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INTRODUCTION

Empty gastropod shells are abundant and ubiquitous in 
aquatic environments and are utilized for shelter or brooding 
by species in various animal groups, including fishes (Sato 
and Gashagaza, 1997), octopuses (Anderson, 1997), pea-
nut worms (Ferrero-Vicente et al., 2013), polychaetes 
(Petersen, 2000), and crustaceans (Carter, 1982). Among 
shell users, the conchicolous anomuran decapods com-
monly called hermit crabs use gastropod shells as mobile 
shelters and show striking morphological adaptations for 
shell use, including a twisted abdomen, anterior pereopods 
far longer than succeeding pereopods, and shell-gripping 
structures on some appendages (Tudge et al., 2012; Bird 
and Webber, 2015; McLaughlin, 2015).

Remarkable morphological adaptations for shell use are 
also found in the crustacean order Tanaidacea. Although 
most tanaidaceans have symmetrical, cylindrical bodies and 
inhabit the sea floor, members of Pagurapseudinae Lang, 
1970 show specialized morphological features such as 
those above and utilize empty gastropod shells as mobile 
shelters, similarly to hermit crabs (Larsen et al., 2015; Kakui, 
2016). As Tanaidacea and Decapoda are phylogenetically 
distant at the superorder level (Peracarida vs. Eucarida; 
both are in Malacostraca), and shell-carrying members 
occupy a derived phylogenetic position within each group 
(Kakui et al., 2011; Wolfe et al., 2019), their hermit-crab-like 
features must have resulted from convergent evolution. 
Thus, Tanaidacea provides another model for studying how 
descendants from a symmetrical-bodied ancestor under-
went remarkable morphological evolutionary changes for 
the conchicolous mode of life, and what associated physio-
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logical, neural, and behavioral modifications are essential 
for this mode of life in Malacostraca.

Pagurapseudine tanaidaceans are generally less than 
3.5 mm in total length, similar in size to hermit-crab glauco-
thoes (Bird and Webber, 2015). They are relatively well stud-
ied morphologically (e.g., Whitelegge, 1901; Messing, 1979; 
Bird and Webber, 2015), but the behavioral aspects of their 
shell use have been poorly described. Like hermit crabs, 
they exchange shells as they grow, but among 31 species in 
three genera (Bird and Webber, 2015), shell exchange has 
been described only in Pagurapseudes largoensis 
McSweeny, 1982, without images (Messing, 1979). Here I 
describe shell-exchange behavior in an unidentified pagu-
rapseudine species in the genus Macrolabrum, using 
sequential images.

MATERIALS AND METHODS

One Macrolabrum sp. individual in a gastropod shell (“old 
shell”; Rissoidae sp.) was collected from the green alga Boodlea 
coacta in the intertidal zone at Bise, Okinawa, Japan (26°42'41.2"N 
127°52'45.3"E) on 2 August 2008 (all geographical coordinates 
were obtained from Google Earth Pro Ver. 7.3 [Google, 2019]); the 
individual was unfortunately lost after video recording. An empty 
gastropod shell (“new shell”; Barleeiidae sp.), which has greater 
shell height and wider aperture than the old shell, was collected in 
the intertidal zone at Oshoro, Hokkaido, Japan (43°12'39.6"N 
140°51'25.6"E). The tanaidacean was maintained in the laboratory, 
in seawater in a Petri dish with a piece of Kimtowel wipe (Nippon 
Paper Crecia, Japan) covering the bottom, at room temperature 
and under ambient light. To record behavior, the new shell and the 
animal along with its old shell were transferred by pipette to another 
Petri dish under the same condition; video recording was carried 
out with an Optio W60 digital camera (Pentax, Japan) attached to a 
stereomicroscope. Still images were extracted from the recorded 
video with a VLC media player (VideoLAN, France) and trimmed 
with Photoshop CS6 (Adobe, USA).
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RESULTS AND DISCUSSION

I observed a single shell 
exchange by Macrolabrum sp., 
which entailed the following behav-
ioral sequence (Fig. 1). i) The shell-
carrying animal (Fig. 1A) grasped 
the edge of the aperture of the new 
shell with its right cheliped (Fig. 
1B). ii) It examined the inside of the 
new shell by inserting the anterior 
portion of its body into the shell 
(Fig. 1C–F), with the posterior por-
tion of the body remaining in the old 
shell; this examination sequence 
was repeated four times in total. iii) 
The animal curled its body ventrally 
and started to insert it into the new 
shell, posterior end (pleotelson) 
first (Fig. 1G–H). iv) The animal 
released the old shell (Fig. 1I). v) 
The animal retracted its entire body 
deeply into the new shell one time 
(Fig. 1J). vi) It resumed walking 
(Fig. 1K). The elapsed time from 
Fig. 1B to Fig. 1I was 2 min 20 sec. 
The video recording of this shell 
exchange has been deposited in 
the figshare repository (Kakui, 
2019).

In investigating the behavior of 
a tanaidacean obtaining or 
exchanging shells, Messing (1979) 
utilized individuals of Pagurap-
seudes largoensis with and without 
shells (Messing referred to his 
study animal as “Pagurapseudes 
sp.”; McSweeny [1982] later 
described it as new). In short, P. 
largoensis first checked the condi-
tion of the empty shell outside and inside with its chelipeds 
and pereopods, and then entered the empty shell by insert-
ing its body, posterior end (pleotelson) first. The behavioral 
sequence that Messing reported was similar to that which I 
observed for Macrolabrum sp., and is the same behavioral 
sequence that hermit crabs use in shell exchange (Reese, 
1963; McLaughlin, 2015). The shell-exchange behavior I 
observed in Macrolabrum sp. differed slightly from that 
reported in Pagurapseudes and hermit crabs, in that Macro-
labrum sp. did not examine the external surface of the shell. 
However, as I observed only one shell exchange, it is 
unknown whether Macrolabrum sp. consistently inspects 
only the inside of the shell, but not the outside; this aspect of 
the behavior may vary among individuals and/or trials.

This is the first study describing shell-exchange behav-
ior in a pagurapseudine tanaidacean by using sequential 
images. Hermit crabs show many other relatively well stud-
ied, shell related behaviors such as shell fighting and shell 
selection (Reese, 1962; Elwood and Briffa, 2001) that have 
been less well studied in pagurapseudine tanaidaceans. 
Future research on both morphology and behavior in 

Pagurapseudinae will contribute significantly to elucidating 
which features are general and which are group-specific in 
the evolution of the shell-inhabiting lifestyle in malacostra-
can crustaceans.
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