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a l though no a t t e m p t s  have  been made  to iden t i fy  t he  
bacter ia l  species. The calcula ted yield, in grams of cells 
per  gram of cellulose used, was 0.29. ~Vhen the  med i u m 
was no t  supp lemen ted  wi th  corn s teep liquor, cell yield 
was 0.19. 

A second expe r imen t  was conduc ted  (Figure) in which  
the  non-ut i l ized paper  of the  previous  expe r imen t  was 
reused wi th  fresh f e rmen ta t ion  medium,  which  included 
all the  componen t s  except  newspaper .  The object  was to  
de t e rmined  if cellulose consumpt ion  in expe r imen t  1 was 
s topped  by  the  deficiency of some nut r ien t .  As can be 
observed,  the  values  of b iomass  p roduced  and cellulose 
ut i l ized were ve ry  small.  According to AMEMURA and 
TERUI 9, the  amorphous  regions in the  fringe micelles of 
pulp  cellulose are f i rs t  a t tacked,  leading to an en r i chmen t  
of crystal l ine segments ,  t he  la t te r  being the  mos t  difficult  
to solubilize. The res is tance of the  newspaper  to fu r the r  
degrada t ion  can p robab ly  be expla ined by  the  fact  t h a t  
the  cellulases p roduced  by  the  Y-11 cul ture  could only 

9 A. AMEMURA and G. TERUI, J. Ferment. Technol. Osaka 43, 281 
(1965). 

a t t ack  the  si tes more  accessible, leaving undegraded  mos t  
of the  crys ta l l ine  regions. 

The convers ion of cellulosic was tes  into microbia l  
p ro te in  is a t t r ac t ing  a t t en t ion .  F u r t h e r  s tudies  for the  
i m p r o v e m e n t  of the  subs t r a t e  u t i l iza t ion are being carr ied 
out.  

Resumen .  Se aisl6 un  cul t ivo mix to  denominado  Y-11 
con el cual se estudi6 la convers idn de papel  peri6dico a 
biomasa.  Los t r aba jos  se l levaron a cabo a n i v e l  de 
fe rmentador .  E1 residuo sdlido no degradado  de una  
fe rmentac i6n  previa ,  fu6 reut i l izado con nuevo medio  
de cult ivo con obje to  de de t e rmina r  si la hidrdlisis  de 
esta  fuente  celul6sica se de teMa p o t  el ago tamien to  de 
Mgfin nu t r i en te  o po t  otros factores.  
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Direct Shell Acquisition by Hermit Crabs from Gastropods 

H e r m i t  crabs  common ly  live in and  carry  abou t  
' e m p t y '  gas t ropod shells. Acquis i t ion of these  shells by  
means  of shell exchange  be tween  individuals  has been 
well documen ted  ~-~. However ,  for years,  biologists have  
wondered  how 'new'  gas t ropod  shells (i.e., f rom freshly  
killed gastropods)  are in t roducec in to  the  he rmi t  crab 
populat ion.  1VIAGELHAI~S 5 hypo thes i zed  t h a t  he rmi t  
crabs p rey  on gas t ropods  for the  shell, while  BRIGHT- 
W~LL 6-7 gave evidence f rom labora to ry  work  t h a t  the  
he rm i t  crab P agurus  bernhardus acquires shells by  re- 
moving  gas t ropods  injured by  p r eda to ry  fishes. No one 

to  date,  however,  has  observed the  acquis i t ion of 'new'  
gas t ropod  shells in the  field or descr ibed the  mechan i sms  
by  which  th is  essent ial  resource enters  t he  h e rmi t  crab 
communi ty .  This is of obvious  impor t ance  to a basic 
unde r s t and ing  of the  s t ruc tu re  of any  mar ine  ecosys tem 
ill which  h e rmi t  crabs  are found. This  pape r  presen ts  the  
f i rs t  account  of the  acquis i t ion  of new shells f rom 
gas t ropods  jus t  killed by  na tu ra l  predators .  

Four  species of h e rmi t  crabs,  P a g u r u s  poll icaris SAY,  
P .  longicarpus SAY, and  P.  annul ipes  (STIMPSON) f rom 
St, Joseph  Bay,  Gulf Co., Florida,  and  Paguris tes  grayi  

Sites of predation on gastropods attended by Pagurus pollicaris, species of predator and prey gastropods and outcome of competition for 
prey shell 

No. and type No. and species of Predator species Prey species Rank of crab getting new shell and 
of site crabs present outcome of competition for shell 

1 Prepared 
2 Prepared 
3 Prepared 
4 Prepared 
5 Natural 
6 Natural 
7 Prepared 
8 Prepared 
9 Prepared 

10 Prepared 
11 Prepared 

5 Pagurus pollicaris 
6 Pagurus pollicaris 
7 Pagurus pollicaris 

10 Pagurus pollicaris 
3 Pagurus pollicaris 
3 Pagurus pollicaris 

14 Pagurus pollicaris 
12 Pagurus pollicaris 
4 Pagurus pollicaris 
5 Pagurus pollicaris 
4 Pagurus pollicaris 
1 Pagurus longicarpus 

Fasciolaria tulipa 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
Pleuroploca gigantea 
F. tulips 
F. tulips 

FascioZaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 
Fasciolaria hunteria 

12 Prepared 6 P. pollicaris F. tulips Fasciolaria hunteria 
13 Prepared 4 P. pollicaris Pleuroploca gigantea Fasciolaria hunteria 
14 Prepared 11 P. pollicaris F. tulipa Fasciolaria hunteria 

i P. longicarpus 
15 Prepared 4 P. pollicaris F. tulipa Fasciolaria hunteria 
16 Natural 4 P. pollicaris P. gigantea Fasciolaria hunteria 
17 Natural 6 P. pollicaris F. hunteria Polinices duplicatus 

2 P. longicarpus 
18 Prepared 1 P. pollicaris P. gigan~ea F. hunteria 
19 Prepared 1 P. pollicaris P. gigantea F. hunteria 
20 Natural 1 P. pollicaris P. gigantea F. hunteria 

1, Dominant acquired she11 
1, Dominant acquired shell 
1, Dominant acquired shell 
1, Dominant acquired shell 
1, Dominant acquired shell 
2, Dominant rejected small shell 
3, Dominant rejected small shell 
3, Dominant rejected small shell 
0,1 Dominant rejected small shell 
0, ~ Dominant rejected small shell 
2, Dominant rejected small shell 

4, Dominant lost shell while fighting 
3, Dominant lost shell while fighting 
2, Dominant not near enough to prey 

4, Dominant not near enough to prey 
3, Dominant not near enough to prey 
0, Gastropod not completely eaten 

0, Only one crab present 
0, Only one crab present 
0, Only one crab present 

i Shell too small for use. ~ Shell dragged from site, abandoned, then occupied by crab not present at site. 
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BENIDICT f rom Bimini ,  B a h a m a s ,  h a v e  been  obse rved  to 
aggrega te  a r o u n d  var ious  gas t ropods  be ing  ea t en  b y  
o the r  p r e d a t o r y  m a r i n e  snails. Of t he  3 F lo r ida  species, 
P. longicarpus occurs t o g e t h e r  w i t h  e i t he r  P.  pollicaris 
or P. annulipes. These  h e r m i t  c rabs  e s t ab l i sh  a d o m i n a n c e  
h i e r a r c h y  and  compe te  for t he  f reshly  e m p t i e d  shell  w h e n  
it  is d ropped  b y  the  p reda to r .  

In  th i s  paper ,  t he  b e h a v i o r  of one of t he  above  h e r m i t  
crabs,  P. pollicaris, a t  these  p r e d a t i o n  si tes is descr ibed.  
The  role of a d o m i n a n c e  h i e r a r c h y  in acqu i r ing  shells is 
descr ibed  and  t he  possible  benef i t s  to  the  h e r m i t  c rabs  
are discussed. 

Materials and methods. The  n a t u r a l  p r e d a t i o n  si tes 
i nvo lved  t he  gas t ropods  Pleuroploca gigantea (KIENER) 
and  Fasciolaria hunteria (PERRY), wh ich  p reyed  on t h e  
gas t ropods  F. hunteria and  Polinices duplicatus (SAY), 
respect ively .  O the r  p r e d a t i o n  si tes were es tab l i shed  b y  
feeding F. hunteria to t h e  p r e d a t o r y  gas t ropods  P.  
gigantea and  Fasciolaria tulips (LINNI~) (Table).  To 
reduce  inges t ion  t i m e  and  insure  p r e y  cap tu r e  b y  t h e  
p reda to r ,  p a r t  of t he  foot  of t he  p r ey  was excised in 10 
of 15 cases. All  obse rva t ions  were m a d e  a t  St. J o s e p h  B a y  
b y  snorke l ing  in shal low w a t e r  in areag where  p reda to rs ,  
p r ey  and  the  h e r m i t  crab,  P. pollicaris, occur  na tu ra l ly .  
Since t he  h e r m i t  c rabs  genera l ly  o r i en ted  t owards  t h e  
p r e d a t i o n  si tes f rom d o w n c u r r e n t  (Figure 1), t he  obse rve r  
was s t a t i o n e d  1.5-2.0 me te r s  f rom the  p r e d a t i o n  si te  an d  
a t  a 90 ~ angle  to  t he  c u r r e n t  flow. The  a p p r o a c h  d i rec t ion  
was no t ed  a n d  t he  t e m p o r a l  sequence  of b e h a v i o r  of 

each  c rab  was recorded  on a p las t ic  s la te  and,  where  
possible,  on  16 m m  movie  film. 

Observations. There  are  6 m a i n  s tages  in  t h e  t e m p o r a l  
sequence  of b e h a v i o r  of t h e  h e r m i t  c rabs  a t  p r e d a t i o n  
si tes:  1). o r i e n t a t i o n  towards  t h e  s i te ;  2. a c c u m u l a t i o n  
of t h e  crabs  a t  t h e  s i te ;  3. agonis t ic  i n t e r a c t i o n  of t he  
crabs  r e su l t ing  in a d o m i n a n c e  h i e r a r c h y ;  4. qu iescent  
pe r iod  d u r i n g  wh ich  crabs  m a y  b u r y  t hemse lves ;  5. 
i n t ense  agonis t ic  i n t e r a c t i o n  an d  rap id  shell  exchange  
a f te r  t h e  f reshly  emp t i ed  shell  is d ropped ;  an d  6. r ap id  
d ispersa l  of the  h e r m i t  crabs.  

A t o t a l  of 115 h e r m i t  c rabs  came  to 5 n a t u r a l  a n d  15 
p r e p a r e d  p r e d a t i o n  si tes for an  ave rage  of 4.2 a n d  6.4 
c rabs  per  site, respect ively .  I was p re sen t  on 15 occasions 
a t  t h e  i n i t i a t i on  of p reda t ion .  On 13 of these  occasions,  
the  f i rs t  h e r m i t  c rabs  appea red  w i t h i n  15 rain.  On t he  
r e m a i n i n g  two occasions t h e y  a p p e a r e d  w i t h i n  45 rain.  
All  of the  f i rs t  a r r iva l s  came f rom d o w n c u r r e n t  as d id  
a p p r o x i m a t e l y  90% of t h e  r e m a i n i n g  c rabs  t h a t  a r r ived .  
H e r m i t  c rabs  cross ing d o w n c u r r e n t  of t h e  si te  of ten  
t u r n e d  an d  proceeded  d i rec t ly  u p c u r r e n t  to  t h e  site. 
Crabs  cross ing u p c u r r e n t  se ldom ch an g ed  d i rec t ion  
(unless w i t h i n  a p p r o x i m a t e l y  1 m of t h e  site) an d  ra re ly  
a t t e n d e d  t h e  p r e d a t i o n  site. This  suggests  t h a t  t h e  cue 
used b y  t h e  c rabs  to  r each  t h e  si te  is chemical .  S tudies  are 
in  progress  to  d e t e r m i n e  t h e  n a t u r e  of t h e  a t t r a c t a n t  
s t imulus .  

The  f i rs t  h e r m i t  c rabs  to  a r r ive  a lways  t o u c h e d  t he  
p r e d a t o r  or prey,  t h e n  usua l ly  r e m a i n e d  w i t h i n  0.5 m 
f rom t h e m  (Figure 2). T h e  crabs  a l r eady  p r e s en t  im-  
m e d i a t e l y  i n t e r a c t e d  w i t h  successive a r r iva l s  in the  fo rm 
of agonis t ic  b e h a v i o r  typ ica l  of t h a t  r epor t ed  for h e r m i t  
c rabs  of t h e  genus  Pagurus s, 9.This consis ted  of chel iped 
p resen ta t ions ,  chel iped extens ions ,  shell  g rabs  an d  a 
m u t u a l  exchange  of blows w i t h  t h e  chelipeds,  t e r m e d  
'wild f igh t ing '  a f te r  Sn6NE lo. This  resu l ted  in an  e v e n t u a l  
d o m i n a n c e  h i e r a r c h y  in wh ich  t h e  d o m i n a n t  i nd iv idua l  
was t h a t  c rab  whose  a p p r o a c h  el ici ted r e t r e a t  on  t he  
p a r t  of a n y  o the r  c rab  a t  the  p r e d a t i o n  site. Since a new 
a r r iva l  m a y  assume a n y  pos i t ion  in t h e  h ie ra rchy ,  
d o m i n a n c e  was n o t  cor re la ted  w i t h  a r r iva l  t ime.  However ,  
d o m i n a n c e  was cor re la ted  w i t h  size, the  d o m i n a n t  
a n i m a l  be ing  t h e  la rges t  in  12 of t h e  15 si tes where  th i s  
was noted .  

At  50% of t h e  si tes observed ,  a f te r  t h e  in i t ia l  in te rac -  
t ion,  over  45% of t h e  c rabs  p r e s en t  (bu t  n o t  the  d o m i n a n t )  
genera l ly  bur i ed  t h e m s e l v e s  in  t h e  subs t ra t e ,  l eav ing  
on ly  the  eyes ta lks  exposed.  Bur i a l  of t h e  crabs  of ten  
cor responded  to a qu iescen t  per iod  cha rac t e r i zed  b y  a t  
leas t  30 m i n  of l i t t l e  i n t e r ac t i o n  b e t w een  t h e  crabs  of 
a n y  k ind  (0.32 ac t s / r a in  for ac t ive  per iod  a n d  0.04 ac ts /  
m i n  for qu iescen t  period).  

The  qu iescent  per iod,  however ,  was  i n t e r r u p t e d  b y  2 
events .  Firs t ,  a n y  in tense  agonis t ic  i n t e r a c t i o n  (i.e., 
wi ld  f ights)  b e t w een  crabs  resu l ted  in the  bur i ed  an i ma l s  
l eav ing  the  s u b s t r a t e  an d  coming  d i rec t ly  to  t h e  p r ey  to  
r ap id ly  m a k e  c o n t a c t  w i t h  a n y  occupied or e m p t y  shell  
in t h e  area.  If  t h e  p r ey  shell  was  n o t  ye t  avai lable ,  t he  
crabs  aga in  bur i ed  t hemse lves  w i t h i n  1-2 min.  Second, 

Fig. 1. Pagurus pollicaris hermit crabs attracted to a natural pre- 
dation site. The gastropod Pleuroploca gigantea is preying on the 
snail Fasciolaria hunteria. Note the positioning of the crabs with 
respect to current flow (arrow). 
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Fig. 2. Pagarus pollicaris hermit 
crabs gathered around the gastro- 
pod Pleuroploca gigantea preying 
on the snail Fasciolaria hunteria 
in the laboratory. 

d ropp ing  of t he  p r ey  shell  b y  t he  p r e d a t o r  r e su l t ed  in 
those  h e r m i t  c rabs  in  t he  i m m e d i a t e  v ic in i ty  (p robab ly  
w i t h i n  s igh t  of t he  shell) a n d  those  c rabs  d o w n c u r r e n t  
qu ick ly  emerg ing  (less t h a n  5 sec) f rom the  s and  a n d  
a p p r o a c h i n g  t he  prey.  The  d o m i n a n c e  h i e r a r c h y  a t  t h i s  
p o i n t  b e g a n  to  b r e a k  down  a n d  t h e  genera l  m o v e m e n t  of 
t h e  crabs  b e c a m e  v e r y  rapid.  If  t he  now e m p t y  shell  was  
of t he  a p p r o p r i a t e  size, t he  f i rs t  c rab  reach ing  i t  qu ick ly  
changed  shells. Due  to  i ts  close p r o x i m i t y  to  t he  prey,  
th i s  was  usua l ly  t he  d o m i n a n t  crab.  However ,  if t h e  shell  
was  m u c h  too  smal l  i t  was  re jec ted  a n d  sized b y  o t h e r  
h igh  r a n k i n g  m e m b e r s  of t h e  h i e r a r c h y  (Table).  Old 
shells v a c a t e d  as a resu l t  of th i s  in i t ia l  shell  exchange  
were also qu ick ly  en t e red  b y  t he  s u b o r d i n a n t  crabs.  A 
to t a l  of 38 exchanges  (an ave rage  of 1 for eve ry  3 crabs  
presen t )  occur red  before  t h e  crabs  d ispersed  f rom t h e  
si te  (usual ly in  less t h a n  1 min) .  

Th i s  r ap id  shell  exchange  was s t r ik ing ly  d i f fe rent  
f rom t h a t  usua l ly  seen in P. pollicaris and  Pagurus 
h e r m i t  c rabs  in  general .  Acquis i t ion  of a n o t h e r  shell  
usua l ly  involves  a compl i ca t ed  se t  of b e h a v i o r a l  ac t s  
such  as pos i t ion ing  of t he  shell, exp lo ra t i on  b y  inse r t ion  
of t h e  chel ipeds  and  t he  f i rs t  pa i r  of wa lk ing  dac ty l s  in to  
the  aper tu re ,  and,  a f te r  shell  exchange ,  a l t e r n a t e l y  
pu l l ing  t he  body  b a c k  in to  a n d  e x t e n d i n g  t h e  b o d y  f rom 
the  shell  in a duck ing  mot ion .  The  en t i re  process  usua l ly  
t akes  severa l  minu tes .  A t  p r e d a t i o n  sites, however ,  shell  
exchange  was a two  s tep  process  t a k i n g  1-2 sec: 1. 
g rasp ing  t he  new shell  and  2. i m m e d i a t e l y  chang ing  in to  
it. A n y  p r e l i m i n a r y  s iz ing of t h e  shell  was br ief  an d  
a p p a r e n t l y  visual ,  occur r ing  d u r i n g  t he  shor t  per iod  
be tween  shell  c o n t a c t  a n d  shell  exchange.  

Crabs  acqu i r ing  t he  p r ey  shel l  a lways  a t t e m p t e d  to  
i m m e d i a t e l y  leave t h e  site, b u t  were of ten  h a m p e r e d  b y  
o t h e r  c rabs  in  t h e  v ic in i ty .  H a r a s s m e n t  i nvo lved  g rasp ing  
t he  p r ey  shell  a n d  i n i t i a t i o n  of shell  exchange  b e h a v i o r  
b y  such  m e a n s  as shell  r a p p i n g  4. H a r a s s m e n t ,  even  b y  
c rabs  no t  or ig ina l ly  a t  t he  p r e d a t i o n  site, c o n t i n u e d  
u n t i l  a f te r  t i le c rab  lef t  t he  i m m e d i a t e  v ic in i ty .  T h e  
p r e y  shell  occupan t ,  however ,  was  n e v e r  obse rved  to  
give up  i ts  shel l  d u r i n g  t h i s  period.  The  c o n t i n u e d  
h a r a s s m e n t  suggests  t h a t  the  f reshly  e m p t i e d  p r ey  shell, 
even  away  f rom the  site, is e x t r e m e l y  a t t r a c t i v e  to h e r m i t  
crabs.  The  a t t r a c t a n t  s t imu lus  r e su l t ing  in th i s  b e h a v i o r  

is p r o b a b l y  chemical ,  r a t h e r  t h a n  t h e  physics1 newness  
of t h e  shell, s ince th i s  b e h a v i o r  was  obse rved  a t  no  o t h e r  
t i m e  regardless  of shell  condi t ion .  

Discussion. Acquis i t ion  of a new shell  m a y  be  i m p o r t a n t  
to  t h e  h e r m i t  c rab  in severa l  ways.  Firs t ,  shell  des t roy ing  
o rgan i sms  such  as t h e  bo r ing  sponge  Clione celata 
GRANT a n d  Hyella algae are p r e v a l e n t  in  t h e  shal low 
inshore  areas  of t h e  n o r t h e a s t e r n  Gulf  of Mexico. A n y  
shell  a f fec ted  b y  these  o rgan i sms  is o f ten  porous  and  
easi ly b roken .  I h a v e  seen p r e d a t o r s  of h e r m i t  crabs,  
such  as t h e  o x y s t o m a t i d  c r ab  Calappa /lammea HERBST 
an d  t h e  sp iny  lobs te r  Panulirus argus (LATREILLE), 
b r e a k  open  a fragile  shel l  v e r y  easily, b u t  be  de te r red  b y  
a new s t ronge r  shell. 

Secondly,  two shells acqu i red  a t  p r e d a t i o n  sites, F .  
hunteria a n d  P. dupIicatus, p ro v i d e  a p re fe r red  s u b s t r a t e  
for a t t a c h m e n t  of t h e  sea anemone ,  Calliactis tricolor 
LESEUR. I n  over  85% of t h e  cases observed ,  w h e n  asso- 
c ia ted  w i t h  P. polliearis, C. tricolor was found  only  on 
these  two shell  types .  Th i s  associa t ion  is benef ic ia l  to  t he  
h e r m i t  c rab  in t h a t  Calliactis sea a n e m o n e s  can  p r o t e c t  
t h e  c rabs  f rom such  p r e d a t o r s  as C. [lammea a n d  Octopus 
wdgaris LAMARCK 11, 1% la a n d  the re fore  confers  a d d i t i o n a l  
select ive va lue  to  these  shells. 

Zusammen[assung. F r e i l a n d b e o b a c h t u n g  des E r w e r b s  
v o n  Scha len  e iner  d u r c h  R a u b s c h n e c k e n  fr isch g e t 6 t e t e n  
Schnecke  d u r c h  Eins ied le rkrebse .  
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