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ABSTRACT

In the area of Middle Paraná River, Argentina, in the pleuston community associated with the
roots of Eichhornia crassipes (Mart.) Solms-Laubach, 1883, an epibiosis of the non-indigenous
mussel Limnoperna fortunei (Dunker, 1857) on the native crab Trichodactylus borellianus Nobili,
1896 was occasionally recorded. The organisms were measured, weighed, and photographed.
Attached molluscs were larger and heavier than their host crabs. This new interaction in the system
was analyzed with regard to several biological and ecological characteristics of both species.

RESUMEN

En el área del río Paraná Medio, Argentina, en la comunidad pleustónica asociada a raíces de
Eichhornia crassipes (Mart.) Solms-Laubach, 1883, se registró ocacionalmente la epibiosis del
mejillón invasor Limnnoperna fortunei (Dunker, 1857) sobre el cangrejo nativo Trichodactylus
borellianus Nobili, 1896. Los organismos fueron medidos, pesados y fotografiados. Los moluscos
adheridos fueron más grandes y pesados que sus cangrejos hospedadores. Se analizó esta nueva
interacción en el sistema con respecto a varias características biológicas y ecológicas de ambas
especies.

INTRODUCTION

The introduction of non-indigenous species into freshwater ecosystems is
currently considered the main driver of biodiversity modification (Gherardi, 2007).
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Non-indigenous species in an ecosystem expand the possibilities of new ecological
relationships and have profound effects on community structures and ecosystem
functions (Lodge et al., 1998; Strayer, 1999).

In the early 1990s, the golden mussel Limnoperna fortunei (Dunker, 1857) was
detected in South America, and it has since colonized practically the whole Río de
la Plata Basin (Boltovskoy et al., 2006). These molluscs have filter-feeding habits.
They are also epifaunal and attach by means of a byssus to every natural substrate
available: from trunks, rocks, aquatic plants and other organisms to compact silt-
sand, and to artificial substrates as well, such as piers, tubes, walls, revetments and
boat hulls, among others (Boltovskoy & Cataldo, 1999; Darrigran & Ezcurra de
Drago, 2000).

Since its introduction, this mollusc has been shown, through investigations,
to interact with several components of the local biota, forming part of the
diet of native fishes (Montalto et al., 1999; Paolucci et al., 2007), consuming
phytoplankton and zooplankton (Sylvester et al., 2005; Rojas Molina et al., 2010)
and modifying the natural composition and abundance of several native macro
invertebrates (Darrigran et al., 1998; Sardiña et al., 2011). In analysing these
new relationships, the golden mussel was recorded as one of the trophic options
for crabs in the families Portunidae and Trichodactylidae (cf., Cesar et al., 2003;
Torres et al., 2012). In contrast, at different latitudes of the Rio Paraná system, the
organism L. fortunei was observed as attached to the carapaces of anomuran crabs
(Darrigran, 2002; Lopes et al., 2009). This paper is the first report of the occurrence
of the mollusc L. fortunei on the carapace of the crab Trichodactylus borellianus
Nobili, 1896.

MATERIAL AND METHODS

During our research on the population dynamics of Limnoperna fortunei in
the Middle Paraná River, two occasional cases of epibiosis with this mussel on
crab bodies were recorded. In the littoral area, between the floating macrophyte
Eichhornia crassipes (Mart.) Solms-Laubach, 1883 in Alejandra lake (31°43′21′′S
60°47′43′′W, Coronda River, Argentine) (fig. 1), we collected two specimens of
Trichodactylus borellianus with one and two live individuals of L. fortunei attached
to their dorsal carapaces, respectively (fig. 2a-c). Organisms were measured to the
nearest 0.01 mm with digital callipers, weighed to the nearest 0.001 g on a digital
balance and photographed with a digital camera. Previously to being photographed
the organisms were placed into a glass container with water. In this moment, same
qualitative observations of the movement across the container of the crabs with
molluscs were made. After that the specimens were frizzed, fixed with 90% of
alcohol and deposited in the Macrocrustacean laboratory collection of the Instituto
Nacional de Limnología (INALI, CONICET-UNL, Argentina) (TTB No. 28).
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Fig. 1. Geographic location of the specimens of Trichodactylus borellianus Nobili, 1896 and
Limnoperna fortunei (Dunker, 1857) collected.

RESULTS AND DISCUSSION

The crabs were similar in size, but different in weight (table I), and were
adult females in the intermoult stage. The molluscs were similar in size (table I).
According to the literature, these individuals corresponded to adults between 11
months and 1.5 years in age (Maroñas et al., 2003). In addition, these sizes are
within the length classes that have been recorded for this mollusc attached to
Eichhornia crassipes in the Middle Paraná River (Musín et al., 2011). According
to the sizes and weights observed, the crab size is between 2 or more times as small
as the length of the attached bivalves, and the weight of the crabs is 1.5-2 times as
low as the total weight of the attached bivalves.

In South America, the Río de la Plata-Paraná-Uruguay watershed is the most
important freshwater system that has been invaded by the golden mussel (Darri-
gran, 2002; Boltovskoy et al., 2006). This mollusc lives in dense populations on
any available solid surface, but may use different substrates for their attachment
(see above) when they lack solid substrate. The Middle Paraná River is dominated
by soft bottom habitats (Amsler et al., 2007) and, thus, biogenic surfaces there can
also serve as settlement substrates for the fouling of Limnoperna fortunei, resulting
in epibiosis. Examples of native and introduced species as hosts for this mollusc
have been reported previously from South America (Darrigran, 2002; Mansur et
al., 2003; Lopes et al., 2009). In the Río de la Plata and Patos Lagoon systems,
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Fig. 2. Limnoperna fortunei (Dunker, 1857) biofouling the surface body of the crab Trichodactylus
borellianus Nobili, 1896: a, dorsal view of crab 1 with one mollusc; b, front view of crab 2 with two

molluscs; c, ventral view of both crabs. Scale bars = 5 mm.

the effect of the epibiont colonization of L. fortunei on several species of mol-
lusc, including the introduced invasive bivalve Corbicula fluminea (Muller, 1774),
may obstruct the normal displacement of the host and the opening and closing of
its valves (Darrigran, 2002; Mansur et al., 2003). One species of decapods, the
crab Aegla platensis Schmitt, 1942, has been also mentioned as a basibiont for this
mollusc in the Río de la Plata system and the coastal lagoons of Brazil (Darrigran,

TABLE I
Carapace width (CW, between first anterior spine carapace) and weight (WC) of the crabs; total

length (TL) and weight (WB) of the epibiont bivalves

CW (mm) WC (g) TL (mm) WB (g)

Crab 1 5.46 0.082 11.17 0.122
Crab 2 5.61 0.172 10.82, 12.62 0.336∗

∗ Total weight of two bivalves.
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2002; Lopes et al., 2009). However, an association between the crab Trichodacty-
lus borellianus and the mussel has not yet been reported.

The Paraná River floodplain presents a high density of aquatic macrophytes,
among which the floating E. crassipes is the most abundant in coverage and
biomass (Carignan & Neiff, 1992). The root system of this macrophyte provides
potential shelter and food sites for invertebrates, of which T. borellianus is an
important member due to its high abundance in this littoral community (Poi de
Neiff & Neiff, 1980; Collins et al., 2006). The decapod is omnivorous and grazes
upon littoral communities. Therefore, the roots and the bases of the leaves of E.
crassipes are the best shelters for this crustacean (Williner & Collins, in press).
Nevertheless, after the entry of L. fortunei into the system, it is very common to
find specimens of the bivalve between the thin and flexible roots of E. crassipes,
which is capable of reaching higher densities (Musín et al., 2011) in such soft-
bottom habitats.

This particular epibiotic phenomenon was not found during several research
courses over the last 20 years in the area (Collins et al., 2006, 2007, 2009, among
others); while a systematic sampling of macrocrustaceans in the area of the middle
Paraná was conducted over this period, this is the first record of such type of
relationship. Thus, this new finding might represent an occasional and facultative
interaction. Some biological and ecological characteristics of the crab indicate that
the incrusted time of the molluscs on the crabs does not correspond to the total age
of the bivalves. The frequency of moulting of T. borellianus for specimens similar
in size to those found in this work is between 24 and 71 days (Renzulli & Collins,
2000) and, thus, these periodic morphological changes in the living substratum
may disrupt the fouling process. As reported by Costa et al. (2010) for some species
of the Portunidae family, the reticulated pattern or rough carapace of T. borellianus
promotes fouling organisms. One aspect that could favour this association is the
behaviour and habitat use of this crab, which frequent macrophytes as refuges and
feeding sites (Collins et al., 2006; Williner & Collins, in press). Furthermore, as
mentioned for other epibionts in marine environments, areas of lower flow velocity
would favour the accession process (Wolff, 1958), as is the case with the zone of
E. crassipes roots.

The chitinized and calcified body surfaces of crustaceans are well constructed
for the settlement of sessile organisms (Connell & Keough, 1985; Becker, 1996).
While most studies have been devoted to marine crabs (Abelló et al., 1990;
Shields, 1992; Becker, 1996; Villegas et al., 2006; Bernier et al., 2009; among
others), reports of epizoic organisms living or occasionally occurring on freshwater
decapods are much less frequent (Holt, 1975; Alderman & Polglase, 1988;
Damborenea, 1992; Amato et al., 2003, 2005, 2006; Seixas et al., 2011). Several
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interesting aspects could be noted for this new relationship, as host and epibiont
may gain benefits or suffer disadvantages from epibiosis (Wahl, 1989).

The fact that the crabs were fouled by mussels is related to the active movement
of the mussel and the lifestyle of the crabs, as noted above. Mussels are frequently
dislodged by disturbances, such as predation or physical disturbances (Witman
& Suchanek, 1984; Hamilton et al., 1994). In addition, similar to other mytilids,
young and adult L. fortunei have the ability to crawl with the aid of their foot to
seek suitable locations and can re-settle and attach tightly to a substratum with
byssal threads after dislodgement (Uryu et al., 1996).

The fouling by calcareous epibionts causes an increase in mass, which may
reduce buoyancy and hinder both the motion and flexibility of the host (Wahl,
1989). In our laboratory observations, T. borellianus must support organism which
exceeds twice its size and weight, and its displacement becomes very difficult and
leads to trembling, which could lead to higher energetic costs for locomotion and
reduce its ability to escape from predators. The crabs that tried to move ended
up their carapaces on the substrate and their locomotor appendages facing up
(fig. 2c). Additionally, an attached epibiont changes the carapace surface of the
crab and increases the surface friction with the water flow (Wahl, 1989, 2008).
This situation could occur during the flooded periods of the littoral zones of alluvial
lakes that T. borellianus and L. fortunei inhabit. During a flooded period, the water
velocity increases and causes changes in the structures of littoral communities by
displacing aquatic vegetation through horizontal fluxes along the river floodplain.
These movements could also displace crabs to the benthic area, and in those cases it
would be difficult for them to move because of the weight gain caused by epibiosis.

In contrast, epibionts can play a protective role against detection by enemies by
acting as a camouflage to their host, which decreases predation pressure (Wahl,
1989). In majid crabs, fouling is the main activity used for camouflage (Getty &
Hazlett, 1978; Parapar et al., 1997). However, this could be disadvantageous for
T. borellianus because L. fortunei is very actively consumed by local predators
such as invertebrates, aquatic mammals, birds and especially fishes (Montalto et
al., 1999; Sylvester et al., 2007; Torres et al., 2012). Consequently, the risk of
predation for the crab continues to exist.

In decapods, diverse grooming appendages and behaviours have evolved in re-
sponse to the pressure of fouling. In correlation with the trends in body morphology
and locomotion from natant to brachyuran, grooming specializations were devel-
oped. In brachyurans, the body morphology and characteristic appendages denote
a poor possibility of effective grooming, and the morphological adaptations for
general body grooming are still unknown (Bauer, 1989). As the swimming ability
of decapods is decreased due to the presence of epibionts, the author suggests the
existence of an evolutionary trend with a decrease in the grooming adaptations of
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the reptant organisms. Similarly, the chelipedes that could remove the epibionts
of the carapace are poorly equipped for grooming, according to Bauer (1981). In
crabs, the moulting process would be the only alternative to rid fouling organisms
from the carapace. Other possibilities to prevent the adhesion of epibionts include
the strategies of burrowing organisms, the presence of body surfaces unsuitable for
adhesion or the secretion of antifouling agents. The first option is not viable for T.
borellianus, which has a preference for inhabiting macrophyte roots. However, the
other two options should be being investigated in future works. In addition, the
likelihood of adhesion may be increased by the limited mobility of T. borellianus.

In most cases, epibiosis may interfere with the reproduction process by hinder-
ing recognition between mates and successful copulation and fertilisation (Wahl,
2008). Although the types of sexual recognition between the sexes or the existence
of courtships have not described for T. borellianus, epibiosis could interfere with
the touch-type recognition of males. In mating, males may have difficulty in open-
ing the abdomen and manipulating the female because of the weight gain involving
the mussels.

Trichodactylus borellianus and L. fortunei are omnivorous consumers, and both
prey upon several plant and animal items, including protozoa, rotifers, copepods,
cladocerans, and filamentous and unicellular algae (Rojas Molina et al., 2010;
Williner & Collins, in press). Due to the similarity in diets, it is possible to suggest
a trophic competition between them. However, this competition could act in favour
of the mussel because of its upper position associated with a greater movement of
water (Wahl, 1989) and its high filtration rate (Sylvester et al., 2005). In South
America, L. fortunei has been found to strongly impact invaded water bodies
by lowering planktonic densities, increasing water clarity and altering nutrient
recycling (Rojas Molina & José de Paggi, 2008; Boltovskoy et al., 2009).

Living on motile substrata entails an advantage for the dispersion of L. fortunei.
The attachment to upstream transports by commercial vessels is one of the most
important dispersal mechanisms for this mollusc (Boltovskoy et al., 2006). Wahl
(1989, 2008) proposed that the free transport offered by motile basibionts may
facilitate dispersal and gene-flow among epibiont populations. In this case, the
possibilities of dispersion are limited because the dispersal of T. borellianus is
passive and depends on water flow and the movement of aquatic vegetation
(Williner et al., 2011).

Epibiosis can have a community-wide impact by modulating the interactions
between host organisms and the environment (Wahl, 2008). Much of the ecolog-
ical effects mentioned above compromise the fitness of the crab, but many are
hypothetical. More investigation is necessary to provide a deeper insight into the
interactions within these natural webs following the introduction of L. fortunei. It
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is interesting to note that these observations could be part of a set of complex rela-
tionships that should be considered not necessarily from the dichotomy of cost and
benefit but, as suggested by Wahl (2008), from assessments of the indirect effects
on the native community as well.
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