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ABSTRACT

Oysters (family Ostreidae) are a key group in shallow water tropical and warm temperate communities
throughout the world. Many species are ecosystem engineers of considerable economic and environmental
importance. The subfamily Saccostreinae currently contains the single genus Saccostrea. Species taxonomy 1s
poorly understood, with numerous species having been described. As many were thought to be synonyms,
Saccostrea cuccullata was generally accepted to be a widespread species in the Indo-West Pacific and South
Atlantic Ocean. Recent DNA studies have however demonstrated the “species” is actually a complex of dif-
ferent genetic lineages. We provide the first DNA sequences of S. cuccullata from the type locality of Ascension
Island in the central South Atlantic Ocean and demonstrate that it is distinct from all other published lin-
eages. The present paper presents useful data for developing a better understanding of this complex genus.

INTRODUCTION

Opysters (family Ostreidae) are a key sessile group in tropical and
warm temperate communities throughout the world. Many species
are ecosystem engineers, forming dense populations on intertidal
shorelines and shallow subtidal environments. Oyster reefs provide
several ecosystem services. Their three-dimensional structure is a
nursery habitat for economically valuable fish and crabs (Coen et al.,
2007). They are important in nutrient recycling (Newell, 2004) and
reducing eutrophication (Kemp et al., 2005; Pagenkopp Lohan et al.,
2015). A number of oysters are important aquaculture species that
are easily cultured, fast growing, feed naturally and are commer-
cially valuable. There is a global annual aquaculture production of
about six million tonnes (Botta ez al., 2020).

Unfortunately, the attributes that make oysters suitable for aqua-
culture can also cause them to be detrimental to the marine en-
vironment. There is a growing concern over the negative effects
of invasive species globally (e.g. Katsanevakis ef al., 2014; Crowe &
Frid, 2015; McDonald et al., 2020; Salimi e/ al., 2021) and several
oyster species are considered to be invasive marine species (DPIRD,
2016; NIMPIS, 2022). The introduction of oysters into a new en-
vironment, whether deliberate or accidental, also risks introducing
diseases and other species living on or in the oysters (Ruesink et al.,
2005; Petton ¢t al., 2021).

With their ecological and commercial importance, considerable
research has been undertaken on oyster systematics, but unfortu-

nately determining the identity of oyster species is incredibly dif-
ficult. Shell morphology is naturally variable and is often mod-
ified by available space or the presence of adjacent individuals
(Wilk & Bieler, 2009). The ranges of many species overlap natu-
rally or have been extended deliberately for aquaculture or inad-
vertently through other anthropogenic activities (Pagenkopp Lo-
han et al., 2015). Huber (2010) stated that there are about 500
available names. Sowerby II (1871) figured over 80 species, but
Harry (1985) recognized only 30 extant ostreids. Torigoe (2004) and
Huber (2010) both considered Harry’s 30 species to be an under-
estimate. Torigoe (2004) recognized 70 species. Huber (2010) in-
cluded newly described species and increased this to 75. The World
Register of Marine Species (WoRMS; MolluscaBase eds., 2024) rec-
ognizes 76 ostreid species.

Harry (1985) developed an ostreid supraspecific classification of
four subfamilies that is incorporated into WoRMS (MolluscaBase
eds., 2024). The Saccostreinae has the single genus Saccostrea with
13 recognized species. Huber (2010: 610) conceived Saccostrea as a
homogenous grouping based on Saccostrea cuccullata (Born, 1778),
which is generally considered to have a broad distribution in West
Africa and the Indo-Pacific (Gofas, Afonso & Brandao, 1985; Harry,
1985; Lam & Morton, 2004, 2006; Huber, 2010; Cosel & Gofas,
2019) though Huber (2010) restricted the species to West Africa
and the western Indian Ocean. It is not worldwide as stated by
Cernohorsky (1978). Using DNA data, Lam & Morton (2006) rec-
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Figure 1. Map showing the location of Ascension Island in the South Atlantic Ocean and sampling sites on the island.

ognized . cuccullata as an Indo-Pacific ‘superspecies’ with seven lin-
eages designated by letters (e.g. S. cuccullata-A-G). Sekino & Ya-
mashita (2016) found a further three distinct lineages H, I and J,
and the present designation is simply Saccostrea-A, etc. (Snow et al.,
2023). The S. mordax oysters have been grouped into three lineages
with two lineages (A and B; Lam and Morton, 2006), currently re-
ferred to as S. seyphophilla (E. Péron & Leseur, 1807) and lineage C
(Sekino & Yamashita, 2013) now known as S. mordoides 7..-M. Cui
et al., 2021 (Cui et al., 2021).

Thus, determining the “true” S. cuccullata is essential in improving
our scientific understanding of the genus Saccostrea and its species.
We present below the first description of S. cuccullata from the type
locality of Ascension Island in the South Atlantic Ocean. Informa-
tion on their shell morphology together with the DNA sequences
of the species are provided as a first step towards determining the
species relationships in the genus.

MATERIAL AND METHODS

Specimens were collected at Shelly Beach, Ascension Island
(07°59.533'S, 014°23.734'W) on 9 November 2023 and at Scouts
Beach, Ascension Island (07°56.327°S, 014°25.181'W) on 12
November 2023 (Figs 1, 2). Oysters were carefully harvested from
rock beds using a sharp implement, with only intact and closed
oysters being retained. The selected specimens were individually
placed in sample bags on ice and transported to a sterile labora-
tory within 3 h. Upon arrival at the laboratory, each oyster was
photographed and assigned a unique identification number before
undergoing further processing. Using an oyster shucking tool, the
oysters were opened and additional photographs taken. A section of
the adductor muscle was then excised and placed into a small tube
containing 95% molecular grade ethanol. Subsequently, the entire
specimen was immersed in 95% ethanol for a minimum of 24 h.
After the ethanol treatment, the specimens were carefully removed,
wrapped in ethanol-soaked absorbent paper and vacuum-sealed in
bags. To comply with air freight restrictions, the sealed bags were
placed within a secondary sealed bag.

A small piece of absorbent cloth was inserted into each vial
containing the adductor muscle samples and the vial drained and
sealed. The oysters and vials containing the DNA samples were
packed and hand carried to a laboratory in the UK, where they
were shipped by air to Curtin University in Perth, Western Aus-

tralia with the necessary documentation. In Perth, the vials were
removed, and the oysters were forwarded to the Lee Kong Chian
Natural History Museum (LKCNHM) of the National University
of Singapore, where they have been accessed into the mollusc sec-
tion of the Zoological Reference Collection (ZRC) with accession
numbers ZRC.MOL.29981-29990.

At Curtin, the vials containing the tissue samples were frozen
until they could be analysed. The tissue from each vial was thawed
and DNA extracted using DNeasy Blood and Tissue Kit (Qiagen
Inc., USA) following the manufacturer’s instructions. PCR amplifi-
cation of approximately 450 bp of the mitochondrial 16S ribosomal
RNA (rRNA) region was done for each specimen, using primers
16Sar and 16Sbr (Simon ¢t al., 1994). PCR amplification of ¢. 650
bp of the cytochrome ¢ oxidase subunit I (COX1) gene region was
done using the primers dgl.LCO-1490 and dgHCO-2198 (Meyer,
2003).

PCR reactions were conducted in a 25 pl volume containing 3 pl
DNA (¢. 20 ng), 1x Invitrogen Platinum Green Hot Start PCR mas-
ter mix (containing 1.5 mM MgCl, and 0.2 mM of each dN'TP),
0.5 mg/ml bovine serum albumin (Fisher Biotec, Australia) and 0.6
uM of each primer. PCR conditions consisted of an initial incuba-
tion at 95 °C for 3 min, followed by 35 cycles of 94 °C for 45 s,
52 °C for 90 s and 72 °C for 45 s, and a final extension step of
72 °C for 10 min.

Bi-directional sequencing of unpurified PCR products was per-
formed using the Sanger sequencing service provided by the Aus-
tralian Genome Research Facility, Perth. Sequences were trimmed
and edited using the Geneious Prime 2022.1.1 software (http://
www.geneious.com). For each individual, species identification was
verified by similarity-based searches on the NCBI BLAST database
(Altschul et al., 1990). All individual sequences were submitted to
GenBank (https://www.ncbi.nlm.nih.gov/genbank/) and assigned
individual accession numbers.

Additional 16S rRNA and COXI sequences for Saccostrea cuc-
cullata lineages were retrieved from GenBank and aligned with ex-
isting COX1 data from Australia using Geneious Prime 2022.1.1
software. Sequences that were not within the targeted region of
the genes or were very short were removed. jModelTest v. 2.1.10
(Darriba et al., 2012) was used to find the best evolutionary model
of nucleotide substitution for the alignments. The 16S rRNA align-
ment was trimmed to 426 bp and we performed a Bayesian infer-
ence (BI) analysis using the MrBayes v. 3.2.6 (Huelsenbeck & Ron-
quist, 2001) plugin in Geneious Prime with the following parame-
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Figure 2. Saccostrea cuccullata in situ at Ascension Island. A. Shelly Beach. B. Scouts Beach. C. Detail of living individuals at Scouts Beach showing the
clongate and tapered regions of the left valves (arrows) forming deep umbonal cavities within.

ters: HKY85 + I + G model with nucleotide sites partitioned for 1
million generations subsampling every 200 generations and a burn
in of 100,000 generations. The COX1 alignment was trimmed to
561 bp and the BI analysis was performed with the following pa-
rameters: GTR 4 I + G model with nucleotide sites partitioned
for 1 million generations subsampling every 200 generations and a
burnin of 100,000 generations. For a subset of data, a BI analysis
of the two gene concatenated alignment was done with partitioning
using BEAST?2 (Bouckaert e al., 2014) with the following parame-
ters: Beast Model Test, chain length 50 million generations, burn-in
10%, posterior probability limit 0.5.

All maximum likelihood (ML) analyses were conducted in IQ-
TREE v. 2.3.0 (Nguyen et al, 2015) on the IQ-TREE web
server (Trifinopoulos et al., 2016). The software used ModelFinder
(Kalyaanamoorthy et al., 2017) to automatically determine substitu-
tion models for each partition, with IreeRate heterogeneity. Ultra-
fast bootstrap analyses (UFBoot, Hoang et al., 2018) were conducted
with 10,000 bootstrap replicates, as well as SH-aLLRt branch tests
with 10,000 replicates. All resulting phylogenetic trees were visu-
alized in FigTree v. 1.4.4 (Rambaut et al., 2018) with tree anno-
tations added in Adobe Illustrator. Pairwise Kimura 2-parameter
(K2P) distances (Kimura, 1980) between specimens was calculated
using MEGA11 (Tamura, Stecher & Kumar, 2021).

Abbreviations: LV, left valve; RV, right valve; SL, shell
length (maximum distance between ventral edge and hinge);
MHNG, Muséum d’Histoire Naturelle de Geneéve, Switzerland,
NHMW, Naturhistorisches Museum Wien, Austria; ZRC, Zoo-
logical Reference Collection, LKCNHM, National University of
Singapore.

RESULTS

Molecular analyses

We obtained 10 16S rRNA sequences (correspond-
g to GenBank numbers PP842649-PP842658;  sce
Supplementary Material Table S1) from the adductor muscles
of 10 Saccostrea individuals (ASO1-AS10) collected from Shelly
Beach and Scouts Beach in Ascension Island. These were analysed
together with a total of 55 identified 16S rRNA Saccostrea sequences
from GenBank (see Supplementary Material Table S2). All 10
known Saccostrea lineages (A through to J) were represented, in ad-
dition to S. glomerata (Gould, 1850); S. kegaki Torigoe & Inaka, 1850;
S. mordoides; S. palmula (P. P. Carpenter, 1857); and S. scyphophilla.
The resulting ML and Bayesian phylogenetic trees (Figs 3, 4)
using Magallana and Ostrea as outgroup taxa showed that the
Ascension Island Saccostrea was genetically distinct from all other
known lineages and species of Saccostrea. The K2P pairwise genetic
distances (Supplementary Material Table S3) between Ascension
Saccostrea (AS) and other Saccostrea lineages and species ranged
between 0.057 and 0.113, in comparison to the within-group
distances (0.003-0.025) and outgroup taxa (0.176-0.210). Both the
ML and Bayesian trees suggested that AS was more closely related
to the Indo-Pacific Saccostrea lineages I and J. They formed a clade
(though with equivocal support) together with S. mordoides and S.
seyphophilla. The eastern Pacific S. palmula was only distantly related
to the AS clade, as were the recently discovered non-indigenous
Saccostrea from the Caribbean and Brazil (K'T970460; Fig. 3), which
clustered with lineage I from the Indo-Pacific.
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Figure 8. Bayesian inference tree of Saccostrea species and lineages based on concatenated two-gene 16S rRNA + COXI1 data (with Magallana gigas and
Ostrea edulis as outgroups). Ascension Saccostrea are ASO1-AS10. Clades corresponding to known Saccostrea lineages are indicated in capital letters A—J. See
Supplementary Material Tables S1 and S2 for locality data relating to GenBank sequences. Numbers at nodes indicate Bayesian posterior probability support
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Ten  COX1 sequences  (corresponding  to  Gen-
Bank accession numbers PP834522-PP834531; see
Supplementary Material Table S1) were also isolated from
the same individuals (ASO1-AS10) from Ascension Island. An-
other 59 COXI1 Saccostrea sequences were selected from GenBank
(Supplementary Material Table S2) representing nine Saccostrea
lineages A-C and E-J (COXI1 sequences from lineage D were
not available in GenBank), together with S. glomerata, S. kegaki,
S. mordoides, S. palmula and S. seyphophilla. ML and Bayesian trees
(Figs 5, 6) using Magallana and Ostrea as outgroup taxa agreed
with the results from the 16S rRNA dataset in that the AS clade
was genetically distinct from other Saccostrea species and lineages.
However, in the ML COX1 tree, the AS clade did not belong to
the same clade as Saccostrea lineages I and ], S. seyphophilla and S.
mordoides, while in the BI tree, the relationship of the AS lineage
with other clades was unresolved. Nevertheless, it was clear that S.
palmula and non-indigenous Saccostrea recently reported from the
Caribbean and Brazil were distantly related to AS. The K2P pair-
wise genetic distances (Supplementary Material Table S3) between
AS and other Saccostrea lineages and species were generally higher
than those for 16S rRNA, ranging between 0.149 and 0.233; this
was paralleled by the within-group distances (0.002-0.055) and
outgroup taxa (0.256-0.307).

Both ML and BI trees based on the concatenated 16S
rRNA + COX1 sequences (Figs 7, 8) also showed that AS formed a
well-supported and distinct clade. In the ML tree, the AS clade was
sister to a clade containing Saccostrea lineages A—C and lineages -1,
as well as S. glomerata and S. kegaki. However, in the Bayesian tree,
the AS clade was sister to Saccostrea lineage ] with reasonably good
support. This clade in turn was sister to other Saccostrea lineages A—
C and lineages -1, together with S. glomerata and S. kegakz.

SYSTEMATIC DESCRIPTIONS
Family OSTREIDAE Rafinesque, 1815
Subfamily SACCOSTREINAE Salvi and Mariottini, 2016

Genus Saccostrea Dollfus and Dautzenberg, 1920

Type species: Ostrea saccellus Dujardin, 1837 (a fossil species).

Saccostrea cuccullata (Born, 1778)
(Figs 210, 12A, B, 13)

Ostrea cuccullata Born, 1778: 100.
Ostrea cucullata Born, 1780: 114, pl. 6, Figs 11, 12.

Note that while the species is often spelled as “cucullata”, the original
Born (1778) spelling was “cuccullata” (Stenzel, 1971: N1134; Morris,
1985). The mispelling appears to have originated with Born himself
as Born (1780) later refers to Ostrea cucullata.

Syntypes: NHMW MO14118 (figured in Born, 1780); NHMW
MO14119 (single LV).

Type locality: Born (1778) did not provide a type locality, nor is one
included on the syntype label. Born (1780) stated “Habitat in Indiis
Davila; ad infulam Alcenfionis Martini”, which we regard as a clar-
ification of the type localities, that is, the East Indies and Ascension
Island (see Discussion).

Synonymy: As would be expected for a species considered to be so
abundant and widespread, many names have been synonymized
with it. There are currently seven subjective synonyms of S. cuccul-
lata listed in WoRMS (MolluscaBase eds., 2024). Only Ostrea cornu-
copiae Gmelin, 1791 appears to be unequivocally synonymous af-
ter an assessment. Considering the confused taxonomy, however, a
taxonomic review beyond the scope of this study will be required
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to properly reassess the current statuses of the other associated
species. Our comments on the seven objective synonyms are as
follows:

(1) Ostrea purpurea [Lightfoot], 1786: 53, 91,139, 174,177 (type lo-
calities: “New Holland” [Australia], China and “South Seas”):
Ostrea purpurea is apparently a Solander manuscript name made
available by [Lightfoot] (1786) (see also Dance, 1962) via indi-
cation to the figures in Born (1780: pl. 6, figs. 11, 12). Born’s
figured syntype is therefore syntypic with the specimens listed
in [Lightfoot]| (1786). However, this implies that the type-series
is heterogenous since the real S. cuccullata does not occur in the
Indo-Pacific (this study). The original Portland Museum spec-
imens seen by [Lightfoot] are probably the species currently
known as S. seyphophilla but confirmation is impossible because
the present whereabouts of those specimens are unknown. In
the interest of stability, the existing syntype (i.e. the figured syn-
type of O. cuccullata [INHMW MO14118]) is here selected as
the lectotype of O. purpurea [Lightfoot]|, 1786 to fix the iden-
tity of this species. This makes it a junior objective synonym of
O. cuccullata.
Ostrea cornucopiae Gmelin, 1791: 3336 (type locality: “Oceano
indico et africano” [Indian Ocean and Africa]). There is lit-
tle doubt that this is synonymous with O. cuccullata Born, 1778,
which was included under this species in Gmelin’s original de-
scription, validating Chemnitz’s unavailable Ostrea cornucopiae.
The original illustrations in Chemnitz (1785: pl. 72, figs 679a—b)
agree well with S. cuccullata sensu stricto as currently defined.
Ostrea_forskahliy Gmelin, 1791: 3336 (type locality: “mari rubro”
[Red Sea]). Gmelin’s description is a validation of Chem-
nitz’s unavailable Ostrea forskalit [sic|. The original illustrations
in Chemnitz (1785: pl. 72, figs 671a—c), presumably differ-
ent views of the valves of the same individual, show a deeply
cupped left shell with a deep umbonal cavity and only slightly
wavy shell margins on both valves. Chemnitz’s plate 72, fig-
ure 671c also suggests the presence of a large kidney-shaped
adductor muscle scar, and the general form of the shell mar-
gins is more reminiscent of the non-mordax lineages. The images
are decidedly not representative of the Saccostrea cuccullata sensu
stricto, thus this name should be removed from the synonymy of
O. cuccullata.
Ostrea stellata Gmelin, 1791: 3337 (type locality: “Guineam”
[Guinea], West Africa]). Whether this species group-name is
synonymous with O. cuccullata is debatable. The figures in
Schroter (1786: pl. 9, figs 7a, b) referred to as a basis for the
species by Gmelin show a shell with a distinctly larger lower
valve with a somewhat leafy and expanded shell margin with
distinct projections. It may not even be a Saccostrea, as currently
understood, so further verification with West African material
will be needed to clarify its taxonomic status.

Ostrea gibbosa Lamarck, 1819: 209 (type locality: not stated). The

shell characteristics of the holotype (MHNG-MOLL-50836),

such as the thin and generally smooth free shell margin and rel-

atively large adductor muscle scar, are clearly dissimilar to S.

cuccullata sensu stricto, and should be removed from its synonymy.

Ostrea turbinata Lamarck, 1819: 212 (type locality: “I'Océan

indien?” [Indian Ocean?]). The Lamarck syntype (MHNG-

MOLL-50848) is a shell with sharp zigzagging shell margins

and relatively large kidney-shaped adductor muscle scar. It is

nothing like S. cuccullata as currently defined, and O. turbinata
should be excluded from its synonymy.

(7) Duoectostrea subtropica Orton, 1928: 321 (type locality: not stated).
Orton (1928) proposed several new names as being more ‘useful’
for delineating oysters. Detailed descriptions were not provided
by Orton, but he clearly considered D. subtropica to be the “O.
cucullata” of authors. The broad definition of this D. subtropica
with a world-wide distribution in the subtropical and tropical
areas would include most, or all, of the known Saccostrea species.

—
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Figure 9. Saccostrea cuccullata (Born, 1778). A-C. Syntype of Ostrea cuccullata (NHMW MO14118) figured in Born (1780). D-F. A specimen from Ascension

(ZRC.MOL.29989) for comparison. Scale bar = 5 cm.

Material examined: Shelly Beach, Ascension Island (07°59.533'S,
014°23.734W), 9  November 2023: ZRC.MOL.29981,
ZRC.MOL..29982, 7ZRC.MOL..29983, 7ZRC.MOL..29984,
ZRC.MOL.29987, ZRC.MOL.29988 and ZRC.MOL.29989.
Scouts Beach, Ascension Island (07°56.327'S; 014°25.181'W),
12 November 2023: ZRC.MOL.29985, ZRC.MOL.29986 and
ZRC.MOL.29990. GenBank accession numbers: PP842649-
PP842658 (16S rRNA) and PP834522-PP834531(COX1).

Shell morphology: Shell medium sized (¢. 60—-70mm; SL of largest RV
examined = 57.5 mm), teardrop or pear shaped, relatively thick
and solid, LV deeply cupped, sometimes significantly larger and
longer than RV (see e.g Fig. 2C). Shell margin scalloped, zigzag-
ging or undulating. Shell exterior surface typically corroded/eroded
into shallow pits with angular lines and points, greyish white with
some purplish-brown markings near shell margins, commarginal
grooves sometimes present near edges. Umbonal cavity deep to very
deep. Shell interior white with a slight purplish tinge, with nebu-
lous purplish grey patches, occasionally with darker brownish pur-
ple spots. Interior margin with black line that may be interrupted,
bright white line behind the black sometimes present. Chomata dis-
tinct near hinge, nearly non-existent to sparsely present in groups
of two to four around most of the margin. Adductor muscle scar
small in relation to area of internal shell surface, purplish brown on
RV, usually with progressively paler crescent shaped bands, notice-
ably paler in LV, often only slightly darker than surrounding, usually
with small purplish grey spots; shape somewhat asymmetrical, cir-
cular or oval on RV, slightly kidney-shaped or trapezoidal on LV
and often with a coloured ‘trail’ or ‘wake’ of previous attachments
making discernment of the eventual size and shape of the muscle
attachment difficult.

Remarks: The exterior of the shells of the AS appears to be consis-
tently corroded in a manner that is identical to the syntypes. In-
ternally, the relative size, colour and shape of the adductor mus-
cle scars; the diffused purplish brown or grey blotches; and the
thin black border along the strongly undulating shell edges all
agree very well with the syntypes (Figs 9, 10). In addition, the left
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valve of the Ascension oysters and Born’s syntypes have a promi-
nent ‘beak’ and a correspondingly deep umbonal cavity under the
hinge.

DISCUSSION

Determining the type locality of Saccostrea cuccullata is critical to
correctly identifying the species and establishing relationships with
closely related species. Clarification is particularly important as the
type species of Saccostrea, Ostrea saccellus Dujardin, 1837, is a fossil
and no DNA information can be obtained from it. Unfortunately,
Born (1778) did not provide a type locality nor is there any indi-
cation on the syntype labels. As mentioned previously, it was two
years after the publication of his original description when Born
(1780) stated the species occurs in the Indies and Ascension Island,
which we regard as a subsequent clarification. These localities have
been interpreted by subsequent authors in a number of ways: as the
East Indies, West Indies and/or Ascension Island.

Brittanica (2024) provides three interpretations for the term
“East Indies”. The most commonly used, and most restrictive, is
the present Republic of Indonesia and the island of New Guinea.
An intermediate usage is the whole of Southeast Asia including
the Malay Archipelago and the Philippines. The broadest usage for
“East Indies” is the region from India to Southeast Asia and Papua
New Guinea. The Singapore Saccostrea material we have examined
(Fig. 11) was thus collected at the margin of the most restrictive us-
age of “East Indies”.

Lam & Morton (2006) stated in their introduction that “[t]he
type specimen of S. cucullata sensu stricto was from India, where
the species is known as the Bombay oyster.” However, they did not
provide references, so the basis for their statement is unclear, and
we note that India is included only in the broadest usage of “East
Indies”.

In referring to S. cuccullata, Iredale (1924) stated: “This species
was described from the Mus. Caes. Vindob. without locality, but,
when figured in the later work [Born, 1780], the locality was given
as West Indies and the Isle of Ascension and is still included in lists
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Figure 10. Examples of Saccostrea cuccullata from Ascension Island. A-C. ZRC.MOL.29989. D-F. ZRC.MOL.29982; G-1I. ZRC.MOL.29981. J-L.
ZRC.MOL.29983. M-O. ZRC.MOL.29990. P-R. ZRC.MOL.29984. S-U. ZRC.MOL.29988. V-X. ZRC.MOL.29986. Views shown: interior of LV,
A, D,G,]J, M, P, S and V; exterior of RV, B, E, H, K, N, Q, T and U; interior of RV, C, F, I, L, O, R, U and X. Scale bar = 5 cm.

«

. cucullata Born, intro-

2

of these faunas”. He reiterated this as
duced for a shell from Ascension Island and the West Indies ...
in the description of Ostrea commercialis Iredale & Roughley, 1933
(currently a synonym of Saccostrea glomerata) in Iredale & Roughley
(1933). Sekino & Yamashita (2016) listed “West Indies and Ascen-
sion Island” as the type localities of cuccullata, citing Born (1780),
Iredale (1924) and Iredale & Roughley (1933). However, in seek-
ing a westward trade route to India in 1492, Cristopher Columbus
reached a group of Caribbean islands he thought were near India
and called them the “West Indies” (Oxford reference, 2020). Iredale
misinterpreted Born’s (1780) term “Indies” to be the West Indies,
when in fact it was the East Indies. Recently Pagenkopp Lohan et al.
(2015) reported that Saccostrea had clearly been introduced to the
Caribbean.

Lamy (1925) seems to be one of the earliest to argue that cuccul-
lata 1s a West African species. Interestingly, Rosewater (1975) lists
the distribution of cuccullata as the “West Coast of Africa; islands of
Sao Thome, Principe, and Ascension (Nickles, 1950: 182)”, but did
not discuss the other Saccostrea species that are the cuccullata of other
authors.

With the recent development of DNA sequencing techniques
there has been an increasing realization that oysters cannot be re-
liably identified using shell and anatomy; DNA analysis is the most
reliable method for species identification (Salvi & Mariottini, 2016;
Willan et al., 2021). However, certain intraspecific shell character-
istics are relatively consistent and are thus relevant to species de-
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limitation. An integrative approach is therefore not only prudent
but necessary for reassessing species described solely on the basis of
their shells.

We have examined photographs of the syntypes of S. cuccullata, lit-
erature illustrations of the species from Ascension Island, Saccostrea
from the Indo-West Pacific region, and specimens of the lineages
present in Singapore in the Fast Indies. We agree with Sekino &
Yamashita (2016) that Born’s cuccullata should be restricted to the
Saccostrea species found at Ascension Island. The Ascension mate-
rial in the ZRC matches well with images in Born (1778, 1780),
Rosewater (1975: fig. 23) and Arkhipkin et al. (2017: fig. 2) from As-
cension Island. It does not match illustrations of any species from
the Indo-West Pacific (e.g. Lam & Morton, 2006; Bussawarit & Ced-
hagen, 2010; Sekino & Yamashita, 2016) or any of the examined
material of other Saccostrea from Singapore (Fig. 11) and elsewhere
deposited in the ZRC. On the other hand, the Ascension material
appears to be similar to those from West Africa (Cosel & Gofas,
2019: figs 8.11.E, I 8.12.F-H]) but not Brazil (Galvdo, Alves &
Hilsdorf, 2017: fig. 2; Amaral et al., 2020: fig. 2) and the Caribbean
coast of Panama (Pagenkopp Lohan ez al., 2015). Sequences of Sac-
costrea reported from Brazil and Panama clustered with those of lin-
eage I' (Iigs 3-6), a group that is widely distributed in Southeast
Asia, Japan and Australia (Lam & Morton, 2006; Hamaguchi et al.,
2014; Sekino & Yamashita, 2016; McDougall ¢t al., 2024).

Interestingly, the strong wavy shell margins and deep umbonal
cavities of the S. cuccullata syntypes and the Ascension specimens
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Figure 11. Examples of Saccostrea species from Singapore for comparison. A~C. Saccostrea mordoides (ZRC.MOL.27639). D-F. Saccostrea scyphophilla
(ZRC.MOL.24729). G-1. Saccostrea lineage 1 (ZRC.MOL.27651). J-L. Saccostrea spathulata (ZRC.MOL.27698). Views shown: interior of LV, A, D, G and
J); exterior of RV, B, E, H and K); interior of RV, C, F, I and L. Scale bar = 5 cm.

observed in this study (Fig. 2C) render them morphologically closer
to the putative S. sepphophilla group than the S. cuccullata of various
authors (i.e. the non-mordax lineages of Sekino & Yamashita, 2016).
The adductor muscle scars of all other Saccostrea examined are very
large in comparison with those on the syntypes of cuccullata and the
Ascension material (see Figs 9-11), which appear small in relation
to the internal surface area of the valves. In addition, the shells of
S. scyphophilla and S. mordoides feel heavier or thicker (although this
1s difficult to quantify) and the umbonal cavities are usually not as
deep. The so-called non-mordax lineages (i.e. the S. cuccullata group
of some authors) are even less similar to the syntypes and Ascension
Island material, with a very shallow or non-existent umbonal cavity,
different shell form, thin irregular wavy or zigzag free shell margins
and large kidney-shaped adductor muscle scars (Figs 11, 12). On the
exterior of the Ascension Island shells, only commarginal sculpture
(of previous free shell margins) is present, and distinct radial sculp-
ture, such as grooves commonly seen in S. seyphophilla and S. mor-
dotdes (e.g. Fig. 11B), is lacking (see the juvenile specimen in Fig. 13,
which is relatively less weathered).

Huber (2010) considered there to be a group of species of Sac-
costrea with S. cuccullata at its core. Lam & Morton (2006) recog-
nized S. cuccullata as an Indo-Pacific ‘superspecies’, but Sekino &
Yamashita (2016) regarded the lineages as possibly distinct species.
It is anomalous that while the group is distributed widely in the
Indo-West Pacific, the true S. cuccullata occurs in such an isolated
locality in the middle of the South Atlantic Ocean, 2,200 km east
of Brazil and 3,000 km west of Africa. The nearest land mass is
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St Helena, about 1,300 km to the southeast; Smith (1890) records
Saccostrea from St Helena. It is unlikely that S. cuccullata is restricted
to Ascension Island but it is not impossible. DeGrave et al. (2017)
recorded 75 species of decapod crustaceans from the island, 11 of
which are thought to be endemic. The range of S. cuccullata is not
yet known as the only genetic information is from Ascension Island.
The species has been reported from other islands in the South At-
lantic and the west coast of Africa (Nicklés, 1950; Rosewater, 1975;
Gofas et al., 1985; Cosel & Gofas, 2019) and Huber (2010) indi-
cated the range as West Africa and the western Indian Ocean.
Genetic analysis is required to determine the broader range of S.
cuccullata.

The only paper on the biology of S. cuccullata in Ascension Island
is that of Arkhipkin et al. (2017), who studied its age and growth.
They found growth rates were slower but that the oysters lived
longer than those in Southeast Asia. The Ascension oysters lived
for up to 1416 years, with the oldest individual estimated to have
been 26 years old and 49 mm long. The slow growth rate was
attributed to the oligotrophic conditions that prevail at Ascension
Island.

We used genetic analysis to compare the partial DNA sequences
of S. cuccullata from Ascension Island with Indo-West Pacific lineages
of Saccostrea. The Ascension Island material is unique (Figs 3-8).
None of the currently recognized species and lineages cluster genet-
ically with the AS. Based on the concatenated 16S rRNA 4 COX1
gene tree (Figs 7, 8), Saccostrea lineage J (= S. spathulata (Lamarck,
1819); see Sckino & Yamashita, 2016) appeared to be closest to
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Figure 12. Comparison of the general shape and colouration of the adductor muscle scars of Saccostrea spp. The top row shows LVs; the bottom row RVs
from Ascension Island (A, B) and Singapore (C-J). A, B. Saccostrea cuccullata (ZRC.MOL.29988). C, D. Saccostrea mordoides (ZRC.MOL.27639). E, F. Saccostrea
seyphophilla (ZRC.MOL.27642). G, H. Saccostrea lineage 1 (ZRC.MOL.27651). 1, J. Saccostrea spathulata (ZRC.MOL.27686). Not to scale.

Figure 13. A small specimen of Saccostrea cuccullata (ZRC.MOL.29987) from Ascension Island. From left to right: interior of LV; exterior of RV; and interior

of RV. Scale bar = 1 cm.

AS, although in shell form and habitat preferences, they seem to
be quite different. Now that DNA sequences for S. cuccullata are
available and do not match any of the other available sequences,
the status of all the associated species and currently accepted syn-
onyms needs to be re-examined. Many will likely be shown to be
species that are distinct from S. cuccullata, as defined here.

The taxonomy of Saccostrea is complex, with numerous taxa hav-
ing been described in the S. cuccullata group; most of these occur
in the Indo-West Pacific and have been historically [mis]identified
as or synonymized with S. cuccullata. Determining the identity and
relationships of the various species in the group requires an under-
standing of the DNA sequence of S. cuccullata from the type local-
ity of Ascension Island in the central South Atantic Ocean. The
present paper presents useful data for developing a better under-
standing of this complex genus.
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SUPPLEMENTARY MATERIAL

Supplementary material is available at Journal of Molluscan Studies
online.
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