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Description of a new genus and species of bopyrid (Isopoda: Epicaridea:
Bopyridae) from the pinnotherid crab, Plenotheres coarctatus (Biirger,
1895), associated with mangrove clams from Vietnam

Jason D. Williams", Christopher B. Boyko'? & Ngo Van Tri’

Abstract. Examination of pea crabs, Plenotheres coarctatus (Biirger, 1895) (Decapoda: Pinnotheridae), from
mangrove clams, Geloina coaxans (Gmelin, 1791) (Bivalvia: Cyrenidae), collected in Vietnam led to the discovery
of a new genus and species of bopyrid parasite. Herein we describe Rhizophoracepon magnagibbus, new genus,
new species, females of which are found in the left or right branchial chamber of the pea crab hosts and are
distinguished from other pinnotherid bopyrids based on rounded coxal plates with crenulate surfaces and small thin
projections, lack of dorsolateral bosses, tergal projections or mid-dorsal projections on the pereomeres, and five
pairs of short, subequal digitate biramous pleopods and uniramous lateral plates and uniramous uropods. Males of
R. magnagibbus are distinguished based on their slightly tapered pleon with the pleomeres splayed out laterally,
mid-ventral tubercles on pleomeres 1-4, and broad, widely separated lobes on the pleotelson. These findings
expand on our knowledge of the diversity of these poorly known hyperparasites from pinnotherid crabs, which

are symbionts of commercially important bivalves.

Key words. bopyrid, Cyrenidae, Geloina coaxans, new species, pea crab, Pinnotherinae

INTRODUCTION

Pinnotherid crabs are unusual brachyurans in that most
species are symbionts of invertebrate hosts (McDermott,
2009). There are 314 described species of pinnotherids
belonging to 63 genera (DecaNet, 2023) but only 23 of these
species (~7%) are known to harbour epicaridean isopod
parasites (Table 1). As with bopyrids and epicarideans
in general (see Williams & Boyko, 2012), this is almost
certainly an underestimate of the number of pinnotherid crab
species that are parasitized by these isopods, particularly in
the Indo-Pacific. To date, only 14 species of epicarideans
have been formally described from pinnotherid hosts: two
entoniscids and 12 bopyrids (McDermott, 2009; Ahyong &
Boyko, 2019; McDermott et al., 2019).

Nearly all pinnotherid crabs or ‘pea crabs’ are themselves
symbionts (some considered to be parasitic) of a wide range
of hosts such as molluscs (see Castro, 2015). Among the
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pinnotherids, some of the symbiotic crabs live in the mantle
cavities of bivalves, including commercially important
species (McDermott, 2009; de Gier & Becker, 2020; Ng &
Ahyong, 2022). For example, the mangrove clam Geloina
coaxans (Gmelin, 1791) (previously Polymesoda coaxans)
is an important commercial species in areas of Asia (Fan
et al., 2013), where it can be found as a host for the
pinnotherid Plenotheres coarctatus (Biirger, 1895). Recently,
the morphology of P. coarctatus was thoroughly reviewed
and the species moved from the genus Pinnotheres to the
newly described genus Plenotheres (Ng & Ahyong, 2022).
Collections of the mangrove clam G. coaxans from markets
in Vietnam led to the discovery of several crabs with bopyrid
isopods in their branchial chambers.

The purpose of the present paper is to investigate the
morphology of the bopyrid parasites from these hosts. After
comparison to the known species and genera of bopyrids
from pinnotherid crabs, it was determined they constituted
a new species and belong in a new genus.

MATERIAL AND METHODS

Camera lucida sketches made of specimens were scanned
into a Macintosh™ computer. Images were then prepared
using the programmes Adobe Photoshop™ and Adobe
[lustrator™, In addition to conventional light micrographs,
some specimens were imaged with a Macropod Pro kit
(MacroscopicSolutions) and resulting pictures were aligned
and stacked with the focus stacking software Zerene Stacker
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References

Locality of parasite
(range of pinnotherid crab host)

Known host(s) of pinnotherid
crab

Pinnotherid crab host of parasite

Parasite

Atkins, 1933

France, United Kingdom

Bivalvia: Anomiidae, Cardiidae,

Pinnotheres pisum (Linnaeus, 1767)

Pinnotherion vermiforme Giard & Bonnier,

1889

(northeastern Atlantic,
Mediterranean)

Donacidae, Glycymerididae,

Mactridae, Myidae, Mytilidae,
Nuculidae, Ostreidae, Pharidae,

(Pinnotherinae)

Williams et al.: New genus and species of parasitic isopod from pinnotherid crabs

Pinnidae, Psammobiidae,
Trigoniidae, Veneridae

Chordata: Ascidiacea

*Ng et al. (2019) indicated that the records of Nepinnotheres cardii from Japan may refer to more than one species; identification of the host from this region requires verification.

**noted as “large parasitic Isopod (Epicarid) beneath the abdomen”.

***multiple hosts infested, may represent more than one parasitic isopod species.

****noted as “females with bopyrids under pleon”.

*****noted as “parasite in the left branchial chamber”.
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(10-65 images from bottom to top of specimens). Carapace
length (CL) and width (CW) are provided as an indicator
of size for the host crabs; measurements include the bulge
caused by the parasite. Isopod size is given as total body
length (TL; anterior margin of head to posterior margin of
pleotelson). Measurements were made to 0.01 mm using an
ocular micrometer. Specimens are deposited in Zoological
Reference Collection, Lee Kong Chian Natural History
Museum (formerly the Raffles Museum) (ZRC). References
are provided for taxonomic authorities of parasite taxa but
not for those of hosts; hosts identified by P.K.L. Ng (ZRC).

SYSTEMATICS
Order Isopoda Latreille, 1816
Suborder Epicaridea Latreille, 1825
Family Bopyridae Rafinesque, 1815

Subfamily Keponinae Boyko, Moss, Williams &
Shields, 2013

Genus Rhizophoracepon, new genus

Type species. Rhizophoracepon magnagibbus, new species,
by present designation.

Etymology. The genus name is a combination of Rhizophora,
to denote the mangrove habitat of the host clams and pea
crabs, and -cepon, a commonly used suffix for bopyrid
genera, especially in Keponinae. The gender is masculine.

Diagnosis. Female head subovate, frontal lamina thin and
extending to lateral margins of head. Eyes absent. Antennules
and antennae with two and five articles each, respectively.
Barbula with two slender subequal falcate pointed lateral
projections on each side, middle region smooth. Maxilliped
with large palp present. Coxal plates on pereomeres 1-7
rounded with crenulate surface and small thin projections;
dorsolateral bosses and tergal projections absent. Mid-dorsal
projections on pereomeres absent. Oostegites enclosing brood
pouch; oostegite 1 with subcircular anterior article, subequal
in size to posterior article, internal ridge digitate, posterior
article rounded with distolateral triangular projection.
Pereopods subequal in structure, posterior pairs slightly
longer than anterior. Pleon with six segments, first five
pleomeres each bearing a pair of biramous digitate pleopods
and uniramous digitate lateral plates, surfaces crenulate.
Endopodites, exopodites, and lateral plates subequal in
size. Terminal pleomere ending in uniramous uropods,
surface smooth, margins slightly crenulate. Male head ovate,
distinctly separated from first pereomere. Minute eyes near
posterolateral corners. Antennules of three articles each;
antennae of six articles each. No pereomeres with mid-
ventral tubercles. Pereopods subequal in size and structure
except anterior three pairs with longer dactyli. Pleon with
six pleomeres. First five pleomeres with low, rounded
pleopods bearing nipple-like extension, mid-ventral tubercles
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present on pleomeres 1-4. Pleomere 6 without uropods,
posterolaterally extended into two flat, broad, smooth rami
separated by large triangular median indentation.

Remarks. Rhizophoracepon, new genus, belongs to
Keponinae as the females and males possess all the diagnostic
characters of that subfamily (Boyko et al., 2013), particularly
the five pairs of lateral plates of the female with weakly
tuberculate to filamentous marginal projections. The new
genus differs from all others in Keponinae in having females
with rounded coxal plates with crenulate surfaces and small
thin projections (apomorphy), no dorsolateral bosses, tergal
projections or mid-dorsal projections on the pereomeres, and
five pairs of short, subequal digitate biramous pleopods and
uniramous lateral plates and uniramous uropods. No species
in any other keponine genera have this combination of
characters. The male has a slightly tapered pleon with the
pleomeres splayed out laterally, mid-ventral tubercles on
pleomeres 1-4, and broad, widely separated lobes on the
pleotelson, a combination of characters that distinguishes it
from the males of other keponine genera. Interestingly, the
shape of the male pleon is similar to the males of species of
Rhopalione Pérez, 1920; however, the females of the new
genus and species do not show any similarity to those of
species of Rhopalione.

Rhizophoracepon magnagibbus, new species
(Figs. 1-4)

Type material examined. Holotype: mature female (5.9 mm
TL; ZRC 2023.0051), from left branchial chamber of female
Plenotheres coarctatus (Biirger, 1895) (7.7 mm CL, 10.4
mm CW; ZRC 2022.0054), from mangrove clam, Geloina
(=Polymesoda) coaxans (Gmelin, 1791) (Cyrenidae),
Dong Rui Mangrove forest, Tien Yen district, Quang Ninh
Province, northeastern Vietnam, from Ba Che Market, Ba
Che Town, coll. V. T. Ngo, 9—13 March 2022. Allotype:
mature male (3.4 mm TL; ZRC 2023.0052), same locality
data and host as holotype. Paratypes: mature female (5.7
mm TL), mature male (2.5 mm TL) (ZRC 2023.0053),
from left branchial chamber of female P. coarctatus (7.8
mm CL, 9.7 mm CW; ZRC 2022.0054), same locality data
as holotype; mature female (7.1 mm TL), mature male (3.8
mm TL) (ZRC 2023.0054), from right branchial chamber
of female P. coarctatus (7.1 mm CL, 11.3 mm CW; ZRC
2022.0054), same locality data as holotype.

Additional material examined. Female P. coarctatus (8.9
mm CL, 11.5 mm CW) (ZRC 2022.0055) with right branchial
chamber swollen but empty, same locality data as holotype.

Etymology. The species name is a combination of magna-
(large) and -gibbus (hump), in reference to the extremely
large bulge that the bopyrid makes in the carapace of the
host. Used as an adjective.

Description. Female holotype (ZRC 2023.0051) length 6.2
mm; maximum width (across percomere 5; not including
extended oostegites) 4.0 mm; head length 0.9 mm; head
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width 1.8 mm; pleon length 1.8 mm. All segments of body
distinct (Fig. 2H).

Head subovate, frontal lamina thin and extending to lateral
margins of head. Eyes absent. Antennules and antennae with
two and five articles each, respectively, terminally setose
(Fig. 3A). Barbula with two slender, subequal, falcate pointed
lateral projections on each side, middle region smooth (Fig.
3B). Maxilliped with prominent anterior segment, large thick
palp present, plectron triangular, short and acute (Fig. 3G).

Pereon broadest across pereomeres 3 and 4. Coxal plates on
pereomeres 1-7 rounded with crenulate surface and small thin
projections (Figs. 2D, H, 3H), dorsolateral bosses and tergal
projections absent. Mid-dorsal projections on pereomeres
absent (Fig. 2I). Oostegites enclosing brood pouch (Fig.
2E), oostegite 1 (Fig. 3E, F) with subcircular anterior
article, subequal in size to posterior article, internal ridge
digitate, posterior article rounded with distolateral triangular
projection. Pereopods subequal in structure, posterior pairs
slightly longer than anterior (Fig. 3C, D). All pereopods
with elongate meri and ischia, and blunt dactyli.

Pleon with six segments, first five pleomeres each bearing
a pair of biramous digitate pleopods and uniramous digitate
lateral plates, surfaces crenulate (Fig. 3I-L). Endopodites,
exopodites, and lateral plates subequal in size. Terminal
pleomere ending in uniramous uropods, similar to but
broader than fifth pleopods, surface smooth, margins slightly
crenulate (Fig. 3K, L).

Male allotype (ZRC 2023.0052) length 3.4 mm; maximum
width (across pereomere 3) 1.2 mm; head length 0.3 mm;
head width 0.6 mm. All body regions and segments distinct
(Figs. 2F, 4A).

Head ovate, distinctly separated from first pereomere (Figs.
2F, 4A). Minute eyes near posterolateral corners (Fig. 4A).
Antennules of three articles each; antennae visible beyond
margins of head in dorsal view, of six articles each; both
bearing setae on two distalmost articles (Fig. 4C).

Pereomeres 2 and 3 subequal in width, patches of pigmentation
on pereomeres 2—7 (Fig. 4A). No percomeres with mid-ventral
tubercles. Pereopods subequal in size and structure except
anterior three pairs with longer dactyli (Fig. 4B, D, E).

Pleon with six pleomeres, 1 and 2 subequal in width, others
each narrower than preceding one (Figs. 2G, 4B). First five
pleomeres with low, rounded pleopods bearing nipple-like
extension, mid-ventral tubercles present on pleomeres 1-4
(Fig. 4B). Pleomere 6 without uropods, posterolaterally
extended into two flat, broad, smooth rami separated by
large triangular median indentation (Figs. 2F, G, 4A, B).

Remarks. A total of nine specimens (smallest 9.0 mm CL, 9.4
mm CW; largest 11.8 mm CL, 13.2 mm CW) of Plenotheres
coarctatus (Biirger, 1895) were collected at the type locality
between 9-13 March 2022, four of which bore a male and
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Fig. 1. Live images of the host crab Plenotheres coarctatus (Biirger, 1895) and the parasitic isopod Rhizophoracepon magnagibbus, new
genus, new species. A, Plenotheres coarctatus, oblique lateral view showing swelling of left branchial chamber caused by R. magnagibbus
(male parasite can be seen through swelling by the paired, opaque white dots to side of dark mid-line); B, Plenotheres coarctatus, dorsal
view showing swelling of left branchial chamber caused by R. magnagibbus.
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Fig. 2. Light microscope images of the host crab Plenotheres coarctatus (Biirger, 1895) (ZRC 2022.0054) and the parasitic isopod
Rhizophoracepon magnagibbus, new genus, new species. A, P. coarctatus, dorsal view showing swelling of left branchial chamber
caused by R. magnagibbus (ZRC 2023.0053); B, P. coarctatus (Biirger, 1895), dorsal view showing swelling of left branchial caused
by R. magnagibbus (ZRC 2023.0054); C, P. coarctatus, posterior view showing vaulted left branchial caused by R. magnagibbus (ZRC
2023.0054); D, paratype female, dorsal view (ZRC 2023.0053) from host shown in A; E, paratype female, ventral view from host shown
in A; F, allotype male, dorsal view (ZRC 2023.0052); G, allotype male, ventral view (ZRC 2023.0052); H, holotype female, dorsal view
(ZRC 2023.0051); 1, paratype female and male pair, lateral view (ZRC 2023.0054), from host shown in B, C. Scale bars = 2.5 mm (A-C),
1.25 mm (D, E, H, I), 1 mm (F, G).
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Fig. 3. Rhizophoracepon magnagibbus, new genus, new species, paratype females (ZRC 2023.0054). A, left antennule (A1) and antenna
(A2); B, left barbula; C, left pereopod 1; D, left pereopod 7; E, left oostegite 1, outer view (dashed lines show close up of setae on
posterior lobe); F, left oostegite 1, inner view (dashed lines show close up of setae on anterior lobe); G, left maxilliped, outer view; H,
coxal plates and tergal projections on pereomeres 5-7; I, pleopod and lateral plate of pleomere 1, left side, dorsal view; J, pleopod and
lateral plate of pleomere 5, left side, dorsal view (arrow shows where lateral plate was attached); K, uropods plus pleopod and lateral
plate of pleomere 5 from left side, dorsal view; L, uropods plus pleopod and lateral plate of pleomere 5 from left side, ventral view. (cp
= coxal plates, en = endopod, ex = exopod, Ip = lateral plate, tp = tergal projections, Uro = uropods). Scale bars = 100 mm (A, C, D),

500 um (B, E-L), 25 pum (insets of E, F).

female pair of bopyrid isopods in the branchial chamber or
showed evidence of prior infestation. The parasitized side
of the carapace is greatly deformed (Figs. 1, 2A—C). For
example, in one host specimen (ZRC 2022.0054) the width
of the carapace is ~7% wider (7.1 mm versus about 7.6 mm)
when the extension caused by the parasitic isopod is added
and thickness is ~58% greater (5.7 mm versus 9.0 mm).

Ecology. The Dong Rui Mangrove forest is a brackish water
environment (ca. 24.5-29.1%o; Nguyen et al., 2020). From
a collection in this region (March 2013, Tien Yen District,
Quang Ninh province, Vietnam), the pea crab P. coarctatus
was found in approximately 3% of larger mangrove clams (20
pea crabs found in 25 kg of dissected clams of sizes 22-25
individuals/kg) and smaller clams (five pea crabs found
in 5 kg of dissected clams of sizes 30-35 individuals/kg).
Overall prevalence of hyperparasitic isopods was 20% (5
of the total 25 pea crabs infested) in this sample. However,
none of the pea crabs from the larger clams were infested
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with hyperparasitic isopods, whereas all five pea crabs from
the smaller clams were infested with hyperparasitic isopods
(significantly different from a predicted equal distribution: p
<0.001 Fisher Exact Probability Test). The larger and smaller
clams were from the same clutch (i.e., same age). We cannot
definitely state the pea crabs from the 2013 collection were
infested with Rhizophoracepon magnagibbus, new genus,
new species, as other yet undiscovered bopyrids may infest
this host, but based on the locality and host, this is the most
likely hyperparasitic isopod present.

DISCUSSION

Although Rhizophoracepon magnagibbus, new genus,
new species, is presently only known from Vietnam, the
geographic range of its host crab Plenotheres coarctatus
spans the Philippines, Indonesia, Peninsular Malaysia,
Singapore, and Thailand. In this region the pea crabs are
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right antennule (A1) and antenna (A2); D, left pereopod 1; E, left pereopod 7. Dashed lines in A, D indicate debris adhering to specimen.
Scale bars = 250 pm (A, B), 50 pm (C-E).

often rare in collections of the bivalves, although prevalence
can be quite variable based on location of collection (Ng
& Ahyong, 2022) and the prevalence of R. magnagibbus
among these crabs is known only from a single collection
where 20% of pea crabs had the hyperparasite (see Ecology
section for detailed notes). For the few pinnotherid bopyrids
investigated, the prevalence of hyperparasites is reported
as low to moderate levels (~2-22%); for example, the
bopyrid Heterocepon marginatum Shiino, 1936a was in
2.4% of the pea crab Arcotheres palaensis (Biirger, 1895)
from Anadara maculosa (Reeve, 1844) (Janssen & Brandt,
1994), the bopyrid Onychocepon resupinum Shiino, 1936b
was found in 11.8% of the pea crab Arcotheres boninensis
(Stimpson, 1858) from the oyster Saccostrea kegaki Torigoe
& Inaba, 1981 (Yasuoka & Yusa, 2017), and the bopyrid
isopod Rhopalione sinensis Markham, 1990 was found in
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7.7-22.1% of Arcotheres sinensis (Shen, 1932) from the
oyster Magallana angulata (Lamarck, 1819) (Kuo et al.,
2018).

The pea crab P. coarctatus occurs in two mangrove bivalves
(Geloina coaxans and Glauconome spp.) representing two
different families of Cyrenoidea (Ng & Ahyong, 2022).
Nothing is known of any potential differences in bopyrid
isopod infestation rates of the pea crab hosts in these
morphologically distinct bivalves, and future studies could
examine host crab and clam specificity. The mangrove
clam G. coaxans is known to be an important member of
the mangrove ecosystem, feeding on mangrove detritus and
serving to transfer energy to higher trophic levels (Bachok
et al., 2003; Nguyen et al., 2012). However, the impacts
of pinnotherids on these hosts has not been quantitatively
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studied. As in other ecosystems, the impacts of parasites are
often overlooked and largely underestimated (see Lafferty
et al., 2006; Carlson et al., 2020 and references therein);
this is particularly true of “Swiftian symbioses” (Boyko
& van der Meij, 2018) where the interactions of primary
symbionts (pinnotherids) and their hyperparasites (bopyrids)
is poorly known. Yasuoka & Yusa (2017) found that male
pea crabs were significantly more often infested by bopyrids
and suggested these larger crabs may consequently become
trapped in the oyster hosts; thus, the hyperparasites could
have negative short-term impacts on the oysters (including
lowering their wet weight). In the present study, preliminary
data shows that infested crabs were more often found in
smaller clam hosts, which may be further evidence that the
hyperparasites negatively impact growth of the clams or that,
after infestation, crabs are more readily trapped in smaller
host clams. However, research is needed to determine cause
and effect in this system (i.c., the hyperparasites may not be
the cause of the reduced host clam size or trapping of crabs,
rather it is possible that smaller clams more often come to
harbor the hyperparasites due to some factor which enhances
larval isopod settlement in these clams). It should be noted,
as Yasuoka & Yusa (2017) indicated, that bopyrids reduce
the reproduction of the pea crabs and therefore could have
positive long-term impacts on the oysters by reducing the
prevalence of the pea crabs, although this remains to be
demonstrated at the population level. Future studies should
expand on such research and experimentally investigate
how bopyrid parasites might mediate the impacts of pea
crabs on clam hosts.
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