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A b s tr a c t

Based on the previous studies on the distributions and abundances of small crustaceans in a 
brackish Gamo Lagoon, we hypothesized that a small crustacean species with the lowest susceptibility 
to predations by coexisting consumers would become the most abundant species in a habitat. This 
simple hypothesis was tested by a laboratory experiment pairing a single prey with a single predator 
without refuges in this study. The results revealed that the susceptibility of the small crustaceans to 
predators varied with the combination of preys and predators. The hypothesis seemed to be supported 
for a free-living amphipod Melita setiflagella to the predation by a grapsid crab Hemigrapsus 
penicillatus in oyster beds and boulder habitats. On the other hand, two small crustacean species 
which live in/on the bottom sediment abundantly (a benthic tube-dwelling amphipod Grandidierella 
japomca and a benthic-plankton Neomysis intermedia) were susceptible to the predation by a flounder, 
Kareius bicoloratus, a predator typical of the bottom sediment. In particular, the small Grandidierella 
(ca. 5mm in body length) was the most susceptible to any predations. The life styles and the escape 
behavior observed indicated that the presence of sediment and the water depth reduce the 
susceptibilities of Grandidierella and Neomysis, respectively, in the field.

I n t r o d u c t io n

I t  is  w idely  reco g n ized  th a t  e ffe c ts  of p red a tio n  a re  of c e n tra l im p o rtan ce  in  eco logy  (e.g., see  

B egon et al., 1986). P r e d a to r s  p lay  ro le s  in d e te rm in in g  com m unity s t ru c tu r e  a s  w ell a s  popu la tion  

dynam ics by a ffe c tin g  th e  d is tr ib u tio n  and abundance of th in g s w hich they  consum e se le c tiv e ly  o r  

random ly . T h e  e ffe c t  o f p re d a tio n  on the com position  of p re y  sp e c ie s  may re f le c t  th e  d if fe re n c e s  in 

su s c e p tib i li ty  am ong p re y s . I t  is co n sid e red  th a t  the  p rey  sp e c ie s  w ith  a s u s c e p tib ili ty  lo w er than  

th e  o th e r  p re y s  p re d o m in a te s  in th e  p rey  assem b lage , a lthough  th e  in te n s ity  of p re d a tio n  is  a lso  an 

im p o rtan t d e te rm in a n t of th e  s t ru c tu r e  of p re y  assem blage . B o th  b eh av io rs  of p r e d a to r  (e.g., 

s e a rch in g , p u rs u it ,  and c a p tu re  of p rey ) and of p rey  (e.g., avoidance and e scap e  from  p re d a to r)
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in fluence  s u s c e p tib i l i t ie s  of p re y s  to  p re d a to rs .  In  ad d itio n , p h y sica l s t r u c tu r e s  of h a b ita t  w hich 

a c t  a s  re fu g e s  from  p re d a to r s  may a ffe c t p rey  s u s c e p tib ili ty  to  p re d a tio n s . P re v io u s  m arin e  s tu d ie s  

involving s t r u c tu r e s  of sm all c ru s ta c e a n  assem b lag e s  have te s te d  how  th e  e ff ic ien cy  of p re d a to r s  

changes a s  a fu n c tio n  of re fu g e  ab undances (e. g., V an D olah , 1978; N elson , 1979; S to n e r , 1982; 

L ew is  & S to n e r ,  1983) o r  of re fu g e  s t ru c tu r e s  (e. g., E d g a r , 1983; H olm lund et al., 1990). H ow ever, 

th e  g e n e ra l ru le  o f th i s  p ro b lem  h as  n o t been  u n ified  ye t.

In  th e  b ra c k ish  Gam o L agoon  in S en d a i, Jap an , sm all p e ra c a r id  c ru s ta c e a n s  se g re g a te  th e i r  

h a b ita ts  a cco rd in g  to  p r im a ry  and  seco n d ary  s u b s t r a te s  (M atsu m asa  & K u rih a ra , 1988; M atsu m asa  

et al., 1992; M atsu m asa  & K ikuch i, 1993; M atsum asa , in p r e s s ) .  B ased  on r e s u l t s  o f p re v io u s  fie ld  

and la b o ra to ry  ex p e rim e n ts  exam ining  th e  e f fe c ts  of s u b s t r a te s  on th e  sm all c ru s ta c e a n s , i t  h as  

been concluded  th a t  th e  ty p e s  of s u b s t r a te s  d e te rm in e  th e  m ost a b u n d an t sp e c ie s  o f sm all 

c ru s ta c e a n s . In  p a r t ic u la r ,  th e  ph y sica l s t r u c tu r e  sp e c if ic  to  each  s u b s tr a te  su p p lie s  th e  

m ic ro -h a b ita ts  fo r  each  sm all c ru s ta c e a n  w hich h as a sp e c ie s -s p e c if ic  life  s ty le . O n th e  o th e r  hand, 

each  type  of p h y sica l s t r u c tu r e  is  a lso  in h ab ited  by th e  h a b ita t- s p e c if ic  p o te n tia l p r e d a to r s  (e. g., 

d ecapod  c ru s ta c e a n s  and f i s h e s ) , so th a t  p re d a to ry  e f f e c ts  on th e  sm all c ru s ta c e a n s  have to  be 

exam ined  in ad d itio n  to  d i r e c t  re la tio n sh ip s  be tw een  th e  sm all c ru s ta c e a n s  and  h a b ita t  s t ru c tu r e s .  

In  th e  c o u rs e  of s tu d ie s  on th e  re la tio n sh ip s  betw een  the sm all c ru s ta c e a n s , th e  p re d a to r s ,  and th e  

h a b ita t s t r u c tu r e ,  we h y p o th e s ized  th a t  th e  sm all c ru s ta c e a n  sp e c ie s  w ith  th e  lo w e s t su s c e p tib i li ty  

to  i t s  c o e x is tin g  p re d a to r s  w ould be th e  m ost abundan t. In  o rd e r  to  t e s t  th is  h y p o th e s is , th is  s tu d y  

in v e s tig a te d  th e  s u s c e p tib i l i t ie s  of th r e e  sp ec ie s  of sm all c ru s ta c e a n s  to  p re d a t io n s  by fo u r 

p o ten ia l p r e d a to r s  in a sim ple la b o ra to ry  ex p e rim en t p a ir in g  a s in g le  p re y  sp e c ie s  w ith  a  s in g le  

p r e d a to r  sp e c ie s  in  th e  absen ce  of p h y sica l s t r u c tu r e s  a s  re fu g e s .

M a te r ia l s  a n d  M e th o d s

T h e  sm all c ru s ta c e a n s  and th e  p o te n tia l p re d a to r s  w ere  a ll co lle c te d  from  th e  b ra c k ish  Gamo 

L agoon  in S en d a i, J a p a n  (38° 15’ N: 141° 01’ E )o n  20 Aug. 1993. T h e  th r e e  sp e c ie s  of sm all 

c ru s ta c e a n s  u se d  w ere  a tu b e -d w e llin g  am phipod Grandidierella japonica S te p h e n se n , a f r e e -  

liv ing  am phipod  Melita setiflagella Y am ato , and a m ysid Neomysis intermedia (C z e rn ia v s k y ) . 

Grandidierella c o n s t ru c ts  i t s  tube  w ith  sand  p a r t ic le s  and do m in a tes  th e  b o tto m  sed im en t. A n o th e r 

am phipod  Melita do m in a tes  o y s te r  b ed s  and b o u ld e r h a b ita ts  and p ro w ls  on th e  s u b s t r a te  su r fa c e s . 

Neomysis is  a b e n th ic -p la n k to n  w hich p e rc h e s  on th e  sed im en t s u r fa c e  and sw im s in to  w a te r  colum n. 

A  g ra p s id  c ra b  Hemigrapsus penicillatus (de H a a n ) , a p raw n  Palaemon serrifer (S tim p so n ), 

ju v en ile s  of a goby Acanthogobius flavimanus (T em m inck e t  S c h le g e l ) , and  ju v e n ile s  of a f lo u n d er 

Kareius bicoloratus (B asilew sk y ) w ere  u sed  a s  p o te n tia l p re d a to rs . T h e  ju v en ile  o f th e  flo u n d e r is  

ab u n d an t on th e  bo ttom  sed im en t of the  lagoon, and  th e  o th e r  p o te n tia l p r e d a to r s  in h ab it o y s te r  

b ed s  and  b o u ld e r  h a b ita ts  u s in g  th e  c re v ic e s  of th e se  h a b ita ts  fo r  th e i r  h id in g  p laces.

T h e  s iz e s  o f th e  sm all c ru s ta c e a n s  (m ean body leng th  ±  1 S E ) u se d  w e re  4.7 ±  0.06 mm fo r  

Grandidierella, 5.2 ±  0.61 mm fo r  Melita, and  11.0 ±  0.12 mm fo r  Neomysis (sex  w as no t 

d is tin g u ish e d ) . In  ad d itio n , la rg e  Grandidierella m ales w ith  w e ll-d e v e lo p e d  gn a th o p o d  2 (body 

leng th ; 7.7 ±  0.07 mm) w e re  a lso  u sed . A p re d a to r  Hemigrapsus w as d iv ided  in to  tw o s iz e  c la s se s :

30 Masatoshi Matsumasa and Kagehide Shiraishi

— 2 —



sm all c ra b s  w ith  a c a rap ace  w id th  below  15 mm (m ean ±  1 S E , 11.6 ±  0.63 mm) inc lud ing  3 m ales 

and 5 fem ales , and la rg e  c ra b s  w ith  a c a rap ace  w idth  above 15 mm (m ean ±  1 S E , 18.5 ±  1.20 mm) 

inc lud ing  3 m ales and 3 fem ales . Tw o s ize  c la s se s  of Palaemonwere a lso  u sed  (m ean body leng th  ±  

1 S E , 1 9 .4+ 0 .85  mm fo r  sm all p raw n s, and 49.6 i  1.09 mm fo r  la rg e  o n e s ) , bu t th e  e ffe c t  o f sex  w as 

no t exam ined  (a ll p raw n s  w ere  fe m a le ) . T h e  mean body leng th  ±  1 S E  o f Acanthogobius and Kareius 
w as 48.6 ±  2.50 and 66.1 ±  2.19, re sp ec tiv e ly ; th e  se x e s  w ere  no t id en tif ied . An ind iv idual of each 

p r e d a to r  w as p u t in to  a p la s tic  aquarium  con ta in ing  50%  sea  w a te r  w ith  a 1.5 cm dep th . An 

aq u ariu m  w ith  a b asa l a re a  o f 12 cm X 24 cm w as u sed  fo r  Kareius, and a sm a lle r  one (b asa l a rea , 

8 cm X 12 cm) fo r  th e  o th e r  p re d a to rs . A f te r  w ithho ld ing  food from  th e  p re d a to r s  fo r  24 h r , 30 p rey  

w ere  p u t in to  th e  aq u a riu m  w ith  Kareius and  10 p re y  w ere  p u t in to  a n o th e r  aq u a riu m  w ith  th e  o th e r  

p re d a to r s .  T h e  n u m b er of su rv iv in g  p rey  w as coun ted  24 h r  a f t e r  th e  s t a r t  o f th e  ex p e rim en t. T he  

above p ro c e d u re s  w ere  all c a r r ie d  o u t in a c o n s ta n t- te m p e ra tu re  room  a t 23°C on a  14:10 h r 
lig h t:d a rk  cycle .

T h e  e ffe c t of t r e a tm e n t on th e  p ro p o r tio n  of p rey  su rv iv a l w as exam ined  by A N O V A  (an a ly s is  

of v a r ia n c e ) , u s in g  S Y S T A T  (W ilk inson , 1992). T h e  p ro p o r tio n s  of su rv iv a ls  w ere  tra n sfo rm e d  

u sin g  th e  a rc s in e  sq u a re  ro o t tra n s fo rm a tio n  to  m ake th e  v a ria n c e s  hom ogeneous. I f  th e  A N O V A  

in d ica ted  a s ig n if ic a n t tr e a tm e n t e ffe c t (p <  0 .05 ), the T ukey  H S D  te s t  w as u sed  fo r  th e  p a irw ise  

co m p ariso n s  be tw een  m eans.

R e s u l t s

A th re e -w a y  A N O V A  fo r  th e  Hemigrapsus p re d a tio n  show s th e  s ig n if ic a n t e f fe c ts  o f th e  p rey  

item  and th e  c ra b  s iz e 11 (T a b le  1 ). P o s t  hoc p a irw ise  co m p ariso n s show  th a t  th e  su s c e p tib i li ty  of 

p re y  to  th e  sm all Hemigrapsus w as s ig n ific an tly  low er in Melita th a n  th e  o th e r s  (p <  0 .001 ), and in

Table 1
Predation by Hemigrapsus on the small crustaceans. Results of a three-way ANOVA; dependent 

variables are the arcsine square root transformations of the proportion of survival.
Asterisks show the significance of F: ** =  p <  0.001, * =  p < 0.05.

Susceptibilities of Brackish Small Crustaceans to Potential Predations 31

Source SS df MS F P
Prey item (PI) 8.192 3 2.731 37.516 <  0.001**
Crab size (CSI) 0.362 1 0.362 4.976 0.031*
Crab sex (CSE) 0.001 1 0.001 0.019 0.892
P I X CSI 0.309 3 0.103 1.417 0.252
P I X CSE 0.006 3 0.002 0.026 0.994
CSI X CSE 0.033 1 0.033 0.460 0.502
P I X CSI X CSE 0.080 3 0.027 0.368 0.777
E rro r 2.911 40 0.073

' The effects of treatment on the susceptibility of prey to predations were also examined by a non-parametric 
method (Friedman test). The Friedman test indicated the same significant effects as ANOVAs for all treatments 
but the crab size ip =  0.134). Therefore, the effect of the crab size tended to be significant.
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Neomysis th an  Grandidierella (p  <  0.005) (F ig . l ) . On th e  o th e r  hand, the  s u s c e p tib i li ty  o f p re y  to  

th e  la rg e  Hemigrapsus w as s ig n ific an tly  low er only in Melita th a n  the  o th e r s  (p < 0 .005).

1 00

GL G S M

Prey item
GL G S M

Prey item

Fig. 1 Predation effects on mean % survival of the small crustaceans. Bars 
indicate ±  1SE. GL, G. japonica (large males); GS, G. japonica (small 
individuals); M, M. setiflagella\ N, N. intermedia. The results of the 
pairwise comparisons between means were shown in the text.
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A tw o -w ay  A N O V A  fo r  th e  Palaemon p re d a tio n  show s th e  s ig n if ic a n t e f fe c ts  of th e  p re y  item

and th e  p raw n  s iz e  (T a b le  2). P o s t  hoc p a irw ise  co m p ariso n s show  th a t  the  su s c e p tib i li ty  of p rey  

to  th e  sm all Palaemon w as s ig n ifican tly  low er in th e  la rg e r  m ale of Grandidierella (p <  0.01) and in 

Neomysis (p <  0.05) th an  in th e  sm all Grandidierella (F ig . l ) . On th e  o th e r  hand, th e  su s c e p tib ili ty  

o f p re y  to  th e  la rg e  Palaemon w as s ig n ific an tly  low er only in th e  la rg e  Grandidierella m ale th an  in 

th e  o th e r s  (p  <  0 .05 ).

A N O V A s show  th a t  th e  e ffe c t  of the p rey  item  w as no t s ig n if ic a n t fo r  e i th e r  th e  Acanthogobius 
(-P3/12 =  2.08, p  >  0.1 ) o r  Kareius (F 3/8 — 1.00, p  >  0.1) p re d a tio n s . H ow ever, m ean p e rc e n t 

su rv iv a ls  o f th e  la rg e  m ale of Grandidierella and Neomysis ten d ed  to  be h ig h e r  th an  th o se  of th e  

sm all Grandidierella and Melita (F ig . 1 ) . Kareius a te  a lm ost all of th e  sm all c ru s ta c e a n s , and i ts  

p re d a tio n  w as th e  s e v e r e s t  among p re d a to r s  in th is  exp erim en t.

T h e  e f fe c t o f six  p re d a to r  ty p es  (Hemigrapsus and Palaemon of la rg e  and sm all s iz e s , th e  

juven ile  Acanthogobius, and th e  juven ile  Kareius) w as s ig n ifican tly  a s  w ell a s  th e  e ffe c t  of p re y  item  

(T a b le  3 ) . T h e  in te ra c tio n a l e ffe c t w as a lso  sig n ifican t.

Table 2
Predations by Palaemon on the small crustaceans. Results of a two-way ANOVA; dependent 

variables are the arcsine square root transformations of the proportion of survival.
Asterisks show the significance of F '■ ** = p <  0.001.

Susceptibilities of Brackish Small Crustaceans to Potential Predations 33

Source SS df MS F P
Prey item (PI) 2.440 3 0.813 22.938 < 0.001**
Prawn size (PRS) 0.938 1 0.938 26.469 <  0.001**
PI X PRS 0.181 3 0.060 1.705 0.206
E rro r 0.567 16 0.035

Predations by the 
dependent variables

Table 3
predators on the small crustaceans. Results of a two-way ANOVA; 
are the arcsine square root transformations of the proportion of survival. 

Asterisks show the significance of F ** = p < 0.001.
Source SS df MS F P

Prey item (PI) 2.514 3 0.838 11.393 < 0.001**
Predator type (PDT) 2.835 5 0.567 7.708 < 0.001**
PI X RDT 8.999 15 0.600 8.156 < 0.001**
E rro r 6.179 84 0.074

D is c u s s io n

T h e  r e s u l t  of th is  stu d y  show s su s c e p tib ili ty  of th e  sm all c ru s ta c e a n s  to  th e  Hemigrapsus 
p re d a tio n  ch an g es w ith  th e  p re y  item  (T a b le  l ) .  T he  s u s c e p tib ili ty  of p rey  w as low in Melita and 

high in Grandidierella fo r  b o th  the sm all and la rg e  c ra b  s iz e s , a lthough  i t  d if fe re d  in Neomysis fo r 

th e  tw o c ra b  s iz e s  (F ig . l ) . T h e  o y s te r  bed  and the b o u ld e r h a b ita t  in th e  Gam o L agoon  h a rb o r  th e
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sm all c ru s ta c e a n s , Grandidierella japonica, Corophium uenoi S te p h e n se n , Sinelobus (Tanais) 

stanfordi (R ic h a rd s o n ) , and  Gnorimosphaeroma rayi H o estlan d  ab u n d an tly , b u t a n o th e r  am phipod 

Melita setiflagella is  th e  m ost ab u n d an t sp ec ie s  (O kam oto & K u rih a ra , 1989; M atsu m asa , 1988; 

1992; 1993). T h e  p o te n tia l p re d a to r s ,  Hemigrapsus penicillatus, Palaemon serrifer, and  ju v en ile s  of 

Acanthogobius flavimanus a lso  in h ab it th e se  h a b ita ts  u s in g  th e  c re v ic e s  fo r  th e i r  h id ing  p lace s . 

A m ong th e s e  p o te n tia l p re d a to rs ,  Hemigraopsus is  th e  m ost ab undan t sp e c ie s . In  ad d itio n , th e  c rab  

po p u la tio n  c o n s is ts  of tw o age c la s s e s  c o ex is tin g  in th e  f ie ld  (O kam oto & K u rih a ra , 1987) w hich 

c o rre sp o n d  to th e  tw o c ra b  s ize  c la s se s  te s e d  in th is  study . T h e re fo re , th e  c ra b  p re d a tio n  may be  a 

c au se  fo r  th e  sm all c ru s ta c e a n  assem b lag e  dom inated  by Melita in th e  o y s te r  bed  and th e  b o u ld e r 

h a b ita t. T h e  low s u s c e p tib i li ty  of Melita to  th e  c ra b  p re d a tio n  seem s to  be due to  i t s  a b il ity  to  swim 

f a s te r  th an  Grandidierella. W hen th e  c ra b  a tta c k e d  Melita, th e  am phipod sw am  aw ay qu ick ly  and 

avo ided  being  caugh t. Neomysis is  a lso  a good sw im m er; how ever, i t s  s u s c e p tib i l i ty  to  th e  c rab  

p re d a tio n  w as lo w er th an  Melita. T h is  may be due to  th e  d if fe re n c e  in avo idance  b e h a v io rs  o f th e s e  

sm all c ru s ta c e a n s  r a th e r  th an  to th o se  in swim m im g a b il it ie s . W hen Neomysis w as a tta c k e d  by th e  

c ra b , it  sw am  qu ick ly  u p w ard s  to  e scap e . S ince  th e  w a te r  w as shallow  in th is  ex p e rim e n t (1.5 cm 

d e e p ) , th is  avo idance  b eh av io u r of th e  m ysid may be d isad v an tag eo u s . T h is  e f fe c t of w a te r  d ep th  on 

Neomysis s u s c e p tib i li ty  is  a lso  ex p ec ted  fo r  th e  o th e r  p re d a to r s ,  and h a s  to  be  exam ined .

A lthough  Palaemon c a tc h e s  th e  sm all c ru s ta c e a n s  u sin g  th e i r  p e re o p o d s  th e  sam e as 

Hemigrapsus d oes, th e  su s c e p tib i l i t ie s  o f th e  sm all c ru s ta c e a n s  to  th e  p raw n  w as q u ite  d if fe re n t 

from  th a t  to  th e  c ra b  (T a b le  2 , F ig .  l ) . T h e  low er su rv iv a l r a te  of Melita to  Palaemon th an  to 

Hemigrapsus in d ic a te s  th a t  Palaemon is  a good h u n te r . On the  o th e r  hand, th e  ch e lip ed  of Palaemon 
is  sm a lle r  than  th a t  of Hemigrapsus, and th is  seem s to  be re la te d  w ith  th e  h ig h e s t su rv iv a l r a te  of 

th e  la rg e  m ale of Grandidierella w ith  developed  gnathopods . I t  w as o b se rv ed  th a t  th e  la rg e  m ale 

Grandidierella e scap ed  from  th e  g ra sp  of th e  p raw n . H ow ever, i t  w as a lso  o b se rv e d  th a t  th e  sm all 

Palaemon o ften  did n o t show  p re d a to ry  b eh av io r to w ard  th e  la rg e  Grandidierella. T h e re fo re ,  th e  

p re y  s e le c tio n  by sm all Palaemon m ight cau se  a high su rv iv a l r a te  o f th e  la rg e  Grandidierella, as 

w ell a s  th e  e scap e  b eh av io r o f th e  p rey .

In th is  s tu d y , the  s u s c e p tib ili ty  of th e  sm all c ru s ta c e a n s  to  th e  ju v en ile  Acanthogobius 
flavimanus d id  n o t d if f e r  s ig n ific an tly  am ong p re y s , b u t th e  p a tte rn  re se m b le d  th a t  to  th e  sm all 

Palaemon (F ig . 1 ). K ikuchi & Y am ash ita  (1992) re v e a le d  th a t  sm all c ru s ta c e a n s  w e re  th e  m ost 

fr e q u e n t food item s fo r  A. flavimanus in h ab itin g  a m u d fla t in A m akusa , K yushu  by an a ly z in g  i ts  

d ig e s tiv e  t r a c t  co n ten t. S in ce  th is  goby in h a b its  th e  Gam o L agoon abu n d an tly  (O m ori et al., 1976), 

m ore d e ta ile d  ex am in a tio n s on i t s  p re d a tio n  have to be c a r r ie d  ou t.

T h e  e ffe c t  o f p re d a tio n  on th e  sm all c ru s ta c e a n s  by a f lo u n d e r  Kareius bicoloratus w as th e  

s e v e re s t  am ong th e  p re d a to rs ,  and d id  no t d if fe r  s ig n ific an tly  am ong p re y s  u n d e r  th is  e x p e rim e n ta l 

cond ition  (F ig . 1 ). Kareius is  a  ty p ica l p re d a to r  of th e  sandy  sed im en t, and is  an ab u n d an t ben th ic  

f ish  in th e  G am o L agoon . O m ori et al. (1976) have re p o r te d  th a t  am phipods have b een  o b se rv ed  in 

th e  stom ach  of th e  ju v en ile  f lo u n d e rs  (body leng th , >  15 mm) a t  ab o u t 5 - 10%  in o c c u rre n c e  in th e  

lagoon. H ow ever, b ecau se  th e i r  in v e s tig a tio n s  w ere  c a r r ie d  o u t in A p ril and  M ay w hen th e  

am phipod  d e n s i tie s  a re  th e  lo w est (M atsu m asa  & K u rih a ra , 1988), th e  sea so n a l ch an g es  in th e  food 

h a b its  o f Kareius a s  w ell a s  th e  abundance of th e  f ish  m u s t be in v e s tig a te d  in th e  fie ld . A lthough
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Grandidierella is  th e  m ost ab u n d an t sm all c ru s ta c e a n  in the bo ttom  sed im en t in h ab ited  by Kareius, 
i t  w as s u s c e p tib le  to  Kareius p red a tio n  (F ig . l ) .  S in ce  Grandidierella b u ild s  i t s  U -sh a p e d  tube  in 

th e  sed im en t, i t  is  ex p ec ted  th a t  th e  p re se n c e  of sed im en t lo w ers  th e  s u s c e p tib ili ty  of th is  am phipod 

to  flo u n d e r p re d a tio n  by o ffe r in g  the s i te s  of re fu g e  in th e  fie ld .

A s th e  r e s u l ts  of above-m en tioned  re la tio n sh ip s  betw een  th e  sm all c ru s ta c e a n s  and th e  

p re d a to rs ,  th e  su s c e p tib i li ty  of th e  sm all c ru s ta c e a n  to  p re d a to rs  d if fe re d  a s  a fu n c tio n  of th e  

com bination  of p rey  item s and  p re d a to r  ty p es  (T a b le  3 ) . T h is  in d ic a te s  th a t  i t  is  im p o rta n t to 

c o n s id e r th e  d is tr ib u tio n s  and abundances of th e  p re d a to rs  a s  w ell a s  th e  p re y  fo r  e v a lu a tin g  th e  

e ffe c t o f p re d a tio n  on th e  p rey  assem b lag e  in th e  fie ld . A s m en tioned  above, Kareius is  a p re d a to r  

ty p ica l o f th e  b o ttom  sed im en t, and Hemigrapsus, Palaemon, and Acanthogobius in h ab it o y s te r  beds 

and b o u ld e r h a b ita ts  u s in g  th e  c re v ic e s  a s  th e i r  re fu g es . H ow ever, i t  is  r e p o r te d  th a t  Hemigrapsus 
m ig ra te s  be tw een  th e se  re fu g e s  a c ro s s  th e  su rro u n d in g  bo ttom  sed im en t (G oshim a et al., 1978; 

O g u ra  & K ish i, 1985; O kam oto & K u rih a ra , 1987). In  add ition , th e  in d iv idua ls  of Palaemon and 

Acanthogobius w hich  a re  fo rag in g  on th e  bo ttom  sed im en t a round  th e i r  re fu g e s  a re  a lso  o b se rv ed  in 

the  fie ld . T h e re fo re ,  th e s e  th re e  p re d a to rs  may a lso  a ffe c t th e  sm all c ru s ta c e a n  assem b lag e  of th e  

bo ttom  sed im en t, so  th a t  th e i r  feed ing  b eh av io rs , e sp ec ia lly  the  feed in g  s i te s , have to  be 

in v es tig a ted , a s  w ell a s  th e i r  d is tr ib u tio n s  and abundances. In p a r t ic u la r ,  the low s u s c e p tib ili ty  of 

th e  la rg e  m ale Grandidierella to  Palaemon and  Acanthogobius p re d a tio n s  is  in te re s t in g , becau se  

ad u lt m ales of th is  tu b e -d w e llin g  am phipod c ru ise  on th e  sed im en t su r fa c e  s e a rc h in g  fo r  tu b es  of 

th e  ad u lt fem a les  (N akajim a, 1991; p e rs . o b s .) , and m ales of th e  o th e r  tu b e -d w e llin g  am phipods 

such  a s  Corophium volutator (P a l la s ) ,  C. arenarium C raw fo rd  (F ish  & M ills , 1979), Lembos 
websteri B a te  (M oore, 1981), Microdeutopus gryllotalpa (C osta ) (B orow sky , 1983a), Jassa falcata 
(M on tagu ), and Amphithoe valida S m ith  (B orow sky , 1983b) a lso  show  th e  s im ila r  b eh av io rs .

In  conc lu s ion , th e  p a t te rn  in su s c e p tib ili ty  of th e  sm all c ru s ta c e a n  to  Hemigrapsus p re d a tio n  

su p p o r ts  th e  h y p o th e s is  th a t  th e  m ost abundan t sp e c ie s  o f th e  sm all c ru s ta c e a n  h a s  th e  low est 

su s c e p tib i li ty  to th e  p re d a tio n . On th e  o th e r  hand, th e  b eh av io rs  o f sm all c ru s ta c e a n s  in d ica te  th a t 

th e  p re se n c e  of sed im en t and the w a te r  dep th  may a ffe c t th e  s u s c e p tib i l i té s  of a tu b e -d w e llin g  

Grandidierella and a b e n th ic -p la n k to n  Neomysis, re sp e c tiv e ly , in th e  fie ld .
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