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Abstract

The parasitic isopod family Bopyridae contains approximately 600 species that parasitize calanoid copepods as larvae and
decapod crustaceans as adults. In total, 105 species of these parasites (~18% of all bopyrids) are documented from Recent
squat lobsters and porcelain crabs in the superfamilies Chirostyloidea and Galatheoidea. Aside from one endoparasite, all
the bopyrids reported herein belong to the branchially infesting subfamily Pseudioninae. Approximately 29% (67 of 233
species) of pseudionine species parasitize squat lobsters and 16% (38 of 233 species) parasitize porcelain crabs. Bopyrids
are found in five of six squat lobster families (lacking only in Kiwaidae) and the sole porcelain crab family Porcellanidae.
Six pseudionine genera are shared between squat lobsters and porcelain crabs. The deepest bathymetric records of
bopyrids on squat lobster hosts (5210 m), and records of swellings interpreted as indications of bopyrid presence in fossil
host taxa are noted. Four nomenclatural issues are resolved and the proper form of citation for the French zoologist C. E.
Hesse is provided. Biogeographic distributions for squat lobsters and porcelain crabs are discussed and compared to those
of hermit crabs.

Key words: Bopyridae, Chirostyloidea, hermit crab, Galatheoidea, Isopoda, parasite, Porcellanidae, squat lobster, taxon-
omy
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Introduction

The parasitic isopod family Bopyridae contains approximately 600 valid described species, all of which are para-
sitic on calanoid copepods as larvae and decapod crustaceans as adults (Boyko & Williams 2009). Adult females
are highly modified parasites with a distorted, non-symmetrical body, non-motile pereopods and a well-devel oped
marsupium devoted to the brooding of large numbers of eggs; males are dwarf and have a less modified, more typ-
ical isopod form. Bopyrids are found across a wide range of decapod hosts and ~12% of anomuran species are par-
asitized by bopyrids, anomurans are second only to caridean shrimps as the most common hosts for parasitic
isopods (Boyko & Williams 2009). Nearly all bopyrids occurring on squat lobsters and porcelain crabs are mem-
bers of the subfamily Pseudioninae and live ectoparasitically in the branchial chambers of hosts where they modify
the shape of the branchiostegite, giving the host a lopsided appearance (e.g., Baba 2005: fig. 2). Only one species
of bopyrid (subfamily Entophilinae) lives endoparasitically within the thorax of squat lobster hosts (Adkison &
Coallard 1990). Understanding of the phylogenetic relationships of squat lobsters and porcelain crabs has recently
improved (see Ahyong et al. 2010; Schnabel & Ahyong 2010), and these new classifications are followed in this
work. The term “squat |obsters’ does not refer to a monophyletic group, because Chirostyloidea is more closely
related to Lomisoidea and Aegloidea than to Galatheoidea (Ahyong et al. 2009). Therefore, we use terms “sguat
lobster” and “hermit crab” (another paraphyletic assemblage) as ecomorphotypes rather than as phylogenetic units
(porcelain crabs are specialized for filter feeding and are a monophyletic group within the larger Galatheoidea).

The present work includes a complete list of the bopyrids of squat lobsters and porcelain crabs (with syn-
onyms), and a summary of the total number of host species, including those fossil taxa bearing carapace swellings
interpreted as evidence of bopyrid infestation. During the course of this survey, we resolved several nomenclatural
problems that had either been addressed previously but not generally recognized or that were in need of resolution.
Although no host was cited in the original and only description to date, Cryptione laevis Richardson, 1910 (now
placed in Pleurocryptella, see Bourdon 1979; 1981) from the Philippines (198-247 m) is likely hosted by a squat
lobster, as are al other speciesin Pleurocryptella. Additional collection of topotypic material is needed to confirm
host identity and therefore we do not include this species in the tables or in the data used to generate Figure 1.
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FIGURE 1. Biogeographic distribution of bopyrid parasitic isopods associated with squat |obster, porcelain crab, and hermit
crab hosts across mgjor marine ecoregions. Numbers of parasite species indicated for squat |obster/porcellanid/hermit crab
hosts shown above ecoregiona abbreviations in parentheses (ANT, Antarctic; ANZ, Australia/New Zealand; ARC, Arctic;
ARS, Arabian Sea; CAR, Wider Caribbean; EAF, East Africa; EAS, East Asian Sea; INO, Central Indian Ocean; MED, Medi-
terranean; NEA, North East Atlantic; NEP. North East Pacific; NWA, North West Atlantic; NWP, North West Pacific; SAT,
South Atlantic; SEP, South East Pacific; SPA, South Pacific; WAF, West Africa). Only described species included. Ecoregions
based on “Marine Regions® of Kelleher et al. (1995).
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This paper complements a summary of all parasites and other symbionts of squat lobsters (but not of porcelain
crabs) (Boyko & Williams 2011). Reviews of bopyrids from hermit crabs have been published (Markham 2003;
McDermott et al. 2010), and thus, excepting bopyrids from hosts in Hippoidea and Lithodoidea (no bopyrids are
known from Lomisoidea or Aegloidea), the present work completes the cataloging all known parasitic isopods
associated with anomuran hosts.

Material and methods

Data on the symbionts of squat lobsters were gathered from the literature since 1864 (inception of the Zoological
Record), examination of our own files, and searches made using the squat lobster literature database (http://deca-
poda.arthroinfo.org/references/squatlobsters.ntml). Names of host taxa follow Baba et al. (2008), whereas the
higher taxon categories for hosts follow Ahyong et al. (2010) and Schnabel & Ahyong (2010). We provide cur-
rently accepted names for all host and parasite species; species of unknown taxonomic status and/or questionable
identity are noted but cited as in the original references. Taxonomic authorities of hosts discussed in the text are
provided in Table 2. All of the bopyrids cited by Mayo (1974) were identified by JCM as Pseudione spp., but the
concept of Pseudione was considerably broader at that time and they are cited here as “Pseudione” sp. Hosts listed
as Munida sp. may belong to other genera in Munididae. Only fossil squat lobster and porcelain crab hosts are
listed in Table 3, as their swellings are only identified as bopyrids by implication and no fossil bopyrids have ever
been named.

Biogeographic distribution is based on the “Marine Regions” of Kelleher et al. (1995). We have used these bio-
geographic divisions of Kelleher et al. (1995) rather some other more recent conceptions with more fine grained
divisions (e.g., Spalding et al. 2007) because our data are more appropriately displayed in Kelleher’s “Marine
Regions.” With many gaps in our knowledge of bopyrid species’ distributions, we lack sufficient data for so many
species within the “Provinces” or “Ecoregions” of Spalding et al. (2007) that their use would show many of these
subdivisions with no data points, which would give misleading “patterns” of distribution for bopyrids that are in
large part an artifact of lack of sampling. Using the Spalding et al. (2007) larger scale “Realms” (which combine
some of Kelleher’s “Marine Regions”) obscures biogeographic patterns in areas where our data is more robust
(such as the divisions between the western and eastern temperate North Atlantic). Future collections and identifica-
tions of bopyrids, especially in the Indo—Pacific, will no doubt allow use of finer scale biogeographic divisions,
such as those of Spalding et al. (2007). Data for hermit crab biogeography is taken from McDermott et al. (2010).

Results and discussion

Bopyridae contains nine subfamilies, most of which infest their hosts branchially. This is the condition found for all
porcelain crab and squat lobster parasites, aside from the single entophiline bopyrid (Entophilus omnitectus Rich-
ardson, 1903), an endoparasite of five species of munidids. All other parasites cited herein belong to the Pseudioni-
nae, which is considered the basal and most speciose subfamily of bopyrids (233 total species). Most pseudionines
are known from anomurans, although some species occur on caridean shrimp, nephropid lobsters, axiidean and
gebiidean shrimp, and brachyuran crabs (Shiino 1952; 1965; Markham 1986). On the basis of fossil evidence,
bopyrids appear to have begun their decapod parasitism using squat lobster hosts (Hessler 1969; Markham 1986)
and today approximately 45% of pseudionine bopyrids are known from squat lobster and porcelain crab hosts. Spe-
cies in the squat lobster genus Munida are parasitized by 33 species of bopyrids, which is nearly double the number
of bopyrids found on species of Pagurus (McDermott et al. 2010), the next most parasitized genus of anomuran.
In total, 105 species of these parasites (~18% of all bopyrids) are documented from squat lobsters and porcelain
crabs (Tables 1, 2). Approximately 29% (67 of 233 species) of pseudionine species parasitize squat lobsters and
16% (38 of 233 species) parasitize porcelain crabs. Percentages of described host species infested within each fam-
ily are: Chirostylidae (1.7%; 3 of 174 species), Eumunididae (3.3%; 1 of 30 species), Galatheidae (15.6%; 14 of 90
species), Munididae (12.3%; 46 of 375 species), Munidopsidae (10.7%; 26 of 242 species), Porcellanidae (22.7%;
63 of 277 species), Kiwidae (0 of 1 species).
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TABLE 3. List of fossil squat lobsters andporcelain crabs hosting Bopyridae as evidenced by carapace swellings.
All records from Weinberg Rasmussen et al. 2008.

Host species Geologic period Locality (ies)
GALATHEOIDEA: GALATHEIDAE

Mesogalathea striata (Remes, 1895) Jurassic fossil Czechoslovakia, Austria
GALATHEOIDEA: MUNIDIDAE

Protomunida munidoides (Segerberg, 1900) Jurassic fossil Denmark
GALATHEOIDEA: MUNIDOPSIDAE

Gastrosacus latirostris Beurlen, 1929 Jurassic fossil France

Gastrosacus meyeri (Moericke, 1889) Jurassic fossil Austria

Gastrosacus weinfurteri Bachmeyer, 1950 Miocene fossil Hungary

Gastrosacus wetzleri von Meyer, 1851 Jurassic fossil Germany, France, Czechoslovakia
Gastrosacus zitteli (Moericke, 1889) Jurassic fossil Czechoslovakia, Austria
Paragalathea verrucosa (Moericke, 1889) Jurassic fossil Czechoslovakia
GALATHEOIDEA: PORCELLANIDAE

Petrolisthes magnus Miller, 1984 Miocene fossil Hungary

Pisidia cf. kokayi (Muller, 1974) Miocene fossil Hungary

Six pseudionine genera (Anuropodione Bourdon, 1967, Aporobopyrina Shiino, 1934, Aporobopyrus Nobili,
1906, Parionella Nierstrasz & Brender a Brandis, 1923, Pleurocrypta Hesse, 1865 and Pseudione Kossmann,
1881) contain species found parasitizing both squat lobsters and porcelain crabs. The only genus with species para-
sitizing hosts outside these two groups is Pseudione, but it is not monophyletic (Boyko & Williams 2009). Most
species of bopyrids infesting squat lobsters and porcelain crabs have only been recorded from a single host species,
but 20 (19%) species are known to occur on more than one squat lobster host species, and 12 (11%) from more than
one porcelain crab host species. Aporobopyrus retrorsa (Richardson, 1910) parasitizes at least five species of squat
lobsters from Japan, the Philippines, and Taiwan (Boyko 2004) while Aporobopyrus curtatus (Richardson, 1904)
parasitizes seven host porcelain crabs in the western Atlantic (Lemos de Castro & Brasil Lima, 1980).

The deepest known described bopyrid is Goleathopseudione bilobatus Roman-Contreras, 2008 from Munidop-
sis antonii collected at 4100 m. This record is exceeded by three unidentified bopyrids from 4430-4435 m (Muni-
dopsis profunda, but without an actual bopyrid present in the carapace bulge), 4684-4718 m (Munidopsis crassa)
and 5025-5210 m (Munidopsis petalorhyncha) (see Table 1 for further details). Most porcelain crab parasites are
from the intertidal zone, with the rest nearly all from less than 100 m, although a record exists of a Porcellana sigs-
beiana from 329 m in the Gulf of Mexico bearing an unidentified bopyrid.

The highest diversity of bopyrids associated with anomuran hosts is found in areas of the Indo—West Pacific
such as the East Asian Sea (Fig. 1), which reflects the diversity patterns of bopyrids as a whole (Markham 1986;
Williams & Boyko unpublished), of their hosts (Macpherson et al. 2010), and of marine biodiversity in general.
The biogeography of bopyrids (Fig. 1) is influenced both by the distributions of definitive decapod and intermedi-
ate copepod hosts, the identities of the latter being largely unknown (Boyko & Williams 2009).

Bopyrids of squat lobsters show (Fig. 1) the highest diversity in the East Asian Sea and the Caribbean, with
moderate numbers of species in the North West Pacific and West Africa. No species are known from the North
West Atlantic, Central Indian Ocean, Arabian Sea, and Antarctic. Bopyrids of porcelain crabs also have the highest
diversity in the East Asian Sea and the Caribbean, as well as the North West Pacific. No species are known from
the Arctic, North West Atlantic, Mediterranean, West Africa, Central Indian Ocean, East Africa, and Antarctic.

Comparison of squat lobster and porcelain crab bopyrid diversity with that of hermit crabs (Fig. 1) shows sim-
ilar patterns, with bopyrids of hermit crabs also having highest numbers in the East Asian Sea, Caribbean, and
North West Pacific. Unlike for the bopyrids from the other taxa, hermit crab bopyrids are lacking only from the
Antarctic.

The lack or low numbers of bopyrid species for all three host types in the Arctic and Antarctic reflects the low
numbers (or absence of) suitable hosts in these regions. In the North West Atlantic, hermit crabs have moderate
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diversity and are hosts for five bopyrid parasite species, whereas there are no porcelain crab hosts in this region.
Squat lobster hosts do occur in deeper waters in the North West Atlantic, but no bopyrids have been described from
them, although unidentified species are known (Boyko unpublished). The situation in the Central Indian Ocean is
different, in that there are many suitable hosts present for all three groups but only two species of bopyrids are
known from hermit crab hosts. This is clearly a reflection of limited sampling, rather than a real biogeographic pat-
tern. The small numbers of known bopyrid species from these hosts in other regions, such as the South Pacific and
Australia/New Zealand, are also underestimates of biodiversity (Boyko unpublished).

Nomenclatural issues
Aporobopyrus Nobili, 1906
Aporobopyrus dollfusi Bourdon, 1976

Aporobopyrus aduliticus: Monod, 1933: 224-227, figs. 47(1-3), 48, 49 (not A. aduliticus Nobili, 1906).
Aporobopyrus dollfusi Bourdon, 1976a: 188-189, 240; Bourdon, 1980: 237-242, figs. 1-2; Bourdon et al., 1981: 498-499;
Markham, 1988: 27; Kensley, 2001: 222.

Remarks. Bourdon (1976a) included an entry for “Aporobopyrus dollfusi Bourdon” with a note that the descrip-
tion was “sous presse” but that paper (which he apparently assumed would be published first) was not published
until 1980. Bourdon (1976a) not only introduced the specific name, but also provided characters to differentiate it
from other taxa in the genus, thereby making the name available from the earlier work.

Parionella Nierstrasz & Brender a Brandis, 1923

Remarks. Bourdon (1976a: 219) stated that the type species of Parionella Nierstrasz & Brender a Brandis, 1923
was P. richardsonae Nierstrasz & Brender a Brandis, 1923. However, Nierstrasz & Brender a Brandis (1923)
described two species (P. richardsonae and P. elegans Nierstrasz & Brender a Brandis, 1923) in their new genus
without indication of which was the type species. Therefore, the type species of Parionella was selected as P. rich-
ardsonae by the subsequent designation of Bourdon (1976a).

Pleurocrypta Hesse, 1865
Pleurocrypta porcellanaelongicornis Hesse, 1876

Pleurocrypta Porcellanae longicornis Hesse, 1876: 24-27, pl. 9, figs. 22-33 (improper formation, see below).

Pleurocrypta porcellanae Giard, 1887: 1115; Giard & Bonnier, 1887a: 1309; Giard & Bonnier, 1887b: 104, 175, fig. 6.1V;
Giard, 1888: 29; Giard & Bonnier, 1889: 258; Stebbing, 1893: 410; Giard, 1896: 250; Giard, 1899a: 497; Giard, 1899bh:
47; Bonnier, 1900: 317-318, pl. 16; Richard, 1900: 71; Bohn, 1901: 508; Stebbing, 1908: 58; Tattersall, 1912a: 5-6; Tat-
tersall, 1912b: 27-28; Nierstrasz & Brender a Brandis, 1923: 80; Pérez, 1923a: 1765; Pérez, 1923b: 1935-1936; Pérez,
1925: 472-473; Nierstrasz & Brender a Brandis, 1926: 24-25, figs. 60-61; Pérez, 1927: 264; Nierstrasz & Brender a Bran-
dis, 1931: 174-175; Shiino, 1933: 262; Pérez, 1935: 199; Moore, 1937: 116; Reverberi & Pitotti, 1943: 116; Caroli, 1946:
64; Reinhard, 1949: 26; Pike, 1953: 219, 225; Stock, 1960: 28-30, fig. 2; Bourdon, 1963: 428; Naylor, 1963: 148; Bour-
don, 1965: 173-179, figs. 1a, b, 3c; Codreanu et al., 1966: 1071; Bourdon, 1967b: 285; Bourdon, 1968: 218-220, 222,
281-299, 301, figs. 113-121; Danforth, 1970: 15, 17; Danforth, 1971: 101; Bourdon, 1972b: 833; Geldjay & Kocatas,
1972: 28; Naylor, 1972: 69, 74, table 1; Smaldon & Naylor, 1972: 310-311; Hamond, 1974: 209; Markham, 1974b: 270—
271, table 1; Bourdon, 1976a: 166, 224-225, 230, 232, 241; Huwae, 1976: 65-69, figs. 1, 2; Martin, 1976: 457-458, 460—
463, pl. 2, fig. 2, pl. 3, figs. 1-4; Vervoort, 1976: 220, fig. 11; Huwae, 1977: 27, fig. B3; Huwae, 1979: 71; Wenner &
Windsor, 1979: 302; Adema & Huwae, 1982: 47-49, fig. 6; Isaac et al., 1990: 402, 404; Hayward et al., 1995: 358, 360;
Hansson, 1998: 64; Trilles, 1999: 289, fig. 8.9; Van der Land, 2001: 322; Miiller, 2004: 107, 261; Roman-Contreras,
2008b: 101, fig. 10.

Pleurocryptus (sic) porcellanae: Gerstaecker, 1901: 260.

Pseudione sp. Tattersall, 1912a: 5: Farran, 1915: 55.
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Pleurocrypta perezi Nierstrasz & Brender a Brandis, 1931: 174-175, figs. 52-53.

Pleurocrypta [sp.] Nouvel-Van Rysselberge, 1936a: 43; Nouvel-Van Rysselberge, 1936b: 43.

Pleurocrypta longicornis: Bourdon, 1960: 146.

Pseudione convergens Stock, 1960: 28-30, fig. 1; Bourdon, 1965: 173-179, figs. 1i, 2, 3a, b; Danforth, 1970: 17; Danforth,
1971: 101.

Pleurocrypta porcellana [sic]: Wimpenny, 1966: 125.

Pleurocrpta [sic] Geldjay & Kocatas, 1970: 28.

Pleurocrypta porcellanea [sic]: Kirkim et al., 2008: 382, 384.

Remarks. Hesse (1876) did not name this species in the usual sense of the concept in that he merely provided a
Latin translation of the French vernacular phrase “pleurocrypte de porcellane longicorne” (the Pleurocrypta of
Porcellana longicornis), although he did include the notation of “Nobis” after the Latin text. Therefore, in accor-
dance with ICZN Article 11.9.5, the species name cannot be cited as either “porcellanae” or “longicornis”, but
rather must bear the unwieldy form of “porcellanaelongicornis,” as the name is based on that of the host species.
Giard & Bonnier (1887b) cited Hesse (1876, p. 202 footnote) in the context of another species discussed in that
paper to lament the publication of Hesse’s entire series, Crustaces rares ou nouveaux des cotes de France, which
they considered to be of substandard quality. Interestingly, Giard & Bonnier (1887b) did not place the blame for the
“déplorable gachis introduit dans la Carcinologie” on Hesse, but rather on the professors of La Sorbonne and the
Museum who allowed these “plus bizarres élucubatrions” to be published in their journals.

It should be noted that Hesse’s first initial is given as “M.” in his publications, but that this stood for “Mon-
sieur”, as his given name was Charles Eugene Hesse (see Delamare Deboutteville 1965) and he was an amateur
zoologist. For reasons unexplained, he is most often cited in copepod publications (e.g., Ozdikmen 2008) as “E.
Hesse” (a usage which never appeared in any of his papers). Hesse should be cited in bibliographies as “Hesse, [C.
E.]”, as this is the most accurate form.

Pleurocrypta strigosa Bourdon, 1968

Pleurocrypta galatheae (sic): Lo Bianco, 1888: 409 (not Pleurocrypta galateae Hesse, 1865).

Pleurocrypta strigosa Giard & Bonnier, 1890: 386 (nomen nudum); Stebbing, 1893: 410; Bonnier, 1900: 222, 317, 380; Rich-
ard, 1900: 72; Bohn, 1901: 508; Norman, 1905: 17; Norman, 1907: 363; Pike, 1953: 225; Le Sueur, 1954: 216; Bourdon,
1963: 428.

Pleurocrypta strigosa Bourdon, 1968: 220, 222-226, 264—-265, figs. 79-81; Markham, 1974b: 271; Lemos de Castro & Brasil
Lima, 1975: 129; Trilles, 1999: 329, 331; Junoy & Castelld, 2003: 303; Van der Land, 2001: 322.

Pleurocrypta strigosa Codreanu, Codreanu & Pike in Codreanu, 1968: 611-612 (new synonymy).

Remarks. Giard & Bonnier (1890) noted that the record of Pleurocrypta galatheae (sic) from a Galathea strigosa
(Linnaeus, 1761) collected off Naples, Italy as reported by Lo Bianco (1888) belonged instead to a new species
they named Pleurocrypta strigosa. Unfortunately, they provided no description or illustrations for the species, ren-
dering a nomen nudum that has been subsequently repeated by several authors (see synonymy list above). Both
Bourdon (1968) and Codreanu, Codreanu & Pike in Codreanu (1968) coincidentally made the name available in
1968, describing (and in Bourdon’s case, also figuring) the species from the same host taxon in France (Bourdon
1968) and Spain (Bourdon 1968, Codreanu 1968). There is no additional evidence to specify the date of publication
of Bourdon (1968) or of Codreanu (1968) beyond the year given in the papers themselves (Service des Publications
scientifiques, Muséum national d'Histoire naturelle, pers. comm,; lorgu Petrescu, pers. comm.), so their date of
publication must be accepted as 31 Dec 1968 (fide ICZN Article 21.3.2). As both the Pleurocrypta strigosa of
Bourdon (1968) and Codreanu, Codreanu & Pike in Codreanu (1968) are synonymous as well as homonymous, we
select the taxon as described by Bourdon to be the senior synonym because his description is far superior and
accompanied by illustrations of the species.

Names in synonymy

The following is a list of all the names of bopyrid parasites of squat lobsters and porcelain crabs which have been
placed in synonymy, each given under the currently recognized valid name for their taxon.
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Aporobopyrus curtatus (Richardson, 1904)

= Aporobopyrus johannis Nierstrasz & Brender a Brandis, 1929
Aporobopyrus retrorsa (Richardson, 1910)

= Pseudione lenticeps Shiino, 1958

Pleurocrypta galateae Hesse, 1865
= Pleurocrypta galatheae (sic) auct.
= Pleurocrypta hendersoni Giard & Bonnier, 1890 (homen nudum)
= Pleurocrypta nexa Stebbing in Herdman, 1894
= Pleurocrypta marginata G. O. Sars, 1898
= Pleurocrypta hendersoni Bonnier, 1900
= Pleurocrypta galatheae (sic) var. northumbriensis Flattely, 1922
= Pleurocrypta hessei Nierstrasz & Brender a Brandis, 1931

Pleurocrypta macrocephala Nierstrasz & Brender a Brandis, 1923
= Probopyrus yatsui Pearse, 1930

Pleurocrypta microbranchiata G. O. Sars, 1898
= Pleurocrypta intermedia Giard & Bonnier, 1890 (nomen nudum)
= Pleurocrypta intermedia Bonnier, 1900

Pleurocrypta porcellanaelongicornis Hesse, 1876
= Pleurocrypta Porcellanae longicornis Hesse, 1876 (see above)
= Pleurocrypta perezi Nierstrasz & Brender a Brandis, 1931
= Pseudione convergens Stock, 1960

Pleurocryptella formosa Bonnier, 1900
= Pleurocrypta formosa Giard & Bonnier, 1888 (nomen nudum)

Pseudione crenulata G. O. Sars, 1898
= Palaegyge insignis Giard & Bonnier, 1890 (nomen nudum)
= Pseudione insignis Bonnier, 1900
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