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A B S T R A C T  

Sesarma jarvisi is endemic to central western Jamaican limestone hills and mountains, where 
it inhabits a rock-crevice system in wet limestone forest regions with at least 2,000 mm annual 
precipitation. The crevice system is characterized by lower and less variable average temperature 
and higher and less variable humidity than is the forest floor. It also serves as a retreat for other 
invertebrates, in particular land snails of the genus Pleurodonte. Shells of several species of this 
genus are abundant in the rock rubble. Sesarma jarvisi breeds in these shells. Females carrying 
3-24 large (1.3 mm) eggs collect water with a field of plumose setae at the rim of the carapace 
and fill the shells with up to 5 ml of water, into which they release the larvae. Juveniles develop 
inside the shell until they reach about 8-mm carapace width (CW), when they start to disperse 
from the brood shell. The mother crab is always present in shells with young up to 3-mm CW 
and sometimes remains with young up to 6.5-mm CW. Maternal care usually lasts for 2-3 
months. A growth curve, using log percentage molt increment and log intermolt period indicates 
that male sexual maturity occurs at an age of 15-16 months, with an average of 9.7-mm CW. 
After Metopaulias depressus, S. jarvisi is the second decapod species for which brood care for 
larvae and young is reported. 

Brachyuran crabs are typically benthic 
mar ine  organisms with planktonic larvae. 
In ocypodid, gecarcinid, and  many  grapsid 
crabs, adults are well adapted  to a terrestrial 
existence and live up to several kilometers 
from the coast, but  must  return to the sea 
to release their larvae into the marine plank- 
ton (Bliss, 1968; Hicks, 1985; Burggren and  
McMahon ,  1988). 

A few brachyuran taxa, however,  can re- 
produce independently of  the sea; examples 
are the ocypodid Uca subcylindrica (see Ra- 
balais and  Cameron,  1985), the superfamily 
Potamoidea,  and some grapsids (Geosesar- 
m a  and some Sesarma) (see Hartnoll, 1988). 
Like many fresh-water or  terrestrial taxa that 
have colonized land from the mar ine  en- 

v i ronment  (fish; Wotton,  1979; decapods; 
Rabalais and Gore, 1985), they produce 
large, yolk-rich eggs, and their larval de- 
ve lopment  is either abbrevia ted and leci- 
thotrophic  or completely reduced, with 
miniature  adults hatching directly from the 
eggs (Rabalais and Gore, 1985). 

Crabs that  reproduce on land by means 
o f  larval stages still require at least a small 
a m o u n t  o f  water for their development .  Ex- 
amples are Armases (=Sesa rma)  miersii 
(Rathbun)  (see Abele, 1992), breeding in 
ephemeral, supratidal rock pools (Schuh and 
Diesel, in press), and Metopaul ias  depressus 

Rathbun,  breeding in bromeliads (Diesel, 
1989). In fresh water, however, planktonic 
larval stages are exposed to rather  harsh and 
unpredictable condit ions compared  to the 
sea. Fluctuating ion availability, nutri t ional 
resources, and  predat ion pressure in fresh 
water require part icular adaptat ions  in the 
early life history o f  these species (Greena- 
way, 1988; Little, 1990). 

On  the Caribbean island o f  Jamaica,  
grapsid crabs o f  the genera Sesa rma  and  
Metopaulias, most  described between 1892 
and 1914 (Benedict, 1892; Rathbun ,  1896, 
1914), have evolved into true terrestrial 
species; that  is, they show adaptat ions per- 
mitt ing an extended activity out o f  per- 
manent  water  (Burggren and McMahon ,  
1988, p. 3, for definition o f  " land crabs"), 
and they breed in terrestrial habitats. To- 
day, six endemic species (Sesarma biden- 
ta tum Benedict, S. windsor Tiirkay and  Die- 
sel, S. cookei Hartnoll ,  S. jarvisi Rathbun,  
S. verleyi Ra thbun ,  and Metopaulias  de- 
pressus) populate the banks o f  streams and  
rivers, mounta in  forests, l imestone caves, 
and bromeliads (Hartnoll,  1964a, b, 1965, 
1971; Abele and  Means,  1977; Tiirkay and  
Diesel, in press). Hartnoll  (1971) suggested 
that  these species are the result o f  an adap- 
tive radiat ion from an ancestor similar to 
Sesa rma  curacaoense de Man, which in- 



habits mangrove  swamps in the Caribbean. 
Little is known o f  the ecology and  repro- 
ductive pattern for most  o f  these species, 
except for the bromel iad  crab M. depressus. 
This  species produces large eggs (freshly 
spawned eggs 1.2 m m  in diameter)  and has 
an abbreviated lecithotrophic larval devel- 
opment ,  consisting o f  only two zoeal stages 
and  one megalopa (Hartnoll, 1964a; Diesel 
and  Schuh, 1993). Larval and  juvenile de- 
ve lopment  takes place in the leaf axils o f  
bromel iads  (Diesel, 1989). The  abiotic and  
biotic condit ions in bromel iad axils have 
selected for a distinct maternal  brood-care 
behavior  (Diesel, 1989, 1992a, b; Diesel and 
Schuh, 1993). 

The only other  Jamaican  endemic species 
on whose ecology some information is 
available is the mounta in  crab S. jarvisi. 
Abele and  Means (1977) studied this species 
in central Jamaican  l imestone forests and 
found adults and juveniles on the forest floor 
among  l imestone talus and  rock-rubble sub- 
strates. They collected ovigerous females 
with few, large eggs from which large larvae 
hatched but  died shortly afterward. The only 
water in the l imestone hills that  seemed 

likely to serve as larval habitat  was that  in 
bromeliads,  but no larvae, juveniles, or 
adults were found in the leaf axils. 

Abele and Means (1977) suggested sev- 
eral possible reproductive scenarios for S. 
jarvisi: ( 1 ) larvae hatch and are held by the 
female, (2) larvae develop in wet spots 
among  the rubble after heavy rains, (3) lar- 
vae are released into ephemeral  streams, (4) 
larvae develop in bromeliads,  and (5) larvae 
are washed into the ground water and de- 
velop in the extensive l imestone karst. 

Unti l  1991, however,  the ecology and 
particularly the breeding behavior  of S. j a r -  
visi remained unknown.  Here, we provide 
informat ion on the distr ibution and the 
habi tat  o f  the species, characterize the mi- 
croclimate in its microhabi tat ,  and  give de- 
tails on aspects of the biology o f  the species, 
in particular its growth pattern, breeding 
habitat ,  and  behavior.  

MATERIALS AND METHODS 

Habitat.-The field investigations were carried out in 
central western Jamaica from March to August 1991 
and March to July 1992. Laboratory studies were car- 
ried out at the Discovery Bay Marine Laboratory 
(DBML, Jamaica) and at the University of Bielefeld 
(UB, Germany). 

The  main  study area was the l imestone karst hills o f  
the Cockpi t  Coun t ry  in the vicinity o f  W i n d s o r  (Tre- 
lawny, Sherwood Conten t  District,  a l t i tude 100-200  
m above  sea level). Addi t ional  studies were carried ou t  
at M o u n t  Diablo  (St. Ann/St .  Cather ine,  al t i tude 5 0 0 -  
800 m), on He ron ' s  Hill (Mile Gully Mounta ins ,  M a n -  
chester,  a l t i tude 800 m), and  at Do lph in  Head  (Han-  
over,  a l t i tude 400 m). These  areas are covered  by wet 
l imestone forest and  character ized by a n  annual  pre- 
c ipi ta t ion o f  2,000 m m  or  more  (Asprey and  Robbins ,  
1953). Precipi ta t ion in W i n d s o r  (Fig. 1) shows two 
annua l  peaks, one  in May  and  one  in Sep tember /Oc-  
tober. Rainfall  is lowest f rom January  to March.  Al- 
mos t  no rain fell dur ing  these m o n t h s  in 1992. Addi -  
t ional searches for S. jarvis i  were carried out  in var ious  
parts  o f  the island. 

The  abundance  of S. jarvis i  in W i n d s o r  was s tudied  
in several locations, including the  tops o f  karst  hills, 
their  steep slopes, and  the valleys in between (cockpits), 
which were usually covered with a thick bauxi te  topsoil  
and  extensively used as plantat ions.  

Sna i l  Shells a s  Breeding H a b i t a t . - T h e  l imestone 
regions o f  J ama ica  suppor t  a large variety and  high 
densi ty  o f  land snails. In particular,  the large snails o f  
the genus Pleurodonte  are very a b u n d a n t  (Goodfr iend,  
1986a). 

The  crevice system o f  the rock-rubble  layer extends  
from 10-100 c m  o f  thickness above  solid l imestone 

rock, and  is usually covered by a thin layer of leaf litter 
and  partially filled with e roded  bauxite  soil and  humus ,  
containing the roots  o f  shrubs  a n d  trees. R e m o v a l  o f  
the rock rubble  revealed large accumula t ions  o f  snail 
shells. To  obta in  da ta  on the relative abundance  o f  

snail species and  shell size, we collected shells f rom 
r a n d o m l y  chosen  locations by removing  the rubble  lay- 
er f rom an  area o f  2 -4  ml .  All shells were collected 

and  t ranspor ted  to the field station, where  the species 
were recorded a n d  their  contents  studied.  The  follow- 

ing shell measu remen t s  were taken  with calipers: SH, 
shell height; SW, shell width;  AW,  aper ture  width;  a n d  
AH,  aper ture  height (Fig. 2). We measured  shell vol- 
ume  for subsamples  o f  all species by filling shells wi th  
water  and  measur ing  the water  vo lume  in a 50-ml  mea-  
suring flask. 

Shell shape,  part icularly the shell vo lume  and  the 
aper ture  area,  varies widely within species (Good-  
friend, 1986b). We hypothesized that  two factors should 
be i m p o r t a n t  to shell choice by female crabs: aper ture  
area, which mus t  be large enough for the crab to enter, 
and  the rat io  o f  aper ture  size and  volume,  which should  
affect evapora t ion  rate and  therefore relative h u m i d i t y  
wi th in  the shell. This  hypothesis  was tested for the  
shells o f  the  endemic  snail species Pleurodonte  lucerna 
(milliner), which  were mos t  frequently used  by the  crabs 
for breeding.  

Because we could  no t  s tudy the contents  o f  snail 
shells wi thou t  breaking them,  vo lume  o f  these shells 
was es t imated  f rom thei r  d imensions .  Vo lume  was 

measu red  for a sample  o f  various-sized shells, and  the  
formula  Vol,,, =  SW2 x P i /4  x A H  was der ived  for 
tha t  purpose.  Volca, was significantly correla ted wi th  
the measured  vo lumes  (r = 0.95, P  � 0 .0001,  N =  255,  
Volme5 = 3.2125 +  0 .5174 x Vol_,).  A n  index (V/A) 
was also calculated for the re la t ionship o f  calculated 
vo lume  to aper ture  area. 

Recordings o f M i c r o c l i m a t e . - T o  characterize the mi-  
crocl imate  in the  habi ta t  o f  S. jarvisi, we recorded diel 



Fig. 1. Monthly precipitation at Windsor, averages 
from 14 years (data from Meteorological Service, Nor- 
man Manley International Airport, Jamaica). 

variations in relative humidity and temperature 5 cm 
above the forest floor and between the rock rubble at 
50-70-cm depth. Readings were taken every 5 min for 
up to 48 h with a Psion LZ 64 Organizer II connected 
to a TIS-datalogger. The probes used were an AD 590 
(Spoerle Electronics; sensitivity ± 0.2°C) and an Ahl- 
born type FH 9616-3 R (±2%) for relative humidity. 

Food . -To  determine food preferences of adults, we 
kept 10 crabs individually in plastic containers (90 x 
90 mm, 70 mm high) at the DBML, provided with a 
layer of 10-mm bauxite soil and a small rain-water 
reservoir. The following food items were put into each 
container: one millepede segment with muscle tissue 
and gut content and 10 x 10-mm pieces of green, wet 
decomposed, and dry decomposed leaves. The con- 
tainers were checked at 5-min intervals for the first 2 
h and twice daily for the following 5 days. 

Molting and Growth.-For the study of molting and 
growth, juveniles and adults were held in climate 
chambers at the UB under a light regime (L:D) of 13: 
1 I, at 26°C and 75% relative humidity during the day 
and 21°C and 90% during the night. Juveniles were 
held individually in 250-ml plastic containers filled 
with 5 mm limestone soil. One group (N = 12) had 
access to a water reservoir about 6 mm deep; the other 
group (N = 12) was held on moist ground only. The 
animals were checked every second day and fed 10- 
mm pieces of earthworms and lettuce. The carapace 
width (CW) was measured with digital calipers in mm 
as the widest extension of the posterior carapace. Mea- 
surements were taken before and after the molt while 
the carapace was in hard condition. The intermolt du- 
ration was recorded. 

Groups of adult crabs, each consisting of 5 males 
and 5 females were kept under the same climatic and 
food regime in 3 larger terraria (600 x 300 x 250 mm) 
with 10 empty snail shells each. The size at molt of 
puberty was inferred from the positive allometric growth 
of the male chela, measured as the length of the prop- 
odus from the finger tip to the articulation of the carpus, 
and the female maximum abdomen width (see Hart- 
noll, 1965). 

Growth Curve.-A growth curve was calculated from 
the data obtained during molting in the climate cham- 
ber. According to Hartnoll (1983), growth curves can 
be generated from the regressions of log,o intermolt 
period on CW (LogIP) and log,, percentage molt in- 
crement on CW (LogMI%). 

Fig. 2. Shell of Pleurodonte lucerna; position of stan- 
dard measurements. SW = shell width; SH = shell 
height; AW = aperture width; AH = aperture height. 

Water-Carrying Behavior.-Water-carrying behavior 
was observed for 5 ovigerous females kept in plastic 
terraria (250 x 150 x 150 mm) at UB. Each terrarium 
held a previously cleaned and dried shell ofPieurodonte 
lucerna in one comer and a Petri dish containing 40 
ml water in the other. After 3, 6, and 9 days, the shells 
were removed and the water content measured in a 
10-ml measuring flask. The water was then replaced 
in each shell and the shell put back into the terrarium. 
Unfortunately, none of the larvae of the females hatched. 

In order to study body structures that might be used 
for carrying water, we examined a female under the 
scanning electron microscope (SEM). The crab was de- 
hydrated in ethanol, critical-point dried, and sputter- 
coated with gold-palladium for 1 min. 

RESULTS 

General  Biology and  Ecology 

Distribution a n d  H a b i t a t .  - S e s a r m a  jarvisi  
lives in the western central mounta ins  o f  
Jamaica.  Individuals  were found from Mt. 
Diablo in the east to Mt. Dolphin  Head in 
the west (Fig. 3). Intensive searches in low- 
land and coastal areas and  in the moun-  

tainous regions o f  eastern Jamaica  (Blue 
Mounta ins  and  John  Crow Mountains)  re- 
vealed no specimens. All locations inhab- 
ited by S. jarvisi  were within areas o f  wet 
l imestone forest and high precipitation. 

The  species inhabits  crevices and small 
cavities under  l imestone boulders and  rock 
rubble on the forest floor, particularly in 
shaded and  mois t  areas. M a n - m a d e  stone 
walls in abandoned  plantations, now over- 
grown by secondary forest, were also fre- 
quently inhabited.  In the l imestone forests 
o f  western Jamaica  these underground crev- 
ice systems are very c o m m o n  and provide 
an extensive habi tat  for S. jarvisi and  nu- 
merous  other  invertebrates and vertebrates. 



Fig. 3. Distribution of Sesarma jarvisi in Jamaica. 8: localities where S. jarvisi occurs; numbers indicate records 
by (1) Rathbun (1914), Abele and Means (1977), (2) Hartnoll (1964a), (3) Abele and Means (1977). 0: locations 
searched for S. jarvisi without success. A: location where S. cookei inhabits a habitat similar to that of S. jarvisi. 

Searches for S. jarvisi, in which boulders 
and  rock rubble were r emoved  from large 
areas o f  the forest floor, revealed 122 adult  
crabs (45 males and  77 females) and some 
juveniles.  

Microcl imate of the Limestone-Crevice Sys- 
t e m .  - T e m p e r a t u r e  and  relative humidi ty  
in the crevice system and  on  the forest floor 
varied with the t ime o f  day (Fig. 4), but  
significantly less so in the crevice system 
than on the shaded forest floor at Windsor  
(ANOVA,  relative humidi ty ,  F5,6 =  8.95, P  
� 0.01; temperature,  F576 =  3.5 1, P � 0.01 ) 
and at Discovery Bay on the relatively dry 
north  coast (relative humidi ty,  F489 =  1.79, 
P  � 0.02; temperature,  F489 = 5.13, P  � 
0.01). In both  areas, mean  temperature  was 
lower and  relative humidi ty  higher in the 
crevice system than  on the forest floor. At 
Windsor ,  mean  temperature  on the forest 
floor was 24.0°C and  relative humidi ty  
76.8%, and  in the crevice system 22.1 °C and 
89.3%, respectively (t-test, tTcmp = 17.0,  P 
� 0.0001); tRH = 38.0, P  � 0.0001, respec- 
tively). At Discovery Bay, mean tempera-  
ture on the forest floor was 24.8°C and rel- 
ative humidi ty  72.8%, and  in the crevice 
system 23.2°C and 91.0%, respectively (rTemp 
=  10.9, P  � 0.001; tRH = 48.2,  P � 0.0001, 

respectively; see Fig. 5). In both locations 
measurements  were taken on sunny days 
during the onset o f  the rainy season. 

The measurements  in Discovery Bay are 
representative for habitats not inhabited by 
S. jarvisi. A compar ison o f  the variances in 
relative humidi ty  within the crevice system 
in Windsor  and  Discovery Bay shows a sig- 
nificant higher fluctuation in Discovery Bay 
than in Windsor  (ANOVA, F576,489 =  60.0, 
P  � 0.001); this was not  the case for tem- 
perature (FS76489 =  1.06, n.s.). 

At  Windsor,  the relatively constant  tem- 
perature and humidi ty  condit ions in the 
crevice system, and  the average lower tem- 
perature and higher humidity during the day, 
provide a retreat from desiccation not  only 
for S. jarvisi, but  also for other  invertebrates 
like the abundant  millipedes (Iulus spp.) and 
large land snails (Pleurodonte spp.). Living 
specimens o f  Pleurodonte lucerna, P. bain- 
bridgi Pfeiffer, P. jamaicens is  Gmelin,  and  
P. aspera Ferussac, and  especially their  
empty  shells, were extremely abundant  in 
the crevice system (Fig. 6). 

Molting, Growth,  and  Sexual Matur i ty  

Molt ing a n d  Growth. - A l t h o u g h  Abele and  
Means (1977) reported that  S. jarvisi  have 



Fig. 4. Var ia t ion  in t empera tu re  and  relat ive humid i ty  in the crevice system a n d  at  the forest floor m e a s u r e d  
in Discovery Bay near the  coast (a, b) a n d  at W i n d s o r  in central J a m a i c a  (c, d). Tempera tu r e  (T1) and  relat ive 
humid i ty  (FI )  m e a s u r e m e n t s  f rom crevice system; T2  a n d  F 2  =  m e a s u r e m e n t  f rom forest floor. 

large pericardial sacs, which might  enable 
crabs to molt on dry land (Mason, 1970), 
in the laboratory, S. jarvisi mol ted  success- 
fully only if sufficient water  to fully sub- 
merge the body was available. Juveniles kept 
in boxes with sufficient water  molted an av- 

erage o f  five t imes within eight mon ths  (N 
=  12). Individuals in boxes with mois t  sub- 
strate failed to molt during the same period 
(N = 12). These animals  s topped feeding 
after 1-2 months.  After 3 -7  months  (x = 
160 days), they died in proecdysis. 

In the field, shells with broods held water, 
which, as the juveniles grew, became min-  
gled with organic mat ter  and  increasingly 
muddy.  In shells with young larger than 
5 - m m  C W  little free water  remained;  the 
crabs lived in wet m u d  that filled the interior 
o f  the shell up to the first whorl. In this 
substrate numerous  exuviae were found, 
demonst ra t ing  that juveni les  are capable of  
molt ing in this mud.  

Because the limestone substrate is so po- 
rous, surface water is very rare in the west- 
ern central regions o f  Jamaica;  s t reams and 
rivers are almost  lacking (Day, 1985). The 

only permanent  water  in the area is the rain 
water stored in the leaf axils o f  terrestrial 
and arboreal bromel iad  plants (Aechmea 
paniculigera Griseb. and  Hohenbergia  spp.; 
Diesel, 1989). Ephemeral  rain-water pools 
occurred on the eroded l imestone rocks af- 

ter heavy rains during the spring rainy sea- 
son, beginning in April. More  than 100 ex- 
uviae o f  adult  S. jarvisi  were found in these 
rock pools, which held water  for a few days. 
Many  pools contained up to four cast crab 
shells (Fig. 7). Such pools are also utilized 
for molting by the po tamonid  crab M a d a -  
gopotamon humbert i  Bott (see Vuillemin, 
1970), a terrestrial crab o f  Madagascar.  One  
S. jarvisi mol ted  in a bromel iad tank but  
was killed by the resident bromel iad crab 
Metopaul ias  depressus, and  only one cast 
shell was found in a bromel iad  leaf axil, 
even though more  than 1,000 bromeliads 
were studied from 1986 to 1992 (R. Diesel, 
unpublished).  

Molting was observed in crabs ranging in 
size f rom 5 - 1 1 - m m  CW. The relative in- 
crease was an average o f  11.2 ±  1.8% (N = 
46 molts  o f  12 individuals).  In crabs larger 



Fig. 5. M e a n  (±  SE ±  SD) t empera tu re  and  relative humid i ty  at the  forest floor and  within the crevice system 
(a, b) a t  Discovery Bay and  (c, d) a t  Windsor .  

than  12-mm CW, the relative increase was 
only 4.6 ±  0.7% (N =  6). There was a sig- 
nificant negative linear correlation between 
carapace width and  log percentage molt  in- 
crement  (Fig. 8), as well as between C W  and  
the log intermolt  period (Fig. 9). 

According to a growth curve generated as 
described by Hartnoll  (1983), maternal care 
in S. jarvisi  lasts for 2-3  months  and oc- 
casionally for u p  to eight months,  but  ju -  
veniles may  grow slightly faster in the field, 
since food there may be "be t te r"  food than 
we could provide  in the laboratory. Adults 
may  on the o ther  hand  grow more slowly 
than  in the laboratory, where water was per- 
manent ly  at hand;  in the field, water for 
molt ing is available only during the rainy 
season, when mass  molting occurs. 

Sexual  M a t u r i t y . - I n  males a sharp allo- 
metric increase in chela length occurred be- 
tween 9 and  10 m m - C W  (Fig. 10), marking 
the molt  o f  puberty. In captivity, the C W  
of  the largest juveni le  males ranged from 
8.7-9.8 m m  (x =  9.24 ±  0.41 mm; N  = 7), 
the CW o f  the smallest adul t  males from 

9.7-10.8 m m  (X =  10.23 ± 0.45 mm;  N  = 
7). For  female S. jarvisi, whose pleon is very 
narrow compared  to those o f  other  sesar- 
mids,  data on the puberty molt  could not  
be obtained. Only two females molted to 
matur i ty  in captivity. The  smallest oviger- 
ous female observed in the field had  a C W  
o f  10.2 mm.  

Growth C u r v e . - F r o m  the data on molt  in- 
crement  per mol t  and intermolt  period, a 
growth curve was calculated (see Materials 
and  Methods) on the basis o f  molt ing events 
in the laboratory. According to the growth 
curve, S. jarvisi reaches its largest body size 
o f  about  15-mm C W  after about  five years 
(Fig. 11 a). Sexual maturi ty  is reached at an 
age o f  about  15-16 months  (Fig. 11 b). 

Breeding Biology 

Breeding Habi ta t :  Snai l  Shel ls .  -Searches 
for the breeding habitat  o f  S. jarvisi between 
1986 and  1990 were unsuccessful; nei ther  
the water tanks in bromeliads nor  the lime- 
stone rock pools (more than 100 searched) 
revealed any larvae or juvenile  crabs. 
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Fig. 6. Accumulation of land-snail shells within the limestone rock rubble. Photo taken at Windsor after a surface layer of stones was removed. Scale bar = 10 mm. 

During the search for adult crabs, large 
accumulations of empty shells of snails of 
the genus Pleurodonte (Stylommatophora, 
Camaenidae) were found regularly in the 
crevice system. Small cavities under the 
rocks sometimes contained more than 50 
shells (Fig. 6). During a search in April 1991, 
shells were collected and opened; some of 
these contained juvenile S. jarvisi (Fig. 12). 
Subsequently, of more than 1,300 shells 
studied, 172 held juveniles (were "brood-
shells"); they were found in Windsor (N = 
118), at Mt. Diablo (N = 26), on Heron's 
Hill (N = 27), and at Dolphin Head (N = 
1), and represented Pleurodonte lucerna, P. 
bainbridgi, P. jamaicensis, and P. aspera 
(Fig. 13). The average size of juveniles in 
brood-shells ranged from 1.4-8.8-mm CW. 
At Windsor, three sample areas, each of 2 -
4 m 2 , revealed 57, 83, and 71 shells of P. 
lucerna, of which 1, 2, and 2 were brood-
shells, respectively. 

Snail shells were also used by other or-
ganisms as retreats or breeding sites; in 300 
opened shells, the following animals or their 

clutches were found: shells of small land 
snails, eggs of species of Pleurodonte, ony-
chophorans, collembolans, machilids, chilo-
pods, diplopods and their brood chambers, 
mites, pseudoscorpions, scorpions (2 exu-
viae), spiders, isopods, hemipteran nymphs, 
dipteran larvae and pupae, ant nests with 
eggs, larvae and pupae and eggs of solitary 
bees, and lizard eggs. 

The abundance of the four species of 
Pleurodonte differed with locality (Table 1). 
At 61-94%, shells of P. lucerna were the 
most abundant. Shells of the other species 
were much less frequent, except those of P. 
jamaicensis at Heron's Hill. 

The species differed considerably in mor-
phological shell pattern, particularly in shell 
diameter and height and in aperture width, 
height, and volume (Tables 2, 3). Shell mor-
phology also varied with locality within spe-
cies; e.g., SH, SW, AH, and AW of P. lu-
cerna differed significantly among the four 
places where S. jarvisi was found (ANOVA, 
3̂,1059 = 1333.5,P< 0.0001,andP < 0.0001 

for all LSD post hoc comparisons). For ex-
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Fig. 7. Large Sesarma jarvisi molting in an ephemeral limestone rockpool. Here a freshly molted male is shown 
next to its exuviae. Scale bar = 10 mm. 

ample, P. lucerna in Windsor had an av-
erage shell diameter of 55.2 mm and an 
aperture height of 13.0 mm, whereas on 
Heron's Hill they grew only to an average 
shell diameter of 40.3 mm and an aperture 
height of 9.3 mm. This difference is reflected 
in the shell volume as well; in Windsor P. 
lucerna had an average volume of 19.4 ml, 

on Heron's Hill only 9.4 ml, and in the Hell-
shire Hills only 7.6 ml. The Hellshire Hills 
receive less than 1,000 mm of annual pre-
cipitation (Morrissey, 1983), and S. jarvisi 
was not found there. 

In Windsor, shells with broods had a sig-
nificantly higher V/A index than other shells 
(t-test, t = 6.15, P < 0.001, 7V e m p t y s h e l l s = 

Carapace width ( m m ) 

Fig. 8. Relationship between carapace width before 
molt and percentage molt increment in Sesarma jarvisi 
{r = 0.84, P < 0.0001, N = 67, Log10MI% = 1.5063 
- 0.06154 x CW). 

Carapace width ( m m ) 

Fig. 9. Relationship between carapace width before 
molt and intermolt period in Sesarma jarvisi (r = 0.90, 
P < 0.0001, N = 61, Log1 0IP = 1.07573 - 0.08895 x 
CW). 



Fig. 10. Relationship between male chela length and 
carapace width in Sesarma jarvisi (x ± SD of 1-mm 
size classes). 

367, Nbrood-shells = 50). Females o f  S. jarvisi 
thus utilized shells with a high ratio o f  vol- 
ume to aperture area (Fig. 14). The same 
relationship was found for the shells o f  the 
other  species, but the differences were not  
significant, probably because o f  the smaller 
sample sizes. 

Eggs .  -Ovigerous  females with 3-24  eggs 
(median 12 eggs) were observed in the field 
(N =  5) and in the laboratory (N =  4). Fresh 
eggs measured an average o f  1.3 m m  in di- 
ameter  and  were o f  a light beige color and 
almost  unpigmented before hatching. Lar- 
vae were not  observed. 

Brood Size a n d  Presence o f  M o t h e r .  - I n  
brood shells collected in the field, the num-  
ber  o f  juveniles in relatively young broods 
(CW � 3 m m )  ranged from 2-17 individ- 
uals; one shell with larger juveniles held 26 

Table  1. Rela t ive  a b u n d a n c e  o f  shells o f  species o f  
P leurodonte  in J a m a i c a  in different sample  areas (A) 
and  total  n u m b e r  o f  b roods  o f  S e s a r m a  jarvis i  found  
in the shells o f  each species (B). 

(Fig. 15). In 91.9% (N = 172) o f  the shells, 
more  than one juveni le  was found. The  
n u m b e r  of juveniles per shell decreased with 
increasing body size (Fig. 15). 

In 18.6% of  the brood shells (N = 172), 
an adult  female, presumably the mother ,  
was found with the young, and  this was the 
case in 100% (N =  17) o f  the shells with 
juveniles smaller than 3 - m m  CW. In shells 
with young that  were an average o f  larger 
than 6 . 5 - m m  CW, a female was never  pres- 
ent. The smallest juvenile  caught outside a 
snail shell measured  7.2 m m  CW. 

Mate rna l  C a r e . - L a r v a e  and juveniles de- 
pend on water  for development  but  only 

Fig. l 1. Calculated growth curve for Sesarma jarvisi. (a) Growth curve for several years and (b) enlarged for 
a shorter period. A: Age of juveniles with mother always present; B: age up to which mother was sometimes 
present; C: age at molt of puberty. 
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Fig. 12. Juveniles of Sesarma jarvisi in opened brood-shell. Scale bar = 10 mm. 

very few shells in the crevice system held 
water after heavy rains, and this dried out 
after a few days. In 1991 and 1992, small 
juveniles were found in Windsor before the 
beginning of the rainy season; that is, larvae 
had hatched before this time, and in 1992 
this period was particularly dry. No water 
was found in shells, except in brood shells 
with young smaller than 2-mm CW, which 
held relatively clear water. With increasing 
size of the juveniles the water in the brood-

shells became a muddy blend of feces and 
food particles. 

In the laboratory, females were observed 
carrying water into the shells. Shells con-
tained an average of 2.1 ± 0.58 ml of water 
after three days, 3.8 ± 0.68 ml after six days, 
and 4.1 ± 0.58 ml after nine days. Water 
levels remained more or less constant for 
the next three days. 

We observed that once crabs come in con-
tact with water, they draw it up over their 

Table 2. Shell-size pattern of species of Pleurodonte in different locations in Jamaica within the distribution 
area of Sesarma jarvisi. SW = shell diameter; SH = shell height; AW = aperture width; AH = aperture height; 
x ± SD in mm. 

Location Species sw SH AW AH N 
Windsor lucerna 55.2 ± 4.2 24.1 ± 2.1 23.5 ± 2.1 13.0 ± 1.4 419 

bainbridgi 56.1 ± 4.8 27.2 ± 1.9 22.2 ± 1.7 15.6 ± 1.1 29 
jamaicensis 57.2 ± 2.7 35.3 ± 3.4 29.7 ± 2.3 28.6 ± 2.2 18 

Mt. Diablo lucerna 51.6 ± 3.9 21.8 ± 1.4 21.6 ± 2.4 11.0 ± 0.8 255 
bainbridgi 58.2 ± 2.6 27.6 ± 1.3 23.0 ± 1.1 14.9 ± 0.8 19 
jamaicensis 52.3 ± 1.1 31.2 ± 1.5 26.8 ± 0.9 25.7 ± 1.4 18 

Heron's Hill lucerna 40.3 ± 1.9 19.9 ± 1.2 16.6 ± 1.1 9.3 ± 0.6 244 
jamaicensis 45.0 ± 3.5 27.1 ± 2.6 23.0 ± 1.7 23.4 ± 2.9 127 
aspera 49.1 ± 1.8 27.3 ± 1.2 21.1 ± 1.0 17.4 ± 1.9 29 

Dolphin Head lucerna 44.6 ± 2.2 18.8 ± 1.2 17.9 ± 1.1 8.4 ± 0.7 208 Dolphin Head 
aspera 52.6 ± 2.2 27.3 ± 1.5 23.6 ± 1.1 19.5 ± 1.1 21 
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Fig. 13. Shells of the four common species of Pleurodonte in which broods of Sesarma jarvisi have been found. 
From left to right, P. lucerna, P. bainbridgi, P. jamaicensis, P. aspera. Upper row: shells from Heron's Hill; 
lower row: shells from Windsor, (a) Dorsal view, (b) frontal view; scale bar = 10 mm. 



Fig. 14. Ratio of calculated volume to aperture area 
of shells without broods of Sesarma jarvisi and shells 
with broods (X ± SE ± SD). 

legs and lateral body surface, particularly at 
the ventral  carapace ridge and  at the bases 
o f  the pereiopods (see Greenaway, 1988, for 
review). In the scanning electron micro- 
scope, a dense field o f  p lumose  setae is vis- 
ible at the lower edge of  the branchiostegites 
and  the bases o f  the coxae (Fig. 16). These 
densely feathered setae appear  to facilitate 
capillary water uptake and  transport .  In the 
field, crabs may take up dew, which even 
during the dry periods accumulates on rocks 
and  plants in the early morn ing  hours  but  
evaporates  quickly after sunrise. 

Transpor t  o f  water  was also observed in 
males and nonbreeding females in the lab- 
oratory: 10 adults empt ied  a Petri  dish con- 
taining 40 ml within a day and  spread the 
water  all over  the terrar ium and  into empty  
shells. In the field, however,  only 33% (N =  
15) o f  the males, but  60% (N =  77) o f  the 
females, were collected from shells. O f  these 
females, 70% were brooding. Thus,  adult  S. 
jarvisi  seem to use snail shells predomi-  
nantly for breeding and only sporadically 
for shelter. 

These observations strongly suggest that  
females carry water  into shells before they 
release their  larvae into this miniature  

Fig. 15. Number and mean body size of juveniles of 
Sesarma jarvisi that coinhabited brood-shells. o: only 
juveniles found in shell; · :  mother and juveniles in 
shell. 

aquarium. This  conclusion is further sup- 
ported by the observation o f  an ovigerous 
female at the DBML.  The female was placed 
in a terrar ium with a small dish of  water 

and in the opposite corner a dry shell o f  
Pleurodonte. Four  days later, the shell con- 
tained 4 ml o f  water, 16 megalopae, and 13 
exuviae. 

Shells with broods up to 2 - m m  CW held 
small green and  brown pieces o f  leaves and  
segments o f  small diplopods. Shells with 
larger juveniles up to 5 -mm CW contained 
a mixture o f  water, decomposing leaf mat-  
ter, and feces. In food preference experi- 
ments  in the laboratory, crabs ate animal  
tissue within five min  after the food items 

were placed in the terrarium, cleaning the 
millepede segments to the exoskeleton. On 
the following day, green leaf material was 
eaten, and dry leaves were accepted after 
three to four days, when they had  become 
moist. 

Breeding Season. - O v i g e r o u s  females were 
observed in Windsor  in December,  March, 
April, and July (N =  5), and  broods with 
juveniles smaller than  3 - m m  C W  ( N =  21) 

Table 3. Mean volumes of shells of species of Pleurodonte from different locations in Jamaica; t  ± SD. 
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Fig. 16. Sesarma jarvisi. Scanning electron micrographs of plumose setae between the lower ridge of bran-
chiostegite and the dorsal coxae. 

were found from March to August (Table 
4). 

If the development of these juveniles took 
about 1-2 months, they must have hatched 
from January to March, that is, before the 
spring rainy season. 

We collected a sample of 93 brood-shells 
in March and April 1991, containing ju-
veniles with CW ranging from 1.3-8.5 mm 
(see Table 5), and representing all juvenile 
age classes. The calculated development pe-
riod, using the CW of these juveniles (see 
Table 4. Number of ovigerous females, brood-shells 
with megalopae, and shells with juveniles <3-mm CW 
found in Windsor, Jamaica, from March-December 
1991. The search activities for shells differed within 
months, and brood-shells were only occasionally 
searched for in August and December, n = no obser-
vations. 

Mar Apr May Jun Jul Aug Sep Oct Nov Dec* 
Ovigerous 

females 1 2 0 0 1 0 n n n 1 
Megalopae 0 2 0 0 1 0 n n n 0 
Juveniles 6 4 3 2 5 1 n n n 0 
* R. Diesel, unpublished observations. 

Materials and Methods; Fig. 11) suggests a 
minor reproductive activity in early spring 
followed by a higher peak of breeding ac-
tivity in late summer (Fig. 17). 

DISCUSSION 
Sesarma jarvisi has adopted an extraor-

dinary breeding behavior in an adverse en-
vironment, the dry karst hills of central Ja-
maica. After the bromeliad crab Metopaulias 
depressus, it is the second species of Ja-
maican endemic Sesarminae for which the 
breeding behavior is known. So far, these 
two species are the only land-breeding 
brachyuran crabs for which a detailed ac-
count of the breeding behavior and juvenile 
development in the field is available. Al-

Table 5. Number of juveniles of different size classes 
found in brood-shells in Windsor, Jamaica, 1991 (mean 
CW in mm). 

1.3-2 2 - 3 3 - 4 4 - 5 5 - 6 6 - 7 7 -8 .5 N 

March 1 6 1 2 7 12 4 33 
April 2 3 0 3 10 31 11 60 



Fig. 17. Distribution of Sesarma jarvisi hatching dates 
calculated from the average juvenile size from broods 
found in March and April 1991. 

though some information on breeding is re- 
ported for other  terrestrial or  fresh-water 
crabs (e.g., Parathelphusa,  see Fernando,  
1960; reviewed by Rabalais and Gore, 1985; 
Burggren and McMahon ,  1988), no specific 
informat ion on their early development  and  
parental  behavior  under  field condit ions is 
available. 

The  behavior  o f  S. jarvisi shows several 
interesting features. First, this species uses 
shells o f  land snails for larval and  juvenile 
development .  Second, females manipulate  
the microhabi ta t  in the shells before releas- 
ing their  larvae, by carrying water  into the 
shells. Third,  data on family composi t ion 
show that  the mother  crab and the juveniles 
remain  together in the shell for at least 3 
months .  The  food items found in the brood- 
shells, in particular the remains o f  mille- 
pedes, suggest that  the mother  crabs also 
feed their young. 

Habi ta t  and Distr ibut ion 

The  distr ibution ofS.  jarvisi is closely tied 
to areas with high precipitation (>  2,000 m m  
annually) and  wet l imestone forests in west- 
ern Jamaica.  In pre-Columbian times, dense 
forests covered almost  the entire island (As- 
prey and Robbins,  1953), and  the crabs 
probably had a wider distribution. After the 
colonization o f  Jamaica  by m a n  and the 
subsequent deforestation, in many areas only 
isolated islands o f  wet l imestone forest re- 

mained  (e.g., Moun t  Diablo and  Dolphin 
Head;  Morrissey, 1983), leading to a partly 
disjunct distr ibution o f  the species today. 
The metamorphic  Blue Mountains  run from 
nor th  to south, forming a zoogeographic 

barrier by dividing Jamaica 's  l imestone lay- 
er into a small eastern plate (John Crow 
Mountains)  and a large western plate. Se- 
sarma jarvisi is restricted to the western part, 
where it occurs from 100-m altitude at 
Windsor  up to 930-m at Mount  Diablo, at 
lower altitudes than originally recorded by 
Abele and Means (300 m; 1977). The wet 
l imestone forests in the east are inhabited 
by the same ecomorph,  Sesarma cookei 
Hartnoll ,  a species that  is larger (CW > 20 
m m )  than S. jarvisi but  lives in a similar 
habi tat  (Abele and Means, 1977; R. Diesel 
and  D. Horst,  unpublished data). 

Sesarma jarvisi is most  c o m m o n  on shad- 
ed slopes and  in moist  valleys and is less 
abundan t  in karst depressions (cockpits) or 
on top o f  karst hills. The depressions consist 
mainly o f  eroded bauxite soil. They receive 
more  precipitation than hill tops (Aub, 
1969a), are frequently flooded (Aub, 1969b), 
and  lack a crevice system. Therefore, these 
"cockpi ts"  are unlikely to support  popula- 
tions o f  S. jarvisi. The hill tops are prone 
to desiccation by radiation, and their crev- 
ice systems may be too dry for the crabs. 

The crevice system inhabi ted by S. jarvisi 
provides a relatively constant  microclimate, 
with less extreme temperatures  and a con- 
stant high humidity,  compared  to the forest 
floor. These microclimate conditions re- 

semble those that  prevail in the self-dug 
burrows of other terrestrial crustaceans, e.g., 
Hemilepistus reaumuri  Audouin  and Savig- 
ny (see Edney, 1958); Uca panacea  Novak  
and Salmon (see Powers and Cole, 1976); 
Hol thuisana transversa Martens  (see Green- 
away and MacMillen, 1978). 

An extended crevice system also exists in 
areas with lower annual  precipitation (e.g., 
at Discovery Bay), but during dry and hot  
periods, diel fluctuations in the relative hu- 
midi ty affect the microcl imate in the crevice 
system. The occurrence o f  erratic drops in 
humidi ty  might be one reason why S. jarvisi 
does not  live in such areas, but, the distri- 
bution o f  the species is affected by several 
interconnected factors: (1) an extended rock- 
rubble layer o f  eroded limestone, c o m m o n  
west o f  the Blue Mountair .s  and less so in 
the John Crow Mountains ,  a small lime- 
stone plate in eastern Jamaica;  (2) relatively 
constant  high humidi ty  in the crevice sys- 
tem, which depends on a high average pre- 
cipitation and  forest cover above; and (3) 



the occurrence o f  large shells o f  land snails. 
Jamaica  supports 400-450  land-snail spe- 
cies, 95% of  them endemic to Jamaica  
(Goodfriend, 1986a), whose distr ibution 
depends on the occurrence of limestone (the 
metamorphic  and igneous Blue Mounta ins  
support  only few species, and populat ion 
densities are low; R. Diesel, unpublished 
data). The  snail-shell size and the aperture 
area vary within a species depending on lo- 
cal annual  precipitation (Goodfriend, 1986b, 
1987). Shells in drier  and hotter  areas are 
smaller than those in wetter locations and  

have a relatively smaller aperture area (Fig. 
14); shell volumes o f  P. lucerna are an av- 
erage o f  2.5 t imes higher in Windsor  than  
in the Hellshire Hills (Fig. 3). Within the 
distr ibution range of S. jarvisi the apertures 
o f  shells o f  P. lucerna at Heron 's  Hill are 
almost  too small for female crabs to enter 

(D. Horst,  unpublished observation), which 
may explain why shells o f  P. jamaicensis,  
in spite o f  their large aperture area, were 
more  frequently used for breeding at Her-  
on's  Hill (Table 1). 

The preference o f  S. jarvisi for large shells 
with relatively small apertures implies tha t  
retention o f  moisture  in the shell is a sig- 
nificant microcl imate factor for the species. 
Juveniles probably require a higher ambien t  
humidi ty  for survival than do adults. This  
could be the reason that  juveniles smaller 
than 7 - m m  C W  were never found outside 
their  moist  brood-shells. Future experi- 
ments  on the transpiratory water loss o f  dif- 
ferent-sized juveniles under  various humid-  
i ty r eg imes  a n d  m e a s u r e m e n t s  o f  the  
humidi ty within various types o f  shells could 
reveal the size at which juveniles are able 
to leave the brood-shell  for extended activ- 

ities in the crevice system, e.g., to forage. 

Breeding and  Brood Care 

During our  study the release o f  larvae by 
S. jarvisi  started during the relatively dry 
periods before the rainy season. According 
to the calculated age o f  juveniles found at 
Windsor ,  a major  peak in breeding activity 
occurs in late s u m m e r  and autumn.  How- 
ever, breeding in S. jarvisi appears to be 
distr ibuted over the whole year. This  is un- 
like that  o f  the bromel iad crab, which has 
about  the same spatial distr ibution as S. 
jarvisi, but  whose breeding activities are 
strongly synchronized in spring. 

Sesa rma  jarvisi is the smallest o f  the Ja- 
maican  endemic Sesarminae. Although egg 
size is comparable  to that  o f  other  species 
(see Hartnoll ,  1964a; Abele and  Means,  
1977; R. Diesel, unpubl ished data), it pro- 
duces a very small clutch. Both small body 
size and  small clutch size appear  to be ad- 
aptat ions to breeding in the l imited space 
o f  snail shells. 

Another  feature unique to the species is 
their  ability to t ransport  and release water  
into the brood shells. Water  uptake from 
the substrate for gas exchange, drinking, or  
feeding using tufts o f  setae is a c o m m o n  
feature in terrestrial and semiterrestrial crabs 
(cf. Gross et al., 1966; Bliss, 1968; Hartnoll ,  
1973; Quinn,  1980; Felgenhauer and  Abele, 
1983; Wolcott,  1984), but  t ransport  to and  
release o f  the water  into a "nes t "  (or burrow) 
has not  been reported previously for crabs. 
In addi t ion to an external water film, S. 
jarvisi  may  also t ransport  water  in its bran- 
chial chambers.  The  mechanism by which 
the crabs release the water into the shell 
remains  unknown.  The  water held within 
the branchial  chambers  may be d u m p e d  out  
into the shell, by means o f  a  water-dumping 
behavior  like that  reported for the ocypodid 
crab Heloecius cordiformis (H. Milne Ed- 
wards) (see Maitland,  1990). 

Since juveniles remain  in the brood-shell  
after metamorphosis ,  they are not  able to 
forage outside and  thus depend on the food 
resources found in the shell. We frequently 
observed food items o f  plant  and  animal  
origin in shells with young up to 5 -mm CW. 
We have not  seen mothe r  crabs carrying 
food into the shell (experiments are under  
way), but  it is reasonable to assume that  the 
food is provided by the mother ,  which may 
care for young until they reach 6 .5 -mm CW. 
It is very likely that  the percentage of broods 
larger than 3 -mm C W  at tended by their  
mothers  is higher than indicated by our data. 
The considerable disturbance we caused 
while removing rocks in the search for shells 
may have caused females to leave the brood- 
shell. 
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