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Crustaceans and Marine Heterobranchia: A New Symbiotic Relationship in the Mediterranean Sea



Giulia Furfaro 1,*[image: Orcid], Michele Solca 2[image: Orcid] and Paolo Mariottini 3[image: Orcid]





1



Department of Biological and Environmental Sciences and Technologies-DiSTeBA, University of Salento, 73100 Lecce, Italy






2



Museo di Biologia Marina “Pietro Parenzan”, Via Vespucci 13/17, 73010 Lecce, Italy






3



Department of Science, University of Roma Tre, 00146 Rome, Italy









*



Correspondence: giulia.furfaro@unisalento.it







Academic Editors: Bert W. Hoeksema and Zoe Richards



Received: 15 November 2021 / Accepted: 23 November 2021 / Published: 24 November 2021



Abstract

:

The “solar-powered” Elysia timida (Risso, 1818) is an endemic Mediterranean sacoglossan living in rocky substrates at shallow water. During a scuba dive, one E. timida was photographed and collected. The observation revealed the presence of a small crustacean of the Pinnotheridae family. It was not possible to assign the crustacean to a genus, but it shares typical ecological and external morphological features with other Pinnotherinae species. This is the first report of a pea crab hosted by a non-shelled Heterobranchia and the first case of a symbiotic association between crustaceans and marine Heterobranchia reported in the Mediterranean Sea.
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Elysia timida (Risso, 1818) is a “solar-powered” sacoglossan species (Mollusca, Gastropoda) long-studied for its ability to incorporate chloroplasts obtained from the algae it feeds on [1,2]. This species is endemic to the Mediterranean Sea and lives on rocky substrates at shallow water where it is locally common and often quite abundant (Figure 1). During a scuba dive in “Punta del Pecoraro” in Civitavecchia, Latium, Italy (Central Tyrrhenian Sea) on 7 May 2018, two E. timida specimens were observed at 3 m depth.



The two individuals were collected and carefully observed under a stereomicroscope to take photographs of morphological features and then stored in EtOH 96% at the Roma Tre University collection (Vouchers RM3_1384 and RM3_1385) for future molecular analysis. Unexpectedly, while observing one of the two E. timida individuals (Figure 2A), one of the red spot characteristics of the color body pattern of this sacoglossan seemed to move independently along the parapodia of the sea slug, and then disappeared soon after. An in-depth observation allowed us to reveal the presence of a very small decapod crustacean with a white body bearing a single red spot (about half the size of the whole animal) on the dorsal surface of its carapace perfectly matching (both in color and shape) the typical red dots externally decorating the parapodia of E. timida (Figure 2B). Just after a few seconds the small crustacean moved quickly to hole up in the internal surface of the parapodia of its host (Figure 2C). Due to the typical defensive behavior of E. timida to close parapodia when disturbed, it was not possible to take additional pictures of this association.



The observation revealed the crustacean as a Decapoda Brachyura belonging to the Pinnotheridae family. In fact, the “pea crabs”, as the members of this latter family are commonly named, comprise around 320 accepted species grouped in four subfamilies: Pinnotherinae, Pinnixinae, Pinnothereliinae, and Pinnixulalinae. While members of the three latter subfamilies are commensal symbionts living inside the holes and tubes of living annelid and sipunculid worms and inside mud shrimp burrows [3,4], members of Pinnotherinae are defined as small symbiotic crabs, living on different hosts, mainly on molluscs [4]. It is reasonable to attribute the small crab here reported to the Pinnotherinae. The reduced body size and the complicated multi-staged life cycles could be the reasons why the biology of most of the Pinnotherinae species is still unknown. Even if most of the Pinnotherinae are hosted by Bivalvia, some genera are known to live in association with Gastropoda with a single case of a pea crab, Opisthopus transversus (Rathbun, 1894), hosted by Heterobranchia species such as Aplysia vaccaria (Wrinkler 1955) [5], Bulla gouldiana (Pilsbry, 1895) and Navanax inermis (Cooper, 1862) [6]. These three heterobranchs belong to basal groups that have conserved a shell, a character lacking in most of the other Heterobranchia. The three species mentioned above are the only cases known until now of symbiotic association between a pea crab and heterobranchs.



Unfortunately, it was not possible to assign the pea crab here investigated at the genus level, due to the limit of the instrument used to observed it, but there are some ecological features that could give interesting insights. The trophic strategy of Pinnotherinae crabs consist of eating the mucus produced by their hosts, which contains organic particles and nutrients [4]. Additionally, some ectosymbionts or species associated with spacious host (like Gastropoda and Echinoidea) or that frequently leave their hosts, show external morphological adaptations such as the presence of eyes sometimes visible through the dorsal surface, for example, Pinnaxodes bipunctatus (Nicolet in Gay, 1849) and Calyptraeotheres camposi (Ayón-Parente and Hendrickx, 2014), a hard carapace and an ornamented body shape. This last feature is functional, making the mucus adhere to the cracks of the carapace and favoring the anchorage, overlaying the external body to conceal the crab or making the crab less palatable [4].



Considering that sacoglossans produce a lot of mucus and that in particular E. timida contains repellent and unpalatable polypropionate compounds [7], it is plausible to hypothesize that the crab here reported is the case of a symbiotic association between a Pinnotherinae species and the sacoglossan E. timida that was never reported before. In fact, the small size of the observed crab, up to 1 mm long, the hard and ornamented carapace, the presence of the eyes visible on the dorsal surface and its ability to mimic the red spot of E. timida are coherent with the typical characteristics showed by other Pinnotherinae species [4]. In particular, the hard carapace and its flattened shape could be a functional adaptation to the particular host it lives on. In fact, E. timida (and consequently the crab) is not protected by a shell but instead chemically defended and the crab could have evolved defensive strategies to camouflage on it and to better adhere to its external body. On the other hand, the presence of the pea crab could be useful for this sacoglossan species in order to avoid the attack of external parasites, which, in fact, are very common in Heterobranchia [8].



Even if commensal relationships are already known between tropical and Indo-Pacific shrimps (Decapoda, Caridea) and shell-less heterobranchs (nudibranchs) [9,10,11], no symbiotic relationship is known to date between shell-less heterobranchs and true crabs. In fact, this is the first report of a pea crab hosted by a non-shelled Heterobranchia and the fourth one regarding a shelled Heterobranchia species [4].



Furthermore, this is the first case of symbiotic association between crustaceans and marine Heterobranchia reported in the Mediterranean Sea.
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Figure 1. Elysia timida specimens. (A) Specimen crawling on an orange sponge in Lecce (Apulia, Ionian Sea, Central Mediterranean Sea). (B) Lateral view of the Apulian individual. (C) Elysia timida from Siracusa (Sicily, Tyrrhenian Sea, West Mediterranean Sea). (D) Dorsal view showing the photosynthetic region of the dorsum and of the internal portion of the parapodia. 
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Figure 2. The new symbiotic relationship. (A) Elysia timida individual (Voucher RM3_1384) hosting the Pinnotheridae crustacean. (B) Frontal view of the pea crab. (C) Dorsal view of the pea crab (red circle) with the red dorsal spot visible on its carapace. Scale bar = 1 mm. 
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