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Abstract

The morphology and vasculature of the respiratory organs of the terrestrial coenobitids were studied using light microscopy, TEM, SEM

and corrosion casting. The gills of Coenobita and Birgus are modified for air-breathing but are reduced in number and size and have a

comparatively small surface area. The branchiostegal lungs of Coenobita (which live in gastropod shells) are very small but are well

vascularized and have a thin blood/gas barrier. Coenobita has developed a third respiratory organ, the abdominal lung, that is formed from

highly vascularized patches of very thin and intensely-folded dorsal integument. Oxygenated blood from this respiratory surface is returned

to the pericardial sinus via the gills (in parallel to the branchiostegal circulation). Birgus, which does not inhabit a gastropod shell, has

developed a highly complex branchiostegal lung that is expanded laterally and evaginated to increase surface area. The blood/gas diffusion

distance is short and oxygenated blood is returned directly to the pericardium via pulmonary veins. We conclude that the presence of a

protective mollusc shell in the terrestrial hermit crabs has favoured the evolution of an abdominal lung and in its absence a branchiostegal

lung has been developed.
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1. Introduction

The terrestrial hermit crabs (Family Coenobitidae)

include 15 species of Coenobita and a single species of

another genus, Birgus latro. The family is of marine origin

and whilst its members have effectively colonised supra-

littoral and terrestrial habitats, they continue to carry and

live in mollusc shells. However, B. latro, which carries a

shell in its early stages, discards it after several moults,

which allows it to grow to a much larger size (Harms, 1938).

These shell-less individuals have enlarged and heavily

calcified abdominal terga to protect the abdomen and the

abdominal integument becomes thick and rubbery.

Whilst extensive work has been conducted on the

respiratory physiology of the highly terrestrial Birgus

latro, relatively little information is available for Coenobita

(see review by Greenaway, 2003). Furthermore, little seems

to be known about the morphology of the respiratory

structures involved or their relative contributions. In

comparison to terrestrial brachyurans, the terrestrial anom-

urans (except Birgus latro) have fairly reduced branchio-

stegites, with development constrained by the need to

accommodate the body within a gastropod shell. They also

retain a large number of gills (14 pairs), and although these

are reduced in size (Harms, 1932) it has been assumed that

the gills remain the major respiratory organs. The

occurrence of a third respiratory site was briefly reported

by Bouvier (1890a) for Coenobita clypeatus (formerly

C. diogenes) and comprises a vascular network in the thin

dorsal integument of the abdomen. The existence of similar

abdominal complexes has also been reported in C. perlatus

and C. rugosus (Borradaile, 1903). Although these systems

were discussed by Harms (1932), they have received no
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Fig. 1. (A) Coenobita brevimanus; (B) Coenobita perlatus; (C) Coenobita rugosus; (with gastropod shell removed). Note narrowly compressed cephalothorax

(c). The 4th limb (L4) is held against the sides of the branchiostegites (b), while the 5th limb (L5) is normally inserted into the branchial chamber. The abdomen

is covered with a thin, membranous cuticle and the abdominal tergites (tg) are reduced to narrow bars between the segments. The last segment and telson (t) are

reduced and calcified. Distinctive vascular patches on the abdomen extend dorsally and mid-laterally where the surface forms tiny grooves that run laterally
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