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ABSTRACT: A diverse assem blage  of 16 species of herm it  crabs occurs on the  shores of the Quirimba 
Archipelago, no r thern  M ozam bique,  Each species  i llustrated m ark ed  zonation such tha t  they form ed a 
distinct seq u e n ce  from the subtidal across the wide intertidal zone to the supra-lit toral.  In addition to 
shore  h e ig h t  zonation, there  was distinct variation in type and  range  of hab ita t  pre fe rences .  Of the 
5 s tudy islands, Quirimba and  Quisiva had  the g rea tes t  intertidal hab ita t  variety a n d  the larges t  n u m 
ber of res iden t  hermit crab species.  The  nu m b er  of hermit crab species p e a k e d  at 10 in the lower-shore  
zone and decreased  upshore  to 3 supra-lit toral  species  a n d  dow nshore  to 8 subtidal  species. In contrast ,  
the density of hermit crab individuals p e ak ed  in the u p p e r  mid-shore,  at 3 m J T he  m id-shore  zone  w as 
also the primary  region of cluster formation, principally involving C libanarius laev im a n u s  and C liba
narius v irescen s , a l though  3 other species w ere  also involved. The  activity of the 2 semi-terrestr ial  
species,  C oenobita ru gosus  and C oenobita cavipes, on Quirimba Island was principally re la ted  to the 
light:dark cycle bu t  w as  strikingly different b e tw ee n  open  and m ang ro v e  habitats .  Some d e g ree  of 
activity took place in both species th roughou t  a 24 h period in the m angrove  habitat,  w h e re  the p e ak  of 
feeding activity was twice that of the open sand-sc rub  habitat.  Wind st reng th  was a major influence on 
the activity of C. rugosus  and C. cavipes, reducing  the n u m b er  of active individuals to zero at h igher  
wind speeds,  even  in thinly m angroved  habitats .
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INTRODUCTION

Herm it crabs have held particular in terest am ongst 
ecologists worldwide for m any years and thus have 
b e e n  a particularly well-studied  g roup  of crustaceans. 
M uch of this work has focused on behavioural cha rac 
teristics rela ted  to the use of molluscan shells by tropi
cal intertidal species, and  these studies have illustrated 
the complexity of shell selection with respec t  to shell 
species identity (Reese 1962, Young '1979, Wilber 
1990), shell geometry, size and  dam ag e  (Vance 1972, 
Conover 1978, Taylor 1981), p resence  of shell sym 
bionts (Jensen 1970, M ercando  & Lytle 1980) and asso
ciated  agonistic behav iour  (Hazlett 1966, 1972). F u r
therm ore, the availability of shells has been  shown to
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be an im portan t constraint on m any  herm it  crab p o p u 
lations (Provenzano 1960, Hazlett 1970, Kellogg 1976, 
Bertness 1980), a l though  occasionally shells have  been  
found to be ab u n d a n t  (MacGinite 1955, M arkham  
1968). Recent studies of a particularly characteristic 
and complex activity exhib ited  by a nu m b e r  of species 
has revealed  ano ther  she ll-re la ted  behavioural trait. 
The large gather ings  of individuals, te rm ed  clustering, 
a re  now though t to be g ea red  around  shell exchange  
(Gherardi 1990, G herard i  & Vannini 1993). O ther  less- 
shell-re lated  activities, such as p reda to r  interactions 
(Ross 1971), migrations and  d igg ing  behav iour  (Van
nini 1975, 1976), have also b ee n  s tudied  in a few s p e 
cies. A lthough East Africa has been, and  remains, one 
of the major a reas  for m any of these  investigations, 
there  have been  virtually no studies of herm it  crabs in 
central or northern  M ozam bique  since the prelim inary  
species lists of H ilgendorf (1878).

Despite being over 2700 km in length, the coastline 
and  associa ted nearshore  marine env ironm ent of
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M ozam bique  rem ain  relatively poorly know n in com 
parison  with  those of other East African or tropical 
s tates worldwide. The leng thy  period  of in ternal con 
flict end ing  in 1992 effectively restric ted  m arine r e 
search  (along with virtually all other disciplines) by 
in ternal  and  ex ternal scientists to the sou thern  island 
of Inhaca close to the  capital city of Maputo. Studies at 
the  m arine  biological station on Inhaca Island have 
show n diverse in tertidal a s sem blages  of crustaceans, 
inc luding A nom ura (hermit crabs), and  m any  other 
taxa (Kalk 1958, 1959, M acN ae  & Kalk 1962, 1969, 
L ongom ane 1995, M acia 1995). As at Inhaca Island, the 
in tertidal of other po p u la ted  a reas  is a vital resource  to 
a p redom inan tly  coast-dwell ing  and  poor population, 
p e rh a p s  n o w h ere  m ore so than  in the Q uir im ba A rchi
pe lago  in the  far north  of the  country  (D. K. A. Barnes, 
A. Corrie, M. Whittington, M. A. Carvelho & F. Gell 
unpubl.  data). The tropical arch ipe lago  of low lying 
islands is in a region w h ere  the  shelf and  intertidal 
zones a re  very w ide (about 4 km  in places) and  a vari
ety of hab i ta ts  are  encom passed  in addition to the 
extensive  coral reefs on the eas te rn  seaboards.

A la rge num ber  of herm it crab  species arc  know n  to 
occur th roughou t the  variety of East African regions 
and  littoral habitats  (Hilgendorf 1878, M acN ae  & Kalk 
1969, Lewinsohn 1982, M acia 1995). The study d e 
scribed here  forms one of a series describ ing the ecol
ogy of herm it  crab  species occurring at one of the most 
rem ote  m ain land  locations in East Africa. This study 
reports  on the variety of an o m u ra n  species found in the 
in tertidal an d  im m edia te  subtidal of 5 of the so u th e rn 
most islands of the Q uir im ba Archipelago. Some a s 
pects of their  distribution, a b u n d a n c e  and  activity are 
also investigated . This w ork  forms par t  of the  m arine 
r ese a rch  p rog ram m e of the D arw in /F rontier  Moçam- 
b ique  project,  of the Society for Environm ental Explo
ration an d  the M inis tépara  a C oordenaçào  de Acçâo 
A m bienta l (Maputo, M ozambique).

METHODS

Various aspec ts  of tropical herm it crab ecology were  
s tud ied  on 5 low-lying, n ea rsho re  islands of the Q uir
im ba Archipelago, in the C abo  D elgado province in 
nor thern  M ozam bique, East Afnca (Fig. 1). The work 
was e a rn e d  out from the field survey cam p of Frontier 
M oçam bique  on the central island of Quirimba 
b e tw e e n  May and  A ugust  1996. Most of the work was 
carried  out on Q uir im ba Island itself, but the distribu
tion and  a b u n d a n c e  of herm it  crabs on Quisiva, 
Quilaluia, M efunvo and  Senear  islands was exam ined  
for com parative  purposes. The study a reas  of the 
islands w ere  d iv ided into 4 shore zones and  1 subshore 
zone. The subshore  zone w as te rm ed  (conventionally)

the  subtidal.  The zone above this, the lower-shore 
zone, was defined as spann ing  the area be tw een  the 
E xtrem e Low W ater Spring tide level (ELWS) and  that 
reached  after 2 h from low w ate r  (V3 time be tw een  low 
and  high water). The m id-shore zone was defined as 
that be tw een  2 h and  4 h after low w ater  (V3 to 2/3 time 
be tw e en  low and  high water). The upper-shore  zone 
was defined as that be tw e en  4 h after low w ate r  and 
the M ean  High Water level (MHW), and lastly the 
supra-littoral zone was defined as that be tw een  MHW 
and  the splash zone above the Extrem e High Water 
Spring tide level (EHWS).

The diversity and  distribution of hermit crab species 
was assessed  using multiple quadra ts  (0 5 m 2) every 
10 m along transects from the ELWS to the EHWS. 
Transects w ere  sited to incorporate all the major in te r
tidal habitats  (coral reef, sandflat, sand  overlying rock, 
rock, seagrass meadow , an d  fringe an d  deep  m a n 
groves) of each  of the 5 islands surveyed. In addition to 
the transect method, a 5 m wide sw athe was observed 
by w alk ing  a zigzag pa t te rn  be tw e en  the lower-shore 
and  supra-littoral zones a round  the circum ference of 
each  island. The num ber  and  identification of all crab 
species p resen t w ere  recorded  for each  tidal zone. The

Fig. 1. Insert, bottom left, the position of M ozam bique  m 
sou the rn  Africa and that  of the Quirimba Archipelago in 
no r thern  M ozam bique  M ain  m ap  40 km  of coast showing 
the position of the 5 s tudy islands m the Q u in m b a  Arch ipel
ago. The  islands are: 1, Quirimba, 2, Quilaluia, 3, Senear, 4, 
Mefunvo; a n d  5, Quisiva The  light sh a d e d  a rea  represen ts  
the intertidal a n d  shallows, with a smooth e d g e  denoting  sand 

a n d  a j ag g ed  e d g e  coral reef
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m axim um  ab u n d a n c e  of each species (m~2) was e s ta b 
lished by com bining the results of the 2 methods. The 
distribution and  a b u n d a n ce  of subtidal species were  
assessed  using similar survey m ethods with SCUBA 
in 5 m w ate r  dep th  (from M ean  Low W ater tide level, 
MLW).

The a b u n d a n c e  of each species was scored acco rd 
ing to the m ax im um  population density (ind. observed 
m f2) in 5 categories: super abundant,  >10 r r r2 (SA); 
abundan t,  10 to 1 n r 2 (A); common, 1 to 0.1 rm 2 (C); 
occasional,  0.1 to 0.01 n r 2 (O); and present,  <0.01 n r 2 
(P). The num bers  of herm it crab species w ere  com 
p ared  and  sum m ed  within each  zone such that the 
approxim ate  proportion  each  species contributed  to 
zonal popula tions could be calculated. The supra- 
littoral zone was further subdivided (into 4 zones) 
according to the n u m b e r  of horizontal meters (dis
tance) from the high w ater  level. The num bers  and 
identities of hermit crabs w ere  then  counted in each  of 
the 4 subzones to establish within-zone species p o p u 
lation changes.

Additional ecological information was collected 
simultaneously to allow division of hermit crab ecology 
by habitat, separa te  from tidal zoning and  study of 
behavioural aspects of distribution such as clustering. 
The nature ,  composition and shore position of 30 h e r 
mit crab clusters on Quirimba Island w ere  also e x 
amined. The num ber  and  identity of all species were  
recorded  as well as the total num ber  of individuals. 
Similar fea tures  of clusters w ere  casually observed  on 
other islands for be tw een-is land  comparisons.

The periodicity, duration  and  types of activities w ere  
observed for all the locally common herm it crab s p e 
cies on Q uirimba Island. Particular attention  was paid  
to the supra-lit toral species, partly  because  of in 
creased  complexity of activity and  govern ing  influ
ences and  partly  because  of ease  of study. The num ber  
of active individuals of 2 species of supra-lit toral h e r 
mit crab, C oenobita rugosus  and  C. cavipes, w ere  
monitored  in 3 study areas  of 4 m 2. The 3 study areas 
encom passed  3 of the 4 locally characteristic supra- 
littoral habitats,  sand-scrub, thin dringe' m angrove  
and  thick 'deep ' m angrove. H erm it crabs w ere  
observed to be absen t from the rem ain ing  supra-lit
toral hab ita t of ver tica l /overhanging  rock and  so this 
hab ita t was exc luded  from detailed  study. In the h a b i 
tats w here  populations of the 2 species overlapped, the 
activity of individuals was observed  and  classified into 
either crawling, feeding or burrow ing/c lim bing  types. 
Quantification of each  activity type was scored by the 
proportion of the total population  involved in each 
activity within the observation plot at the time of the 
reading The total active population  was also recorded 
at m ax im um  intervals of 1 h (sometimes every V2 h) for 
a 24 h period.

The 24 h study, descr ibed  above, was used  in in te r
preta tion  of the influence of time on population  
activity. O ther  influences on the activity of C oenobita  
rugosus  and  C oenobita  cav ipes  populations were  
investiga ted  by monitoring popula tion  densities in the 
th ree  4 m 2 study sites over a period of 6 wk. Total activ
ity of both species was recorded  at 8:00 and  20:00 h 
each  day to study the  effect of low /h igh  and  spring/ 
n eap  tidal cycles and  variation in habitat, individual 
size and  w ind s trength. Wind s treng th  was m e asu red  
in units of the Beaufort scale.

RESULTS 

D iversity and distribution

A total of 16 species of herm it crab  w ere  found in the 
intertidal and  im m edia te  subtidal zones of islands of 
the Quirimba Archipelago. Two species of the family 
C oenobitidae  w ere  present,  C oenobita  rugosus  and 
C oenobita  cav ipes , and  these  w ere  associated with u p 
per  reaches  of sand  shores and m angroves.  Twelve 
species w ere  d iogenids  from the gene ra  Clibanarius, 
Calcinus, D iogenes, and  Dardanus, and  the rem ain ing  
2 species w ere  pagurids  from the g en e ra  E upagurus  
and  Trizopagurus. C libanarius longitarsus  mostly oc
curred  in and a round  the se aw ard  m arg in  of m a n 
groves, and  C libanarius la ev im a n u s  and  Clibanarius  
virescens  w ere  mainly found on fine sand  with u n d e r 
lying and  ou tcropping  reef rock areas, a l though  C. 
virescens  w as also com m on in the seagrass  meadows. 
C alcinus laevim anus, C alcinus latens, D iogenes senex, 
D iogenes  sp. and  E upagurus  sp. also mainly occurred  
in the seagrass  m eadow s, but both C alcinus  species 
occasionally occurred  on fine sa n d /re e f  rock areas. Tri- 
zopagrus strigatus  an d  D ardanus p ed u n c u la tu s  w ere  
only found on reef crests or in the associa ted  lagoons 
enclosed by reef crests. The rem ain ing  4 species found 
in this study, D ardanus m egistos, D ardanus guttatus, 
D ardanus deform is  and  D ardanus lagopodes, w ere  
principally subtidal, bu t  D. m eg isto s  occasionally oc
curred  in the lower regions of the seagrass  m eadows.

Twelve of the total 16 species of herm it crab w ere  
found on the in tertidal zones of Quirim ba and  Quisiva 
islands, and  6 of these 12 w ere  found on all 5 of the 
study islands (Table 1). Of the islands studied, the 
intertidal a reas  of Quir im ba and  Quisiva islands w ere  
the most diverse, encom pass ing  some of all the above 
m en tioned  habitats.  The few est species of herm it crab 
w ere  found on the smallest island, Quilaluia, w hich 
h ad  the smallest intertidal a rea  and  smallest range  of 
habitats.  The n u m b e r  of species on the in tertidal of 
each  island was, therefore, not surprisingly re la ted  to 
the diversity of habitats  supported .  The individual spe-
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T ab le  1. Herm it  crab species  p re sen ce  a n d  a b u n d an c e  on islands of the Q u ir 
im ba  Archipelago. The  levels of a b u n d a n c e  a re  SA, super  a b u n d a n t  (>10 n r 2); 
A, a b u n d a n t  (10-1 n r 2); C, common (1-0.1 m 2); O, occasional (0.1-0.01 n r 2); 
a n d  P, p re se n t  (<0.01 n r 2). Subtidal species  p re sen t  in the Quirimba Arch ipel

ago are  lis ted as na (not applicable)

H erm it  crab  Island
species  Q u in m b a Quilaluia Quisiva Mefunvo Sencar

C oenobita  cavipes SA - P P C
C oenobita  rugosus SA C A A A
C libanarius longitarsus A - - C A
C libanarius la ev im anus SA A O A C
C libanarius virescens SA SA A C C
C alcinus la tens A A C P C
C alcinus laev im a n u s A A O SA c
D io g en es se n e x C P o P -
D io g en es  sp. O - o - p
E u p a g u ru s  sp. P - p - -
Trizopagurus strigatus - - p - p
D ardanus m eg istos P P p P p
D ardanus p e d u n cu la tu s P P P P -
D ardanus g u tta tus na na na na na
D ardanus deform is na na na na na
D ardanus lagopodes na na na na na

cies p resen t  w ere  re la ted  to w hich particu lar  habitats 
w ere  p resen t.  Thus on islands w here  the re  was, for 
example , e i ther  very little or no m angrove  p resen t 
(Quisiva and  Quilaluia), m angrove  d e p e n d e n t  species 
such as C libanarius longitarsus w ere  absent.  Some 
species, such  as Trizopagurus strigatus  and  E upagurus  
sp., w e re  com paratively rare and  may have  occurred  
on all the study islands but w ere  recorded  only w here  
chance  findings occurred.

The herm it crab species s tudied  had  
clearly defined zonation up the shore 
from the  subtidal to the supra-littoral 
zones (Table 2). The h ighest n u m b e r  of 
species (10) occurred  on the lower- 
shore, declining to 8 subtidally and  3 
on the  upper-shore  and  supra-littoral.
No one species was found th roughou t 
all 5, or even  4, of the shore zones s tu d 
ied, bu t the 3 C libanarius species and 
C alcinus laev im anus  w ere  p resen t in 3 
of the 5. Within the  supra-lit toral zone 
the re  w ere  m arked  differences in d is
tribution am ongst  the 3 species p r e 
sent,  C oenobita cavipes, C oenobita  
ru gosus  and  C libanarius longitarsus, 
accord ing  to hab i ta t  and  shore height 
(Fig. 2). The lower region of the supra- 
littoral zone was dom ina ted  by C. lo n 
gitarsus, but w ith  increasing  distance 
up  the  shore C oenobita  species in 
creased, and  C. longitarsus  was absen t 
from the  u pper  regions of the supra-

littoral. In regions of the supra-littoral 
zone with mangroves, C. cavipes  d o m 
inated, w hereas  in sand-scrub  regions 
C. rugosus  dom inated  assem blages. In 
regions with only thin m angroves (de
noted fringe in this study) separating  
the 2 habitats, a complex assem blage  
pa t te rn  show ed C. cavipes  dom inating 
the mid regions of the supra-littoral 
zone and  C. rugosus  dom inating the 
upper  regions.

Abundance

Herm it crabs w ere  the most a b u n 
dan t taxon of m acro-crus taceans in 
any habita t or zone of the intertidal 
and  of ali of the 5 islands studied, with 
one exception: hermit crabs were  
absen t from the parts of the upper- 
shore/supra-l it toral zone formed by 
vertical ¿mu Oveihcuiyiiiy tuck cliffs, 

which were  characterised  by grapsid crabs. The total 
ab u n d a n c e  of herm it crabs across the intertidal region 
of Quirim ba Island increased  by more than an  order of 
m agn itude  from the ELWS to a mid-tidal level before 
decreas ing  towards the EHWS (Fig. 3). Overall the 
most ab u n d a n t  species w ere  Clibanarius la ev im a n u s, 
Clibanarius virescens  and  Calcinus laevim anus, which 
toge ther  accounted for approxim ately  75%  of all in te r 
tidal herm it crabs. The abu n d a n ce s  of some herm it

Table 2. The populat ion  proportions of littoral and subtidal zone hermit  crab 
species  at Quirimba Island. T he  values show n are  approx im ate  populat ion  p e r 
c en tages  from est im ates using multiple q u ad ra t  techn ique.  'Z o n es  occupied  on 

Quisiva Island; not p resen t  on Quir im ba Island, so no da ta  available

Herm it  crab 
species Supra

Littoral zone 
Upper Mid Lower Subtidal

C oenobita cavipes 49.1
C oenobita rugosus 35.8
C libanarius longitarsus 15.1 66.4 1.4
C libanarius laev im anus 28.4 59.1 1.1
Clibanarius v irescens 2.2 36.9 5.5
C alcinus la tens 1.9 26.0
C alcinus laev im a n u s 0.7 13.7 10.0
D iogenes se n e x 48.4
D iogenes  sp. 3.3
E upagurus  sp. 0.5 6.6
Trizopagurus strigatus
D ardanus m eg isto s 1.1 60.2
D ardanus p e d u n cu la tu s 0.5 3.3
D ardanus g u tta tus 10.0
D ardanus deform is 6.6
D ardanus lagopodes 3.3
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crab species a l tered  considerably  b e tw e en  islands 
(Table 1). O ther  species, notably  the supra-lit toral zone 
C oenobita rugosus, the m id-shore  C. virescens  and  the 
lower-shore D ardanus m egistos, w ere  broadly  similar 
in a b u n d a n c e  across the islands studied. Whilst the 
intertidal distributions of most species sp a n n ed  more 
than  1 shore zone, their a b u n d a n ce s  varied  cons ider
ably b e tw e en  such zones (Table 2). In all the  study s p e 
cies there  was a m arked  p e a k  of a b u n d a n c e  confined 
to a particular shore zone. In the m id-shore  zone the 
most a b u n d a n t  species, and  to a lesser ex ten t some of 
the other herm it crab  species present,  adop ted  the 
popularly  s tud ied  behavioural trait of clustering
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Fig. 2. C oenobita cavipes  (•),  C. rugosus  (■{, and Clibanarius 
longitarsus  (□). Population proportions of hermit crab species 
with d is tance from the High Water tidal M ark  |HWM) in the 
supra-lit toral zone of Quirimba Island m (A) deep  mangrove, 
(B) fringe m angrove ,  and  (C) sand-sc rub  (non-mangrove) 
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M id-shore clusters of herm it crabs (with occasional 
living molluscs as well) w ere  usually formed on the 
h ighest local ground. W here  the m id-shore  was ch a rac 
terised by fine sand/over ly ing  and  ou tcropping  reef 
rock, clusters occurred  on the high and  sharp  rock 
ridges caused  by differential erosion. The m ain  species 
which formed clusters w ere  C libanarius laev im a n u s  
and  Clibanarius virescens, but C libanarius longitarsus  
and  both C alcinus  species w ere  also p resen t occas ion
ally. For most clusters, m ore than  90%  of the herm it 
crabs p resen t  r ep re se n ted  1 species, and  11 out of 30 
clusters exam ined  w ere  com posed  entirely of a single 
species (4 out of 30 w ere  formed of 3 species and  the r e 
m a inder  of 2 species). The species dom inating  clusters 
was generally  Clibanarius la ev im a n u s  on the upper  
m id-shore and  C. virescens  on the  lower m id-shore  of 
Quir im ba Island. On the m id-shore of M efunvo island, 
in contrast, m ost of the clusters w ere  dom ina ted  by C a l
cinus laevim anus. Clusters w ere  usually formed of h e r 
mits occupying similar shell identities (from the sam e 
mollusc species) and  of similar size. The clusters e x a m 
ined  varied considerably  in size from 105 to 1104 ind i
viduals, but w ere  constantly  chang ing  with time and 
tide, and  hence  difficult to com pare. The la rgest cluster 
sizes s tudied  w ere  all formed of small individuals and, 
a l though  normally 3 or 4 individuals high, occasionally 
formed spires up  to 7 individuals high. The supra- 
littoral zone species C oenobita  cavipes  and  C oenobita  
rugosus  formed smaller gatherings, but these  p s e u d o 
clusters differed from those typically descr ibed  as they 
involved no period of dorm ancy  and  w ere  usually cases 
of g regariousness  a round  la rge  food items.

Fig. 3. Total ab u n d an c e  of hermit crabs across the shore  at 
Quirimba Island. Values rep re se n t  the com bined  density of all 
species from the im m edia te  subtidal  region (negative) to 
1000 m (EHWS) from the ELWS level. Plots show (•)  m ean  

and  (O) m axim um  densities. Curves are fitted by eye

Periodicity, duration and type of activity

The periodicity of activity, o ther  than  clustering  to 
becom e dorm ant (above), of m ost of the study species
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Fig. 4. C oenobita  ru gosus  an d  C. cavipes. Population c h an g e  with t ime over a 
24 h period, in (O) fringe m an g ro v e  an d  (•)  sand -sc ru b  (non-m angrove) h ab i 
tats. High w a te r  was at approx im ate ly  01:40 a n d  14:20 h, low w a te r  was at 
approx im ate ly  08:00 a n d  20:40 h. Note  the  different scales of the y-axes for the 

plots of the 2 species

activity around

was confined to periods of imm ersion and, therefore, to 
the h igher  phases  of the tide. The activity in the supra- 
littoral zone of the sem i-terrestr ia l  species C oenobita  
cavipes  and  C. rugosus, however, w as almost entirely 
confined to a reas  above the w ate r  level. Whilst the re  
w as m uch  variation in activity level of C. cav ipes  and  
C. rugosus, the re  w as at least some d eg re e  of activity 
observed  from popula tions of both species th roughou t 
a 24 h period (Fig. 4). The level of activity (m easured  in 
term s of n u m b e r  of active individuals per  4 m 2 obse r 
vation plot) of C. rugosus  r ea ch ed  a p e a k  at about 
19:00 h, shortly after sunset,  with little activity during 
the day. The activity and  behav iour  of C. cavipes  were, 
however, m ore complex. In the  sand-sc rub  habitat,  the 
activity pa t te rn  of C. cavipes  resem b led  tha t of C.

rugosus  though  with reduced  densities 
and  a g rea te r  period of inactivity. Both 
the genera l  level and  p ea k  of C. cavipes  
activity w ere  considerably h igher in the 
fringe m angrove  habitat. In contrast to 
the  pa t te rn  of activity in the sand-scrub  
habitat, 2 daylight peaks  of activity 
occurred, the h ighest at about 16:00 h.

Activities observed  in C oenobita  
cavipes  and  C. rugosus  took a num ber  
of forms, feeding, crawling, climbing, 
burrow ing  and  shell inspection/ 
exchange . The majority of active time 
was spen t crawling, and  to a lesser 
ex ten t feed ing  (Fig. 5), whilst few indi
viduals w ere  observed  to be involved in 
climbing, burrow ing  or shell exchange  
per  unit time. The p ea k  of crawling 

16:00 h (Fig. 5) was pr in
cipally dow n the beach to the high 
w ate r  m ark  (HWM) or water 's  edge. 
Some la rger  C. cavipes  individuals were  
observed to c r a w l  over 100 m over a 
couple of hours, usually around  or 
shortly after dusk. C. rugosus  ind iv idu

als w ere  not obse rved  to travel more than 30 m in an 
activity cycle. The decrease  in crawling activity was 
associated with a slow drift back  up the beach, which 
w as much less synchronous than  the  initiation of activ
ity. The proportion of the C. cavipes  s tudy population 
feed ing  was apparen tly  m uch  h igher  than  that of C. 
rugosus. Periods of inactivity w ere  spen t in tree 
branches, t ree  hollows, shallow sand  burrow s or rock 
crevices. In 1 rock crevice, 1 individual b ecam e stuck 
during  the study period and  t rapped  3 other indiv idu
als also using the sam e refuge, subsequen tly  causing 
their  deaths.

Influences on activity

Table  3. C oenobita  cavipes  a n d  C. rugosus. M ean  (SE) activ
ity with tidal state. Data is d isp layed  as the n u m b er  of active 
individuals p e r  4 m 2 observation  plot (n = 9). The  va lues  for 
h igh and  low w a te r  at 08:00 a n d  20:00 h (±30 mini are com 
pa red  within species  (intraspecifically) to p roduce  T-values. 
In all cases the  m eans  are  not significantly different  at the 

p = 0.05 level

T here  w ere  a num ber  of obvious potential influ
ences on the periodicity, duration  and  type of activity 
of C oenobita cavipes  and  C. ru gosus: tidal state (high/ 
low and  spring/neap), time, habitat, w ea th e r  and  indi
v idual maturity. Tidal state, e i ther  as the semidiurnal 
or b iw eekly  cycle, p roved  to have no significant major 
influence on the activities of the  study populations of 
ei ther  species (Table 3). The m agn itude  of spring 
tides (as opposed  to n eap  tides) did have minor influ
ences in the form of the am ount of debris and  p o te n 
tial food b rought in and  on the distances nee d ed  to 
travel to reach  this strandline (HWM). A nother  minor 
influence of tide was on the distribution of the activity 
peaks  of the  2 species: C. cavipes  at HW M  and C.

Species Time (h) Tidal state Significance
High Low (T-value)

C. cavipes 08:00 5.00 (0.58) 4.89 (0.54) 9.08
20:00 5.44 (1.50) 4.25 (0.45) 3.63

C. rugosus 08:00 2.89 (1.07) 3.13 (0.70) 4.04
20:00 12.7 (2.46) 12.29 (2.13) 5.07
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The m e a su re m e n t  of w ea th e r  as an  influ
ence was restric ted  to w ind sp eed  (this being  
the major m eteorological variable at Q uir
imba Island). Increased  wind sp eed  h ad  little 
influence until or beyond  force 2 (Beaufort 
scale), above which a nega tive  influence on 
activity was suggested ,  bu t the d eg re e  of 
variation was high (Fig. 6). A lthough the 
nocturnal activity of C oenobita rugosus  was 
significantly red u ced  by w ind  in both sand- 
scrub (ANOVA, F = 10.5, p < 0.05) and  fringe 
m angrove  (ANOVA, F = 12.9, p < 0.05) h a b i
tats, the effect on the d iurnal activity of the 
species is m ere ly  suggestive  not significant 
(ANOVAs, F  = 8.2, p = 0.07 and  F  = 2.9, p = 
0.18 respectively). T here  is little ev idence 
that the activity of C. cavipes  w as influenced 
in ei ther  the she lte red  habita ts  of fringe or 
deep  m angrove  study areas, but it was s ig 
nificantly re d u c e d  nocturnally  in the sand- 
scrub habi ta t  (ANOVA, F = 36.9, p < 0.01).

DISCUSSION  

Distribution and abundance of species

Fig. 5. C oenobita rugosus  and C. cavip es . Activity types and populat ion  
proport ion  in sand-sc rub  and fringe m angrove  habitats .  High w a ter  was 
at approxim ate ly  01:40 and  14:20 h, low w ater  was at approxim ately  
08:00 and 20:40 h. Activities are (□) crawling, (O) feed ing  and  (■) b u r 
rowing/climbing. No burrow ing  or climbing was observed  within the 
experim ental  4 r r r  observation  plot for C. cavipes in the sand-scrub  h a b i 

tat (thus no ■ plot is shown)

rugosus  at 10 m above HWM. Some influences of both 
time and  hab i ta t  are  clearly illustrated by Figs. 4 & 5. 
C. rugosus  show ed  a largely nocturnal pa t te rn  of 
activity, with a slightly increased  am ount of diurnal 
activity in a fringe m angrove  habitat com pared  to that 
in sand-scrub. C. cavipes  exhibited  a similar, though  
more strongly nocturnal, pat tern  of activity to C. ru g o 
sus  in the sand-scrub  shore but a strongly contrasting 
p a t te rn  in the fringe m angrove  habitat. The twin 
peaks  of activity midway be tw e en  m idday  and su n 
r ise/sunset show a largely diurnal pa t te rn  of activity 
for the studied C. cavipes  in m angroves.  The activity 
pat terns  exhibited by C cavipes  w ere  considerably 
m ore complex than those of C. ru gosus . In addition to 
the differences be tw e en  habitat, casual observations 
suggested  la rge individuals of C. cavipes  w ere  more 
nocturnal, feeding at or below HWM, w h erea s  smaller 
individuals were  generally  m ore diurnal, feed ing  at or 
above HWM.

Herm it crabs w ere  extrem ely  com mon on 
all 5 islands and  on all shore habitats  bar  
vertical rock surfaces. A nom urans dom i
n a ted  the m acro -c rus tacean  fauna, and  in 
localised regions the w hole m acrobenthos ,  
from the ELWS tide level to the upper  
supra-lit toral level (above the EHWS tide 
level). As Hilgendorf  found in the more 
northerly  islands of the Quir im ba A rch ipe l

ago in 1878, the p resen t  study of the southerly islands 
found extrem ely  diverse herm it crab assem blages  
totalling 16 species. Up to 11 species w ere  found on 
the intertidal of the 2 la rger  islands (plus 3 subtidal 
species), which had  a g rea te r  variety of habita ts  than 
the 3 smaller islands. It is possible tha t a fu rthe r  3 
species, C libanarius eurysternus, C alcinus tibicen  and  
A n icu lu s  sp., described  from nearby  Ibo Island 
(Hilgendorf 1878) are  also p re se n t  but w ere  not found 
in the p resen t  study. Of the 5 littoral zones used  m 
this study, the lower-shore zone had  the h ighest  sp e 
cies diversity (10 species from all habitats  combined) 
but the lowest overall popula tion  density. The cause 
of such g rea t  diversity m ay stem from a variety of fac
tors, including habi ta t  variety, m agn itude  of intertidal 
zone, ab u n d a n ce  and  diversity of molluscs (as a shell 
resource), and  low levels of an th ropogen ic  d is tu r
bance (habitat d am ag e  or loss, pollution and  possibly 
collection). In fact the local artisanal fisheries for mol-
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luscs and  the resu ltan t  practice of leaving piles of 
mostly u n d a m a g e d  shells on the upper-sho re  and  
supra-lit toral may provide resource  benefits to the 
la rge r  individuals of herm it crab popula tions (Barnes 
et al. unpubl. data).

M ost species occurred  across m ore  th a n  1 zone, but 
had  distinct p ea k s  of ab u n d a n c e  in just 1 zone. Reese 
(1969), in discussing the relative im portance  of factors 
beh ind  the macro- an d  micro-distribution of littoral 
zone herm it crabs, s tressed  the role of physiological 
to lerance to environm enta l  ex trem es such as te m p e ra 
ture, salinity and  dehydration . T hese  constraints are 
considered  particularly im portan t in locations w here  
such conditions cannot be limited by behavioural 
adapta tions.  The exceptionally  wide littoral zone of the 
Quir im ba Archipe lago  (up to 4 km) s tudied  h ere  is, 
with the exception of the  m angrove  areas, particularly 
exposed  because  of the hot and  dry climate. In addition 
there  must be la rge salinity fluctuations because  of the 
proximity of several, large river m ouths and  the large 
tidal m ovem ents  associa ted  with the size of the in te r 
tidal region. G herard i  (1990) found C alcinus ornatus  
an d  Clibanarius eryth ropus  coexisting without co m p e

tition as a result of the lower physiological tol
e rance to environm enta l extremities of the for
m er  In this study species of the gene ra  Calci
nus  and  C libanarius had  zonal distributions 
which broadly differed in a respect similar to 
those of the represen ta tives  of the g en e ra  d e 
scribed by G herard i (1990). The differences b e 
tw een  gene ra  distribution w ere  more striking 
than species differences, from the supra-littoral 
zone th rough  to the subtidal zone, Coenobita, 
Clibanarius, Calcinus, D iogenes, and  Eupagu-  
rus/T rizopagurus/D ardanus  p e a k e d  in a b u n 
dance  respectively.

The up p er  supra-littoral zone species, C oe
nobita  cavipes  and  C. rugosus, h ave  been  
widely repor ted  from islands and  m ain land  
coasts th roughou t the Indo West-Pacific region 
over the last century  (reviewed in Lewinsohn 
1982). v’anm ni ( L976j repor ted  the 2 species 
occurring toge ther  in the same coastal habitats 
of Somalia, as found in this study,- but, in con
trast, V annini found no distinct hab i ta t  p r e 
ferences. More typically C. i u y o s u s  has ueen 
described as more inshore than  C. cavipes  
(Alexander 1976, Burggren  & M cM ahon 
1988). In the Quirimba Archipelago it is clear 
that C. cavipes  has a distribution linked princi
pally to m angroves whilst C. rugosus  occurs 
mostly on sandy shore areas, and  they overlap 
at the fringe w here  the tree coverage is thin. 
Such differences in distribution have major 
implications for the variety, specific types and 

ab u n d a n ce s  of available molluscan shell resources 
(Barnes unpubl.).

The species w hich  occurred  on each island with sim
ilar abundances ,  C oenobita rugosus, C libanarius la e v i
m a n u s  and  D ardanus m egistos, w ere  unsurprisingly 
those which exhibited  the w ides t tolerance of habitat 
variety. Some m ore-restr ic ted  species, e.g. Coenobita  
cavipes, still rea ch ed  similar or g rea te r  levels of a b u n 
d ance  th rough  very high densities (mean up to 10 n r 2 
in localised parts  of m angroves).  Reduced  predation  
p ressu re  from fish, am ongst other things, is p robably  a 
major reason for increased  total ab u n d a n c e  from 
ELWS to mid-shore.

Activity

The activity of most herm it crabs inhabiting  the 
intertidal zone, regard less  of la titude or longitude, has 
long b een  know n to be almost entirely confined to 
periods of immersion, with the exception of the sem i
terrestrial species. Populations of the 2 semi-terres- 
tna l hermit crab species observed  in this study,
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C oenobita cavipes  and  C. rugosus, both exhibited 
activity of some form for the majority of the 24 h pe r i
ods. Both species illustrated low points or dips in 
activity a round  12:00 h (the hottest part  of the day), 
but whilst C. rugosus  was essentially nocturna l with 
residual or migrational activity s tretching into the 
daylight side of ei ther  dusk  and /o r  dawn, C. cavipes  
was more diurnal. Such striking differences in activity 
pa t te rns  are clearly dictated by hab i ta t  types and  the 
e lem enta l protection they confer. The population  p ro 
portion of C. cavipes  and C. rugosus  feeding per  unit 
time was low, p eak ing  at 40%  and  20% respectively. 
Most of the active period was spent crawling, C. 
cavipes  travelling the g rea tes t  distances, but C. ru g o 
sus  spend ing  the most time e n g a g e d  in crawling 
(Fig. 5).

The most m arked  difference in activity be tw een  
those in m angrove  and  non-m angrove  habitats  was the 
length  of time spent feeding in both species. The 
period spent ea ting  in the m angrove  habitat, typically 
Bruguiera gym norh iza  p ropagu les  and  broken  rootlets 
of various m angrove  tree species, was more than  d o u 
ble that in the sand-scrub  habitat. Some of the in 
creased  crawling:feeding ratio in the sand-scrub  h a b i
tat may be d ue  to the g rea te r  scarcity of food items in 
the strandline, thus involving more search time, but 
the principal reason will be the increased  travel to and  
from the bu rrow /crev ice /tree  daily shelter point. In 
addition to the daily migrations from resting to feeding 
locations s tudied here, C oenobita rugosus  also u n d e r 
takes periodical migrations of g rea te r  duration  (Van- 
nini 1976).

In addition to tide, time and habitat, ano ther  influ
ence on herm it crab activity found to be im portant in 
the course of this study was w ind strength. Whilst the 
d eg re e  of population variation was high (Fig. 6), wind 
s trength  may substantially  reduce  the activity of h e r 
mit crab populations. The herm it crabs of the sand- 
scrub habitat, i.e. those with the least protection, were  
most affected. The influence of wind on activity was 
much g rea te r  on C oenobita rugosus  than on C. 
cavipes, at least in part because  the least-protected  
sand-scrub  hab i ta t  is the m ain  habitat of the former. 
Though  why C. rugosus  should be affected more than 
C. cavipes  in the fringed m angrove  habita t is not clear, 
as, if anything, C. rugosus  w ould  be expected  to be 
more desiccation resis tant since it inhabits the more- 
exposed environm ent. The m angrove  habita t appears  
to confer a num ber  of advan tages  in food supply, 
red u ced  foraging times and  bet ter  e lem ental p ro tec
tion to C. cavipes, bu t  m angroves  occupy only a small 
part  of a few islands. Living in the more typical sand- 
scrub habita t has undoubted ly  allowed C. rugosus  to 
colonise g rea ter  a reas  within each  island and  more 
islands of the archipelago.
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