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Grooming structure and function
Crustacea

m some terrestrial

JE,FF G.HOLMQUIST*
N atio nal Audubon S oc iety Re searc h Department, Tavernier, F lorida, USA
* Present address: Department o.f Biological Sciences, Florida State University, U.S.A.

ABSTRACT

The terrestrial environment, with a unique set of fouling parameters, has been invaded by
certain amphipod, isopod, and decapod species. In an effort to characterize grooming in these
crustaceans, behavior of representative organisms was recorded, and grooming appendages
were examined with light and scanning electron microscopy. The mouthparts and gnatho-
pods, particularly the scale-bearing second pair, were the primary amphipod grooming

appendages. Isopods most frequently used the mouthparts and first pereiopods for grooming,
but all pereiopods performed some acts. The mouthparts were armed with both scales and
setae, whereas the first pereiopods made use of a seta-lined carpal groove and the seto-ce
proximal propodus. Hermit crabs used specialized setae on the third maxillipedes and fifth
pereiopods for most grooming but used the unmodified first, second, and third pereiopods as
well. Most brachyuran grooming was performed with modified setae on the third maxilli-
pedal palps and epipods, with a row of simple setae on each chelipede merus, and with the
chelipede fingers. The unspecialized walking legs rubbed each other. Terrestrial, 'semiterres-

trial', and aquatic amphipods of the superfamily Talitroidea have basically similar grooming
behavior but differ in morphology. Although there is a paucity of literature on aquatic isopod,
hermit crab, and brachyuran grooming, particularly with regard to species taxonomically
close to the terrestrial crustaceans, minor differences in grooming behavior and morphology
between the two groups appear to be the rule.

I INTRODUCTION

Only three crustacean orders have representatives that can claim a truly successful assault on
the terrestrial environment: Amphipoda, Isopoda, and Decapoda. Those species that have
attained some degree of success on land encounter a variety of problems. These organisms
must guard against dehydration by modification of activity patterns and respiratory, excretory,
and ecdysal mechanisms. Furthermore, terrestrial crustaceans have compensated structurally
for the lack of a supportive medium and developed new reproductive strategies.

In addition to the above problems, terrestrial crustaceans are subject to fouling pressures
rather different from those of an aquatic environment. Articular membranes may be abraded
by granular matter (Koepcke & Koepcke 1953), and sensory organs are more likely to be
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damaged or disrupted by debris than are the receptors of marine crustaceans (Price & Holdich
1980). Land crabs are colonized by nematodes (Carson 1967),mites, Drosophilc larvae, and
copepods (literature reviewed by Bright & Hogue 1972),and their exoskeletons are degraded
by certain bacteria (Iversen & Beardsley 1976). Sowbugs are fouled by amoebae, ciliates,
rotifers, and nematodes (literature reviewed by Vandel 1960) and are actively parasitized by
tachinid fly larvae (Bedding 1965, Sassaman & Garthwaite 1984). Beach hoppers are ofren
infested with mites (Canaris 1962, Scurlock 7975, Kitron 1980). Nevertheless, terrestrial
crustaceans are certainly under less epizoic pressure, as Bauer (1981) observes, than are their
marine counterparts. In light of this unique fouling scenario, how do these animals groom,
and what morphological adaptations abet this grooming behavior?

In an effort to answer this question, several terrestrial species were investigated: the leaf-
litter inhabiting, cosmopolitan amphipodsTalitroides alluaudi (4) and Talitroides topitotum

' \ )

Figure 1. Representative gnathopod types. A. Simple (unguiform) first gnathopod of female Tethorchzstia n. sp. B.
Mittenlike second gnathopod of female Talitroides topitotwn. C. Subihelate first gnathopod of male Orchestia
grillus. Note fields of scales in B and C. C-carpus; D-dactylus; M-merus; P-propodui; Uar = SO p (from Holmquist
I 982).
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(4); a conglobating isopod, Cubaris murina (4), and a non-conglobating isopod, Porcellio
Iaevis (4); the hermit crab Coenobita clypeatus (4); and the land crab Cardisoma guanhumi
(3+). (The numbers in parentheses refer to the organisms' positions on Powers & Bliss's
(1983) scale of terrestrial adaptation, with a '5' indicating a very high degree of tenestriality
(some even xeric) and a'l' a low degree (midlittoral).) The ensuing material on C.murina,
P.laevis, C.clypeatu.s, and C.guanhumi is new; the Amphipoda section summarizes and
extends relevant portions of previous work (Holmquist 1981, 1982, 1985). The functional
morphology of grooming in these organisms is compared with available information on
comparable marine and grade 2and3 crustaceans.

2 MATERIALS AND METHODS

A11 specimens were collected from the Florida Keys by hand, with the exception of
Cardisoma, which were taken with a PVC modification of Bamwell's (1982) Philippine crab

trap. Because virtually all of their grooming movements were performed ventrally and thus
hidden from dorsal view the isopods were observed in a transparent container placed on top
of the clear glass stage of an inverted dissecting microscope, thus providing a ventral view.
Coenobita clypeatus andCardiosoma guanhumi were observed in both the lab and the field.
Some of the hermits were ffansfened to surrogate, glass shells so that movements of the fifth
pereiopods could be observed. Movements were recorded with a Minolta )(L 401 Super-8
movie camera and a Wild Photomakroscop M 400 in conjunction with a Wild Photoautomat
MPS 55.

Morphological examinations were carried out with light and scanning electron micro-
scopy. In preparation for SEM, dissected appendages were ultrasonically cleaned, fixed with
cold3%o glutaraldehyde in 0.1 M sodium cacodylate buffer for two hours, and rinsed in buffer.
They were then dehydrated in an ethanol series and critical-point dried. Specimens were
coated with 60Vo goldl$}Vo palladium and examined with an ISI-DS 130 or JEOL JSM-3JC
scanning elecffon microscope.

3 AMPHIPODA

3.1 Morphology

The superfamily Talitroidea is unusual in that it includes representatives from a variety of
markedly different habitats. The first two pairs of pereiopods, or gnathopods (Fig. 1), of
marine (Hyalidae: Parhyale hnwaiensis) and freshwater (Hyalellidae: Hyalella azteca)
species, grade 3 beach hoppers (Talitridae: Orchestia grillus and Tethorchestia n.sp.
(Bousfield, pers. comm.)), and terrestrial (grade 4) leaf litter inhabitants (Talitridae Talitroi-
des alluaudi and T.topitotum) were examined by Holmquist (1982), who emphasized the
grooming structures of these appendages.

Unlike most talitroideans, T.alluaudi and T.topitotum are neotenic. The sexes thus have
similar gnathopod structure, the males lacking the large subchelate gnathopod characteristic
of many other species. The first gnathopods are simple (unguiform) and are armed with stout,
but unspecialized, setae (Figs. 1A, 2A). The second gnathopods are 'mittenlike' and have
pellucid lobes (Hurley 1959, 1968) on the propodus, carpus, and merus Gigs. 18, 2B). In
bothT.alluaudi andT.topitotum, these lobes cornprise about one-quarter of the total surface
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area of the four distal segments and are covered with broad expanses of bristle-like scales
Gigs. 18, 28, C, D), which are arranged in irregular rows. The scales of T.topitotum @ig.2D)
occur in smaller patches and appear to be somewhat more filifonn than those of T.alluaudi
Grg.2C).

Females of the sexually dimorphic Orchestia complex have first fig. lA) and second
gnathopods quite similar to those of Talttroides. However, unlike Talitroide.r, orchestid males
have small subchelate (Fig. 1C) first gnathopods and large subchelate second gnathopods.
Both sexes possess echinate fields on the various gnathopodal lobes. These fields of scales
have been described from O.gammarellus (Charniaux-Cotton lg57), O.cavimana,
O'medtterranea, O.montagui, O.gammarellus, and Platorchestia platensis (Graf & Sellem
1910) and from o.grillus and,Tethorchestia n. sp. (Holmquist lg1z).In conrrast to the
bristle-like scales of Talitroides, those of orchestids resemble small fans @ig. 34) with broad
bases and three to eleven spinules or teeth. In orchestid females, these fan-like or radiate
scales make up echinate fields on the propodus, ca{pus, and merus of the second gnathopod,
as inTalitroides. The first gnathopod is simple Grg. lA). However, the male,s large second
gnathopod has no radiate scales, which are instead borne by propodal and carpal lobes on the
first gnathopod (Fig. lC).

As in the orchestids, the males of the aquatic Hyaletla azteca and parhyale hawaiensis
have small subchelate first gnathopods and large subchelate second gnathopods. Females
have four subchelate gnathopods, all of which are basically similar to the male first
gnetthopod. Whereas Talitroides, Orchestia, and Tethorchestia have broad expanses of a
single scale type' the presumed grooming structures of the aquatic species are much more
concentrated and are of several types. Females carry these structures on both pairs of
gnathopods; gnathopod I alone is so armed in the male.

3.2 Behavior

The talitroidean species described above were also investigated with regard to grooming
behavior (Holmquist 1981). Tatitroides alluaudi was later discussed in more detail by
Holmquist (1985). The mouthparts and first and second gnathopods serve as grooming
appendages in all of these talitroidean species.

Talitroides alluaudi and T.topitotum demonstrate basically similar grooming behavior,
although T'alluaudi has a somewhat larger and more diverse repertoirJ of grooming acts.
Most movements are ipsi- and unilateral, although some are contra- or bilateral. Appendages
are either 'scrubbed' repeatedly back and forth or 'brushed' in a proximal-to-distal direction -
a unidirectional grooming movement never occurs from the tip of an appendage to theproximal end' The second gnathopod arches into a characteristic sickle-like configuration
when grooming (Fig 1B), thus juxtaposing the echinate fields (Fig. 28, C, D) on rhe propodus,
carpus, and merus. Receptor appendages are drawn across these processses.

The long antennae are groomed by the first and/or second gnathopods. The gnathopod(s)
typically move dorsally and anteriorly past the head and continue ventrally, thus tracing a
semicircle and brushing the entire antenna. Alternatively, the antennae are sometimes
lowered to the gnathopods for grooming. At times, the second gnathopod will brush either thereduced first antenna or the lateral head and eye in conjunction with an antenna grooming
movement' The antennae are also groomed by the maxillae; a first gnathopod grurp, tn!antennal flagellum and pulls it to the mouthparts. The gnathopod and maxillipedal palps thenhold the flagellum in place while it is chewed by rhe m-axillae.
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Talitroides also expends a great deal of energy grooming pereiopods 3-7 and the uropods
and does so with a variety of movements. These appendages are scrubbed or brushed by a
single first or second gnathopod or by either or both pairs of gnathopods. The animal flexes its
body into a 'tI' shape in order to perform the majority of these acts, with the flexion
increasing as the most posterior appendages are groomed. A given appendage is often
groomed by the mouth and gnathopods simultaneously. For instance, the amphipod will flex
the body and grasp the proximal segments of the sixth pereiopod with both pairs of
gnathopods, causing the distal segments to extend to the buccal mass. The animal then
straightens the body, causing the distal segments to be scraped through the mouth and the
proximal segments to be brushed between the two sets of gnathopods. This type of movement
often occurs repeatedly.

Less energy is devoted to grooming general body surfaces than to grooming appendages,
particularly the antennae, presumably because sensory structures are more heavily concen-
trated on the appendages than on the rest of the body. The non-appendage body surfaces are
scrubbed almost exclusively by the two sets of gnathopods. The gnathopods often must work
their way dorsally between the coxal plates or epimera (two types of lateral shield-like
processes) in order to reach many of the lateral body surfaces. The dorsal surfaces of these
land hoppers remain virtually ungroomed. The body is flexed into a 'U' in order for the
gnathopods to reach the most posterior areas. In T.alluaudi, but not T.topttotum or other
investigated talitroideans, the two sixth pereiopods elevate and either alternately or synchro-
nously scrub the anterior abdomen.

After every few acts, the gnathopods are also groomed. Each gnathopod can be scrubbed
against its opposite, and the first gnathopods can be scrubbed by the second. Both pairs of
gnathopods are cleaned by the mouthparts; the maxillipedes are particularly active. Thus all
material gleaned from the body is eventually handled by the mouthparts. These clumps of
material are 1) worked away from the mandibles and maxillae by the maxillipedes and first
gnathopods until the accumulation falls away, 2) taken from the mouthparts by the first
gnathopod and stuck to nearby subsffate, or 3) ingested. Grooming acts occur singly more
often than in combination, although up to three movements can be performed simultaneously
(e.g., a first gnathopod is cleaned by the mouthparts, while a second gnathopod scrubs the
fourth pereiopod and the sixth pereiopods scrub the abdomen). In both T.alluaudi and
T.topitotum, the second gnathopods, equipped with scales (Figs. lB,2B., C, D), have a greater
repertoire of grooming movements than do the first gnathopods (Fig. 2A). Because Talitroi-
des is neotenic and grooming structures are distributed similarly in the male and the female,
the grooming behaviors of the two sexes are similar.

In the sexually dimorphic Orchestta andTethorchestia (grade 3), each sex demonstrates a
grooming repertoire that is distinct both from that of the other sex and fromthat of Talitroides.
In the orchestids, the female's second gnathopod, using the radiate scales @ig. 3.A) on the
gnathopodal lobes, performs the majority of gooming movements. The female's first
gnathopod @ig. 1A) grooms as well, but does so less frequently and has a smaller repertoire
of movements than does the second gnathopod of Orchestia and Tethorchesria or the
comparable first gnathopod of Talitroides . Orchestid males, in contrast, perform all grooming
acts with the first gnathopods (Fig. 1C), directing the fields of radiate scales @ig. 3,{) against
appendages and other body surfaces. The large second gnathopod does not groom and is
usually motionless, tucked closely beneath the body. The mouthparts are used for cleaning in
both sexes. Although the male's second gnathopod does not groom, and the brunt of the
male's grooming is done by the first gnathopod, Orchestia andTethorchestia as male/female
'composites' demonstrate grooming repertoires quite similar to that of Talitroides.



100 JeffG.Holmquist

Females of the fresh-water Hyalella azteca and the marine Parhyale ha,vaiensis use
specialized scales and setae on both the first and second gnathopods for grooming. The male's
large second gnathopod is not used in grooming; the first gnathopods, armed with the same
gtooming microstructures seen in the female, perform all of the male's grooming move-
ments. As in the semi-terrestrial species, grooming in these aquatic amphipods closely
resembles that of the terrestrial Talitroides; the males simply do not perform second
gnathopod movements.

The pellucid lobes, with their echinate field of scales, are prominent features of the
investigated grade 3 and 4 amphipods. Maclntyre (1954) and Duncan (1981) noted that the
lobes are used to comb the ocistegites and eggs, whereas Hurley (1959) hypothesized a 'tactile

sensory function.'Graf & Sellem (1970) have variously suggested that the fields of scales are
an adaptation for grooming or feeding or, drawing from permeability experiments by Graf &
Magniez (1969), that they might have a physiological function such as respiration. Morino
(1981) observed females scraping sand grains with the pellucid lobes and then holding the
lobes up to brooded young, thus presumably transferring food. On the basis of the behavioral
observations in this study, it is here held that the echinate fields are grooming sffuctures. A
dual function is, of course, quite possible.

The selective advantage of large male second gnathopods (used in at least some species for
agonistic behavior (Borowsky 1984)) apparently outweighs that of a second pair of grooming
appendages for semi-terrestrial and aquatic talitroideans. An obvious parallel is the display
chelipede of male fiddler crabs, which cannot be used for food gathering. Aside from the

r m 2

Figure4. Distalbuccalareaof Cubaris murina (ventral view). Note scales of rightmaxilla andparagnaths and small
disto-lateral setae of left maxillule exopod. j-junction of paragnaths; lb-labrum; lmln-left maxillule endopod;
lmlx-left maxillule exopod; lmp-left maxillipede; mn-mandibles; pl-maxillipedal palp; pr-paragnarh; rmlx-stout
spines and setae of largely obscured right maxillule exopod; rm2-right maxilla; x l4l.
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grooming actions of the male second gnathopods, stemming directly from the neoteny of
Talitroides, the behavior of land hoppers differs little from that of their semi-terrestrial and
aquatic relatives. Behavioral solutions to aquatic epizoite growth may also have proven to be
adequate responses to the new fouling pressures encountered as talitroideans invaded the
wrack line and leaf litter. Morphological 'fine-tuning' might then have resulted in the
different grooming microstructure observed in aquatic, semi-terrestrial, and terrestrial tali-
troideans.

4 ISOPODA

4.7 Morphology

The grooming appendages of Porcellio laevis and Cubaris murina were the mouthparts and
pereiopods, particularly the first pereiopod (see below). The mouthparts (Fig. 4) of the two
species are quite similar. Of particular interest to this discussion are the setae of the
maxillules'exopods and scales (microtrichia) of the maxillae andparagnaths. The exopod of
the maxillule @ig. 4) bore a strong, disto-lateral spine and several spine-like setae, which
projected distally and mesially. The disto-lateral margin of the exopod was iumed with
smaller, distally directed simple setae figs. 38, 4). The distal maxillae and mesial paragnaths
(Fig. 4) were thickly beset with scales (Fig. 3C) that appeared to be quite similar to the scales
described by Wahrberg (192D and Nordenstam (1933), the aiguilles (needles) of Cals
(1972), and the 'fine setae' of Hassall (1977). The scales of P.laevis andC.murina demonstrat-
ed the type of gradation described by both Nordenstam and Cals, with proximal scales,
consisting of several acute projections from a common base, yielding distally to longer, single
structures without distinct basal portions. Such scales are present in a variety of terrestrial
flMahrberg, Hassall) and marine Q.{ordenstam, Cals) isopods.

The ventral margins of the pereiopods Gig. 3D) were armed with the stout setae (trichia)
trig. 3E) described by Holdich (1984). These structures were present on the merus, carpus,
and propodus of each leg, excepting 1) the meri and carpi of the first, second, and third
pereiopods in the rnale @ig. 6,{) and 2) the proximal propodus of the first pereiopod in both
sexes Figs. 3D, 6A). On the merus and carpus of the male, the stout setae were replaced by
others with finger-like projections (Fig. 6A, B). Such a configuration is frequently encoun-
teredin oniscideanmales (Vandel 1925,1960, 1962,DeLuca 1965). By contrast, females had
particularly stout setae on the venftal merus and carpus of the first pereiopod (Fig. 3D). In
both males and females, the proximal ventral propodus bore rows of small simple setae,
which were directed distally (Figs. 3D, 6A, C).

Both sexes of each species had an unusual organ on the anterior surface of the first
pereiopod @ig. 6,4). The structure was concave, beginning at the proximal third of the ca{pus
and widening as it continued to its termination at the disto-ventral border. This carpal groove
was densely packed with distally directed setae @ig. 6D), the tips of which formed a slightly
convergent pattern along the groove's midline @ig. 6'{). These setae ranged from slender,
simple forms to apically serrate setae with lateral setules and graded from one type to the
other within the groove.

An examination of the taxonomic literature indicates that first pereiopod ventral propodal
organs of some type are very common in the terrestrial Isopoda. The propodal structures are
often complemented with carpal grooves, as described here and by Holdich (1984) for
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Porcellio scaber,or with adjacent organs on the disto-venffal carpus (Schultz 1984, Schultz

& Johnson 1984).

4.2 Behavior

The grooming behaviors of Porcellio laevis and Cubaris murina were remarkably similar.

The following account is applicable to both species; specific differences are noted.

All of the mouthparts and pereiopods functioned to varying degrees as grooming append-

ages. Although the mouthparts did not groom the antennae, they did devote much attention to

the pereiopods. An appendage was cleaned in one of two ways. In the first method, a leg

moved towards the antero-lateral buccal mass. The pereiopod was brought into contact with

the disto-lateral portions of the ipsilateral mouthparts (Fig. 4), which were rapidly opening

and closing. The appendage was pulled laterally and was thus scraped against the maxilli-

pedal palp (Fig. 4), the mesially directed scales (Fig. 3C) of the maxilla and paragnath (Fig.

4), and setae of the lateral maxillule (Fig. 3B). This method was often used to clean the first

pereiopod prior to an antenna rub. Alternatively, an appendage was positioned midventrally

and was grasped by the maxillipedal palps trig. 4). Depending on the intensity of the

movement, the leg was grasped only by the maxillipedal palps and maxillae or additionally by

the greatly extended exopods of the maxillule (the endopods were possibly used as well) or

even the mandibles (Fig. a). At its most extreme, this act caused the carpus, propodus, and

dactylus to pass between or across the heavily sclerotized mandibular processes, the stout

distal spines of the maxillule, the scales of the paragnaths and maxillae, and the palps of the

maxillipedes. The mouthparts either simply grasped the withdrawing pereiopod, thus scrap-

ing it, or actively worked the appendage between them. Sometimes the first and second
pereiopods were cleaned simultaneously. Neighboring legs often held a pereiopod to the

mouthparts for grooming (e.g., both sixth pereiopods assisted the fifth). As an isopod

groomed progressively more posterior appendages, the body bent into an ever-increasing 'U'

shape. This bending was even evident as the animal gtoomed the second pereiopod and was
quite marked during grooming of the hindmost pereiopods. The first through sixth pereiopods
were routinely cleaned. Only C.murina was observed to groom the seventh pereiopod, and
this species spent more time orally grooming posterior appendages than did P.laevis,
presumably because of its conglobating ability.

Figure 5. Porcellio /aevls grooming antennae with first pereiopod. Pereiopod I has just brushed proximal antennal
scgments with ventral propodus and rotated, bringing carpal groove into contact with distal segments.



Figure 2. A. Simple first gnathopodof Talitroides alluaudi; c-carpus; d-dactylus; m-merus; p-propodus; x275.8.
Echinate fields on the mittenlike second gnathopodof T.allwudi;x275. C. Enlargement of propodal scales in B; x
1,200. D. Scales from second gnathopod of T.topitoturn: x 5,060. (From Holmquist 1982.)



Figure 3. A. Scales from lnale Tetlnrchcstia n. sp. first gnathopod (note variation in form); x 3,550 (from
Holmquist 1982). B. Setae from distolateral exopdof Cubaris murinamaxillule; xl,29O. C. Scales from C.murina
distal maxilla; x 1,290. D. Posterio-ventral view of female Porcellio laevis firstpereiopod, from propodus (p) to
ischium (i); note propodal grooming organ (arrow) and stout venral setae (s); c-carpus; ---"rus; x 

-68. 
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seta from carpus of above; x 380.



Figure 6. A. Anterior surface of distal carpus (c) and proximal propodus (p) from male Cubaris mnrina first
pereiopod; note seta-lined carpal groove and ventral setae of carpus and proximal propodus; x 160. B. Ventral setae
from male C.rnwina first pereiopod; x 350. C. Ventral propodal grooming setae of Porcellio laevis first pereiopod;
x M5. D. Setae from carpal groove of P.laevis first pereiopod; note setules; x 2000.



Figure 7. Coenobita clypeatus. A. Propodal shell-gripping scales from fifth pereiopod; x 180. B. Thirdmaxillipede
endopod (mesial view); setae of dactylus and dense meral, carpal, and propodal band are D2 serrate setae, with
exception of some apical simple setae; b-basis; c-carpus; cx-coxa; d-dactylus; iischium; m-merus; p-propodus;
x-exopod; x 6. C. Third maxillipede endopod (lateral view); x 6. D. Dorsal grooming surfaces of fifth pereiopod,
bearing simple, Dl serrate (D1), andplumodenticulate (pd) setae; x 6.
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Figure 8. Coenobita clypeatw. A. Ventral grooming surfaces of fifth pereiopod, armed with simple, Dl serrate
(Dl), and plumodenticulate (pd) setae, as well as shell-gripping scales (sg); c-carpus; d-dactylus; m-merus;
p-propodus; x 6. B. Type D2 serrate setae from third maxillipede propodus; note marginal serrations and central
scales; x735. C. Type Dl serrate seta from fifth pereiopod dactylus; note subapical pore (anow); x 1,215. D.
Plumodenticulate seta from fifth pereiopod propodus; x 355.
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Figure 9. A. Magnification of Fig. 8D Coenobita clypeatus plumodenticulate seta, showing cornblike setules and

central groove; x 3460. B. Coenobita clypeatus scrubbing right antennule (horizontal arrow) with both third

maxillipedes (vertical anow); x 2. C. Coenobita clypeatus brushing left antenna (white anow) with left third

rnaxillipede (black arrow); x2.D.Inner surface of palp from Cailisoma guanhwni third maxillipede, with simple
(ss), trisenate (t), pappose (pp), and cuspidate (cs) setae; c-carpus; d-dactylus; p-propodus; x 13.



Figure 10. Cardisorna guanhwni. A. Outer surface of third maxillipedal palp, showing location of simple (ss),
trisenate (t), and pappose (pp) seta€; c-carpus; d-dactylus; p-propodus; x 9. B. Mesial edge of third maxiilipede
dactylus and propodus, demonstrating dense concentration of setae; x 12. C. Cuspidate setae frorn carpus of palp;
x 130. D. Trisenate setae from propodus of palp; x235.



Figure I 1. Cardisorna guanhwni. A. Distal portion of serrate seta, with stout recurved teeth, from epipod of second
maxillipede; x320. B. Serrate setae, with many fine sehrles, also from epipod of second maxillipeie; this type fai
Tqe go.mmon tnC.guanhurni;x465. C. Stout simple setae, on cheliped mirus, used to scrub branchiostegite; x 7.
Dt Thirdmaxillipedes grooming eyestalks; crab's rightpalphas rounded eye's posterior and will continue ilesially,
while left palp has progressed frrther; black arrow indicates position of stouisetae for groorning branchiostegiie
(white arrow); x0.8 (S. Sprun|.
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The remaining grooming movements were all performed by the pereiopods. By far the
most common of these acts was the rubbing of an antenna by the ipsilateral first leg (Fig. 5).
This pereiopod was first cleaned by the mouthparts as described above. Then the antenna
moved posteriorly and venfrally, where the propodus figs. 3D 6A) of the first leg hooked
over it at about mid-length. The propodus was then drawn laterally, scraping the dorsal
surface of the antenna with its proximo-ventral setae @g. 6C). As the pereiopod extended
from the body, the pereiopod rotated, bringing the ventro-lateral surface of the antenna into
contact with the distally directed setae of the carpal groove Gigs. 5, 6A, D). This movement
occurred rapidly and often repeatedly. At times, it was performed bilaterally and synchro-
nously and occasionally without use of the carpal groove. Rarely, the second leg brushed the
antenna in conjunction with the first leg. The antenna also removed offending material via a
series of quick slaps against the subsffate or by scraping against a leaf or soil clod.

The mouthparts were groomed by the first pereiopods, which were positioned anteriorly
and then drawn posteriorly. This movement was usually bilateral and synchronous, but
occasionally unilateral.

The pereiopods groomed each other in a variety of ways. The second leg crossed the first
and scrubbed the latter's grooming organs. At times a pereiopod was held directly away from
the body and was scrubbed between its two neighbors, which had hooked propodi over the
intermediate appendage. The most common type of leg grooming was the mutual scrubbing
of adjacent pereiopods, in which each simultaneously groomed and was groomed. The
dactylus, propodus, and carpus were not involved in these movements. Sometimes three
appendages, particularly the second, third, and fourth pereiopods, scrubbed each other. All of
these acts were ipsilateral with the exception of the mutual grooming of the two seventh
pereiopods. At times, the first four pereiopod pairs engaged in mutual scrubs while also being
cleaned by the mouthparts. Up to three of the anterior dactyli and propodi were inserted
between the mouthparts for grooming, while various neighboring pereiopods scrubbed the
carpi and meri of the subject appendages.

As seen above, the grooming behaviors of P.laevis and C.murina were virtually identical,
as was that of a third grade 4 species, Porcellionides floria, which was somewhat less
rigorously observed. Reports on semi-terrestrial and aquatic isopods indicate differing
approaches to the fouling problem. The grooming of the mouthpafis, by the first pereiopods,
of the grade 3 Eurydice pulchra and E.ffinis (Jones 1968) is the same as rhar demonstrated by
the grade 4 isopods. However, unlike the woodlice, Eurydice uses a setose maxillipedal palp
to clean the inner mouthparts. The intertidal genus Dynamene possesses a long mandibular
palp, which grooms the antennal flagellum (Holdich l97l). The mouthparts of the examined
terrestrial species did not groom the antennae at all. The subtidal Arcturella srnuoyae uses its
first pereiopods to groom a variety of surfaces, including the eyes and cephalon, and actually
uses the antennae for grooming the dorsum and posterior body and pereiopods (Moreira
1973). Cubaris murina, Porcellio laevis, and Porcetlionides floria did not groom with the
antennae and did not groom the cephalon and eyes or, for that matter, any non-appendage
areas. Although some of these differences are striking, it may be that they are as much due to
the tremendous range of marine isopod body form as to differences in fouling pressures.

Based on the woodlouse grooming behavior presented here, it is apparent that the setae of
the first pereiopod's proximal propodus Gig. 64' C) and carpal groove (Figs. 5, 64, D) are
important in grooming. Verhoeff (1908-09) and Wahrberg (1922) reached the same conclu-
sion concerning similar organs on a number of woodlice. Schultz (1984) and Schultz &
Johnson (1984) attributed a grooming function to structures on the proximal propodal and
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distal carpal margins of various terrestrial isopods. The present work demonsffates that the

maxillipedal palps, scales of the maxillae and paragnaths, lateral setae of the maxillules, and

sclerotized biting surfaces of the maxillules and mandibles are important grooming structures

as well. The stout setae (trichia) of all seven pereiopod pairs (Fig. 3E) also have a role in

grooming adjacent legs (Holdich 1984). Although the location of dense ventral stands of

carpal and meral setae Sig. 6A, B) on the first three pereiopods in the male suggests a

grooming function, these organs didnotperform this activity. Male sowbugs typically 'drum'

or brush the anterior pereiopods against a female's dorsum during courtship behavior
(Legrand 1958, Patanb 1959, Mead 1964,1965,1961, Sutton 1980). It seems probable that

the ventral setal organs abet this behavior.
Schmalfuss (1977,1978) has suggested that the tergal plaques (or microscales) of

terresffial isopods function primarily as passive anti-fouling devices, preventing the adher-

ence of small wet particles. However, Powell & Haicrow (1982) observed that these plaques

are not necessarily terresffial adaptations and that their function is still unclear.

5 ANOMURA

5.I Morphology

As will be seen beloW Coenobita clypeatus used the mouthparts (particularly the third

maxillipedes) and the first, second, third, and fifth pereiopods as grooming organs. The

stubby, reduced fourth legs, with larger fields of shell-gripping scales @ig. 7A) than the fifth

legs, did not appear to function in grooming. Although the chelipedes and second and third

pereiopods were secondary grooming appendages, they did not possess modified sffuctures

for the process. The walking legs were instead provided with the stout, simple setae described

from C.perlatus by Hamilton (1 983).
The primary grooming appendages were the third maxillipedes @ig. 78, C) and fifth

pereiopods (Figs. 7D, 8A). The merus, carpus, propodus, and dactylus of the third maxilli-

pedal endopod @ig. 78, C) were the only mouthpart segments that contacted non-oral

appendages. These segments were heavily beset with Type D2 serrate setae (Fig. 88) of

Factor's (1978) classification scheme, which is followed here. These setae also appeared to be

identical to those figured by Bauer (1975). Smaller numbers of Type I simple setae were also
present.

The distal tip of the rounded dactylus was armed primarily with simple setae (Fig. 78, C).
The remainder was densely covered with serrate setae, although the external face was more

sparsely setose (Fig. 7C). With this exception of the dactylus, the external endopod face was

virtually nude fig.7C). Mesially, a band of setae ran from the proximal third of the merus to
the distal propodus (Fig. 7B). This band was largely composed of serrate setae, with some
simple setae interspersed. There was some gtadation in form of the D2 serrate setae; some had

an increased number of median scales, whereas others approached the C3 modified plumo-
denticulate setae of the exopods. A11 of these setae were closely applied to the maxillipede
surface and were directed distally (Frg. 7B). The setae arising from the propodus were larger
than those of the dactylus, with setae of the carpus and distal merus larger still. As Roberts
(1968) observed for Pagurus longicarpus andP.pollicaris, the long serrate setae of the carpus
overlapped those of the propodus. Setae of the distal merus, in turn, overlapped those of the
carpus. The meral setae became progressively smaller and fewer in number proximally. Very
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sparse serrate setae occuned adjacent to the setal band. The second maxillipedes were also
armed with serrate setae accompanied by scattered simple setae.

The setal complement of the fifth pereiopods was quite different from that of the
maxillipedes. Type D1 serrate setae (Fig. 8C) were common and demonstrated some
variation at the tips. Also present was an unusual setal type (Figs. 8D, 9A) that closely
resembled Thomas's (1970) setobranch setae, although there was no mid-shaft articulation.
They perhaps integrate best with Factor's (1978) scheme as C5 plumodenticulate setae, a type
added to Factor's framework by Schembri (1982a, b). As with Factor's C3 plumodenticulate
setae, there were no proximal setules, and the tip of the shaft was sickle-shaped as Schembri
described. Type I simple setae were also present.

Most of the posterior surface of the dactylus was armed with shell-gnpping scales (Figs.
7A, 8A). Ventrally and anteriorly, the dactylus was covered with serrate setae and scattered
simple setae. The posterior surface of the propodus was also covered with shell-gripping
scales. Otherwise, with the exception of a small mesial band of bare exoskeleton, the
propodus was thickly beset with setae. Distally, these setae were primarily senate, but
plumodenticulate setae were more common proximally and became the dominant type near
the carpal margin. The lateral carpus was bare except for a series of plumodenticulate setae
bordering the propodus. A dense clump of long plumodenticulate setae was found on the
distal venfto-mesial angle, with a somewhat smaller clump distally and dorsally. Similar,
progressively smaller setal clumps occurred proximal to these groupings, with an occasional
simple seta present. The lateral surface of the long merus was devoid of setae, which were
present, though relatively sparse, on the dorsal, ventral, and mesial surfaces. These setae were
primarily plumodenticulate distally, but serrate setae became more common proximally.

5.2 Behavior

The third maxillipedes and fifth pereiopods performed the majority of movements, including
all of the more complex actions, and were suprisingly dexterous. Coenobita clypeatus
devoted most of its grooming energy to the eyes and antennules and did so with the mesial
surfaces of the dactylus, propodus, ca{pus, and distal merus of the third maxillipedal
endopods (Fig. 7B). An eyestalk was groomed by one (ipsilateral) or both maxillipedes. The
eyestalk dipped ventrally and was met by a third maxillipede, which hooked its dactylus over
the proximal portion and applied the serrate setae of the mesial propodus and dactylus against
the eyestalk. (The antennae had meanwhile swung laterally to allow access.) The maxillipede
was pulled ventrally, brushing the eyestalk's full length. If both maxillipedes were used, the
two dactyli were positioned together at the base of the eyestalks and were drawn ventrally in
unison. The antennules may also be groomed by either (ipsilateral) or both maxillipedes. The
antennules were bent upward forming an inverted 'V', while the maxillipede was raised to
meet the proximal part of the appendage. The maxillipede was then pulled venffally, brushing
the antennule with its serrate setae and pulling it ventrally as well. When both maxillipedes
groomed an antennule, they at times continued to gasp the flagellum at the end of the
movement. The maxillipedes then scrubbed the flagellum between them @ig. 9B), working
alternately up and down as would a pair of pistons. Eye and antennule grooming movements
were often combined, with the maxillipede(s) first brushing the eyestalk, then continuing
ventrally to the antennule. The antennal peduncle and proximal flagellum were brushed by
the ipsilateral third maxillipede @ig. 9C). The third maxillipedes also groomed the mesial
and dorsolateral surfaces of the chelipede meri and the venffal surface of the cephalothorax.
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The three pairs of walking legs (chelipedes included) groorned themselves by scrubbing

against each other in various combinations of two or three appendages. The dactyli, propodi,

and carpi were most important in these movements. In addition, the fingers of the minor

chelipede picked at the surface of the major chelipede.
The chelate fifth pereiopods were quite flexible and extended as far forward as the

chelipedes. Most grooming was performed with the plumodenticulate Gig. 8D) and serrate

ffig. 8C) setae of the carpus, propodus, and dactylus (Figs. 7D, 8A), and virtually all

movements were 'scrubs'. The fingers usually opened and closed slightly when grooming;

similar action has been described from the fifth pereiopods of a porcellanid crab (Bauer, this

volume) and the second pereiopods of hippolytid shrimp (Bauer 1975). Coenobita clypeatus

often extended slightly from its gastropod shell during fifth pereiopodal grooming, with the

anterior abdomen thus becoming visible. The fifth pereiopods scrubbed the basal segments of

the chelipedes and all of the second and thirdpereiopods with the exception of the dactyli. All

of pereiopod 4 was scrubbed. The fifth pereiopods also groomed most of the central and

posterior carapace, including the branchial chamber, and much of the abdomen. Interestingly,

the shell was also thoroughly scrubbed, perhaps in an effort to rid the refuge of the green algae

described by Magnus (1960) and Ball (1972). The fifth pereiopods groomed much of the

shell's interior, particularly the columella and inner and outer lips, as well as the exterior lips.

These appendages did not function exclusively as grooming organs, as they also use their

laterally situated gripping scales (Fig. 7A) to brace the body against the shell (Johnson 7965,

Vuil lemin 1970).
After every few grooming acts, the fifth pereiopods moved anteriorly, in unison, to meet the

two third maxillipedes, which were extended posteriorly beneath the body. The plumodenti-

culate and serrate setae of the posterior appendages were then scrubbed by the maxillipedes.

The third rnaxillipedes, in turn, were scrubbed against each other and/or against the second

maxillipedes after a grooming bout. The interior mouthparts had a self-cleaning function as

well.
Thus, the maxillipedes groomed the anterior portion of the body (especially the sensory

structures), the walking legs groomed each other, and the fifth pereiopods scrubbed the most

posterior areas (Table 1). Two movements were, at times, performed simultaneously, e.g.,

mutual leg scrubs and antennule gtooming. Although grooming may occur at any time, it was

most frequent and intense immediately after a rain and was often performed in standing water

if it was available. Water is clearly an important debris-flushing medium in Sesarma and

Cyclograpsas (Alexander & Ewer 1969), Uca (Crane 7975), and Cardisoma (see below).
The unusual plumodenticulate setae (Fig. 8D) of the fifth pereiopods were clearly used to

scrub the body surfaces. The Dl serrate setae of the fifth pereiopod (Fig. 8C) and the D2

serrate setae (Fig. 88) of the maxillipedes were also observed to effect grooming in

Table l. Division of labor between grooming appendages of Coenobita clypeatus. Groomed structures are, in order,

the eyestalks, antennules, antennae, third maxillipedes, cephalothorax, pereiopods (1-5), abdomen, and shell.

Grooming appendages Groomed structures

Eys Anl kA Mx3 Cth
+ + + + +

Abd shl
Mx3
Pel
Pe2
Pc3
Pc5

Pel PeZ Pe3 Pe4 Pe5
+ +
+ +
+ +

f

+ + + +
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C.clypeatus, as do similar selrate setae in Pagurus (Roberts 1968, Schembri 1982a). The
maxillipedal serrate setae of a variety of marine hermits have been implicated in feeding
behavior @oberts 1968, Greenwood 1972, Kunze & Anderson 1979, Schembri 1982a); the
D2 setae of C.clypeatus were also used for this purpose. The grooming setae, particularly the
serrate setae, may also serve in a sensory capacity (Derby 1982).

Although the aesthetascs of Coenobita are strikingly shorter than those of its marine
counterparts (Ghiradella et al. 1968a, 1968b), the terrestrial hermit's maxillipedal setae were
easily as long (in terms of setal length/mouthpart length) as those found in salt-water species.
Serrate setae on the distal merus of the third maxillipede, for instance, extended to the
proximal third of the propodus (Fig. 7B). However, whereas the maxillipedal setae of marine
hermits typically project orally and away from the flexor margin (Roberts 1968, Greenwood
1972, Caine 1975, Kunze & Anderson 1979, Schembri 1982a), those of C.clypeatus were
very closely applied to the mouthpart surfaces. Also, the setae of the second and third
maxillipede fingers of C.clypeatuswere almost entirely D2 serrate setae, with a few scattered
simple setae, instead of the wide variety of types found in marine pagurids (Kunze &
Anderson 1979, Schembri 1982a). Both the acute angle of setal insertion and the homogene-
ity of setal types are probably adaptations to terrestrial feeding limitations rather than fouling
pressures. Mostaquatichermitcrabsmakeuseof anumberof feedingtechniques (Boltt 1961,
Roberts 1968, Greenwood 1972, Caine 1975, Kunze & Anderson 1979, Schembri 1982a).
However, in the absence of a buoyant medium, filter feeding is impossible, and approaches to
other processes, such as detrital feeding, may be restricted. With a reduced feeding repertoire,
fewer setal types might be needed, and setal arrangements would emphasize grasping rather
than straining functions. Setae projecting away from the appendage would serve little
purpose and would be exposed to breakage and dehydration. An alternative may be the
arrangement found in C. c ly p e atu s .

The grooming behavior of C.clypeatu.s was similar in general and in most details to that
described from a number of marine hermit crabs (Makarov 1962, Vuillemin 7961, Roberts
1968, Snow 1973, Field 7977, Bauer 1981, Schembri 1982a). However, some minor
differences are apparent. Unlike the land hermit, Pagurus rubricatus grooms the second and
third pereiopods with the third maxillipedes (Schembri 1982a). Field (1977) demonsrrared
that tlre third maxillipedes of P.ochotensis groom the antennules about 20 times as often as
they do the eyes. In conffast, C.clypeat rs groomed the eyes at least as often as the antennules.
Indeed, the majority of eye and antennule grooming movements were performed in combina-
tion. It may be that the increased role of visual cues in terrestrial decapod social communica-
tion (Wright 1966, Ache 7982, Salmon & Hyatt 1983) requires, in turn, increased mainre-
nance ofthe eyes.

6 BRACHYURA

6.1 Morphology

In Cardisoma guanhumi, the palps of the third maxillipede (Figs. 9D, 10A) were the most
commonly used grooming structures and,like those of ocypodids (Koepcke & Koepcke 1953,
Crane 1975) and grapsids (Alexander & Ewer 1969, Felgenhauer & Abele 1983), were
densely setose (Fig. 10B). Four basic types of setae were apparent, and, as in the previous
discussion, Factor's (1978) setal classification will be followed. The dactylus and propodus
bore groups of long, Type I simple setae (Fig. 10B). Also present, primarily on the carpus,



108 IeffG.Holmquist

were H1 cuspidate setae (Fig. 10C). Type 82 pappose setae covered much of the palp and

were interesting in that they were plumose basally, but were pappose along the remainder of

the shaft. This configuration is identical to that of the pappose setae figured by Thomas
(1970).TypeEtriserrate(Fig. 10D)setaewerealsoinsertedovermuchofthepalpsandwere
very similar to other Type E triserrate setae illustrated by Schembri (1982a). There was some

variation of this type, with some setae resembling Type C3 plumodenticulate setae basally but

becomin g triserrate distally.
On the tip of the dactylus was a concenffation of long simple setae (Figs. 9D, 10A, B). The

inner surface of the dactylus was almost entirely covered with triserrate setae, except for the
lateral edge, which was virtually devoid of setae. Conversely, only the mesial edge of the

outer dactylar surface bore setae - a thin margin of triserrate and pappose types. The

disto-lateral edge of the propodus was fringed with long simple setae, whereas the mesial

edge was armed with a dense setal brush, predominantly triserrate distally, but increasingly
pappose proximally. The carpus was fringed with dense pappose setae extending from near

the base of the lateral edge, to the inner and outer faces of the propodal margin, and around to
the midpoint of the mesial edge. Cuspidate setae were present among the pappose setae of the
inner distal fringe and also formed a series running the length of the inner carpus.

As with other brachyurans (Bonadaile 1922, Vuillemin 7967, Wamer 1977, Bauer 1981,
this volume), the setose maxillipedal epipods of C.guanhumi extended well into the gill
chamber, with the first epipod above and the second and third epipods below the gills. Curious
Type D1 serrate setae, similar to those described by Walker (1974) and Bauer (this volume),
with stout, recurved teeth and finely tapering tips ffig. 11A), were present. The setae of
C.guanhumi had two rows of teeth versus a single row in the portunid Cronius tumidulus
(Bauer, this volume). However, other Type D1 serrate setae @ig. 11B) predominated on the
epipods of C.guanhumi.These setae had many smaller apically directed teeth that continued
to the tip of the shaft. A few scattered setules were often present at the base of the serrated
portion. About 10 to 15 of these setae occurred for each of the former type.

Although the four pairs of walking legs were used for grooming, they did not appear to
possess specialized grooming structures. Neither do the distal chelipede segments bear the
tuberculate ridges of Sesarma catenata and Cyclograpsus punctatus (Alexander & Ewer
1969) or the serrations and setae of many fiddlers (Crane 197 5) used for gtooming in these
latter crabs. However, the chelipede merus and ischium bore a row of stout, simple setae Gig.
11C). The majority of these setae arose from the merus, which was concave (excepting on the
adult male major chelipede), thus fitting against the convex branchiostegal region ffig. 11D).
The major chelipede merus of the mature male was long and straight, and setae were
restricted to the ischium and proximal merus. The inner chelipede surfaces of a number of
Sesarma species are armed with serrate, instead of simple, setae (Milne Edwards 1873,
Felgenhauer & Abele 1983).

6.2 Behavior

Cardisoma guanhumi used all five pairs of pereiopods and the mouthparts (primarily the third
maxillipedes) to groom its body. The most frequently performed movement was the groom-

ing of the eyestalk and interorbital area by the third maxillipedes (Fig. l lD). Prior to
grooming, the eyestalk was deflected vennally, sometimes into its orbit. The maxillipedal
palp extended dorsally, the entire maxillipede swung laterally, and the palp reached around
the eye, first contacting it posteriorly. The maxillipede then recoiled, working the triserrate
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setae of the propodus and dactylus @ig. 10B, D) around the eye, down the eyestalk, and
across the interorbital area, usually including the antennae. The cuspidate setae of the carpus
were sometimes brushed over the orbit lip and epistome. As Crane (1975) observed for
fiddlers, the act moved from distal to proximal - uncommon for a unidirectional grooming
act. The palps, at times, scrubbed the interorbital area without grooming the eyestalks. The
third maxillipedes, together with the second maxillipedes, also cleaned the tips of the
chelipede fingers. After a series of grooming acts, the third maxillipedal palps scrubbed
against each other and against the second maxillipedes. Debris was dropped to the substrate,
ingested, or picked away by a chelipede. The epipods of the maxillipedes swept the gill
surfaces as a direct result of endopodal movements and/or their own musculature, thus
dragging the epipodal setae Gig. 11A, B) across the gills. Such epipodal grooming is a
common brachyuran feature (Bonadaile 1922, Hiatt 1948, Vuillemin 1967, Walker 1914,
Warner 1977, Bauer 1981, this volume).

The dense stands of triserrate setae Figs. 9D, 108), with their comb-like serrations, were
clearly the dominant grooming setae of the maxillipedal palp, although they also helped
support large morsels during feeding (pers. obs.) and could function as chemo- and/or
mechanoreceptors, as Derby (1982) found for some serrate setae. The cuspidate setae served
in grooming, as well. The role of the pappose setae is somewhat more problematical. Some
pappose setae, particularly those of the lateral edges of the proximal propodus and distal
ca4)us, did come in contact with the antennae and interorbital area during grooming, and
Farmer (1974) has suggested that pappose setae function in the cleaning of adjacent
mouthpart sffuctures. Nevertheless, pappose setae seem rather delicate and fragile in compa-
rison to the typically robust and strongly serrate grooming setae of decapod crustaceans
(Roberts 1968, Thomas 1910, Bauer 1915, 1977, 1981, Hindley & Alexander 1978,
Schembri 1981, 1982a, b). Alternatively, Thomas (1970) has hypothesized a supporring role
in food collection and transfer, and Schembri has proposed a mechanical function, as screens,
gaskets, etc. (1981) or a sensory (1982b) role for pappose serae.

The chelipedes were also often used to groom the eyestalks, which was somewhat
surprising in view of the disparity of size and strength of the two structures. The chelipede(s)
delicately grasped the eyestalk near the base and brushed along its surface. An eyestalk was
groomed by the ipsilateral or contralateral chelipede or both chelipedes in unison. A
chelipede dactylus also often scrubbed the orbit. The branchiostegite was groomed by three
different methods. 1) The concave chelipede merus and ischium circularly scrubbed the
convex branchiostegite, and occasionally the lateral carapace, with the stout simple setae of
the inner surfaces Gig. 1lC) combing the branchiostegite setae. 2) With fingers somewhat
separated, the contralateral chelipede tips (sometimes just the dactylus) brushed the branchio-
stegite from ventrolateral to dorsomedial. As the fingers neared the buccal area, they were
apposed and were cleaned by the maxillipedes. 3) The contralateral chelipede picked at
clumps of debris fouling the branchiostegal setae. This picking sometimes extended to the
thoracic stema and abdomen. A chelipede groomed its opposite either by picking at the
other's surface with the finger tips or by scrubbing the outer propodus and dactylus against the
inner propodus of the other claw. Material gathered from the body was either transferred to
the maxillipedes or wiped against the substrate.

Mutual scrubbing of the pereiopods (including the chelipedes) was a rather common
occurrence and was accomplished in three ways. 1) The posterior surface of an appendage
and the anterior surface of the following leg were scrubbed together. 2) Two pereiopods
crossed over each other, with the forward pereiopod's anterior surface thus scrubbing against
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the posterior of the following appendage. 3) Two appendages (e.g., the second and fourth
pereiopods) met over the depressed intervening appendage, with the posterior of the leading
leg and the forward edge of the posterior leg performing a mutual scrub. At times, all ten
pereiopods were involved in mutual scrubs simultaneously, although the chelipedes did not
perform the latter two types of movements. The secondpereiopod sometimes usedits narrow
lateral edge or dactylus tip against the chelipede.

As in Coenobita clypeatus, grooming in Cardisoma guanhumi was most frequent and
intense following rain or when the animal was in standing water. If the water was deep
enough, the anterior carapace submerged by tilting forward, and the eyestalks were washed
by repeated dips into the water-filled orbits.

Foam bathing, in which bubbles produced by the mouthparts disperse fluid about the body,
occurred in partially submerged or emergent crabs. This action has been variously interpreted
as a method of thermoregulation (Altevogt 1968), pheromone distribution (Wright 1966),
water reserve aeration (Lindberg 1980, Jacoby 1981), or cleansing (Schone & Schone 1963,
Brownscombe 1965, Lindberg 1980, Jacoby 1981).

Grooming behavior has also been recorded from a number of other amphibious crabs.
Pearse (1912), investigatingUca (grades l+ to 3), noted that the walking legs and chelae are
grooming appendages and emphasized attention to the eyestalks. Crane (1975) stated that
submersion is the major cleansing method in fiddler crabs. She also recorded the grooming of
the eyestalks by 1) depression into wet sockets, 2) grasping with the chelae, or 3) brushing by
the third maxillipedal palp. The chelae groom each other, and the first through fifth
pereiopods engage in mutual scrubs. She found no obvious interspecific differences. The
eyestalks of Ocypode (grade 3) are groomed by the palps of the third maxillipede and by setae
lining the orbits (Koepcke & Koepcke 1953, Vannini 1980). The minor chelipede is cleaned
by the maxillipedes and the major by the adjacent two walking legs (Vannini 1980), and the
mouthparts scrub each other (Koepcke & Koepcke 1953).

The soldier crab, Mictyris longicarpu.s (Mictyridae) (grade 2), performs what must
certainly be the most acrobatic grooming movement recorded from the Brachyura. According
to Cameron (1966), the crab, following emergence, falls on its back, thus removing accumu-
lated sand, and then flips upright again. This 'half somersault' is executed in less than a
second. Mictyris also grooms the eyestalks and mouthparts with the chelae.

Cott (1929), investigating Sesarma meinerti (grade 3), described the grooming of the
branchiostegal region by serrate setae on the concave surface of the chelipede merus.
Sesarma bidentatum (3) and S.verleyi (3) also use serrate setae on the concave merus to
groom the branchiostegite, while S.reticulatum,S.rubinofforum,S.rectum,S.aequatoriale (all
grade 3), and S.jarvisi (4+) use in addition setae on the carpus (Felgenhauer & Abele 1983).
The latter authors also recorded the grooming of the epistomal region of S.reticulatumby the
setae on the third maxillipedal palp. Alexander & Ewer (1969) also emphasized the use of
stout meral setae in branchiostegal grooming in S.catenata (3) and Cyclograpsus punctatus
(3). The mouthparts, eyes, and antennae are groomed by setae on the palp of the third
maxillipede. The chelae pick at the mouthparts, the branchiostegite, the sterna, and the
pereiopods and scrub the eyes, antennae, and mouthparts with tuberculate ridges on the
propodi. The walking legs engage in mutual scrubs with the chelae and each other. These
grapsids, like fiddler crabs, also clean themselves by submersion. Lindberg (1980) and
Jacoby (1981) described action pattems from Hemigrapsus oregonensts (2) and H.nudu.s (2),
respectively. They report virtually identical behavior: the chelipedes rub or pick at the buccal
area, thoracic sterna, abdomen, and opposing chelipede; the legs scrub each other, and the
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third maxillipedal palp cleans the eyestalk. Jacoby called attention to the close resemblance

between aquatic and amphibious brachyuran grooming behavior.
Wright (1966) recorded grooming from a variety of grade 4 (Gecarcinus quadrarus), grade

3 (Cardisoma cressum, (Jcides occidentalis, Grapsus grapsus, Goniopsis pulchra), and
grade 2 (Pachygrapsus crassipes, P.transversus, Sesarma sulcatum, Hemigrapsus oregonen-

sis, H.nudu.r, and Goetice americanus) crabs of the families Gecarcinidae and Grapsidae.
Like Jacoby (1981), Wright sffessed the similarity of grooming in these species, stating that
'all cleaning pattems seen in one species also are seen in the others.' The chelae scrub each

other, the mouthparts, the sterna, the abdomen, and the eggs of females in berry. The eyestalks

are groomed by the typical movements of the third maxillipedal palps, while the walking legs

scrub each other, the chelae, and sometimes the ventral body. Wright emphasized the

secondary role of grooming as a displacement activity (intense, incomplete, and nonfunc-

tional behavior evoked by the thwarting of one or more drives) in these species, as did Crane
(1957, 197 5) for ocypodids.

There does, indeed, seem to be remarkable similarity of grooming behavior noted in the

above reports. Grooming of the eyestalks by the third maxillipedal palp is obviously a
prevalent movement, as is scrubbing of the branchiostegite by the chelipede merus, gtooming

of the mouthparts and opposite chelipede by the chelipede fingers, and mutual pereiopod

scrubbing. Based on the available information, there is no indication of marked differences in

brachyuran grooming behavior as a response to varying degrees of tenestriality.

ACKNOWLEDGMENTS

I am grateful to R.Bauer, B.Felgenhauer, H.Powell, and an anonymous reviewer for their
instructive comments on the paper and to R.Baerwald, M.Coffroth, D.Holmquist, M.Reeve,
and M.Syms for generously providing laboratory facilities and other assistance. G.Schultz
kindly identified representative isopods, and M.Goreau and PMartin assisted with the SEM.
Special thanks also to K.Hainge for typing the manuscript.

REFERENCES

Ache, B.W. 1982. Chemoreception and thermoreception. In H.L.Atwood & D.C.Sandeman (eds.), Thz Biology of
Crustacea,Vol. 3:pp. 369-398. New York: Academic Press.

Alexander, S.J. & D.W.Ewer 1969. A comparative study of some aspects of the biology and ecology of Sesarma
catenata Ort. and Cyclograpsu.s punctatus M.Edw., with additional observations on Sesarma meinerti DeMan.
Zool .  Afr .4: l -35.

Altevogt, R. 1968. Das 'Schaumbaden' brachyurer Crustaceen als Temperaturregulator. Zool. Anz.18l:398-402.
Ball, E.E. 1972. Observations on the biology of the hermit crab, Coenobita compressrar H.Milne Edwards

(Decapoda; Anomura) on the west coast of the Americas. Rev. Biol.Trop.20:265-273.
B arnwell, EH. I 982. A Philippine land crab vap. J. Crust. B iol. 2:202-206.
Bauer, R.T 1975. Grooming behavior and morphology of the caridean shrimp Pandalus danae Stimpson

(Decapoda: Natantia: Pandalidae). Zool. J. Linn. Soc . 56:45-7 | .
Bauer, R.T 1977. Antifouling adaptations of marine shrimp (Crustacea: Decapoda: Caridea): functional morpholo-

gy and adaptive significance of antennular preening by the third maxillipeds. Mar. Biol.40:260-276.
Bauer, R.T. l98l. Grooming behavior and morphology in the decapod Crustacea. J. Crust. Biol. l:153-173.
Bedding, R.A. 1965. Parasitism of British Tenestrial Isopoda by Diptera. Thesis, Imperial College of Science and

Technology, London.
Boltt, R.E. 1961. Antennary feeding of the hermit crab Diogenes brevirostris Stimpson. Natwe 192:1099-1100.
Borowsky, B. 1984. The use of the males' gnathopods during precopulation in some gammaridean amphipods.

C r us t ac e ana 47 :245 -250.



112 JeffG.Holmquist

Borradaile, L.A. 1922. On the mouthparts of the shore crab. Linn. Soc. Innd., J. Zool. 35:115-142.
Bright, D.B. & C.L.Hogue 1972. A synopsis of the bunowing land crabs of the world and list of their arthopod

symbionts and burrow associates. Itts Angeles County Mus. Contrib. Sci.220:l-58.
Brownscombe, A.K. 1965. An Ethological Study of the Shore-crab, Metapograpsw messor (Forskal) in Oahu,

Hawaiian Islands. Thesis, Univ. Hawaii.
Caine, E.A. 1975. Feeding and masticatory sfiuctures of selected Anomura (Crustacea). J. Exp. Mar. Biol. Ecol.

18:277-301.
Cals, P 1972. Gnathiides de I'Atlantique Nord. l. Problbmes li6s d I'anatomie et au dimorphisme sexuel dcs

gnathiides (Crustacea, Isopoda). Description d'une forme bathyale du Golfe de Gascogne: Gnathia teisseri,
n.sp.  Cah. Bio l .  Mar. l3:511-540.

Cameron, A.M. 1966. Some aspccts of the behavior of the soldicr crab, Mictyris longicarpus. Pacific Sci.
20:224-234.

Canaris, A.G.1962. A new genus and species of mite (Lalaptidae) fromOrchestoidea californiana(Gammaridae).
J. P ar as it ol. 48:461 -469.

Carson, H.L. 1967. The association between Drosophila carcinophila Wheeler and its host, the land crab
G e c ar c inus r ur ic o la (L.). Amer. M idl. N at ur. 7 8:324-343.

Charniaux-Cotton, H. 1957. Croissance, rdgdn6ration, et d6terminisme endocrinien des charactbres sexuels
d'Orchcstiagammarella(Pallas)crustacdamphipode. Annal.Sc.Nat.,Zool.,l9:4ll-559.

Cott, H.B. 1929.T\e Zoological Society's expedition to the Zambesi,1927: No. 2. Observations on the narural
history of the land-crab Sesarmameinerti, from Beira, with special reference to the theory of waming colours.
Proc. Zool. Soc. Innd. 1929:679-692.

Crane, J. 1957 . Basic patterns of display in fiddler crabs (Ocypodidae, Genus Uca). Zoologica 42:69-82.
Crane, J.1915. Fiddler Crabs of theWorld, Ocypodidae: Genus Uca.Winceton: Princeton Univ. Press.
Dcluca, V 1965. Ulteriori ricerche sui fenomeni della sessualitl negli Isopodi terrestri. Atti. Accad. Gioen. Sci.

N at. C atania 8:55 I -565.
Derby, C.D. 1982. Slructure and function of cuticular sensilla of the lobster Homarus americanw- J. Crust. Biol.

2: l -21.
Duncan, K.W. 1981. The effect on Orchestia hwleyi (Amphipoda: Talitridae) of a whitey disease caused by

Bacillus subtil is. N.Z. J. Zool.8:517 -528.
Factor, J.R. 1978. Morphology of the mouthparts of larval lobsters, Homartu americanus (Decapoda: Nephropi-

dae), witl special emphasis on their setae. Biol. Bull.154:383408.
Farmer, A.S. 1974. Thc functional morphology of the mouthparts and pereiopods of Nephrops norvegiurr (L.)

(Dec apoda : Nephropidae). J. N at. H is t. 8:121 - | 42.
Felgenhauer, B.E. & L.G.Abele 1983. Branchial water movement in the grapsid crab Sesarma reticulatum Say. J.

Crust. Biol. 3 : I 87- 195.
Field, L.H. 1977. A description and experimental analysis of a stereotyped chelipcd flexion behaviour in hermit

cr abs. B e hav io ur 61 :l 41 -17 9.
Ghiradella, H., J.Case & J.Cronshaw 1968a. Fine structure of the aesthetasc hairs of Coenobita compressus

Edwards. J. M orphol. 124:361-367 .
Ghiradclla, H., J.Case & J.Cronshaw 1968b. Structure of aesthetascs in selected marine and teirestrial decapods:

chemoreceptor morphology and environmcnt . Amer. Zool.8:603-621.
Graf, M.E & A.Magniez 1969. Surfaces respiratoires, aires cuticulaires permdables aux sels (nitrate d'argent et

lcuco-deriv6s) ct r6gions squelcttiques non calcifi6es chez quelque crustac6s amphipodes. C. R. Acad. Sci. Paris
268:3191-3194.

Graf, Nt.n & E.Sellem 1970. Les formations dpicuticulaires des gnathopodes d'Orclrzsrla (Crustac6, Amphipode):
6tude morphologique et topographique au cours du d6veloppement posrembryonaire. C. R. Acad. Sci. Paris
270:1472-1415.

Greenwood, J.G. 1972. The mouthparts and feeding behaviour of two species of hermit crabs. -I. Nat. Hist.
6:325-337.

Hamilton, K.A. 1983. A topographical and typological comparison of the rodlike setae of ambulatory dactylo-
podites in decapod crustaceans. J. Morphol.116:351-364.

Hassall, M. 1977. Thc functional morphology of the mouthparts and foregut in the terresrrial isopod Philoscia
mus c o r um (S c opol i 1 7 63). C r us t a c e ana 33 :225 -23 6.

Hiatt, R.W. 1948. The biology of the lined shore crab, Pachygrapsus crassipes Randall. Pacific Sci.2:135-213.
Hindlcy, J.PR. & C.G.Alexander 1978. Structure and function of the chelate pcreiopods of the banana prawn

P enaeus mer guie nsis. M ar. B iol. 4 8: I 53- I 60.
Holdich, D.M. 1971. Changes in physiology, structure and histochemistry occurring during the life-hisrory of rhc

sexually dimorphic isopod Dynamene bidentata (Crustacea: Peracarida). Mar. Biol.8:35-41.
Holdich, D.M. 1984. The cuticular surface of woodlice: a search for receptors . Symp.Zool. Soc. Lond.53:9-48.
Holmquist, J.G. 1981. The Functional Morphology of Amphipod Grooming Appendages. Thesis, Ohio Statc

Univ.
Holmquist, J.G. 1982. The functional morphology of gnathopods: importance in gtooming, and variation with

regard to habitat, in talitroidean amphipods . J. Crust. Biol.2:159-11.9.



Grooming structure andfunction in some terrestrial crustacea 113

Ilolmquist, J.G. 1985. The grooming behavior of the tenestrial amphipodTalitroides allunudi. J. Crust. Biol.
5:334-340.

Hurley, D.E. 1959. Notes on the ecology and environmental adaptations of the terrestrial Amphipoda. Pacific Sci.
13:107-129.

Hurley, D.E. 1968. Transition from water to land in amphipod crustaceans. Amer.Zool.S:327:35'3.
Iversen, E.S. & G.L.Beardslcy I976. Shell disease in crustaceans indigenous to south Florida. Prog. Fish-Cult.

38 :195-196 .
Jacoby,C.A. l93l.Behaviorof thepurpleshorecrabHemigrapsusnudtrsDana,l35l.l Crwt.Biol.l:531-544.
Johnson, D.S. 1965. Land crabs. J. Malay. Bran. R. Asiat. Soc.38:43-66.
Jones,D.A.l968.Thefunctionalmorphologyof thedigestivesysteminthecamivorousintertidalisopodEurydice.

J. Zool., Lond. | 56:363-37 6.
Kitron, U.D. 1980. The pattern of infestation of the beachhopper amphipod Orchestia corniculata,by a parasitic

mite. P ar as ito lo gy 81 :235 -250.

Koepcke, H.-W. & M.Koepcke. 1953. Contribucion al conocimiento de la forma de vida de Ocypode gaudichnudii
Milne Edwards et Lucas (Decapoda, Crust.). Publnes Mus. Hist. Nat., Lima (ser. A.,Zool.) 13:1-46.

Kunze, J. & D.T.Anderson 1979. Functional morphology of the mouthparts and gastric mill in the hermit crabs
Clibanarius taeniatw (Milne Edwards), Clibanarius virescens (Krauss), Pagwistes sqrnmosus McCulloch
and Dardanus setifer (Milne-Edwards) (Anomura: Paguridae). Aust. J. Mar. Freshwater Res.30:683-722.

Legrand, J.-J. 1958. Comportement sexuel et modalitds de la f6condation chez I'Oniscoide Porcellio dilatatus
Brandt. C. R. Acad. Sci. Paris 246:3120-3122.

Lindbcrg, W.J. 1980. Behavior of the Oregon mudcrab, Hemigrapsw oregonensis (Dana) (Brachyura, Grapsidae).
C r us t ac e ana 39 :261 -281,

Magnus, D. 1960. Zur okologie des Landeinsiedlers Coenobita jousseaumei Bouvier und der Krabbc Ocypode
ae gypt iac a Gerstaeker am Roten Meer. Ver h. D e ut s c h. Zoo l. G e s. 38:31 6-329.

Makarov V.V 1962. English translation of Makarov 1938. Crustacea, Anomura. Israel Program for Scientific
Translation, Jerusalem.

Mclntyre, R.J. 1954. A Common Sand-hopper. Thesis, Canterbury Univ., Cfuistchurch, N.Z.
Mead, F. l9&. Sur I'existence d'une chevauch6e nuptiale de longue dur6e chez I'isopode tcrrestrc Helleria

br ev ic or nis Ebner. C. R. Ac ad. S c i. P ar is 258:5268- 527 0.
Mead, F. 1965. Observations sur I'accouplement chez I'isopode terrestre Helleria brevicornis Ebner. C. R. Acad.

S ci. Paris 261:17 52-17 55.
Mcad, F.1967 . Obscrvations sur l'accouplement et la chevauch6e nuptiale chez I'isopodeTylos latreillei Audouin.

C. R. Acad. Sci. Paris 264:2154-2157 .
Milne Edwards, H. 1873. Rccherches sur la faune carcinologique de la Nouvelle Calddonie. Na uv. Arch. Mus. Paris

9:156-332.
Morcira, PS. 1973. Behavioral aspects of Arcturella srwayae Moreira, 1973 (Crustacea,Isopoda,Yalvifera). Bol.

Zool. e Biol. Mar., N.5.30:195-216.
Morino, H. 1981. Studies on the Talitridae (Amphipoda, Crustacea) in Japan. IV The development of gnathopod II

in O r c he s t i a p late ns is Kr 6y er. P ubl. S eto M ar. B io l. I^ab. 26:l -1 3.
Nordenstam, A. 1933. Marine Isopoda of the families Serolidae, Idotheidac, Pseudidotheidae, Arcturidac,

Parasellidae and Stenetriidae mainly from the South Atlantic. Fwther Zool. Res. Swed. Antarc. Exp.190l, 1903
3: l -284.

Patand, L. 1959. Ricerche sui fenomeni della sessualith negli Isopodi. III. Ulteriori osservazioni sulla biologia
sessuale di Porcellio laevisLatreil le. Aui. Accad. Gioen. Sc. Nat. Catania5:113-132.

Pcarse, A.S. 1912. The habits of fiddler crabs. Phil. J. Sci.7:l l3-133.
Powcll, C.V.L. & K.Halcrow 1982. The surface microstructure of marine and terrestrial Isopoda (Crustacea,

Peracarida). Zoomorphology l0l : 151 -1 64.
Powers, L.W. & D.E.Bliss 1983. Tenestrial adaptations. In FJ.Vernberg & W.B.Vemberg (eds.), The Biology of

Crustacea, Vol. 8: pp.27l-333. New York: Academic hcss.
Price, J.B. & D.M.Holdich 1980. An ultrastructural study of the integumcnt during the moult cycle of thc

woodlouse, O nis uu as e I lw (Crustacea, Isopoda). Zoomor p ln lo gy 9 5 :250 -263 .
Robcrts, M.H. 1968. Functional morphology of mouth parts of the hermit crabs, Pagurus longicarpru and Pagurus

pol lic aris. C he s ape akz S c i. 9 :9 -20.

Salmon, M. & G.W.Hyal.t 1983. Communication. In EJ.Vemberg & W.B.Vernberg (eds.), Thc Biology of
Crustacea,Vol. 7:pp. l-40. New York: Academic Press.

Sassaman, C. & R.Garthwaite 1984. The interaction between the terrestrial isopod Porcellio scaber Latreille and
oneof itsdipteranparasites, Melanophoraroralis (L.)(Rhinophoridae). J.Crust.Biol.4:595-603.

Schembri, PJ. 1981. The functional morphology of the branchial chambers and associated structures of Ebalia
tuberosa (Crustacea: Decapoda: Leucosiidae), with spccial rcference to ventilation of the egg-m ass. J. Zool.,
Lond.195:423-436.

Schembri, P.J. 1982a. Functional morphology of the mouftparts and associatcd structurcs of Pagurus rubricatus
(Crustacca: Decapoda: Anomura) with special relerencc to feeding and groomin g. Zoomorphology 101:17-38.



114 JeffG.Holmquist

Schembri, PJ. 1982b. The functional morphology of the feeding and grooming of Ebalia tuberosa (Pennant)
(Crustacea: Decapoda: Leucosiidae). J. Nat. Hist. 16:467-480.

Schmalfuss, H. 1977. Morphologie und Funktion der tergalen L?ingsrippen bei Landisopoden (Oniscoidea,
Isopoda, Crustacea). Zoomorphalo gy 86:155-167 .

Schmalfuss, H. 1978. Morphology and function of cuticular microscales and conesponding structures in terrestrial
i sopods ( Crust., Isop., Onisco idea). Z o omo r p ho I o gy 9 | :263 -27 4.

Schcine, VH. & H.Schdne 1963. Balz und andere Verhaltensweisen der MangrovekrabbeGoniopsis cruzntataLat.
und das Winkverhalten der eulitoralen Brachyuren.Z.Tierpsyclnl.20:&l-656.

Schultz, G.A. 1984. Three new and five other species of Oniscoidea from Belize, Central America (Crustacea:
Isopoda). J. N at. H ist. 18:3-14.

Schultz, G.A. & C.Johnson 1984. Tenestrial isopod crustaceans from Florida (Oniscoidea). Tylidae, Ligiidae,
Halophilosciidae, Philosciidae, and Rhyscotidae. J. Crust. Biol.4:154-171.

Scurlock,D.l9T5.lnfestationof thesandybeachhopper OrchestoideacorniculatabyGammaridacarusbrevister-
nalis (Acai: Lalaptidae). Bull. South. Calif. Acad. Sci.74:5-9.

Snow, P.J. 1973. The antennular activities of the hermit crab Pagurus alaslcensis (Benedict). J. Exp. Biol.
58:745-765.

Sutton, S.L. 1980. Woodlice. Oxford: Pergamon Press.
Thomas, W.J. 1970. The setae of Austropotamobius pallipes (Crustacea: Astacidae). J. Zool., Lond.160:91-142.
Vandel, A.1925. Recherches sur la sexualit6 des Isopodes. Bull. Biol. Fr. Belg.59,317-371.
Vandel, A. 1960. Isopodes terrestres (premidre partte). Faune de France 64:l-416.
vandel, A.1962.Isopodes terrestres (deuxidme partie). Faune de France 66417-931.
Vannini, M. 1980. Notes on the behavior of Ocypode ryderiKingsley (Crustacea, Brachyura). Mar. Behav. Physiot.

7:171-183.
Verhoeff, K. W. 1908-09. Uber Isopoden. 15. Isopoden. Ges. Naturf. Freunde. Berlin. Arch. Biontologie 2:335-

38't.
vuil lemin,s. l96T.Larespirationchezlescrustac6sd6capodes. Ann.Biol.6:4i-8r.
Vuillemin, S. 1970. Observations dthologiques sur Coenobita brevimanus Dana, 1852 (Crustacd, Decapode,

Anomoure). Annl. U niv. M adagas car 7 :235 -ZM.
Wahrberg, R. 1922. Terres tre Isopoden aus Aus rral ie n. Ar k. Z o o l. l 5 : l -29 6.
Walker, G. 1974. The occurrence, distribution, and attachment of the pedunculate barnacle Octolasmis miilleri

(Coker) on the gills of crabs, particularly the blue crab , Callinectes sapidus Rathbun. Biol. Bull. 147:678-689.
Warner, G.F.1977.Tlw Biology of Crabs- New York: Van Nostrand andReinold.
Wright, H.O. 1966. Comparative Studies of Social Behavior in Grapsoid Crabs. Thesis, Univ. Califomia,

Berkeley.




