiawan, E.; Worheide, G.; Erpenbeck, D.; de Voogd, N.J.
Lock, stock and two different barrels: Comparing the genetic composition of morphotypes of the Indo-Pacific sponge Xestospongia
testudinaria. PLoS ONE 2013, 8, e74396. [CrossRef] [PubMed]
Loh, T.L.; Pawlik, J.R. Chemical defenses and resource trade-offs structure sponge communities on Caribbean coral reefs. Proc.
Natl. Acad. Sci. USA 2014, 111, 4151–4156. [CrossRef] [PubMed]
Pawlik, J.R. Reefs of Barbados. YouTube. 2019. Available online: https://youtu.be/pFA5pw5FMVE (accessed on 10 December 2021).
McMurray, S.E.; Pawlik, J.R.; Finelli, C.M. Trait-mediated ecosystem impacts: How morphology and size affect pumping rates of
the Caribbean giant barrel sponge. Aquat. Biol. 2015, 23, 1–13. [CrossRef]
Pawlik, J.R. Diving Tobago. YouTube. 2015. Available online: https://youtu.be/Z2jazdDeZk4 (accessed on 10 December 2021).
Nagelkerken, I.; Aerts, L.; Pors, L. Barrel sponge bows out. Reef Encount. 2000, 28, 14–15.
Swierts, T.; Peijnenburg, K.; de Leeuw, C.A.; Breeuwer, J.A.J.; Cleary, D.F.R.; de Voogd, N.J. Globally intertwined evolutionary
history of giant barrel sponges. Coral Reefs 2017, 36, 933–945. [CrossRef]
Deignan, L.K.; Pawlik, J.R.; López-Legentil, S. Evidence for shifting genetic structure among Caribbean giant barrel sponges in
the Florida Keys. Mar. Biol. 2018, 165, 106. [CrossRef]
Evans, J.S.; López-Legentil, S.; Pawlik, J.R.; Turnbull, I.G.; Erwin, P.M. Symbiotic microbial communities and cryptic lineages in
the Caribbean giant barrel sponge Xestospongia muta. Coral Reefs 2021, 40, 853–865. [CrossRef]
McMurray, S.E.; Finelli, C.M.; Pawlik, J.R. Population dynamics of giant barrel sponges on Florida coral reefs. J. Exp. Mar. Biol.
Ecol. 2015, 473, 73–80. [CrossRef]
López-Legentil, S.; Pawlik, J.R. Genetic structure of the Caribbean giant barrel sponge Xestospongia muta using the I3-M11 partition
of COI. Coral Reefs 2009, 28, 157–165. [CrossRef]

