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ABSTRACT

The complete larval development of the land hermit crab Coenobita compressus is described
from specimens reared in the laboratory at 26°C. Eighty-eight percent passed through five zoeal
stages and 12% passed through four zoeal stages before metamorphosing 21-33 days after hatch-
ing. Megalopae left their water dishes as soon as seven days after metamorphosis, buried them-
selves in damp sand approximately 29 days after metamorphosis, and emerged as young crabs 1-5
days later. Coenobita compressus zoeae can be distinguished from the other seven described coeno-
bitids by the setation of the maxillule and antenna, whereas the megalopa can be distinguished by
the segmentation of the second and third maxillipeds. Characters are also given to distinguish C.
compressus zoeae from those of sympatric marine hermit crab zoeae.

Land hermit crabs (family Coenobitidae)
occur throughout the tropics, reaching their
highest species diversity on the coastlines, is-
lands, and atolls of the Indo-West Pacific
(Hartnoll, 1988). Although all adult coeno-
bitidsare fully terrestrial, their larvae develop
in the plankton. Laboratory-reared coeno-
bitids usually pass through five zoeal stages
before metamorphosing into megal opae (e.g.,
Shokita and Yamashiro, 1986; Nakasone,
1988), but as few as two (Harvey, 1992) and
as many as seven (Al-Aidaroos and
Williamson, 1989) zoeal stages have been
observed. Once the megalopal stage has been
attained, coenobitids become more benthi-
cally oriented (personal observation in the
laboratory for C. compressus), show an es-
calating interest in shells (Brodie, 1999), and
finally emerge onto land where they burrow
and molt to the first juvenile crab stage
(Reese, 1968; Reese and Kinzie, 1968; Har-
vey, 1992).

Larval development in the laboratory has
been described for seven of the approximately
16 known coenobitid species. Five of the
seven species are from the Indo-West Pacific:
Coenobita cavipes Stimpson (Shokitaand Ya-
mashiro, 1986; Nakasone, 1988), C. pur-
pureus Stimpson (Nakasone, 1988), C. rugo-
sus H. Milne-Edwards (Shokita and Ya-
mashiro, 1986), C. variabilis McCulloch
(Harvey, 1992), and Birgus latro (Linneaus)

(Reese and Kinzie, 1968). Larval develop-
ment has also been investigated in C. clypea-
tus, the only western Atlantic coenobitid, and
C. scaevola (Forskdl), the only Red Sea
coenobitid (Provenzano, 1962a; Al-Aidaroos
and Williamson, 1989). In this paper we de-
scribe the development of C. compressus in
the laboratory. Coenobita compressus is the
only species of land hermit crab from the
eastern Pacific, where its geographical dis-
tribution extends from the Gulf of Califor-
nia, Mexico, to Peru (Ball and Haig, 1974).

MATERIALS AND METHODS

Several ovigerous C. compressus (generally 3-10
crabs) were intercepted just above the surf zone on Cule-
bra Beach, Naos Island, Panama, shortly before high tide
on evenings from March through May, 1997. Each crab
was kept inside a round plastic washtub (diameter = 0.5
m) partly filled with damp sand into which was placed a
300-ml Pyrex dish filled with filtered sea water. Tubs were
checked every 2 or 3 hours until at least one female had
shed zoeae into its water dish.

Larvae from nine females were reared for this study.
One batch of larvae each hatched on the evenings of
March 7, May 4, and May 6, respectively (three batches
total). These zoeae were housed individualy in parti-
tioned plastic boxes holding 20 ml of filtered sea water
in each of 18 compartments. Three females shed larvae
on the evening of April 2 and three more on the evening
of April 3; on each occasion the three batches were com-
bined, and larvae were randomly selected for rearing.
These larvae were placed five to a compartment in larger
plastic boxes holding 75 ml of filtered sea water in each
of 24 compartments and were not tracked individually
through development. All subsequent rearing took place
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Fig. 1. Coenobita compressus H. Milne Edwards, 1837, larval development under laboratory conditions. ZI through
ZV denote zoeal stages. Megalopa Vs passed through 4 zoeal stages, while Megalopa Vs passed through 5 zoeal

stages.

at the Smithsonian Tropical Research Institute’'s marine
facilities on Naos Island, Panama.

The larvae were reared on a12:12 L : D light cycle at
26°C, the average local sea-surface temperature for sev-
eral days before the first batch of larvae was collected.
Zoeae were transferred to clean compartments and fed
Artemia nauplii daily; newly hatched Artemia were con-
sumed for the first two weeks of development, after which
they fed upon larger 1- or 2-day-old Artemia.

When the March 7 batch of individually reared larvae
metamorphosed into megal opae they were moved to small
plastic containers holding about 4 ml of sea water. Each
container was sunk into damp sand in the larger com-
partmentalized boxes, so that individual megalopae had
the opportunity to leave the sea water. Megal opae were
fed fish flake food daily and provided small vacant gas-
tropod shells (Nerita modesta). On April 24 the 16 sur-
viving megal opae were moved to covered plastic cups (di-
ameter = 9 cm) also containing sea water and sand and
placed outside in an open-air, covered arena where they
experienced natura daily fluctuationsin light and air tem-
perature. All statistics on the timing of larval develop-
ment were derived from the March 7 batch of larvae.

Larvae and exuviae were preserved in a dilute solu-
tion of 70% ethanol and chlorazol black stain. Sacrificed
larvae and exuviae were dissected in glycerine and
mounted in glycerine jelly. Descriptions were made with
the aid of a Nikon microscope with Nomarski optics, and
measurements were made using a dissecting microscope
with an ocular micrometer. Total length was measured
from the tip of the rostrum to the midpoint of the telson
and excluded all telson processes. Carapace length was
measured from the tip of the rostrum to the posterome-
dial margin of the carapace. All setal formulae are prox-
imal to distal. Rarely observed variations of setal num-
ber are reported in parentheses. Illustrations were cre-

ated with an approach modified from Harvey (1992):
specimen images were first captured on a Macintosh™
computer with a digital camera connected to a Wild M8
dissecting microscope; these images were used as tem-
plates from which line drawings were made using the pro-
gram Adobe Illustrator™.

REsuLTS

Coenobita compressus passed through four
or five larval stages before attaining the
megalopal stage (Fig. 1). Twelve percent of
the 88 zoeae that survived to the megalopal
stage in the March 7 batch passed through
four zoeal stages, whereas the rest passed
through five zoeal stages. This variability was
seen in all batches of the individually tracked
larvae from this study and in three additional
batches of C. compressus reared for another
study. The first four zoeal stages were about
five days long, while the fifth lasted about
seven days (Table 1). During this period, the
zoeae nearly doubled in total length from
around 3 mm at hatching to nearly 6 mm at
the fifth zoeal stage; the megalopae were
slightly over 4 mm long (Table 2).

By the end of April, the surviving mega-
lopae from the March 7 batch were increas-
ingly active on land. Initialy, terrestrial
megal opae often temporarily abandoned their
shells, but this behavior rarely occurred in
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Table 1. Duration of the developmental stages of
Coenaobita compressus H. Milne Edwards.

Stage n Duration (days) Mean + SD (days)
Zoea l 108 56 53+04
Zoea 2 108 4-9 53+0.7
Zoea 3 103 1-8 49+ 10
Zoea 4 93 3-10 51+12
Zoea 5 73 6-10 74+0.6
Megalopa 9 27-32 29.0+1.7

older megalopae. On April 27 the first mega-
lopa buried into the sand, and by May 6 all
megalopae had burrowed underground,
emerging as young crabs after one to five
days. All nine megalopae that successfully
metamorphosed to the young crab stage
molted on land.

The length of time spent by megalopae in
water before moving to land, and then on land
before metamorphosing, was not rigorously
measured in this study because the rearing
containers and environmental conditions were
changed during the course of the experiment.
However, in subsequent work, it was found
that megal opae could |eave the water and suc-
cessfully metamorphose after asfew as 7 days
in the water, although megalopae that re-
mained in the water for 9-12 days were more
successful (unpublished data). Terrestrial
megalopae often returned to their water
dishes before burying and metamorphosing.

DESCRIPTION OF THE LARVAE
First Zoea
Specimens Examined.—Five.

Carapace (Figs. 2A, 3A).—Rostrum long,
extending beyond tip of antennules, pointed,
tapering, faintly carinate. Posterolateral mar-
gins of carapace rounded. Eyes sessile.

Antennule (Fig. 4A).—Uniramous; terminus
with 3 large aesthetascs, 2 long and often 1
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short plumose setae, and 1 long subterminal
plumose seta.

Antenna (Fig. 4B).—Endopod unsegmented,
fused to protopod, with 2 long and 1 short ter-
minal plumose setae. Exopod with 9 or 10
plumose setae on inner and distal margins,
spine on outer distal margin and setules along
inner margin. Protopod with 1 strong serrated
spine distally at base of exopod.

Mandible (Fig. 4C, D).—Margin asymmetri-
cal, lacking palp.

Maxillule (Fig. 4E).—Coxal endite with 5 ter-
minal plumose setae and 2 or 3 subterminal
simple setae. Basal endite with 2 strong
spines, each with several denticles, and of-
ten 1 subterminal simple seta. Endopod 3-seg-
mented, third segment with 3 simple setae,
but sometimes 1 plumose; 1 simple seta
sometimes present distally on second seg-
ment.

Maxilla (Fig. 4F).—Proximal lobe of coxal
endite with 7 (6) plumose setae: 1-3 of these
subterminal and 4 or 5 terminal; distal lobe
with 3 or 4 setae. Proximal lobe of basal en-
dite with 4 (5) setae, distal lobe with 3 ter-
minal setae and 1 subterminal seta. Proximal
|obe of endopod with 2 setae, distal lobe with
3terminal and 1 (2) subterminal setae, distal
margin of endopod with row of fine setules.
Scaphognathite with 5 (4) plumose setae,
proximal margin with row of fine setules.

Maxilliped 1 (Fig. 4G).—Basis with hooked
process at proximal end of inner face, process
with fine seta basally (sometimes absent) and
distally; 1, 1, 3, 2 or 3 setae on inner face.
Endopod 5-segmented, with 2 (3), 2 (1), 1,
2, 5 setae, mostly plumose except on first
segment; setules on first 3 segments, some-
times on fourth segment as well; exopod in-
completely 2-segmented, with 4 natatory
plumose setae.

Table2. Larval sizes of Coenobita compressus H. Milne Edwards.

Zoeal Zoea ll Zoeallll Zoea lV ZoeaV Megalopa

Carapace Length (n = 10)

Mean £ SD (mm)  1.43 + 0.05 1.79 £ 0.06 211+£0.1 211+ 0.12 2.49 = 0.07 1.62 £ 0.1

Maximum 1.5 1.9 2.3 2.3 2.6 1.8

Minimum 14 1.7 2.0 19 2.4 15
Total Length (n = 10)

Mean + SD (mm)  3.08 + 0.09 392+0.11 472 +0.15 4.92+0.29 572+£015 435+0.16

Maximum 3.2 4.1 5.0 5.2 5.9 4.6

Minimum 3.0 3.7 45 4.4 55 41
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Fig. 2. Coenobita compressus H. Milne Edwards, 1837, whole animals, dorsal view. A, zoea |; B, zoea ll; C, zoea

I11; D, zoea IV; E, zoea V; F, megalopa. Scale = 1.0 mm.

Maxilliped 2 (Fig. 4H).—Basis with medio-
distal simple seta and 2 distal setae, usualy
both plumose but sometimes 1 simple. En-
dopod 4-segmented, with 2, 2 (1), 2, 5 (4)
setae, mostly plumose except for 1 seta on
second segment and sometimes on ultimate
segment; setules on segments 2 and 3; exo-
pod incompletely 2-segmented, with 4 nata-
tory plumose setae.

Maxilliped 3 (Fig. 41).—2-segmented bud.

Abdomen (Figs. 2A, 3A).—5 somites; second
somite with prominent, slightly curved
mediodorsal spine; third and fourth somites
with much smaller mediodorsal spines; fifth
somite with large, blunt, recurved mediodor-
sal spine and large, blunt, dorsoventrally com-
pressed posterolateral spines, sixth somite
fused to telson.

Telson (Fig. 4J).—Posterior margin straight,
median gap slightly notched; 7 + 7 marginal
processes, outermost (first) fixed spine, sec-
ond fine plumose hair, third through seventh
articulated plumose spines, spinules present
on lateral and medial (sometimes only along
top half) margins of fifth, along full length
of both margins of sixth and along full length
of lateral margin and sometimes along top of
media margin of seventh; small spinules be-
tween marginal processes and fine setules in
median gap.

Second Zoea
Foecimens Examined.—Five.

Carapace (Figs. 2B, 3B).—Rostrum and
carapace essentially unchanged, except more
noticeable rostral carina. Eyes mabile.

Antennule (Fig. 5A).—Uniramous; terminus
with 2 large aesthetascs, 2 long setae, both
usually plumose but sometimes 1 simple, and
2 short plumose setae; 1 long and usually 1
or 2 short subterminal plumose setae.

Antenna (Fig. 5B).—Endopod fused to pro-
topod. Endopod about half length of exopod,
with 2 long and 1 short terminal plumose se-
tae. Exopod with 10 or 11 plumose setae on
inner and distal margins, spine on outer dis-
tal margin, and setules along inner margin.
Strong serrated ventral spine and small tooth
on protopod at base of exopod.

Mandibles (Fig. 5C, D).—Margin asymmet-
rical, palp lacking. Upper process of right
mandible with prominent incisor and 3 smaller
teeth; lower process with 9 teeth, several den-
ticles, and serrated edges. Left mandible with
large dorsal, medial, and ventral teeth with
smaller spines and teeth in between.

Maxillule (Fig. 5E).—Coxal endite with 5 ter-
minal plumose setae and 2 simple or plumose
subterminal setae. Basal endite with 4 strong
spines, each with several denticles, and of-
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Fig. 3. Coenobita compressus H. Milne Edwards, 1837, whole animals, lateral view. A, zoea |; B, zoea |l; C, zoea

IIl; D, zoea IV; E, zoea V. Scale = 0.8 mm.

ten 1 subterminal simple seta. Endopod in-
completely 3-segmented, third segment with
2 simple and 1 plumose setae; simple seta on
second segment.

Maxilla (Fig. 5F).—Proximal lobe of coxal
endite with 7 (6) plumose setae: 1-3 of these

submarginal and 4 or 5 marginal; distal lobe
with 4 plumose setae, 1 submarginal. Proxi-
mal |obe of basal endite with 4 (5) plumose
setae, 1 submarginal, distal lobe with 3
plumose setae and 1 submarginal simple seta.
Proximal lobe of endopod with 2 plumose
(sometimes 1 of these simple) setae, distal
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Fig. 4. Coenobita compressus H. Milne Edwards, 1837, zoeal. A, antennule; B, antenna; C, right mandible; D, left
mandible; E, maxillule; F, maxilla; G, first maxilliped; H, second maxilliped; I, third maxilliped; J, telson. Scale =

0.1 mm (E, F, 1), 0.25 mm (A-D, G, H), and 0.4 mm (J).

lobe with 3 or 4 setae, most plumose. Distal
margin of endopod with row of fine setules.
Scaphognathite with 7 or 8 plumose setae,
proximal margin with row of fine setules.

Maxilliped 1 (Fig. 5G).—Basis with hooked
process at proximal end of inner face,
process with fine seta basally (sometimes ab-
sent) and distally; 1, 1, 3, 1-3 setae (plumos-

ity variable) more distally on this face. En-
dopod 5-segmented with 3, 2, 1, 2, 4 setae
(plumosity variable), single long plumose seta
on outer margins of segments 1, 2, 3, and 5
(proximal); exopod incompletely 2-seg-
mented, with 5 or 6 natatory plumose setae.

Maxilliped 2 (Fig. 5H).—Basis with 1
plumose seta and 2 distal plumose setae on
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Fig. 5. Coenobita compressus H. Milne Edwards, 1837, zoea Il. A, antennule; B, antenna; C, right mandible; D,
left mandible; E, maxillule; F, maxilla; G, first maxilliped; H, second maxilliped; |, third maxilliped; J, telson. Scale
=0.1 mm (E, F), 0.25 mm (A-D, G-l), and 0.5 mm (J).
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Fig. 6. Coenobita compressus H. Milne Edwards, 1837, zoea lll. A, antennule; B, antenna; C, right mandible; D,
left mandible; E, maxillule; F, maxilla; G, first maxilliped; H, second maxilliped; I, third maxilliped; J, telson and
uropods. Scale = 0.16 mm (E, F), 0.25 mm (A-D, G-l), and 0.6 mm (J).

inner face. Endopod 4-segmented (penulti- dopod bud usually present and terminating

mate segment deeply indented), with 2, 2, 2, in thorn-like seta (not shown in figure).

4 plumose setae along inner margin, single ) _ o

long plumose seta on outer margins of seg- Pereiopods.—Three pereiopod buds visible.

ments 2, 3, and 4; exopod incompletely 2-seg- ) ) .

mented, with 6 naIat(?ry plumoge setge. > Abdomen (Figs. 2B, 3B).—Five somites. Sec-
ond somite with prominent, slightly curved

Maxilliped 3 (Fig. 5I).—Exopod 2-seg- mediodorsal spine; third and fourth somites
mented, with 5 natatory plumose setae. En-  with much smaller mediodorsal spines; fifth
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somite with large, blunt, recurved mediodor-
sal spine and huge, blunt, dorsoventrally com-
pressed posterolateral spines; sixth somite
fused to telson.

Telson (Fig. 5J).—Posterior margin slightly
concave, slight median notch; 8 + 8 marginal
processes and sometimes small medial seta;
outermost (first) fixed spine, second fine
plumose hair, third through eighth articul ated
plumose spines, spinules present along me-
dial and lateral margins of both sixth and sev-
enth, along tops of both margins of eighth;
small spinules between marginal processes;
no fine setules.

Third Zoea
Specimens Examined.—Five.

Carapace (Figs. 2C, 3C).—Essentialy un-
changed.

Antennule (Fig. 6A).—2-segmented; bud of
ventral flagellum vestigial, distal segment
with 2 large terminal aesthetascs, 2 terminal
plumose setae, 1 long and 1 short, and some-
times 2 terminal simple setae; proximal seg-
ment with 2 (1) terminal plumose setae and
3 large plumose setae at base of distal seg-
ment.

Antenna (Fig. 6B).—Endopod less than half
length of exopod, with 1 short terminal
plumose seta. Endopod 1-segmented, not
fused to protopod. Exopod with 13 or 14
plumose setae on inner and distal margin,
spine on outer distal margin, and setules along
inner margin. Protopod with strong serrated
spine and acute spine at base of exopod.

Mandible (Fig. 6C, D).—Right mandible with
1 prominent incisor and 3 smaller teeth dor-
sally, 7 or 8 teeth, prominent tooth and ser-
rated edges more ventrally. Left mandible
with prominent incisor and smaller teeth dor-
sally, large medial incisor with 1 large and
several small teeth, ventral incisor with sev-
eral similarly sized teeth.

Maxillule (Fig. 6E).—Coxal endite with 6 (7)
stout terminal plumose setae and 2 (1) sim-
ple or plumose subterminal setae. Basal en-
dite with 4—6 strong spines, each with several
denticles, and 1 subterminal simple seta. En-
dopod with 2 or 3 segments, third segment
with 2 or 3 setae (plumosity varies); simple
seta sometimes on second segment.
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Maxilla (Fig. 6F).—Proximal lobe of coxal
endite with 7 (6) plumose setae: 3 of these
submarginal and 4 marginal; distal lobe with
4 plumose setae, 1 submarginal. Proximal
lobe of basal endite with 4 (5) plumose setae,
1 submarginal, distal lobe with 4 plumose se-
tae, 1 submarginal. Proximal lobe of endopod
with 2 or 3 plumose (sometimes 1 of these
simple) setae, sometimes median margin with
1 simple seta, distal lobe with 3 or 4 setae,
most plumose. Distal margin of endopod with
row of fine setules. Scaphognathite with 9 or
10 plumose setae, additional seta at base of
scaphognathite, proximal margin with row of
fine setules.

Maxilliped 1 (Fig. 6G).—Basis with hooked
process at proximal end of inner face, process
with fine seta basally (sometimes plumose)
and usually distally; 1, 1, 3, 1-3 setae (mostly
plumose) more distally on this face. Endopod
5-segmented, with 1-3, 2, 1, 2 (1), 4 (3) se-
tae (mostly plumose), a single long plumose
seta on outer distal margins of segments 1,
2, and 3, and on outer proximal margin of
segment 5; exopod incompletely 2-segmented
with 6 natatory plumose setae.

Maxilliped 2 (Fig. 6H).—Basis with 2
plumose setae on inner face. Endopod 4-seg-
mented (penultimate segment deeply in-
dented), with 2, 2 (1), 2, 5 setae along inner
margin, single long plumose seta on outer
margins of segments 2 and 3; exopod in-
completely 2-segmented, with 7 or 8 natatory
plumose setae.

Maxilliped 3 (Fig. 61).—Endopod small and
unsegmented, with plumose seta at distal end.
Exopod 2-segmented with 6 natatory plumose
Setae.

Pereiopods.—Four obvious buds.
Abdomen (Figs. 2C, 3C).—Unchanged.

Uropods (Fig. 6K).—Exopod, endopod, and
protopod fused. Exopod with 8 or 9 plumose
setae along posterior and inner margins, fine
setules on mesial margin (not illustrated).

Telson (Fig. 6J).—Posterior margin slightly
concave, slight median notch; 8 + 1 + 8 mar-
ginal processes. outermost (first) fixed spine,
second fine plumose hair, third articulated
plumose seta, fourth larger fixed spine, fifth
through eighth articulated plumose spines,
ninth small articulated plumose spine. Spi-
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nules in between all marginal processes and
on both margins of fifth through ninth spines.

Fourth Zoea
Specimens Examined.—Seven.

Carapace (Figs. 2D, 3D).—Unchanged.

Antennule (Fig. 7A).—2-segmented; bud of
ventral flagellum well developed, distal seg-
ment with 2—4 large terminal aesthetascs and
sometimes 2 smaller subterminal aesthetascs,
2-4 terminal plumose setae, 1 very long and
1-3 shorter (sometimes 1 of these simple);
proximal segment with 2—4 short terminal
plumose setae and 4 (3) large plumose setae
at base of distal segment.

Antenna (Fig. 7B).—Endopod almost as long
as exopod, with 1 short plumose seta and
blunt tubercle terminally, incompletely 2-seg-
mented. Exopod with 13-16 plumose setae on
inner and distal margins, spine on outer dis-
tal margin, and setules along inner margin.
Strong serrated ventral spine on protopod at
base of endopod and small spine on proto-
pod at base of exopod.

Mandible (Fig. 7C, D).—Right mandible with
1 major incisor and 4 or 5 smaller teeth dor-
sally, 7 or 8 teeth on medial ridge, and 1 large
tooth and several smaller teeth ventrally. Left
mandible with 1 major dorsal incisor with
several smaller teeth, 1 major incisor and sev-
eral smaller teeth medially, and several teeth
of variable size ventrally.

Maxillule (Fig. 7E).—Coxal endite with 8 (7)
stout plumose setae, 1 or 2 of these gener-
ally submarginal and 1 sometimes simple.
Basal endite with 6 or 7 strong spines, each
with several denticles, and 1 subterminal sim-
ple (plumose) seta. Endopod incompletely 3-
segmented, third segment with 3 setae (1 gen-
erally simple); sometimes simple seta on sec-
ond segment.

Maxilla (Fig. 7F).—Proximal lobe of coxal en-
dite with 8 plumose setae: 3 submargina and
5 marginal; distal lobe with 5 (4) plumose se-
tae, 1 submarginal. Proximal lobe of basal en-
dite with 5 plumose setag, 1 submarginal, dis-
tal lobe with 5 (4) plumose setae, 1 submar-
ginal. Proximal lobe of endopod with 3
plumose setae, distal lobe with 3 (4) plumose
setae, 1 submarginal. Distal margin of endo-
pod with row of fine setules. Scaphognathite
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with 12-15 plumose setae and small ventral
lobe; proximal margin with row of fine setules.

Maxilliped 1 (Fig. 7G).—Basis with hooked
process at proximal end of inner face, process
with fine seta (sometimes plumose) basally
and distally; 1, 1, 1-2, 2, 2 (3) setae (plumos-
ity variable) on this face. Endopod 5-seg-
mented, with 3 (2), 2, 1, 2, 4 setae (mostly
plumose), single long plumaose seta on outer
margins of segments 1, 2, 3, and 5 (proximal);
exopod incompletely 2-segmented, with 6
natatory plumose setae.

Maxilliped 2 (Fig. 7H).—Basis with 1, 1-2
plumose setae on inner face. Endopod 4-seg-
mented (penultimate segment deeply in-
dented), with 2 (1), 2, 2, 4 plumose setae
along inner margin, single long plumose seta
on outer margins of segments 2, 3, and 4; ex-
opod incompletely 2-segmented, with 8 (7)
natatory plumose setae.

Maxilliped 3 (Fig. 71).—Endopod same size
as protopod and unsegmented, with plumose
seta terminally. Exopod 2-segmented, with 7
(8) natatory plumose setae.

Pereiopods (Fig. 7K).—Five buds present.

Abdomen (Figs. 2D, 3D).—Six somites, ar-
mature of somites 2-5 unchanged; sixth
somite unarmed. Pleopod buds present.

Uropods (Fig. 7J).—Exopod, endopod, and
protopod articulated. Endopod with 6 or 7
plumose setae and inner marginal row of fine
setules; exopod with 12 (11) plumose setae
along posterior and inner margins, fine setules
on inner margin.

Telson (Fig. 7J).—Posterior margin slightly
concave, slight median notch; 8 + 1 + 8 mar-
ginal processes: outermost (first) fixed spine,
second fine plumose hair, third articulated
plumose seta, fourth larger fixed spine, fifth
through eighth articulated plumose spines,
ninth small articulated plumose spine. Spi-
nules in between all marginal processes and
on both margins of fifth through ninth spines;
with or without setules in between some mar-
ginal processes.

Fifth Zoea

Specimens Examined.—12.
Carapace (Figs. 2E, 3E).—Unchanged.
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Fig. 7. Coenobita compressus H. Milne Edwards, 1837, zoea IV. A, antennule; B, antenna; C, right mandible; D,
left mandible; E, maxillule; F, maxilla; G, first maxilliped; H, second maxilliped; 1, third maxilliped; J, telson and
uropods; K, pereiopod buds. Scale = 0.125 mm (E, F), 0.2 mm (A, C, D, I, K), and 0.32 mm (B, G, H, J).

Antennule (Fig. 8A).—2-segmented; bud of
ventral flagellum well developed, distal seg-
ment with 3 large terminal aesthetascs and 2
or 3 smaller subterminal aesthetascs, usually
4 but sometimes as few as 2 terminal plumose
setae (1 sometimes simple). Proximal segment
with 4 short terminal plumose setae and 4
large plumose setae at base of distal segment;
sometimes subterminal plumose seta and 2
plumose setae near base of proximal segment.

Antenna (Fig. 8B).—Endopod as long as ex-
opod, with 1 short plumose seta and blunt tu-
bercle terminally, incompletely 2 or 3-seg-
mented, ultimate segment exceeding length
of first 2 segments. Exopod with 16-18
plumose setae on inner and distal margins,
spine on outer distal margin, and setules along
inner margin. Strong serrated ventral spine on
protopod at base of endopod and 1 thorn-like
non-serrated spine on protopod at base of ex-
opod.

Mandible (Fig. 8C, D).—Margin asymmetri-
cal. Right mandible with 1 major incisor and
46 smaller teeth dorsally, 7 or 8 teeth on me-
dial ridge, and 1 large tooth and several
smaller teeth ventrally. Left mandible with 1
major dorsal incisor with several smaller
teeth, 1 major incisor and several smaller
teeth medially, and several teeth of variable
size ventrally. Palp buds present.

Maxillule (Fig. 8E).—Coxal endite with 8
(7) stout plumose setae, 1 or 2 generally sub-
marginal. Basal endite with 6 strong spines,
each with several denticles, and 1 submar-
ginal plumose seta. Endopod incompletely
3-segmented, third segment with 3 plumose
setae; second segment with simple seta.

Maxilla (Fig. 8F).—Proximal lobe of coxal
endite with 10 or 11 plumose seta: 8 (6) sub-
margina and 3 (4) marginal; distal lobe with
4 plumose setae, 1 terminal and 3 subtermi-
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Fig. 8. Coenobita compressus H. Milne Edwards, 1837, zoea V. A, antennule; B, antenna; C, right mandible; D,
left mandible; E, maxillule; F, maxilla; G, first maxilliped; H, second maxilliped; I, third maxilliped; J, telson and
uropods; K-0O, buds of first through fifth pereiopods; P, pleopod bud. Scale = 0.125 mm (E, F, P), 0.25 mm (A-D,

G-l), and 0.32 mm (J-O).

nal. Proximal lobe of basal endite with 5 (7)
plumose setae, 1 or 2 submarginal and 1
sometimes simple; distal lobe with 6 plumose
setae. Proximal lobe of endopod with 2 or 3
plumose setae (1 sometimes simple), distal
lobe with 4 setae, usually plumose although
1 sometimes simple. Distal margin of endo-
pod with row of fine setules. Scaphognathite

with 16-20 plumose setae, proximal margin
with row of fine setules.

Maxilliped 1 (Fig. 8G).—Basis with hooked
process at proximal end of inner face, process
with fine seta (sometimes plumose) basally
and distally; 1, 1, 3, 3 setae (mostly plumose)
more distally on this face. Endopod 5-seg-
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mented, with 3, 2, 1, 2, 4 setae (mostly
plumose), single long plumose seta on outer
margins of segments 1, 2, 3, and 5 (proximal);
exopod incompletely 2-segmented, with 6 or
7 natatory plumose setae.

Maxilliped 2 (Fig. 8H).—Basis with 1, 2 (3)
plumose setae on inner face. Endopod 4-seg-
mented (penultimate segment deeply in-
dented), with 2, 2, 2, 4 plumose setae along in-
ner margin, single long plumose seta on outer
margins of segments 1 (sometimes), 2, 3, and
4 (proximal); exopod incompletely 2-seg-
mented, with 8 (7) natatory plumose setae.

Maxilliped 3 (Fig. 8I).—Endopod larger than
endopods of maxillipeds 1 and 2, unsegmented,
with plumose seta terminally; sometimes with
simple seta ventrally. Exopod 2-segmented,
with 8 natatory plumose setae.

Pereiopods (Fig. 8K—0O).—Limb buds in-
completely segmented, most specimens un-
armed and without setae. Dactyl of pereiopods
2 and 3 occasionally with clear corneous claw,
dactyl of pereiopod 4 with long subterminal
and terminal setae, and dactyl of pereiopod 5
with short thorn-like subterminal spine.

Abdomen (Figs. 2E, 3E).—6 somites; arma-
ture of somites 2-5 unchanged, sixth somite
sometimes armed. Pleopod buds (Fig. 8P) bi-
ramous, not articulated.

Uropods (Fig. 8J).—Exopod, endopod, and
protopod articulated. Endopod with 9
plumose setae and fine setules in between
plumose setae; exopod with 13-15 plumose
setae along posterior and inner margins, fine
setules on inner margin.

Telson (Fig. 8J).—Posterior margin slightly
concave, sight median notch; 8 + 1 + 8 mar-
gina processes, outermost (first) fixed spine,
second fine plumose hair, third articulated
plumose seta, fourth larger fixed spine, fifth
through eighth articulated plumose spines,
ninth small articulated plumose spine. Spinules
between all marginal processes and on both
margins of fifth through ninth spines; setules
between fourth and fifth marginal processes.

Megalopa
Specimens Examined.—Five.

Carapace (Fig. 2F).—Shield slightly round-
ed, more than half total carapace length,
dlightly wider than long; rostrum prominent,
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rounded. Ocular peduncles reach to base of ul-
timate segment of antennular peduncle, width
approximately 4/5 length; corneas not inflated.

Antennule (Fig. 9A).—Biramous; peduncle
3-segmented. Basal segment with 3-8 dorsal
marginal setae, 1 ventrodistal seta, 1 ventro-
proximal seta, and 1 lateral seta. Penultimate
segment with 4 or 5 dorsal setae and single
ventrodistal seta. Distal segment with 2 or 3
dorsal marginal setae, 1 submargina dor-
sodistal seta, 2 submarginal ventral setae, and
sometimes 3 distal setae. Upper ramus usu-
ally unsegmented (occasionally 2-seg-
mented), with 7-9 aesthetascs and 2 or 3 short
simple setae terminally, single seta along
mediodorsal and medioventral margins; lower
ramus unsegmented, with 4 setae, usually ter-
minal but 1 sometimes subterminal, and 1
medioventral seta.

Antenna (Fig. 9B).—5-segmented; supernu-
merary segment present. Acicle rounded knob
with 2 dorsal setae. Flagellum with 6 or 7 ar-
ticles; setal formula of articles (proximal to
distal) 0, 1-3, 4, 1 or 2, 46, 2 or 3, 8; al
setae less than 1 article long except single
terminal seta more than 4 articles long.

Mandible (Fig. 9C).—Palp 3-segmented, ul-
timate segment with 7 or 8 plumose setae.

Maxillule (Fig. 9D).—Coxa endite 12 mar-
ginal and submarginal plumose setae, and usu-
aly 3 or 4 simple submarginal setae; basal en-
ditewith 6 marginal plumose setae, 7—10 stout
marginal teeth, 7-9 thin submarginal teeth,
and 3 or 4 simple submarginal setae; 1 or 2
plumose setae along outer margin. Endopod
unsegmented, with well-developed, recurved
external lobe sometimes bearing simple ter-
minal seta, internal lobe with 1 plumose seta,
inner margin with shorter single plumose seta.

Maxilla (Fig. 9).—Proximal lobe of coxal
endites with 14 or 15 submarginal plumose
setae and 13 or 14 marginal plumose setae
(not al drawn as plumose), distal lobe with
6 plumose setae (2 of these subterminal).
Proximal lobe of basal endites with 9 or 10
setae (plumosity variable), distal lobe with 11
or 13 setae (plumosity variable). Endopod
with 2—4 setae. Scaphognathite with 5668
plumose setae.

Maxilliped 1 (Fig. 9F).—Coxal lobe with 9
or 10 plumose setae; basal lobe with 17-19
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Fig. 9. Coenobita compressus H. Milne Edwards, 1837, megalopa. A, antennule; B, antenna; C, mandible; D, max-
illule; E, maxilla; F, first maxilliped; G, second maxilliped; H, third maxilliped; |, telson and uropods; J, pleopod.
Scale = 0.25 mm (C-G), 0.4 mm (A, B, H, J), and 1.0 mm (I).

stout, plumose, marginal setae, submarginal
row of 4-6 simple setae. Endopod unseg-
mented, sometimes with 1 terminal plumose
seta; exopod with strong lateral constriction,
9-11 marginal and terminal plumose setae.

Maxilliped 2 (Fig. 9G).—Endopod 4-seg-
mented. Basal segment with 2 or 3 ventral, 1
lateral, and 3 dorsodistal setae; second seg-
ment with 4 distal submarginal setae; penul-
timate and ultimate segments each with 7-9
marginal and submarginal setae. Exopod 4-seg-

mented, with 2 or 3 short simple setae along
inner margin of basal segment, distal segment
with 6 or 7 terminal plumose setae.

Maxilliped 3 (Fig. 9H).—Endopod 5-seg-
mented, ultimate and penultimate segments
heavily setose, remaining segments with scat-
tered setae; exopod 4-segmented, rarely with
4 terminal plumose setae.

Pereiopods (Fig. 10A—G).—Chelipeds simi-
lar, dactyl subequal to palm in length, both
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Fig. 10. Coenobita compressus H. Milne Edwards, 1837, megalopa. A—E, first through fifth pereiopods; F-G, dactyl
of second and third pereiopods. Scale = 0.5 mm (A-E), 0.25 mm (F-G).

dactyl and fixed finger terminating in cor-
neous claw surrounded by short setae; all
segments with scattered setae, dorsal surface
of chelipeds aswell asmesial surface of palm
and carpus with tufts of longer setae. Ambu-
latory legs with dactyl terminating in cor-
neous claw surrounded by long simple setag;
all segments with scattered setae. Second
pereiopod dactyl with 2 movable teeth along
distal half of ventral margin (Fig. 10F). Third
pereiopod with 1 movable tooth just proximal
to claw ventrally (Fig. 10G). Fourth pereio-
pod with scattered short setae on coxa, ba-
sis, and ischium; merus and carpus with
longer setae on dorsal margin; propodus with
short and long setae plus 6 marginal and 4
or 5 submarginal corneous scales, dactyl ter-
minating in corneous claw, with scattered
short setae and single long seta. Fifth pereio-
pod with scattered short setae on proximal
segments, long dorsal and ventral setae on
merus and carpus; propodus and dactyl with
several long, curved setae and 12-15 cor-
neous scales plus scattered short setae.

Abdomen (Fig. 2F).—Six unarmed somites
with scattered, laterally paired dorsal setae.
Biramous pleopods (Fig. 9J) on somites 2
through 5, exopod well developed, with 7 or
9 plumose setae; endopod simple lobe, with
1 or 2 small coiled subterminal setae.

Tail Fan (Fig. 91).—Telson slightly wider
than long (width exaggerated by specimen
orientation in figure), with scattered, laterally

paired setae on dorsal surface; posterior mar-
gin with 9 plumose setae, 1 or 2 short sim-
ple setae at posterolateral angle. Uropods bi-
ramous, symmetrical. Exopods with 1 or 2
short subproximal setae on dorsal surface,
20-23 long plumose setae and 9-11 corneous
scales marginally, plus 4-6 submarginal short
simple setae. Endopod margins with 12 or 13
long plumose setae, 2 short marginal plumose
setae, 2 simple setae, and 8-10 corneous
scales. Protopod with 2 or 3 setae anterior to
exopod base and 1 short seta between endo-
pod and telson.

Discussion

Coenobita compressus larvae and postlar-
vae are morphologically similar to the other
described coenobitids but have a few unique
morphological traits. In all zoeal stages, C.
compressus has one seta on the basal endite
of the maxillule proximal to the strong dis-
tal spines, compared to two setae in others.
Starting in the third zoeal stage, the anten-
nal endopod of C. compressus has a short,
terminal plumose seta, unlike the long sim-
ple seta (sometimes called a process) found
in most other coenobitids, or the short, ter-
minal simple seta found on the antennal en-
dopod of the last zoeal stage (zoea ll) of C.
variabilis. Also, the antennules of zoealV C.
compressus have subterminal aesthetascs,
whereas other coenobitids do not acquire
subterminal aesthetascs until the fifth stage,
if at all.
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Coenobita compressus megal opae can be
distinguished from other coenobitids by the
exopods of the second and third maxillipeds,
which each have four segments in C. com-
pressus compared to only one or two in other
species. Although zoeal and megalopal C.
compressus appear consistently unique with
regards to the characteristics described above,
these distinguishing traits should be consid-
ered provisional because half of the coeno-
bitids have not yet been described.

The hermit crab family Diogenidae, con-
sidered the sister taxon to the Coenobitidae
(MacDonald et al., 1957; McLaughlin, 1983;
Martin and Abele, 1986), has many repre-
sentatives throughout the eastern Pacific
with larvae that may be morphologically
similar to C. compressus. From the Dio-
genidae, 26 speciesin ten genera (Dardanus,
Clibanarius, Petrochirus, Calcinus, Pagu-
ristes, Trizopagurus, Isocheles, Aniculus, Al-
lodardanus, and Cancellus) have been re-
ported from this region (Hendrickx and Har-
vey, 1999). Unfortunately, published larval
descriptions are available for only two of
these 26 species: Trizopagurus magnificus
(Bouvier) in Provenzano (1967) and Cliba-
narius albidigitus Nobili in Siddiqui et al.
(1993). This limited knowledge on the lar-
val development of the eastern Pacific dio-
genids makes it difficult to delineate char-
acters that would serve to distinguish them
from C. compressus in the plankton. Even
comparisons based on descriptions of dio-
genids from outside the eastern Pacific must
be considered tentative given the limited
knowledge of diogenid larvae worldwide.
For example, published larval descriptions
are currently available for only 11 of 58
species of Clibanarius, two of about 40
species of Calcinus, and eight of over 100
species of Paguristes.

Within the limitations of such generaliza-
tions, the larvae of C. compressus can be dis-
tinguished from those diogenid genera for
which larval data are available by a series of
morphological characters that can be ob-
served without dissection. Although it has
been suggested that the presence of a median
telson spine in third stage and older zoeae
distinguishes coenobitids from all other
anomurans (e.g., Al-Aidaroos and Wil-
liamson, 1989; Seridji, 1992), this character
isfound in the later zoeal stages of most dio-
genids, including Clibanarius, Isocheles,
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Petrochirus, Trizopagurus, and often Calci-
nus and Paguristes.

Zoeal stages of Clibanarius and Petro-
chirus can be easily distinguished from C.
compressus by their lack of lateral and dor-
somedial spines on the abdominal somites
and lack of anterolateral spines on the an-
tennal scales (e.g., Provenzano, 1968b;
Brossi-Garcia, 1987). Dardanus zoeae also
lack dorsomedial spines on the abdominal
somites and anterolateral spines on the an-
tennal scales (e.g., Kurata, 1968; Hebling and
Barros-Mansur, 1995). Calcinus zoeae have
prominent paired spines on the posterior
carapace margin, and only the fifth abdomi-
nal somite possesses a dorsomesial spine
(Provenzano, 1962b). Zoeae of Trizopagurus
magnificus, the only eastern Pacific repre-
sentative of its genus, differ from C. com-
pressus in that the carapace, abdomen, and
telson are covered with minute spinules, the
cargpace has small blunt anteroventral
spines, and only the fifth abdominal somite
has a dorsomesial spine (Provenzano, 1967).
In Paguristes, the zoeal rostrum is noticeably
shorter than the carapace, which has an-
terolateral (pterygostomian) spines (e.g.,
Rice and Provenzano, 1965; Provenzano,
1978; Hebling and Negreiros-Fransozo,
1983), whereas C. compressus has along ros-
trum and no pterygostomian spines. The ros-
trum isrelatively short and broad in the zoeae
of Isocheles, and apparently lacks a carina;
also, the dorsomesial spine on the second ab-
dominal somiteisnot enlarged asin C. com-
pressus (Negreiros-Fransozo and Hebling,
1983).

Unfortunately, we can offer no suggestions
for distinguishing the larvae of C. compres-
sus from those of Aniculus, Allodardanus, or
Cancellus, because no published data are
available on the larval development of mem-
bers of these genera.

The coenobitid species reared to date re-
veal considerableintra- and interspecific vari-
ation in the number of zoeal stages. Coeno-
bita clypeatus passes through 4-6 stages
(Provenzano, 19624), Birgus latro 3-5 (Reese
and Kinzie, 1968), and C. compressus 4 or 5
(this study). Five species showed no variation
in the number of zoeal stages. Of these, C.
variabilisis unique in that it exhibits greatly
abbreviated development, which presumably
reduces the opportunities for variability in
number of stages in this species. We suspect
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that the reported lack of variability in the
number of stages in other species may be ar-
tifacts of low survivorship to the megalopal
stage and group-rearing. For example, Al-
Aidaroos and Williamson (1989) reported that
C. scaevola requires seven zoeal stages, but
this was based on only two megalopae. Like-
wise, no stage variability was reported for C.
cavipes, C. purpureus, and C. rugosus
(Shokita and Yamashiro, 1986; Nakasone,
1988), but these species were mass-reared, a
procedure that probably makes it more diffi-
cult to detect variation in stage numbers. The
risk of overlooking variation in stage num-
bersisespecially great when the variant path-
ways are rare, as in the present study where
only 12% of C. compressus larvae required
only four zoeal stages prior to metamorpho-
sis. For this reason, we recommend that lar-
vae be reared individually whenever possible.

Shell use by megalopae appears to be an
important component of the transition from
water to land in coenobitids. Under labora-
tory conditions, coenobitid megal opae show
an escalating interest in shells throughout the
megalopal stage, and nearly always leave the
water wearing a shell if available (Brodie,
1999). Although coenobitid megalopae will
make the transition from water to land with-
out a shell (Reese, 1968; Harvey, 1992;
Brodie, 1999), the possession of a shell in-
creases the ability of megalopae to tolerate
lower humidity environments (unpublished
data).

In Birgus latro and Coenobita compressus,
megal opae wearing shells are more likely to
successfully metamorphose than their shell-
less siblings (Reese, 1968; Brodie, 1999). In
contrast, Harvey (1992) found that the pos-
session of a shell by terrestrial C. variabilis
megalopae did not significantly increase the
probability that megalopae would success-
fully metamorphose. However, rearing con-
ditions were different in these studies: Har-
vey (1992) reared his crabs in incubated
covered plastic containers where they expe-
rienced very high humidities and uniform
temperatures. Brodie (1999) kept her more
open containers outside in a covered arena
where her animals experienced greater fluc-
tuations in temperature and humidity, while
Reese’s (1968) animals were reared in cov-
ered terrariain the laboratory (personal com-
munication). Unfortunately, nothing is known
about the microhabitats favored by coenobitid
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megalopae in the field, and thus what hu-
midity regimes megalopae normally en-
counter. Nor are there any data concerning the
frequency or fate of coenobitid megalopae
|eaving the sea without shells. In the absence
of these essential field data, we cannot draw
any conclusions about the biological rele-
vance of these different rearing protocols and
their influence on the survival and develop-
ment of megal opae.
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