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ABSTRACT
The diversity of Haminoea Turton & Kingston, 1830 snails is poorly understood in the Indo-West
KEY WORDS Pacific. These gastropods occur in shallow subtidal and intertidal areas usually associated with algae,

Heterobranchia, seagrass, or coral reefs, and one species, often identified as Haminoea fusca (A. Adams, 1850) is re-
Indi Mollusca,  garded to be restricted to mangrove habitats. In this paper we provide the first detailed description of
n 1arI1)a(EicS iig’ this species by means of anatomical dissections, scanning electron microscopy, and DNA barcodes.
> . . . . . 1. . .
mangroves, A Bayesian COI gene tree including specimens from Pakistan and the Philippines together with other
oyster reefs,  Tndo-Pacific and Atlantic lineages was inferred and the possible existence of more than one species
DNA barcoding, h i< hiehlich . ki . £ f
morphology, under the name H. fissca is highlighted and discussed. In Pakistan Haminoea cf. fusca was found to
new synonym. inhabit tidal estuarine mud-flats with oyster reefs.
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RESUME

Au-dela de la coquille : premiére description morphologique détaillée du gastéropode associé aux mangroves
Haminoea ¢f fusca (A. Adams, 1850) (Cephalaspidea, Haminoeidae), avec une analyse phylogénétique
du géne COL

La diversité du genre Haminoea Turton & Kingston, 1830 est encore peu connue dans le bassin
Indo-Pacifique. Ces gastéropodes se rencontrent en zones subtidales et intertidales peu profondes,
généralement associées avec les algues, les herbiers marins ou les récifs coralliens. Une espéce, sou-
vent identifiée comme Haminoea fusca (A. Adams, 1850) est considérée comme étant restreinte aux
mangroves. Dans cet article, nous présentons la premi¢re description détaillée de cette espéce, au
moyen de dissections anatomiques, de microscopie électronique a balayage et de barcodes ADN.
Un arbre bayésien comprenant des spécimens d’H. fisca du Pakistan et des Philippines, ainsi que
d’autres lignées indopacifiques et atlantiques a été produit pour le géne COI, et I'existence possible
de plus d’une espéce rassemblées sous le nom H. fusca est mise en évidence et discutée. Au Pakistan,

synonyme nouveau.

INTRODUCTION

Haminoea Turton & Kingston, 1830 snails belong to the her-
bivorous family Haminoeidae Pilsbry, 1895, occurring world-
wide in shallow marine waters along tropical and temperate
latitudes (Gosliner 1991; Mikkelsen 1996; Malaquias & Cervera
2006; Gosliner ez al. 2008, 2015). Species of the genus are well
documented in the eastern Atlantic, Caribbean and eastern
Pacific (Behrens & Hermosillo 2005; Malaquias & Cervera
2006; Hermosillo ez al. 2006; Valdés et al. 2006; Malaquias
2014). However, most Indo-West Pacific (IWDP) species are
only known by their small, bulbous shells, which in many
cases depict considerable interspecific similaritcy (Willan &
Tagaro 2010; Malaquias 2011; Hori 2017).

The majority of species of the genus Haminoea have animals
with dull colour patterns (e.g. H. natalensis (Krauss, 1848),
H. japonica Pilsbry, 1895) but there are also several colour-
ful species that have been recorded from tropical latitudes
(e.g. H. cyanomarginata Heller & Thompson, 1983, H. cya-
nocaudata Heller & Thompson, 1983, H. cymbalum (Quoy &
Gaimard, 1832), H. fusca (A. Adams, 1850), H. linda Er.
Marcus & Burch, 1965, H. ovalis Pease, 1868) (Er. Marcus &
Burch 1965; Rudman 1971; Gosliner ez /. 2015; Tibiricd &
Malaquias 2017). The similarities in external features and shell
between many species make the identification of Haminoea in
the field difficult and often only a combination of DNA and
morpho-anatomical characters enable accurate delimitation of
species. Features of the male reproductive system, radula, and
the chitinous gizzard plates are known to be useful to separate
species in Haminoea (Er. Marcus & Burch 1965; Ev. Marcus &
Er. Marcus 1967; Rudman 1971; Talavera et 2/ 1987; Gib-
son & Chia 1989; Schaefer 1992; Malaquias & Cervera 2000).

References of the genus Haminoea in Pakistan are scarce
and only available from non taxonomic works. The first
recognisable record of Haminoea in Pakistan was made by
Kazmi er al. (1996) who reported the species H. natalensis
near Buleji, Karachi. The authors described the animals as
green with darker markings and possessing a deeply bilobed
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Haminoeai cf. fusca a été observée dans des vasieres estuariennes & bancs d’huitres.

cephalic shield. This seems to conform to descriptions of the
most common morphs of the species (e.g. Gosliner 1987;
Gosliner ez al. 2015; Tibiricd & Malaquias 2017; Pittman &
Fiene 2018). Kazmi ez al. (1996) also listed (not figured) the
species H. tenera (A. Adams, 1850) which they described as
pale greenish-white. According to the authors this species was
previously recorded by Khan ez a/. (1973), however after careful
revision of the works by Khan & Dastagir (1971, 1972) and
Khan ez al. (1973 supplement) we could only find references
to the bubble shelled heterobranch genera Bulla Linnaeus,
1758 and Hydatina Schumacher, 1817.

Haminoea japonica has been reported from the Karachi
Mangroves, Sandspit (Barkati & Tirmizi 1987) and the Sindh
Mangroves (Barkati & Rahman 2005), although this species
is of temperate affinities (Gibson & Chia 1989; Alvarez ez al.
1993; Gosliner & Behrens 2006; Hanson ez 2/ 2013) and its
presence in Pakistan is most likely a misidentification.

Iffac (2005: 90, fig. 61) identified a shell found in Manora,
Cape Monze as H. elegans (Gray, 1825), which is again most
certainly a misidentification as this species is to our best know-
ledge restricted to the Atlantic Ocean (Valdés ez a/. 2000).
Kazmi & Khan (2014: 81, fig. 5) reported an unidentified
species of Haminoea from the subtidal of Port Bin Qasim with
an oval and narrow shell, which the authors considered simi-
lar to Azys Montfort, 1810 or Aliculastrum Pilsbry, 1896, but
nevertheless consistent, in our opinion, with species of WP
Haminoea (e.g. Pilsbry 1895a, b; Kobelt 1896; MacNae 1962;
Higo ez al. 1999, 2001; Hori 2017). Hameed ez al. (2015)
reported Cylichna crenilabris Melvill & Standen, 1901 (as
Haeminoae [sic] crenilabris) possessing a brown periostracum
occurring between the pneumatophore roots of mangroves.
The illustrations included by the authors are difficult to use
and therefore it is impossible to confirm which species were
the authors dealing with. In fact, MolluscaBase (2018) regards
the reference to Cylichna crenilabris by Melvill & Standen
(1901) as taxon inquirendum.

More recently, Ullah ez al. (2018) reported Haminoea ex-
arata (Philippi, 1949) (as Haminoe [sic] exarata) from Korangi
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TaBLE 1. — List of specimens used in the phylogenetic analysis including voucher and GenBank accession numbers. New sequences marked with an asterisk*.

Taxon Authorship Locality Voucher no. COIl GenBank Acc. No.
Haminoea cf. fusca (TH81)  (A. Adams, 1850) Pakistan ZMBN 125424 MH638588*
Haminoea cf. fusca (TH82) Pakistan ZMBN125424 MH638587*
Haminoea fusca (C37) The Philippines MNHN 42261 KF615810
Haminoea japonica (C52) Pilsbry, 1895 France, Mediterranean Sea NHMUK 20070029 KF615824
Haminoea japonica (149) France, Mediterranean Sea  NHMUK 20070065 KF615823
Haminoea japonica (164) France, Mediterranean Sea NHMUK 20070028 KF615822
Haminoea japonica (GH10) Japan, Tokyo Bay Isolate D139 JN830673
Haminoea japonica (GH8) United States, Washington Isolate D59 JN830725
Haminoea natalensis (68) (Krauss, 1848) United Arab Emirates NHMUK 20060104 KF615826
Haminoea natalensis (153) South Africa, Indian Ocean NHMUK 20070186 KF615825
Haminoea sp. 1 (C3) Indonesia NHMUK 20050660 DQ974673
Haminoea sp. 1 (93) East Timor NHMUK 20060109 KF615835
Haminoea sp. 2 (C26) The Philippines MNHN 42261 KF615810
Haminoea cymbalum (C28) (Quoy & Gaimard, 1832) The Philippines MNHN 42249 DQ974675
Haminoea cymbalum (16) Indonesia NHMUK 20030302 KF615842
Haminoea cf. ovalis (C34) Pease, 1868 The Philippines MNHN 42252 DQ974677
Haminoea cf. ovalis (333) United States, Hawaii ZMBN 81689 KF992184
Haminoea hydatis (166) (Linnaeus, 1758) France, Mediterranean Sea NHMUK 20060326 DQ974674
Haminoea hydatis (C53) France, Mediterranean Sea NHMUK 20060326 KF615841
Haminoea fusari (167) (Alvarez, Garcia & Villani, 1993)  Italy NHMUK 20070177 KF615840
Haminoea navicula (131) (da Costa, 1778) Portugal NHMUK 20070020 KF615839
Haminoea navicula (147) United Kingdom NHMUK 20070021 KF615836
Haminoea alfredensis (182)  (Bartsch, 1915) South Africa, Indian Ocean NHMUK 20070315 KF615815
Haminoea alfredensis (183) South Africa, Indian Ocean NHMUK 20070315 KF615814
Haminoea alfredensis (174) South Africa, Indian Ocean NHMUK 20070314 KF615816
Haminoea orbignyana (148) (Férussac, 1822) Portugal NHMUK 20030296 KF615812
Haminoea orbignyana (1) Portugal NHMUK 20030296 KF615813
Haminoea antillarum (157)  (d’Orbigny, 1841) Mexico, Atlantic Ocean NHMUK 20070091 KF615819
Haminoea antillarum (176) United States, Florida NHMUK 20070316 KF615817
Haminoea orteai (48) Talavera, Murillo & Templado, 1987 Canary Is, Spain NHMUK 20030836 KF615846
Haminoea orteai (198) Azores, Portugal NHMUK 20070458 KF615845
Haminoea vesicula (202) (Gould, 1855) United States, California CASIZ 97502 KF615843
Haminoea sp. 3 (175) United States, Florida NHMUK 20070318 KF615827
Haminoea sp. 3 (152) United States, Florida NHMUK 20070180 KF615829
Haminoea sp. 4 (154) Mexico, Atlantic Ocean NHMUK 20070175 KF615834
Haminoea sp. 4 (161) Mexico, Atlantic Ocean NHMUK 20070090 KF615833
Atys jeffreysi (Weinkauff, 1856) Gnejna Bay, Malta ZMBN 81800 KX523206

MATERIAL AND METHODS

and Sandspit near Karachi in their study of mangrove associ-
ated molluscs. The specimens were found to favour elevated
substrates of sand and clay, and occurred throughout the
tidal zone, even crawling up the mangrove pneumatophores.
However, this name is a junior synonym of the well-known
and economically important species Bullacta caurina (Benson,
1842) (synonym of Bullacta exarata (Philippi, 1849)), which is
endemic to South Korea and China (Tchang 1934; Habe 1952;
Burn & Thompson 1998; Higo ez al. 1999; Malaquias 2010).

In this study, we confirm the occurrence of Haminoea cf.
fusca (A. Adams, 1850) in Pakistan associated with intertidal
mud flats with oyster reefs and we provide for the first time
a detailed morphological characterization of the species by
means of fine anatomical dissections and scanning electron
microscopy. A COI molecular phylogeny is inferred to aid
in species delimitation and to preliminary address species
relationships.

ZOOSYSTEMA - 2019 - 41 (16)

TAXA SAMPLING

Specimens of H. cf. fusca were collected during biodiver-
sity assessments from intertidal oyster reefs in estuarine
muddy areas on the Balochistan Coast in Pakistan. The
sampling site is on the Sindh Province side of the mouth
of the Hab River Delta (24°53’12.01”N, 66°42°14.00”E;
also spelled Hub River Delta). Live animals were photo-
graphed, relaxed by freezing in sea water and preserved
in 95% ethanol. Specimens were sent for study and are
housed at the Invertebrate Collections, Department of
Natural History, University Museum of Bergen, University
of Bergen (voucher number: ZMBN 125424). Additional
specimens and egg masses are stored at the Centre of
Excellence in Marine Biology (Study collection of Sadar
Aslam, Pakistan).
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Haminoea japonica GH10 Japan

Haminoea japonica GH8 Washington

Haminoea japonica 164 Med. France

Haminoea japonica C52 Med. France

Haminoea japonica 149 Med. France

0.68

Atys jeffreysi

Fic. 1. — Bayesian phylogenetic tree based on partial sequences of the COI gene. Figures on nodes are posterior probabilities, scale bar refer to branch lengths.
Coloured squares refer to species that are Indo West Pacific in origin, whereas grey squares to Atlantic and eastern Pacific species. PP, 1. The specimen here
used from the Philippines is depicted in Gosliner et al. 2015: 30, lower right.
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For the molecular phylogenetic analysis 34 COI sequences
of Haminoea from the Atlantic, East Pacific and Indo-West
Pacific were obtained from GenBank (Table 1). The tree was
rooted with the haminoeid A#ys jeffreysi (Table 1; Fig. 1).

MORPHO-ANATOMICAL WORK

Shells, male reproductive systems and anterior digestive system
were dissected out of the animals. Shells were imaged with a
DSLR camera equipped with macrolens. The male reprodu-
ctive system was drawn using a stereo microscope fitted with
a drawing tube. The anterior digestive system was dissected
and the gizzard and buccal bulb were dissolved in a solution
containing 180 pl buffer ATL with 20 pl of proteinase K-solu-
tion incubated at 56°C for approximately 4-6 hours (protocol
modified from Holznagel [1998] and Vogler [2013]) [buffer
and enzymes were obtained from the Qiagen DNeasy® Blood
and Tissue Kit, catalogue no. 69504. The gizzard plates were
critical-point dried after cleaning to maintain natural shape.
The radulae and gizzard plates were mounted on metallic stubs
using carbon sticky tabs and coated with gold-palladium. The
samples were scanned and imaged with a Zeiss Supra 55VP
scanning electron microscope.

DNA EXTRACTION, AMPLIFICATION AND SEQUENCING
DNA was extracted from foot tissue of two specimens using the
Qiagen Dneasy” Blood and Tissue Kit (Catalogue No 69504)
following the protocol recommended by the manufacturer.
Barcodes consist of partial sequences (¢c. 640 bp) of the mito-
chondrial gene cytochrome ¢ oxidase subunit I (COI) and were
amplified using the universal primers designed by Folmer ez /.
(1994). Polymerase chain reactions (PCR) were performed
following the protocol described by Malaquias ez /. (2009)
using Qiagen Tag DNA polymerase. Successful PCR products
were purified according to the EXO-SAP protocol described
by Eilertsen & Malaquias (2013). The purified products
were sequenced using an ABI 3730XL DNA Analyser (Ap-
plied Biosystems). The generated sequences were deposited
in GeneBank (Table 1).

SEQUENCE ALIGNMENT AND PHYLOGENETIC ANALYSES

Geneious v. 8.1.8 (Biomatters Ltd, Auckland, New Zealand;
Kearse et al. 2012) was used to inspect, edit, and assemble
the sequences, which were aligned with Muscle (Edgar
2004a, b) implemented in Geneious with default settings.
The sequences were tested for saturation in MEGA 7 (Ku-
mar et al. 2016) by plotting general time-reversible (GTR)
pairwise distances against total substitutions (transitions +
transversions) for the first, second, and third codon posi-
tions of COL. A slight level of saturation was observed in the
3rd codon, and therefore, two datasets one with all codon
positions and one with only first and second positions, were
prepared to test the effect of saturation on the topology of
the COI phylogenetic tree. The Jmodeltest software (Darriba
et al. 2012) was used to find the best-fit model of evolution
for both datasets under the Akaike information criterion
(Akaike 1974) (all codons: GTR + G; 1st + 2nd codon only:
GTR+I). Phylogenetic analyses were performed in MrBayes

ZOOSYSTEMA - 2019 - 41 (16)
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(Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck
2003) using three parallel runs of eight million generations
with sampling every 100 generations. Convergence of runs
was inspected in Tracer v1.5 (Rambaut & Drummond 2007)
with a burn-in set to 25%. The COI gene tree was visualized
with FigTree 1.4.2 (Rambaut & Drummond 2009). Graph-
ics and figures were edited and finalized with Inkscape 0.91
(Inkscape Team 2015) and Gimp 2.8.10 (Mactis ez al. 1995;
Natterer & Neumann 2013). The in-group was formed by
36 sequences of Haminoea spp. and the tree was rooted with
the haminoeid species Atys jeffreysi (Weinkauff, 1866). Un-
corrected p-distances were calculated in MEGA 7.

RESULTS

PHYLOGENETIC ANALYSES

Both analyses resulted in similar tree topologies, but the tree
inferred from the dataset including the 3t codon positions
was better resolved with higher node supports (Fig. 1, Ap-
pendix). This latter analysis suggests a possible 18th putative
species (Fig. 1). The specimens of Haminoea cf. fusca from
Pakistan clustered together with a specimen of H. fusca from
the Philippines with maximum support. The COI uncor-
rected p-distance between the Pakistani and the Philippine
specimens varied between 7.3-7.5% and between the two
Pakistani specimens was 0.2%. The clade with all specimens
of H. fusca was the sister group of a clade (Fig. 1, PP = 0.97)
including the tropical Indian Ocean species H. natalensis
(Fig. 1, PP=1; represented by specimens from South Africa
and the United Arab Emirates) and the West Pacific A. ja-
ponica (Fig. 1, PP =1), known to be invasive in the East
Pacific coast of the United States and in the Mediterranean
Sea (Gibson & Chia 1989; Alvarez e al. 1993; Gosliner &
Behrens 2006; Hanson ez /. 2013). The COI uncorrected
p-distance between the H. fusca clade and the (H. natalensis-
H. japonica) clade ranged between 13-14%.

TAXONOMIC SECTION

Class GASTROPODA Cuvier, 1795
Sub-class HETEROBRANCHIA Burmeister, 1837
Order CEPHALASPIDEA P. Fischer, 1883
Family HAMINOEIDAE Pilsbry, 1895
Genus Haminoea Turton & Kingston, 1830

Haminoea cf. fusca (A. Adams, 1850)
(Figs 2, 3, 4)

Bulla fusca A. Adams, 1850: 581, pl. CXXIV, fig. 94.

Haminea (sic) fusca— Pilsbry 1895a: 360, pl. 40, figs 89, 90. — Kobelt
1896: 196, pl. 15, figs 14, 15.

Haminaea (sic) fusca—Bergh 1901: 266, pl. XIX, figs 4, 5, pl. XVIII,
figs 44, 47.

Haloa fisca — Habe & Kira 1968: 137.
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Haminoea sp. — Strack 1998: 26, 28, pl. 1, fig. 6. — Ng & Sivaso-
thi 2001. — Lozouet & Plaziat 2008: 65, pl. 34, figs 5, 6. — Riek
2013; 2014.

Haminoea cf. fusca — Gosliner et al. 2008: 27, fig. 3; 2015: 30,
lower left figure.

Haloa vitrea — Hung 2013.

Haminoea tenera — Mujiono 2016: 47, fig. 4a, b.

Haminoea edmundsi Yonow & Jensen, 2018: 3, fig. 2B, n. syn.
Haminoe (sic) exarata — Ullah et al. 2018: 129-132.

Haminoea fusca — Cobb 2018.

MATERIAL EXAMINED. — Pakistan. Balochistan Coast, Sindh Prov-
ince, Hab River Delta (24°53’12.01”N, 66°42°14.00”E), 20 speci-
mens (3 specimens dissected, 2 specimens sequenced), H, 3-7 mm,
ZMBN 125424.

TYPE LOCALITY. — Mindanao Island, the Philippines (A. Adams 1850).

DIAGNOSIS. — Animal pale yellowish-green to bright green; mantle
transparent; cephalic shield, squarish, broad; shallowly bilobed. Widely
spaced visible eyes. Hancock’s organ, simple small horizontal ridge.
Shell, whitish translucent; dense, wavy spiral striae; periostracum
light orange, darker within spiral striae. Aperture wide, slightly ta-
pering apically. Columella deeply concave anteriorly. Columellar lip
narrow. Clumellar lips separated from last whorl by narrow umbili-
cal furrow. Outer lip rounded; shoulder rounded. Radular formula
30-35 x 10.1.1.1.10. Rachidian tooth tricuspid, cusps triangular,
with rounded tips; central cusp larger, broader, lateral cusps reduced.
Lateral teeth hook-shaped, smooth; inner lateral with broader cusp;
outer laterals tapering outwardly. Gizzard plates with flat surface;
ridges absent; central rachis present. Surface covered in small tightly
arranged pointed rods; rods tapering in size outwardly, larger rods
present on top of rachis. Male reproductive system compact, sparsely
covered in soft warts; consisting of atrium, thick-walled fundus,
thick seminal duct, and bulbous, nodulous prostate.

COI BARCODES. — MH638588 (THS81), MH638587 (THS82).

DISTRIBUTION. — In the Indian Ocean Haminoea cf. fusca is known
in Pakistan (present study) and in the West Pacific from Singapore
(Ng & Sivasothi 2001), Mindanao, Bohol and Panglao Islands in
the Philippines (Adams 1850; Lozouet & Plaziat 2008; Gosliner
et al. 2008; 2015), Lombok and Ambon Islands, Indonesia (Strack
1998; Mujiono 2016; Yonow & Jensen 2018), Macau and Liyu
Island, China (Bergh 1901; Hung 2013), New South Wales, Aus-
tralia (Gosliner ez 2/ 2008, 2015; Cobb 2018; Rick 2013, 2014).

DESCRIPTION

External morphology (Figs 1B, C; 3A)

Animal pale yellowish-green to bright green; mantle transpa-
rent, visceral mass reddish-brown. Cephalic shield, squarish,
broad; shallowly bilobed, posterior cephalic shield extending
over anterior part of shell. Eyes visible, widely spaced. Hancock’s
organ simple, small, horizontal ridge. Parapodial lobes, thick,
separated dorsally. Rounded pallial lobe, extending beyond apex.

Shell (Fig. 3B)

Shell whitish-brown translucent, dense, wavy spiral striae
throughout; periostracum light orange, darker in spiral striae;
shape bulbous, rounded. Aperture broad anteriorly, tapering
slightly posteriorly. Columella deeply concave anteriorly.
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Columellar lip narrow. Narrow umbilical furrow separates
lip form last whorl. Outer lip rounded; shoulder rounded.

Radula (Fig. 3C)

Radular formula 30 x 10.1.1.1.10 (spc. TH81, H = 6.5 mm),
35 x 10.1.1.1.10 (spc. TH82, H = 7 mm). Rachidian tooth
tricuspid, cusps triangular, with rounded tips; central cusp
larger, lateral cusps reduced. Lateral teeth hook-shaped,
smooth; inner lateral with broader cusp, outer laterals taper-
ing outwardly.

Gizzard plates (Fig. 3D-F)

Flat surface, ridges absent. Rachis present. Surface covered
in small tightly arranged pointed rods; rods tapering in size
outwardly; larger worn rods on top of rachis.

Male reproductive system (Fig. 44, B)

Compact and sparsely covered in soft warts; formed by
atrium, fundus (upper atrium), thick seminal duct, and a
bulbous nodulous prostate. Atrium with thin walls. Fundus
thick walled, externally looking as a rounded bulge (Fig. 4A,
arrow) internally with a distinct left lateral wall and right
lateral wall. Walls separated by a narrow central groove, and
both walls split by deep grooves. External seminal groove
entering genital aperture and running along atrium upwards
to the fundus, where it merges with the left lateral wall of the
fundus. Seminal duct discharging into fundus apically. Two
retractor muscles; one connected seminal duct to mantle, the
other to lower region of atrium.

Egg-mass (Figs 2D, E; 3F)

Yellowish in colour, gelatinous, cylindrical-elongated, with
short stalk actaching it to substrate. Egg-masses observed in
February of 2016, 2017 and 2018 (SA, pers. obs.). First oc-
currences in late January and greatest abundance observed in
mid-February before declining. Egg-masses mostly found in
shallow submerged areas (Fig. 2E).

Ecology (Fig. 2)

Specimens were found between December 2017 and March
2018 on intertidal estuarine muddy-sandy flats (between the
high- and mid-tidal zones) with oyster reefs formed by giant
oysters Magallana gryphoides (Schlotheim, 1820), backwa-
ter oysters Magallana bilineata (Roding, 1798), green algae
(Ulva spp., Oedogonium sp.), and red algae (Acanthophora sp.,
Gelidium sp.) (Aslam pers. obs.) (Fig. 2C).

REMARKS

Bergh (1901) did not differentiate between the prostate and
the seminal duct in his study of H. fusca, yet, despite their
resemblance these are discrete organs as demonstrated in the
current study (Fig. 4A). Bergh (1901) described H. fusca as
possessing a glans (penis) in the “penissack”, but like in all other
known Haminoea of IWP origin (e.g. Er. Marcus & Burch
1965; Rudman 1971; Gosliner & Behrens 2006), H. fusca
has no penis or penial papilla enveloped by a penial sheet, but
instead a hollow atrium with a modified upper part here named
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Fic. 2. — A, Hab River delta, Sindh Province, Balochistan Coast, Pakistan, showing estuary and associated oyster reefs; B, Haminoea cf. fusca (A. Adams, 1850)
in situ; arrows show faecal matter tracks over muddy substrate; C, H. cf. fusca in situ, amongst green algae; D, egg-mass in situ, attached to muddy substrate;
E, egg-mass in situ, submerged during low tide. Photograph: S. Aslam.

“fundus” (sensu Er. Marcus & Burch 1965). The fundus has
thick walls forming folds resembling a penial papilla (Fig. 4B).

The limited research available on the genus Haminoea and
ambiguous original descriptions of most IWP species often
hampered authors to identify correctly the species. For example,
Strack (1998: Indonesia), Ng & Sivasothi (2001: Singapore),
Lozouet & Plaziat (2008: the Philippines), Riek (2013, 2014:
Australia) referred to H. fisca as Haminoea sp., whereas Hung
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(2013) has named it Haloa vitrea (from China) and Mujiono
(2016) Haminoea tenera (from Indonesia). Both latter species
are of doubtful taxonomic validity and are known only from
their original descriptions. Ullah ez a/. (2018) tentatively
named specimens from mangroves in Korangi and Sandspit,
Pakistan as Haminoe exarara, which could corresponded to
H. fusca, since Bullacta exarata (correct spelling and combi-
nation) is endemic to the China Sea.
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Fic. 3. — Haminoea cf. fusca (A. Adams, 1850): A, live specimen, ex situ. Length c. 10 mm; B, shell, apertural view (left image) and adepertural view (right image),
height, 7 mm; C, SEM, detail of radula with rachidian and first lateral teeth; D, lateral view of whole gizzard plate; E, SEM, dorsal surface of whole gizzard plate;
F, SEM, detail of rodlets in dorsal part of gizzard plate. Scale bars: C, 20 ym; D, E, 100 pm; F, 2 pm.

Yonow & Jensen (2018) have recently described the species
H. edmundsi from Ambon, Indonesia based on features of
the external morphology, colouration, and shells (no ana-
tomical details were included). The authors claim that the
animal did not resemble any extant species of Haminoea,
but the image included in the work is a perfect match with
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live images of H. fusca (Gosliner et al. 2008; 2015; Hung
2013; Riek 2013, 2014, Mujiono 2016; Cobb 2018), and
thus we here consider that H. edmundsi could be a junior
synonym of H. fusca. However, the genetic distance found
between the specimens from Pakistan and the one from
the Philippines (COI uncorrected p-distance = 7.3-7.5%;
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Fic. 4. — Haminoea cf. fusca (A. Adams, 1850): A, external view of male reproductive system, arrow denotes lateral bulge; B, detail of interior of atrium and fundus;
C, figures modified from Bergh (1901: pl. 18, figs 44, 47, pl. 19, figs 4, 5), detail of radula with “a”: central rachidian (pl. 18, fig. 44); detail of surface of gizzard
plate (pl. 18, fig. 47); male reproductive system, “a”: prostate (pl. 19, fig. 5); lateral view of gizzard plate (pl. 19, fig. 4); D, egg-mass. Abbreviations: as, atrium
sheet; at, atrium; be, body cavity; c¢g, central groove; fu, fundus; ga, genital aperture; llw, left lateral wall; lwg, grooves of lateral walls; pr, prostate; rlw, right
lateral wall; rm, retractor muscles; sd, seminal duct; smg, seminal groove; w, soft warts. Scale bars: A, B, 0.5 mm; D, 1 cm.

Fig. 1) suggests the possible occurrence of cryptic species
under the name Haminoea fusca, but this requires additional
specimens covering the geography of the species in order to
be properly tested.

At present in WoRMS (consulted 24.X1.2018) “Pease,

ZOOSYSTEMA - 2019 - 41 (16)

1863 is mentioned as the authority of Haminoea fusca, but
this is a mistake originated from Habe & Kira (1968) and
later repeated by Gosliner ez a/. (2008) and Willan & Tagaro
(2010) the latter being cited as the information source by
WoRMS as their source information.
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DISCUSSION

Haminoea fissca has been recorded between the eastern Indian
Ocean and the West Pacific in central Indonesia extending
northwards to south and central China and southwards
until New South Wales in eastern Australia (see Taxonomic
section for details). Yet, there are shell-based records in ar-
eas outside this geographical range such as the Kyushu and
southward islands, Japan (Habe & Kira 1968: 137, pl. 42,
fig. 30, as Haloa fusca) and Somalia (Borri ez al. 2002: 51,
fig. 44). However, because of the difficulties in using shells to
discriminate between INWP Haminoea species we regard these
single occurrences as doubtful.

The original description of H. fusca (as Bulla (Haminea)
fusca) by A. Adams (1850: 581, pl. 124, fig. 94) was based
on shells, which the author described as ovo-globose, covered
in fine spiral striae, with dark periostracum and internally
brownish. A. Adams (1850)’ shells are similar to those from
Pakistan; however, the latter ones are whitish-brown with a
pale orange periostracum (Fig. 2B), and the specimen from
the Philippines (here coded “C377; Fig. 1; Table 1) and illus-
trated by Gosliner ez a/. (2008, 2015) has a completely white
shell with an apparent translucent periostracum. Variability
was also found in the COI gene with specimens from Paki-
stan and the Philippines (C37) varying between 7.3-7.5%, a
range in Cephalaspidea gastropods, considered sufficient to
indicate that lineages have speciated (Eilertsen & Malaquias
2013; Ohnheiser & Malaquias 2013; Malaquias ez a/. 2016).

This genetic variability together with the limited original
description of H. fusca and the apparent variable features found
in this species render its identity questionable and raise the
possibility that more than one species of similar ecological
requirements associated with mangroves and mud-flat habi-
tats may in fact occur across IWP. Although, this can only
be tested with a thorough study of the morphological and
genetic diversity of the species including representatives from
across its entire geographical distribution. Nevertheless, and
since the type locality of the species is the Philippines, we cau-
tiously refer to the Pakistani specimens as Haminoea cf. fusca.

The only known anatomical study of H. fusca was per-
formed by Bergh (1901) based on preserved specimens from
Macau. Bergh (1901) did not figure the animal or shell, but
mentioned that the cephalic shield had a posterior shallow
indentation. Additionally, he included detailed drawings
of the radula, gizzard plate and male reproductive system
(Fig. 2C). The drawings show a rachidian of similar shape to
those of our specimens with rounded cusps, ridge-less gizzard
plates covered in small rods and a compact male reproductive
system with a lateral bulge and a bulbous prostate apparently
continuous with the seminal duct. These similarities with our
specimens suggest conspecificity between the samples from
Pakistan and those studied by Bergh (1901) from the South
China Sea (Macau).

The majority of Haminoea species live in shallow marine
waters and H. fusca is the only intertidal mangrove-associated
species of the genus (Strack 1998; Ng & Sivasothi 2001; Lo-
zouet & Plaziat 2008; Hung 2013; Riek 2013, 2014; Mujiono
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2016; Cobb 2018; Yonow & Jensen 2018). It seems that this
species has the capacity to crawl up the pneumatophore of
the mangroves and tolerate periods of emersion (Ullah ez /.
2018) and during our fieldwork campaigns specimens were
observed outside water among intertidal oysters during low
tide. In the Hab River Delta around Sonari (Sunhera) Beach
(24°52°56.69”N, 66°41°12.77”E), nearby our sampling site,
there used to be lush mangrove forests that disappeared after
the construction of the Hab River’s dam has reduced the
volume of freshwater with devastating consequences for the
local mangrove habitats (Khan 1979). The average salinity
in the area is now 34 parts per thousand which has been also
causing decline of the oyster reefs and their associated ecosys-
tems. Despite this fact, H. cf. fusca is, even in the absence of
mangroves, still present and reproducing in the area.
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APPENDIX

Bayesian phylogenetic tree based on partial sequences of the COI gene with 1st and 2nd codons included only. Figures on nodes are posterior probabilities, scale
bar refer to branch lengths.

— Haminoea fusari 167 Iltaly
Haminoea vesicula 202 California
Haminoea japonica GH10 Japan

Haminoea japonica GH8 Washington

Haminoea japonica 164 HamJap Med. France
Haminoea japonica C52 HamJap Med. France
Haminoea japonica 149 HamJap Med. France
I: Haminoea orteai 48 Canary Islands
0'j's-lfsaminoea orteai 198 Azores
— Haminoea orbignyana 1 Portugal

— Haminoea orbignyana 148 Portugal

— Haminoea alfredensis 183 South Africa
0.76

Haminoea alfredensis 182 South Africa
— Haminoea alfredensis 174 South Africa

—— Haminoea antillarum 157 Mexico

Haminoea antillarum 176 Florida
|:0 7I-1Iaminoea hydatis 166 Med. France
" Haminoea hydatis C53 Med. France

Haminoea navicula 131 Portugal
—| 0.67
Haminoea navicula 147 UK

Haminoea sp. 1 C26 Philippines

0.67

Haminoea sp. 2 C3 Indonesia
o
Haminoea sp. 2 93 East Timor

0.62

Haminoea cf. ovalis 333 Hawaii

0.57
‘ Haminoea cf. ovalis C34 Philippines

0.98
- Haminoea cymbalum 16 Indonesia
4' 0.94
Haminoea cymbalum C28 Philippines

Haminoea fusca C37 Philippines

0.59 [ [Haminoea cf. fusca TH81 Pakistan
I_0.99
Haminoea cf. fusca TH82 Pakistan

o Haminoea natalensis 153 South Africa
0.99

= Haminoea natalensis 68 UAE

— Haminoea sp. 4 175 Florida
0.63
— Haminoea sp. 4 152 Florida

0.56

Haminoea sp. 3 154 Mexico

0.94
—— Haminoea sp. 3 161 Mexico

Atys jeffreysi 0.004
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