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ABSTRACT

Calyptraeotheres garthi (Fenucci, 1975) is one of nine species of Pinnotheridae occurring in
Argentina and the only species of that genus located in this region. This species can be found
from the San Matias Gulf, Argentina to Rio Grande do Sul, Brazil where it lives in symbiotic
association with limpets of the family Calyptraeidae. Currently, two species of limpets have been
reported as hosts of this species: Crepidula protea (d’Orbigny, 1841) and Crepidula argentina
Simone, Pastorino & Penchaszadeh, 2000. We report here four more species of limpets serving
as hosts of C. garthi, namely Bostrycapulus odites Collin, 2005, Crepidula cachimilla Cledon,
Simone & Penchaszadeh, 2004, Crepidula plana Say, 1822 and Trochita pileus (Lamarck, 1822).
Thus, this pinnotherid appears to be, as others members of the family, a generalist symbiotic species
since it dwells on almost all the potential limpet species reported for Argentina. However, there are
notable differences in prevalence of C. garthi on each host, which suggest that the symbiont might
prefer species of Crepidula over the others genera (Trochita and Bostrycapulus). Additionally, there
exists an apparent relationship between host size and prevalence (e.g., Crepidula cachimilla, the
limpet with the highest prevalence, is clearly larger than the others hosts). Perhaps it is premature to
conclude that the size of the host might be of benefit for the symbiont, but it is a hypothesis worthy
of being explored.

RESUMEN

Calyptraeotheres garthi (Fenucci, 1975) es una de las nueve especies de la familia Pinnotheridae
que se encuentran en Argentina, y es la tinica especie del género presente en esa region. Se distribuye
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desde el Golfo San Matfas, Argentina hasta Rio Grande do Sul, Brasil y establece asociaciones
simbidticas con lapas marinas de la familia Calyptracidae. Hasta el presente, dos especies de lapas
marinas han sido reportadas como hospedadores de ésta especie: Crepidula protea (d’Orbigny, 1841)
y Crepidula argentina Simone, Pastorino & Penchaszadeh, 2000. En el presente trabajo se reportan
cuatro hospedadores mds de C. garthi: Bostrycapulus odites Collin, 2005, Crepidula cachimilla
Cledon, Simone & Penchaszadeh, 2004, Crepidula plana Say, 1822 y Trochita pileus (Lamarck,
1822). Por lo tanto, este cangrejo pinotérido, al igual que otros miembros de la familia, es una especie
de simbionte generalista, ya que habita en casi todos los hospedadores potenciales de Argentina.
A pesar de ello, existe una notable diferencia en la prevalencia de C. garthi en cada lapa marina,
lo cual sugiere que el pinotérido tendria preferencia por las especies de Crepidula por sobre las de
otros géneros (Trochita y Bostrycapulus). A su vez, existe una aparente relacién entre el tamafo
de la especie hospedadora y la prevalencia (e.g., Crepidula cachimilla, el hospedador con la mayor
prevalencia del pinotérido es claramente mas grande que los otros). El tamafio del hospedador podria
beneficiar al cangrejo simbionte, sin embargo esta hipdtesis debe ser explorada en mds detalle en el
futuro.

INTRODUCTION

The family Pinnotheridae De Haan, 1833 is composed of approximately 302
species of small-sized crabs (De Grave et al., 2009), commonly known as pea
crabs, living in symbiotic association with a variety of benthic invertebrates, such
as molluscs, ascidians, annelids, echiurans, echinoderms, and other crustaceans
(Schmitt et al., 1973). Some of these associations are considered to be commen-
salistic (Wells & Wells, 1961; Boschi et al., 1992; Grove et al., 2000) but in some
other cases the relationship has been reported to be parasitic (Stauber, 1945; Bier-
baum & Ferson, 1986; Takeda et al., 1997; Chaparro et al., 2001; Sun et al., 2006).

Pinnotherids are commonly associated with more than a single host species
(McDermott, 1962; Kruczynski, 1973; Boschi, 2000; McDermott, 2005). For
instance, the pea crab Pinnixa chaetopterana Stimpson, 1860 has been recorded
inside of polychaete tubes as well as in burrows of Callianassidae (cf. Schmitt et al.,
1973; McDermott, 2005). Also Tumidotheres maculatus (Say, 1818) is frequently
found inhabiting the mantle cavity of at least 10 species of mussels but may as
well be found within oysters, clams and scallops (McDermontt, 1962; Kruczynski,
1973; Fenucci, 1975; Narvarte & Saiz, 2004). Likewise, Dissodactylus crinitichelis
Moreira, 1901, a common ectoparasite of echinoderms, has been observed to be
associated to at least six species of sand dollars (Queiroz et al., 2011). Although
there are examples where only one host is known, for instance Austinixa behreae
(Manning & Felder, 1989) living in burrows of Callichirus major (Say, 1818),
in general, pinnotherids appear to be generalist organisms with the capability of
colonizing hosts with striking size differences and/or Bauplan. Reasons behind this
apparent lack of host specificity have not been explored, at least not in Argentinean
host-pinnotherid systems. Furthermore, there is no information supporting the
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hypothesis that pea crabs could choose among different hosts and what might be
the benefits of such choice.

As is the case with many species of decapods from Argentina, information about
the biology (e.g., reproduction, growth and relationship with their host) of the pea
crabs is scant. The exception seems to be 1. maculatus in which many aspects of
the life history and crab-host relation have been studied (Welsh, 1932; McDermott,
1962; Pearce, 1964; Costlow & Bookhout, 1966; Bierbaum & Shumway, 1988;
Narvarte & Saiz, 2004). Effects of the pea crab on economically important hosts
makes 7. maculatus a target for such studies. On the other hand, the information
on any of the other Argentinean pea crabs is limited to only a few studies (Fenucci,
1971; Gémez-Simes, 1993; Alves & Pezzuto, 1998; Ocampo et al., 2011; Queiroz
et al., 2011). The main reason for such lack of information is probably because
they cause no harm to any economically important species.

Calyptraeotheres garthi (Fenucci, 1975) is one of the nine species of Pinnotheri-
dae occurring in Argentina and the only species of that genus present in this coun-
try (Fenucci, 1975; Boschi, 2000; Torres, 2006). This species can be found from
the San Matias Gulf, Argentina to Rio Grande do Sul, Brazil (Martins & D’Incao,
1996), where it lives in symbiotic association with limpets of the family Calyp-
traeidae (cf. Fenucci, 1975; Campos, 1999). These limpets are characterized by a
protandric hermaphroditic life cycle where the small and mobile male grows and
develops into a sessile female (Kiikenthal, 1925).

The most basic information regarding any pinnotherid crab, including C. garthi,
is the list of hosts that it can colonize. Such information will be useful to understand
for example patterns of distribution, population genetics, or evolution of the
parasite/host system. Currently, two species of limpets have been reported as hosts
of C. garthi: Crepidula protea (d’Orbigny, 1841) (cf. Parodiz, 1939; Fenucci, 1975;
Martins & D’Incao, 1996) and C. argentina Simone, Pastorino & Penchaszadeh,
2000 (formerly C. unguiformis, see Simone et al., 2000) (Fenucci, 1971, 1975;
Simone et al., 2000). A third unidentified species of Crepidula was reported by
Fenucci (1975). We report here four more species of limpets serving as hosts
of C. garthi. Additionally, we provide data pertaining to some aspects of the
crab/limpet relationship, such as prevalence per host. Finally, we discuss why C.
garthi presents an unequal prevalence on its different calyptraeid hosts.

MATERIAL AND METHODS

Specimens of five limpet species (family Calyptraeidae) were obtained from six
sites in the western South Atlantic, both from the littoral of Buenos Aires (BA)
and San Matias Gulf (SMG), Argentina (fig. 1, table I). Crepidula cachimilla
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Fig. 1. Map of South America displaying the sampling sites of five limpet hosts of Calyptraeotheres
garthi (Fenucci, 1975). The enlarged area shows two main collecting areas in and off shore Buenos
Aires (BA) and San Matias Gulf (SMG). 1, Bostrycapulus odites Collin, 2005; 2, Crepidula
argentina Simone, Pastorino & Penchaszadeh, 2000; 3, Crepidula plana Say, 1822; 4, Trochita pileus
(Lamarck, 1822); 5, Crepidula cachimilla Cledén, Simone & Penchaszadeh, 2004.

Cledé6n, Simone & Penchaszadeh (2004) was collected from mussels captured
by commercial vessels at SMG. The limpet Bostrycapulus odites Collin, 2005
was collected from both intertidal (by hand) and subtidal (by SCUBA diving or
dredging) sites at SMG and BA. Finally, Crepidula argentina, Crepidula plana
Say, 1822, and Trochita pileus (Lamarck, 1822) were collected by dredging at the
subtidal zone of BA on board of the RV “Puerto Deseado” (see table I). With
regard to the substrates, the limpet B. odites was found attached to the shell of
live Ostrea puelchana d’Orbigny, 1842 (subtidal of SMG) whereas this limpet was
found attached to stones everywhere else. The species Crepidula argentina and
Crepidula cachimilla were found mostly attached to the mussel Mytilus edulis
Linnaeus, 1758 and sometimes to the bivalve Aulacomya ater (Molina, 1782).
The limpet Crepudula plana was found attached to the inner side of empty
shells of the clam Protothaca antiqua (King & Broderip, 1835), the volutid snails
Adelomelon brasiliana (Lamarck, 1811), and Zidona dufresnei (Donovan, 1823).
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<= Propodium

Fig. 2. A-E, dorsal view of five limpet hosts of Calyptraeotheres garthi (Fenucci, 1975). A,

Crepidula plana Say, 1822; B, Crepidula argentina Simone, Pastorino & Penchaszadeh, 2000; C,

Bostrycapulus odites Collin, 2005; D, Trochita pileus (Lamarck, 1822); E, Crepidula cachimilla

Cledén, Simone & Penchaszadeh, 2004; F, detail in ventral view of C. cachimilla showing the pea

crab C. garthi (arrow) positioned between the propodium and the neck of a female host; size bar =

5 mm. This figure is published in colour in the online edition of this journal, which can be accessed
via http://booksandjournals.brillonline.com/content/15685403.

Lastly, Trochita pileus was found attached to the outer side of empty shells of P,
antiqua.

The limpets were carefully detached of their substrates and individually fixed
and preserved in 80% ethyl alcohol (EtOH). They were inspected to verify the
presence of pea crabs back at the Marine Ecology and Genetics lab (EGEM),
National University of Mar del Plata, Argentina. The crabs were identified based
on the original description (Fenucci, 1975). For the limpets, on the other hand, the
descriptions from the literature was used (Parodiz, 1939; Hoagland, 1977; Simone
et al., 2000; Cledoén et al., 2004; Collin, 2005); when necessary, identification was
confirmed by the acknowledged expert. Crabs were sexed based on the presence or
absence of gonopods (McLaughlin, 1980) while limpets were sexed based on the
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presence or absence of a penis (Cledén et al., 2004; Collin, 2005). The shell length
of limpets (longest axis) was measured with a digital calliper of 0.1 mm precision.
The carapace width (CW) of crabs was determined under a stereomicroscope with
the aid of a graduated eyepiece (0.01 mm precision). The prevalence of the pea
crab in the hosts was defined as the number of hosts harbouring one or more crabs
divided by the number of total hosts and expressed in percentage.

RESULTS

The pea crab Calyptraeotheres garthi was found living inside of all five species
of the potential limpet hosts (fig. 2). Only one of these limpets, Crepidula
argentina, has been recorded previously as host of C. garthi (cf. Fenucci, 1971,
1975; Simone et al., 2000). However, symbiosis of C. garthi on four other limpets,
B. odites, Crepidula cachimilla, Crepidula plana and Trochita pileus is reported
herein for the first time.

There appear to be some patterns on the prevalence of C. garthi dwelling on its
limpet hosts. For instance, in all limpets the pea crabs were observed positioned
between the neck and the propodium (fig. 2F). Also, C. garthi was principally
observed associated to hosts in their female phase (table I), although in B. odites,
Crepidula argentina and Crepidula cachimilla some pea crabs were found within
limpet males (18.2%, 25%, and 3.7% respectively). The prevalence of C. garthi
differed among host species, it was less than 6% in B. odites, 41.3% in Crepidula
plana, 66.6% in Crepidula cachimilla, 31.2% in Crepidula argentina and 2.6%
in Trochita pileus, which shows a trend to increase prevalence with increasing
maximum size of the host (table I).

DISCUSSION

There are eight species of limpets of the family Calyptraeidae distributed in Ar-
gentina (Parodiz, 1939; Hoagland, 1977; Simone et al., 2000; Cledén et al., 2004;
Penchaszadeh et al., 2002; Collin, 2005; Pastorino & Urteaga, 2012): Bostryca-
pulus odites (sensu Collin, 2005; formerly Crepidula aculeata Gmelin), Crepidula
argentina, Crepidula cachimilla, Crepipatella dilatata (Lamarck, 1822), Crepidula
plana, Crepidula protea, Trochita pileus and Trochita pileolus (d’Orbigny, 1841).
We excluded C. unguiformis Lamarck, 1822 from this list because distribution of
this species has been restricted to the Mediterranean Sea and North Africa (sensu
Hoagland, 1977). All the above limpets are potential hosts of Calyptraeotheres
garthi.
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Many pinnotherid crabs have been regarded as generalist organisms since the
same species is capable of colonizing a wide variety of hosts with striking differ-
ences in size and/or build (Kruczynski, 1973; Schmitt et al., 1973; McDermott,
2005; Queiroz et al., 2011; see also examples of host specificity in Manning &
Felder, 1989). The pea crab C. garthi may establish a symbiotic relationship with
almost all the potential limpet host species reported for Argentina. Despite the
wide spectrum of limpet species that C. garthi occupies, it seems to prefer species
of Crepidula over the other genera. Six of the eight species of limpets listed above
either have been reported or are reported here to be dwelled by C. garthi. Thus
we update the list of hosts of C. garthi as follows: Crepidula argentina, Crepidula
protea, B. odites, Crepidula plana, Crepidula cachimilla and Trochita pileus. Nei-
ther Crepipatella dilatata nor Trochita pileolus have been found occupied by this
pea crab (table I).

We found that pea crabs positioned themselves within the mantle cavity of the
host between the neck and a fold of the foot called propodium. In this position,
the pinnotherid crab is able to feed on the mucus string that contains food that
accumulated on the gill of the limpet (Chaparro et al., 2001; E. O. pers. obs.). The
symbiont might be affecting also the reproductive output in all the observed hosts
by occupying the brooding area, as it has been reported previously for Crepipatella
fecunda Gallardo, 1979 parasitized by Calyptraeotheres sp. from the coast of Chile
(Chaparro et al., 2001). It is noteworthy that we did not find brood capsules in any
of the occupied hosts.

The observed tendency of the crab to occupy female limpets might be related
to the life history of the host. Since all members of Calyptraeidae are protandric
hermaphrodites undergoing metamorphosis at small sizes (Simone et al., 2000;
Cled6én & Penchaszadeh, 2001; Cledén et al., 2004) and female and male pea
crabs establish association with their colonized host, even molting within the host
(Christensen & McDermott, 1958; Pearce, 1964, 1966), then pea crabs potentially
will likely dwell female host more often than male hosts. Furthermore, in the event
when a crab colonizes a young male limpet that has not reached the size to change
sex, the host will eventually undergo metamorphosis; thus the pea crab will be
found almost always within a female host. A complementary study paper testing
this hypothesis is now in progress.

We found that C. garthi occurs within six species of calyptraeid limpets, but
we also found differences in prevalence depending on the host. Little is known
about host species preferences in this pea crab/limpet system but it appears that
the symbiont have greater success colonizing Crepidula cachimilla, followed by
Crepidula plana, Crepidula argentina, B. odites, and Trochita pileus. A spectrum
of factors has been postulated to explain differences in prevalence on other
pinnotherid/host systems: availability of food and the abundance of hosts (Haines
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et al., 1994), salinity (Kruczynski, 1973), depth (Kruczynski, 1974; Pregenzer,
1978; Narvarte & Saiz, 2004), host distribution along the beach (Houghton, 1963;
Seed, 1969), presence or absence of competitors (McDermott, 2005) and sex and
density of previously present congeneric specimens (Bell, 1984). Explanations
for the apparent host preference of C. garthi are beyond the scope of this study
but there is an apparent relationship between host size and prevalence. This is a
hypothesis worth investigating.

ACKNOWLEDGEMENTS

The main part of the material used for the present work was collected by E. O.
during the campaign “Mejillén 11-2009”, on board of the Oceanographic Research
Vessel “Puerto Deseado” (BOPD). We thank colleagues and crew of the BOPD
for their hospitality. We would like to thank Dr. Guido Pastorino for confirming
the identity of Trochita pileus, to Lic. Socorro Doldan for providing samples of
Bostrycapulus odites and to the fisherman Mr. Samuel Silva for providing samples
of Crepidula cachimilla. Sincere thanks are extended to Ernesto Campos and two
anonymous reviewers for their suggestions and criticism that clearly improved
the manuscript. The present work was partially supported by the project EXA
586/12 of Universidad Nacional de Mar del Plata. Additional support to E. O. was
provided through a doctoral scholarship funded by CONICET-Consejo Nacional
de Investigaciones Cientificas y Técnicas. R. R. received scholarship support from
CNPq-PDJ, Brazil (157489/2010-8). The present results are part of the Ph.D.
dissertation of E. O.

REFERENCES

ALVES, E. S. & P. R. PEZZUTO, 1998. Population dynamics of Pinnixa patagoniensis Rathbun,
1918 (Brachyura: Pinnotheridae) a symbiotic crab of Sergio mirim (Thalassinidea: Callianas-
sidae) in Cassino Beach, southern Brazil. Marine Ecology, 19: 37-51.

BELL, J. L., 1984. Changing residence: dynamics of the symbiotic relationship between Dissodacty-
lus mellitae Rathbun (Pinnotheridae) and Mellita quinquiesperforata (Leske) (Echinodermata).
Journal of Experimental Marine Biology and Ecology, 82: 101-115.

BIERBAUM, R. M. & S. FERSON, 1986. Do symbiotic pea crabs decrease growth rate in mussels?
Biological Bulletin, 170: 51-61.

BIERBAUM, R. M. & S. E. SHUMWAY, 1988. Filtration and oxygen consumption in mussels,
Mpytilus edulis, with and without pea crab, Pinnotheres maculatus. Estuaries, 11: 264-271.
BoscHI, E., 2000. Species of decapod crustaceans and their distribution in the American marine

zoogeographic provinces. Revista de Investigacién y Desarrollo Pesquero, 13: 7-136.

BoscHI, E., C. E. FISCHBACH & M. I. Ior10, 1992. Catélogo ilustrado de los crusticeos

estomatépodos y decdpodos marinos de Argentina. Frente Maritimo, 10: 7-94.



1472 E. H. OCAMPO ET AL.

CaMmPpos, E., 1999. Inclusion of the austral species Pinnotheres politus (Smith, 1869) and Pin-
notheres garthi Fennuci, 1975 within the genus Calyptraeotheres Campos, 1990 (Crustacea:
Brachyura: Pinnotheridae). Proceedings of the Biological Society of Washington, 112: 536-
540.

CHAPARRO, O. R., C. L. SALDIVIA & K. A. PASCHKE, 2001. Regulatory aspects of the
brood capacity of Crepidula fecunda, Gallardo 1979 (Gastropoda: Calyptraeidae). Journal of
Experimental Marine Biology and Ecology, 266: 97-108.

CHRISTENSEN, A. M. & J. J. MCDERMOTT, 1958. Life-history and biology of the oyster crab,
Pinnotheres ostreum Say. Biological Bulletin, 114: 146-179.

CLEDON, M. & P. E. PENCHASZADEH, 2001. Reproduction and brooding of Crepidula argentina
(Simone, Pastorino, Penchaszadeh, 2000). The Nautilus, 115: 15-21.

CLEDON, M., L. R. SIMONE & P. E. PENCHASZADEH, 2004. Crepidula cachimilla (Mollusca:
Gastropoda): a new species from Patagonia, Argentina. Malacologia, 46: 185-202.

COLLIN, R., 2005. Development, phylogeny, and taxonomy of Bostrycapulus (Caenogastropoda:
Calyptraeidae), an ancient cryptic radiation. Zoological Journal of the Linnean Society, 144:
75-101.

CosTtLow, J. D. & C. G. BOOKHOUT, 1966. Larval stages of the crab, Pinnotheres maculatus,
under laboratory conditions. Chesapeake Science, 7: 157-163.

DE GRAVE, S., N. D. PENTCHEFF, S. T. AHYONG, T.-Y. CHAN, K. A. CRANDALL, P. C.
DWORSCHAK, D. L. FELDER, R. M. FELDMANN, C. H. J. M. FRANSEN, L. Y. D.
GOULDING, R. LEMAITRE, M. E. Y. Low, J. W. MARTIN, P. K. L. NG, C. E. SCHWEITZER,
S. H. TAN, D. TSHUDY & R. WETZER, 2009. A classification of living and fossil genera of
decapod crustaceans. Raffles Bulletin of Zoology, 21 (Supplement): 1-109.

FENuCcI, J. L., 1971. Notas sobre las dos especies de Pinnotheres mds comunes en el litoral
bonaerense (Decapoda, Brachyura, Pinnotheridae). Physis Buenos Aires, 30: 355-367.

— —, 1975. Los cangrejos de la familia Pinnotheridae del litoral argentino (Crustacea, Decapoda,
Brachyura). Physis Buenos Aires, 34: 165-184.

GOMEZ-SIMES, E., 1993. Pinnixa brevipollex y Pinnotheres maculatus (Crustacea: Brachyura:
Pinnotheridae) en el Golfo San José, Chubut, Argentina. Physis Buenos Aires, 48: 25-28.
GROVE, M. W., C. M. FINELLI, D. S. WETHEY & S. A. WOODIN, 2000. The effects of symbiotic
crabs on the pumping activity and growth rates of Chaetopterus variopedatus. Journal of

Experimental Marine Biology and Ecology, 246: 31-52.

HAINES, C. M. C., M. EDMUNDS & A. R. PEWSEY, 1994. The pea crab, Pinnotheres pisum
(Linnaeus, 1767), and its association with the common mussel, Mytilus edulis (Linnaeus,
1758), in the Solent (UK). Journal of Shellfish Research, 13: 5-10.

HOAGLAND, K. E., 1977. Systematic review of fossil and recent Crepidula and discussion of
evolution of the Calyptracidae. Malacologia, 16: 353-420.

HOUGHTON, D. R., 1963. The relationship between tidal level and the occurrence of Pinnotheres
pisum (Pennant) in Mytilus edulis L. Journal of Animal Ecology, 32: 253-257.

KRUCZYNSKI, W. L., 1973. Distribution and abundance of Pinnotheres maculatus Say in Bogue
Sound, North Carolina. Biological Bulletin, 145: 482-491.

— —, 1974. Relationship between depth and occurrence of pea crabs, Pinnotheres maculatus, in
blue mussels, Mytilus edulis, in the vicinity of Wood Holes, Massachusett. Chesapeake Science,
15: 167-169.

KUKENTHAL, W., 1925. Handbuch der Zoologie, 5: 63-67. (Walter de Gruyter and Co., Berlin and
Leipzig).

MANNING, R. B. & D. L. FELDER, 1989. The Pinnixa cristata complex in the Western Atlantic,
with a description of two new species (Crustacea: Decapoda: Pinnotheridae). Smithsonian
Contributions to Zoology, 473: 1-26.

MARTINS, S. T. S. & F. D’INCAO, 1996. Os Pinnotheridae de Santa Catarina e Rio Grande do Sul,
Brasil (Decapoda, Brachyura). Revista Brasileira de Zoologia, 13: 1-26.



NEW RECORD OF CALYPTRAEID HOSTS FOR CALYPTRAEOTHERES GARTHI 1473

MCDERMOTT, J. J., 1962. The incidence and host-parasite relations of pinnotherid crabs (Decapoda,
Pinnotheridae). Coastal and Shallow Waters Research Conference, 1: 162-164.

— —, 2005. Biology of the brachyuran crab Pinnixa chaetopterana Stimpson (Decapoda: Pin-
notheridae) symbiotic with tubicolous polychaetes along the Atlantic coast of the United States,
with additional notes on other polychaete association. Proceedings of the Biological Society of
Washington, 118: 742-764.

MCLAUGHLIN, P. A., 1980. Comparative morphology of recent Crustacea: i-xvi, 1-177. (W. H.
Freeman, San Francisco, CA).

NARVARTE, M. A. & M. N. SA1z, 2004. Effects of the pinnotherid crab Tumidotheres maculatus
on the Tehuelche scallop Aequipecten tehuelchus in the San Matias Gulf, Argentina. Fisheries
Research, 67: 207-214.

Ocampro, E. H., J. D. NUNEZ, M. S. LIZARRALDE & M. CLEDON, 2011. Larval develop-
ment of Calyptraeotheres garthi (Fenucci, 1975) (Brachyura, Pinnotheridae) described from
laboratory-reared material, with notes of larval character use on Pinnotheridae systematic. Hel-
goland Marine Research, 65: 347-359.

PARODIZ, J. J., 1939. Las especies de Crepidula de las costas Argentinas. Physis Buenos Aires, 17:
685-7009.

PASTORINO, G. & D. URTEAGA, 2012. A taxonomic revision of the genus Trochita Schumacher,
1817 (Mollusca: Calyptraeidae) from the southwestern Atlantic. The Nautilus, 126: 1-11.
PEARCE, J. B., 1964. On reproduction in Pinnotheres maculatus (Decapoda: Pinnotheridae).

Biological Bulletin, 127: 384.

— —, 1966. The biology of the mussel crab, Fabia subquadrata, from the waters of the San Juan
Archipiélago, Washington. Pacific Science, 20: 3-35.

PENCHASZADEH, P. E., G. PASTORINO & M. CLEDON, 2002. Crepidula dilatata Lamarck, 1822
truly living in the South Western Atlantic. The Veliger, 45: 174-176.

PREGENZER JR., C., 1978. Pinnotheres hickmani (Guiler) in wild and cultured Mytilus edulis
(mussels) in Port Phillip Bay, Victoria. Australian Journal of Marine and Freshwater Research,
29: 127-139.

QUEIROZ, V., L. SALES, E. NEVES & R. JOHNSSON, 2011. Dissodactylus crinitichelis Moreira,
1901 and Leodia sexiesperforata (Leske, 1778): first record of this symbiosis in Brazil.
Nauplius, 19: 63-70.

ScHMITT, W. L., J. C. McCAIN & E. S. DAVIDSON, 1973. Decapoda I, Brachyura I, family
Pinnotheridae. In: H. E. GRUNER & L. B. HOLTHUIS (eds.), Crustaceorum Catalogus. (The
Hague, The Netherlands, Dr. W. Junk BV).

SEED, R., 1969. The incidence of the pea crab, Pinnotheres pisum in the two types of Mytilus
(Mollusca: Bivalvia) from Padstow, south-west England. Journal of Zoology, 158: 413-420.

SIMONE, L. R. L., G. PASTORINO & P. E. PENCHASZADEH, 2000. Crepidula argentina (Gas-
tropoda: Calyptraeidae), a new species from the littoral of Argentina. The Nautilus, 114: 127-
141.

STAUBER, L. A., 1945. Pinnotheres ostreum, parasitic on the American oyster, Ostrea (Gryphaea)
virginica. Biological Bulletin, 88: 269-291.

SUN, W., S. SUN, Y. WANG, B. YANG & W. SONG, 2006. The prevalence of the pea crab, Pin-
notheres sinensis, and its impact on the condition of the cultured mussel, Mytilus galloprovin-
cialis, in Jiaonan waters (Shandong Province, China). Aquaculture, 253: 57-63.

TAKEDA, S., S. TAMURA & M. WASHIO, 1997. Relationship between the pea crab Pinnixa tumida
and its endobenthic holothurian host Paracaudina chilensis. Marine Ecology Progress Series,
149: 143-154.

TORRES, E. R., 2006. First record for Argentina of Pinnixa valdiviensis Rathbun, 1907 (Decapoda,
Pinnotheridae). Investigaciones Marinas, 34: 175-179.

WELLS, H. W. & M. J. WELLS, 1961. Observations on Pinnaxodes floridensis, a new species of
pinnotherid crustacean commensal in holothurians. Bulletin of Marine Science, 11: 267-279.



1474 E. H. OCAMPO ET AL.

WELSH, J. H., 1932. Temperature and light as factors influencing the rate of swimming of larvae of
the mussel crab, Pinnotheres maculatus Say. Biological Bulletin, 63: 310-326.

First received 13 December 2011.
Final version accepted 13 May 2012.



