
CHAPTER 4

D istr ib u tio n

DISCUSSIONS

At Khang Khao Is la n d , th e number of the a s s o c ia t io n s  between  
the gob ies and a lp h eid  shrimps on the w estern  s id e  i s  much sm aller  
than th at on the e a stern  and northern s id e s .  Factors th a t c o n tr o lle d  
th e d is tr ib u t io n  o f  th ese  a s so c ia t io n s  might be the p h y sica l fa c to r s  
represen ted  by wave and wind fo r c e s . The stron g  wave and wind occurred  
during the periods o f ร-พ and N-E monsoon. Because o f i t s  lo c a t io n  
in  r e la t io n  to Sichang Islan d  and the m ainlan, Khang Khao Isla n d  i s  
p ro tected  from th e N-E monsoon, th ere fo re  the e f f e c t  o f the ร-พ 
monsoon i s  stron ger and a f f e c t s  the w estern  s id e .

Wave and wind fo r ce s  a f f e c t  the s t a b i l i t y  o f bottom system , 
e s p e c ia l ly  in  the sh allow  a rea s . I f  wave and wind were always stro n g , 
th e s t a b i l i t y  o f  th e  bottom system  w i l l  be low . The a s s o c ia t io n s  o f 
the gob ies and a lp h eid  shrimps occurred mainly on the sh allow  bottom  
where the sedim ent i s  composed o f course sand packed w ith  s h e l l  and 
co ra l fragments which tends to  c o lla p se  e a s i ly .  On the w estern  s id e  
where wave and wind are always stro n g , the i n s t a b i l i t y  o f the su b stra te  
makes i t  d i f f i c u l t  fo r  the burrowing anim als, such as a lp h eid  shrimp 
and i t s  partner goby, to  l i v e .  Not only the a s so c ia t io n s  between the  
gob ies and a lp h eid  shrimps i s  low in  number on th is  s id e  but i t  i s  
a lso  true w ith  the d en sity  and coverage of in d iv id u a l co ra ls  sp e c ie s  
(Sakai e t  a l . ,  1986). Menasveta e t  a l .  (1986) suggested  th a t the 
d iffe r e n c e s  in  f i s h  p opulation  on Khang Khao Islan d  may be in flu en ced  

by p hysiograp hical d if fe r e n c e s .
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B io lo g ic a l in te r a c t io n s  cannot c le a r ly  ex p la in  th e ir  
d is tr ib u t io n , because the occurrence o f predator f i s h e s ,  P l e c t o r y n c h u s  

p i c t u s  and E p in e p n e r u s  m a l a b a r i c u s  are predominant in  a l l  s ta t io n s  
around Khang Khao Isla n d  (M onkolprasit, 1986).

The g ob iid  f is h e s  and a lp heid  shrimps which l iv in g  in  a s s o c ia t io n

Colour v a r ia t io n  in  gob iid  f i s h e s .  S in ce gob iid  f is h e s  are 
a b le  to show colour v a r ia t io n  in  the same s p e c ie s ,  in  th is  study, 
colour v a r ia t io n  i s  a lso  found in  some sp ec ie s  o f gob iid  f i s h e s  s tu d ie d . 
This v a r ia t io n  can be ca teg o rized  in to  2 case ; y e llo w  colour p attern  
and v e r t ic a l  s tr e a k s .

In yellow  colour p a ttern , the colour o f the f is h e s  appear in  
b r ig h t yellow  rather than th e ir  normal colour p a tte r n s . This y ellow  
colour p a tter  was found in  C r y p t o c e n t r u s  c i n c t u s J  c .  c y a n o t a e n i a J  

C r y p t o c e n t r u s  s p . l  and C r y p t o c e n t r u s  s p .2 . This phenomena was a lso  
recorded in  c .  c i n c t u s  from Japan (Yoshino & Senou, p er . comm.) D e ta ils  
co lo u ra tion  o f some s p e c ie s ,  such as b lue sp ots on head o f c .  c i n c t u s  

and b lu e broken strak s on head o f  c .  c y a n o t a e n i a  do not change. In  
C r y p t o c e n t r u s  s p . l  and C r y p t o c e n t r u s  sp .2 , prominent marking such as 
bands and b lo tc h e s  s t i l l  appear but in  brownish y e llo w .

In g en era l, colour v a r ia t io n s  are the r e s u lt  from p h y s io lo g ic a l  
changes concerning behaviour, s o c ia l  s ta g e , sexu a l stage  and environ ­
mental changes e t c .  In  the case  o f yellow  colour p a ttern , sex  o f the 
f i s h  may play the im portant r o le ,  s in c e  the yellow  colour p attern  
ocuure in  female (Y oshino, p er . comm.)

H ow ever, e n v ir o n m e n ta l a d a p t a t io n s  s h o u ld  a l s o  b e ta k e n  i n t o  

c o n s i d e r a t i o n  b e c a u s e  some sp e c im e n s  o f  y e l lo w  gob y  when k e p t  i n  th e  

aq u riu m , t h e i r  c o lo u r  ch an g e i n t o  norm al p a t t e r n  i n  1 -3  d a y s .
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In the second c a se , the p resen t and absent o f ten  to tw elve  
e q u id is ta n t v e r t ic a l  th in  b lue s tr e a k s , was found in  C r y p t o c e n t r u s  

a i n c t u s  and c .  c y a n o t a e n i a  both in  normal and y e llow  colour p a ttern . 
This i s  a lso  found in  yellow  c .  c i n c t u s  from Japan (Senou, p er . comm.)

S p ecies s p e c i f i c i t y .  The goby-alpheid  shrimp a sso c ia t io n s  
showed a remarkable v a r ia t io n  in  the degree o f  sp e c ie s  s p e c i f i c i t y .
The com binations o f the d if f e r e n t  sp ec ie s  o f th e  gob ies and a lp heid  
shrimps in  th is  study are summarized in  Table 10. This evidence was 
s im ila r  to th at reported  from the Red Sea (Karplus e t  a l .J 1974), 
S ey ch e lle s  Is la n d , Western Indian Ocean (Polunin  & Lubbock, 1977) and 
Shikoku Is la n d , Japan (Yanagisawa, 1984).

The ob servation s o f many authors (P olun in  & Lubbock, 1977 ะ 
P resto n , 1978) and in  th is  study in d ica ted  th a t the d if fe r e n t  sp e c ie s  
o f a lp heid  shrimps showed d iffe r e n c e s  in  s e n s i t iv i t y  to  the movement 
o f th e ir  partner g o b ie s . For the g o b ie s , Karplus e t  a l .  (1979) 
su ggested  th at the d if f e r e n t  sp e c ie s  o f  the g ob ies  which a sso c ia te d  
w ith a lp heid  shrimp had evolved d if f e r e n t  l e v e l s  o f warning s ig n a l .
This in d ica ted  that the d if f e r e n t  sp e c ie s  o f gob ies and a lp heid  shrimps 
had d if f e r e n t  l e v e ls  o f communication system  developm ent, and the 
estab lish m en t o f th e a s s o c ia t io n  may occur fo r  th e  p a irs having a 
high le v e l  o f communication developm ent. But the a s s o c ia t io n  i s  
e sta b lish e d  at the ju v e n ile  sta g e  soon a fte r  se ttlem en t and m aintained  
throughout th e ir  l iv e s  (Yanagisawa, 1984). In  n atu re, th ere are many 
sp e c ie s  o f both gob ies and a lp heid  shrimps occurring  w ith in  the same 
area . I f  the estab lish m en t o f the a s so c ia t io n s  were random, then  
com binations o f a l l  sp ec ie s  must be found. But th is  evidence has 
never been reported e a r l ie r .  A ll  th ese show th at only the s u ita b le



T a b le  10 S p e c i e s  s p e c i f i c i t y  o f  g o b i i d  f i s h e s  a n d  a l p h e i d  s h r im p s  f o u n d  a t  K h ang  K hao a n d  S ic h a n g  I s l a n d

U n co llec ted
A lp h e u s  sp .1  A lp n è u s  A l p h e u s  A l p h e u s s p . A  A l p h e u s  A l p h e u s  a lp h e id

r a p a c i d a ? d i s t i n g u e n s u s  d j i b o u t e n s i s  b e l l u l u s  shrimp

M y e r s i n a  m a c r o s t o m a + +
M y e r s i n a  sp.A +
c t e n o g o b io p s  p o m a s t i c t u s + +
C r y p t o c e n t r u s  c a e r u l e o m a c u l a t u s + +(21) +
C r y p t o c e n t r u s  s i n g a p u r e n s i s + + +(3) +(50)
C r y p t o c e n t r u s  c y a n o t a e n i a +
C r y p t o c e n t r u s  c i n c t u s +CD +(2) +(33)
C r y p t o c e n t r u s  s p . l + (8) +(93)
C r y p t o c e n t r u s  sp .2 + (13) + (17)
A m b l y e l e o t r i s  s p . l + (5 )
A m b l y e l e o t r i s  f o n t a n e s i i +
A r r i b l y e l e o t r i s  g y r r m o c e p h a la +(12) + (15)

Remark : Numbers in  the b ra ck ets are the occu rrence o f  each com bination  which i s  summarized from
Tables 2 , 6 and 7
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com bination p a irs could su rv ive a g a in st predatory or o th er  p r e ssu r es .  
S p ecies s p e c i f i c i t y  i s  l ik e ly  to enhance the e f f ic ie n c y  of tran sm ission  
(P olun in  & Lubbock, 1979) which a llow s a h igher chance o f  s u r v iv a l .
On the other hand, fo r  n o n -s p e c if ic s , th ere i s  p ro v is io n  fo r  a grea ter  
number of a v a ila b e  p artn ers, and th is  w i l l  enable attainm ent o f  h igher  
p op u lation  d e n s i t i e s .  The balance o f th ese  two elem ents may be the 
reason fo r  the v a r ia t io n  in  degree o f s p e c i f i c i t y  o f  th ese  a s s o c ia t io n s .  
So, the com bination between the gobies and a lp h eid  shrimps are not 
n e c e s s a r ily  m o n o sp ec ific , but may be the com bination between sp e c ie s  
group which had same or c lo se  communication development le v e l  between  
both an im als.

The gob ies and the a lpheid  shrimps may be grouped based on 
th e ir  a s s o c ia t iv e  behaviours. Yanagisawa (1978) d is t in g u ish e d  sym b iotic  
g ob iid  f is h e s  in  Japan in to  th ree  groupings based on the d if fe r e n c e s  
in  nature o f  the in te r r e la t io n s h ip  w ith  a lp heid  shrimp and the ways 
o f u t i l i z in g  th e ir  burrows. F ir s t ,  the sp e c ie s  th a t hovers above the 
bottom  and has never been observed to engage in  the t a c t i l e  alarm  
system  which are represen ted  by v i r e o s a  h a n a e  and the goby from Red 
Sea L o t i l i o .  g v a o i  l ie *  s a  (Klaus e w itz , 1960). Second, the bottom d w eller  
sp e c ie s  which e s ta b l is h  a t a c t i l e  alarm system but the a s s o c ia t io n  
seem rath er weak. This group i s  resp resen ted  by A c e n t v o g o h i u s  p f l a u m i j  

and from general o b serva tion  in  th is  study C r y p t o o e n t r o i d e s  i n s i g n i s  

can a lso  be included  in  th is  group. These two groups had very weak 
r e la t io n s h ip , so , they were excluded from th is  stu d y. L a s t ly , the  
bottom dw eller sp e c ie s  that u su a lly  u t i l i z e  burrows o f  snapping shrimps 
as s h e lte r in g  p la ce  and have developed a t a c t i l e  alarm system . A ll 
of the sp e c ie s  found in  th is  study are treated  in  th is  group. The
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d iffe r e n c e s  in  nature o f u t i l i z a t io n  o f th e ir  burrows and th e ir  
s o c ia l  behaviour could fu rth er  d is t in g u ish  f is h e s  o f  th is  l a s t  
group in to  th ree  sub-groups.

1. S p ec ies th a t always hover above the burrow entrance and 
feed  on p lank ton ic organism s. This sub-group i s  represen ted  by 
M y e r s i n a  m a e r o s t o m a  and M y e r s i n a  sp.A . S t o n o g o b io p s  spp. (Roese & 
R andall, 1982) may a lso  be includ ed  in  th is  sub-group.

2 . S p ecies th at guard the burrow entrance but always lea v in g  
i t s  burrow to the adjacent burrow which have other gob ies of the same 
sp e c ie s  on guard, and sometimes d w elling  fr e e ly  on the bottom su rfa ce . 
S o c ia l in te r a c t io n  has always be seen  among goby p op u latio n . Gobies
o f th is  group feed  on small b en th ic  animals th at l iv e  among the sedim ent, 
as shown by th e ir  sand-nipping feed in g  behaviour, c t e n o g o b io p s  p o m a s t i c t u s  

represen ted  th is  sub-group. V a n d e r h o r s t i a  o m a t i s s i m a  (Polunin  & Lubbock, 
1979 ; Yanagisawa 1978) can a lso  be included  in  th is  group.

3 . S p ecies th at always guard at the burrow entrance and 
keeping in  con tact w ith  a lp heid  shrimp. They always feed  on sm all 
b en th ic  organism s, but sometimes have been observed to  feed  on p lank ton ic  
organism s. Other sp ec ie s  in  th is  study rep resen t th is  sub-group.
In  the case o f C r y p t o e e n t r u s  e a e r u l e o m a c u l a t u s 3 c .  s i n g a p u r e n s i s  and 
c .  e y a n o t a e n i a 3 th e ir  t a c t i l e  alarm system  do not seem to  be h ig h ly  
developed . They had rare ly  been observed to  g iv e  warning s ig n a ls  by 
th e ir  variou s f i n  movement. For A r r i b l y e l e o t r i s  g y n m o c e p h a la 3 A .  

f o n t a n e s i i  and A r r i b l y e l e o t r i s  s p . l ,  th e ir  t a c t i l e  alarm system  appear 
advanced, they always g ive  warning s ig n a ls  by various f in  movement, 
but they always move far  away from the burrow entrance fo r  s o c ia l  
in te r a c t io n . In C r y p t o e e n t r u s  c i n c t u s 3 C r y p t o e e n t r u s  sp . 1 and 
C r y p t o e e n t r u s  s p .2 , th e ir  general a c t iv i t i e s  are always r e la te d  to  
th e ir  partners a c t i v i t i e s .
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For th e a lp h eid  shrim ps, the d iffe r e n c e s  in  nature to response  
to movement o f  th e ir  a sso c ia te d  goby and th e ir  a c t i v i t i e s  o u ts id e  the  
burrow are r eco g n iza b le . They can be d is t in g u ish e d  in to  two groupsc

1. S p ecies th at responded to g en era lized  movement o f  the  
goby. A c t iv i t i e s  o u ts id e  the burrow o f  th is  group are r e s tr ic t e d  to  
th e burrow en tra n ce . Antennal con tact w ith  the partner goby i s  
m aintained a l l  th e  time w h ile  i t  i s  o u ts id e  the burrow. This group
i s  represented  by A l p h e u s  d j i b o u t e n s i S j  A .  d i s t i n g u e n s u s ,  A l p h u s  r a p a c i d a ? 
and A l p h e u s  sp.-f-

2. S p ecies th a t responded p rim arily  to  s p e c i l iz e d  warning 
s ig n a ls  o f  the goby. This group always moves fa r  from the burrow 
entrance during i t s  c o n stru ctio n  o f  th e  shallow  d ep ressio n  s tr a ig h t  
from the burrow en tra n ce . I t  w i l l  venture to  d is ta n ces  beyond the  
range o f  antennal con tact w ith  the goby. This group i s  represen ted  
by A l p h e u s  b e l l u l u s  and A l p h e u s  s p . l .  This behaviour p a ttern  i s  in  
s im ila r  to  the o f A .  p u r p u r i l e n t i a u l a r i s  reported  from the Red Sea 
(K arplus, 1979).

R ela tio n sh ip  o f  th e d if fe r e n t  a s s o c ia t io n  p a ir s .

Behavioural p attern s in  nature o f  two a s s o c ia t io n  p a ir s ,  
C r y p t o c e n t r u s  s i n g a p u r e n s i s - A l p h e u s  d j i b o u t e n s i s  and C r y p t o o e n t r u s  

s p . l - A l p h e u s  b e l l u l u s 3 are c le a r ly  d if f e r e n t  (F ig . 23 and 2 4 ) .  In  
c .  s i n g a p u r e n s i s - A .  d j i b o u t e n s i s J  the a s s o c ia t io n  pair does not seem 
to  share a c lo se  r e la t io n s h ip . A c t iv i t i e s  o u ts id e  the burrow o f th is  
p air  were d iscu ssed  in  another paper (M anthachitra, M .S .) , A c t iv i t ie s  
o u ts id e  the burrow o f c .  s i n g a p u r e n s i s  were m ainly th ose o f guarding 
and feed in g , but th ese  two a c t i v i t i e s  had l i t t l e  r e la t io n .  Although
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feed in g  a t guarding p o s it io n  o f the goby had been observed , i t  always 
l e f t  i t s  partner shrimp and moved to  th e area around the burrow 
entrance for  fe e d in g . In A .  d j i b o u t e n s i s 3 a c t i v i t i e s  o u ts id e  the  
burrow occurred on ly  during the guarding period  o f the goby and were 
r e s tr ic t e d  to  the burrow en tran ce. The a lp heid  shrimp had never been  
observed to  move beyond 15 cm radius o f th e burrow en tra n ce . So, i t s  
behaviour p a ttern  i s  sim ple. A .  d j i b o u t e n s i s  i s  very s e n s i t iv e  to the  
movement o f  the goby. This may be one reason why shrimp a c t i v i t i e s  
were r e s tr ic te d  to  the burrow entrance, because each time the goby 
moves to  o th er p o s it io n s ,  the a lp heid  shrimp withdraws q u ick ly  in to  
the burrow. This in d ica ted  th a t t a c t i l e  alarm communication o f th is  
a s s o c ia t io n  i s  not h ig h ly  developed.

For C r y p t o o e n t r u s  s p , 1 - A l p h u s  b e l l u l u s 3  th is  a s s o c ia t io n  p a ir  
showed much c lo s e r  r e la t io n sh ip  than the form er. A c t iv i t i e s  o u ts id e  
the burrow o f C r y p t o o e n t r u s  s p . l  were mainly on guarding and feed in g  
and th ese  two a c t i v i t i e s  always occurred to g e th e r . The o th er  a c t i v i t i e s  
were a ls o  r e la te d  to  guarding. This in d ica ted  th at the goby had a 
c lo s e  r e la t io n s h ip  w ith  i t s  p artn er.

In A .  b e l l u l u s 3 i t  i s  not s e n s i t iv e  to  g en era lized  th e  movements 
o f th e goby as in  A. d j i b o u t e n s i s 3 but i t  always responds on ly  to 
s p e c ia l iz e d  warning s ig n a ls  o f  the goby. T herefore i t  has been  
observed perform ing i t s  a c t i v i t i e s  o u ts id e  the burrow, Eventhough 
a c t i v i t i e s  o u ts id e  the burrow o f A .  b e l l u l u s  are l im ite d  by a c t i v i t i e s  
o f the goby, th e goby a lso  seemed to provide a chance fo r  th e a lp heid  
shrimp to perform i t s  a c t iv i t i e s  o u ts id e  the borrow. Thus, behavoural 
p attern  o u ts id e  th e burrow of A .  b e l l u l u s  i s  much more complex than  
th at o f A .  d j i b o u t e n s i s .
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The major d iffe r e n c e s  in  behaviour o u ts id e  the burrow of 
th ese  two alpheid  shrimps are that A l p h e u s  b e l l u l u s  always b u i l t  a 
sh allow  d ep ression  on the bottom su rface extending from the burrow 
en tran ce , which was never been observed in  A .  d j i b o u t e n s i s . This 
behaviour o f  the same sp ec ie s  i s  a lso  reported from Japan (Harada,
1969 ; Yanagisawa, 1984) and a lso  reported fo r  A .  p u r p u r i l e n t i c u l a r i s  

from the Red Sea (K arplus, 1979). A .  b e l l u l u s  b u i l t  a d ep ression  
w h ile  under the guard o f C r y p t o c e n t r u s  s p . l ,  th e goby moved forwards 
togeth er  s id e  by s id e , and m aintained con ta ct w ith  the shrimp. 
Sometimes the goby performed guard p o s it io n  away at the d is t a l  part 
o f the d ep ressio n , which might be as far away as 80cm from burrow 
en tran ce . The shrimp would le a v e  i t s  burrow w ithout antennal con tact  
w ith  the goby and would rep eated ly  move between the entrance and the  
d is t a l  part o f th e d ep ress io n . This behaviour i s  a lso  reported  from 
S ey c h e lle s  (Polunin & Lubbock, 1977) and Japan (Yanagisawa, 1984). In  
lab ora to ry , C r y p t o c e n t r u s  s p .l-A . b e l l u l u s  a lso  showed th is  b ehaviour. 
This behaviour in d ica ted  th a t the a s s o c ia t io n  between C r y p t o c e n t r u s  

s p . l  and A .  b e l l u l u s  has w ell-d eve lo p ed  communication, su g g estin g  
th e ir  c lo se  r e la t io n s h ip .

Hence, communication or t a c t i l e  alarm system  development may 
exp la in  the d iffe r e n c e s  in  r e la tio n sh ip  between the d if f e r e n t  a sso c ia ­
t io n  p a ir s . A lthough, th e s ig n a ll in g  o f the g o b iid  f i s h e s  had not 
been recorded in  th is  study but they were observed . For the g o b ie s ,
C r y p t o c e n t r u s  s i n g a p u r e n s i s  and C r y p t o c e n t r u s  s p . l .  I t  i s  not c le a r  
th a t the s ig n a ll in g  system between them are d if f e r e n t ,  but i t  i s  
b e liv e d  that s ig n a ll in g  development o f C r y p t o c e n t r u s  s p . l  i s  more 
developed than that o f c .  s i n g a p u r e n s i s . From o b se r v a tio n s , c .  

s i n g a p u r e n s i s  gave s ig n a l w ith  one or two p attern s o f t a i l  movement,
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t a i l  beat and t a i l  wave, w h ile  t a i l  movement o f C r y p t o c e n t r u s  s p . l  
had th ree to  four p attern s ; t a i l  f l i c k ,  t a i l  beat and t a i l  wave. 
Furthermore, movement o f second dorsal f in  and anal f in  were always 
seen  w h ile  the an tern al con tact was m aintained. Karplus e t  a l .  (1979) 
concluded th at the communication system s between c .  s t e i n i t z i  (now 
placed  to the genus A m b l y e l e o t r i s  by Hoese &  Steene (1 9 7 6 ))and A l p h e u s  

p u r p u r i l e n t i c u l a r i s  are probably the most advanced, because th e ir  
warning s ig n a ls  were g iven  w ith  sev era l f in s  movement and the dominant 
elem ent i s  t a i l  f l i c k in g .  They a lso  su ggested  the e v o lu tio n  o f t a i l  
f l i c k  s ig n a l which i s  a more e f f e c t iv e  warning than another type o f  
t a i l  movement. The p o s s ib i l i t y  o f s in g a ll in g  w ith se v er a l f in s  
movement enable the a lpheid  shrimp to move fu rth er  away from the goby 
and s t i l l  be p rotected  through the warning system . Various f in s  
movement o f C r y p t o c e n t r u s  s p . l  i s  very c lo se  to  th a t o f  c .  s t e i n i t z i .

So, i t  i s  b e liev e d  th at the development o f  warning s ig n a l o f C r y p t o c e n t r u s  

s p . l  i s  h igh to o .

For the a lp h eid  shrim ps, A l p h e u s  d j i b o u t e n s i s  and A .  b e l l u l u s 3  

th e ir  response to  the goby movements are c le a r ly  d i f f e r e n t .  A .  

d j i b o u t e n s i s  always responded to  g en era lized  movement of C r y p t o c e n t r u s  

s i n g a p u r e n s i s  by withdrawing or f le e in g  in to  th e burrow whereas A .  

b e l l u l u s  responded on ly  to s p e c ia l iz e d  movement o f C r y p t o c e n t r u s  s p . l .
The len g th  o f antennae may a f f e c t  the t a c t i l e  alarm system  development 
o f the a lp h eid  shrimp. Preston  (1980) su ggested  th at the d iffe r e n c e s  
in  the len g th  o f antennae o f  A .  r a p a x  and A .  r a p a c i d a  may a f f e c t  the  
development o f d if fe r e n t  behavioural sy m b io sis . The a lp heid  shrimp 
w ith  long antennae can d is t in c t ly  d e tec t d iffe r e n c e s  between a general 
movement and s p e c ia liz e d  s ig n a l o f the goby whereas the a lp h eid  shrimp
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w ith  sh ort antenae cannot d is t in g u ish  th ese  e a s i ly .  To c la r i f y  th is  
problem, antenna len g th  o f A .  d j i b o u t e n s i s  and A .  b e l l u l u s  were 
measured for comparison. Antenna len g th  was expressed  in  r e la t io n  
to  carapace le n g th . Antenna len g th  was taken by on ly  the fla g e llu m  
part o f  the longer s id e .  Carapace len g th  was measured from the t ip  
of rostrum to  middle o f  p o ste r io r  margin o f carapace. The r e s u lt  
showed th at A .  b u l l u l u s  had antenna longer than A .  d j i b o u t e n s i s  :  A .  

b e l l u l u s  3 .65  + 0 .3 8  (ท=6) and A .  d j i b o u t e n s i s  2 .8 2  + 0 .3 0  (ท= 10 ).
This r e s u lt  agrees w ith  P resto n 's  (1978) su g g estio n . The long antennae 
may in d ic a te  h ig h ly  developed sen se  organ w ith  high sens’i t i v i t y . So, 
they can d is t in g u ish  any movement b e tte r  than sh ort antennae, which 
have lower s e n s i t i v i t y .  These long antennae may provide h igh development 
of t a c t i l e  alarm system  o f the a lp h eid  shrimp. Furthermore, they may 
induce the goby to  develop  the s ig n a l system .

R ela tion sh ip  o f gob iid  f i s h e s  and a lp h eid  shrimps which l iv in g  in  
a s s o c ia t io n .

Although, r e la t io n sh ip  between the d iffe r e n c e  a s so c ia t io n  p airs  
are d if f e r e n t ,  but nature of r e la t io n s h ip  o f th ese  a s so c ia t io n s  are 
the same. These a s so c ia t io n s  are o f m utually b e n e f ic ia l  p artn ersh ip .
The goby used the burrow prepared by the alpherd shrimp as sh e lte r  
and n estin g  s i t e .  With the presence o f the goby to  warn i t  a g a in st  
danger, the shrimp can p la ce  more energy toward s h e lte r  p rep aration  
and m aintainance. The r e la t io n s h ip s  between th ese  a s so c ia t io n s  can 
be summarized as in  F ig . 26. The connections between d if fe r e n t  
elem ents in  th at f ig u re  was the r e s u lt  o f th is  study togeth er  w ith  
summarized in form ation  from o f many authors (Harada, 1969 ; Karplus 
e t  a l . 3 1972, 1974, K arplus, 1979 ; Karplus e t  a l . 3 1979 ; Polunin & 
Lubbock, 1977 ; Yanagisawa, 1982, 1984)
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O utside th e burrow, stim ulus p erception  of the goby are mainly 
v is u a l  p ercep tio n . Behaviour o u ts id e  the burrow o f the goby i s  m a i  ni y  

on fe ed in g , communicative and s o c ia l  behaviour. The goby always 'feeds  
w h ile  i t  i s  on guard. So, feed in g  might be r e la te d  to  communicative 
b eh aviou rs. For the a lp h eid  shrimp which has poor v is io n  (K arplus, 
1979), t a c t i l e  p ercep tion  i s  the most im portant. Behaviour o u ts id e  
th e  burrow o f a lp heid  shrimp are m ainly on burrow m aintainance, 
communicative and feed in g  b eh aviou rs. Burrow m aintainance and feed in g  
o u ts id e  the burrow depends on i t s  communicative behaviour s in c e  th ese  
two a c t i v i t i e s  ..occurred w h ile  antennal con tact was m aintained or 
under the guard o f the goby. Feeding i s  always concerned w ith  burrow 
m aintainance. During i t s  a c t iv i t y  in  scooping sediment out o f the 
burrow and th e  d ep ress io n , th e a lp h eid  shrimp o fte n  showed feed in g  
behaviour on the m a ter ia ls  found among the sedim ent. This has a lso  
been reported  by some authors (K arplus, 1979, Yanagisawa, 1984). 
Communicative behaviours o f the goby and the a lp heid  shrimp are r e la te d  
d ir e c t ly ,  th is  part i s  the most im portant fo r  r e la t io n sh ip  o f the goby- 
alp heid  shrimp a s s o c ia t io n . Communication between them occurred  
during con tact between antenae o f a lp heid  shrimp and various f in s  o f  
the goby. T herefore, the s ig n a ls  are g iven  w ith variou s f i n s ,  as w e ll  
as by f in s  touched by the antenna o f the a lp heid  shrimp.

From ob so rva tio n  of C r y p t o c e n t r u s  s p . 1 - A l p h e u s  b e l l u l u S j  w h ile  
A .  b e l l u l u s  b u i l t  a d ep ression  by ploughing sedim ent, the goby moved 
forward togeth er s id e  by s id e .  During these a c t i v i t i e s ,  the goby 
o fte n  showed feed in g  behaviour on the sediment which was scooped up, 
by the a lp heid  shrimp. This showed th at feed in g  behaviours o f the 
goby might be concerned w ith  burrow m aintainance behaviours o f the  
alpheid  shrimp. For c .  s i r i g a p u r e n s i s - A .  d j i b o u t e n s i S j  w h ile  the goby 
showed feed in g  behaviour by n ipping sedim ent, sometimes i t  has been
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observed tra n sp o rtin g  a sm all herm it crab or sm all b iv a lv e  back and 
lea v in g  i t  w ith in  the burrow. I t  i s  b e liv ed  th at th ese a c t i v i t i e s  
may show food r e la t io n s h ip . To c la r if y  th is  problem, double minute 
hooks w ith  b iv a lv e  f le s h  as b a its  were used and found th at the goby 
always kept the f i r s t  b a it  and brought i t  in to  the burrow. When the 
b a it  was p u lled  back g en tly  to the burrow en tran ce, the a lp h eid  shrimp 
would came out im m ediatly and tr ie d  to p u ll the b a it  back in to  the  
burrow. A fter  the goby l e f t  the f i r s t  b a it  in  the burrow, i t  moved 
to  the other b a i t ,  p u lled  i t  back to the burrow entrance a t guarding  
p o s it io n  and fed  on the b iv a lv e  f l e s h .  Hence, i t  was o f te n  caught 
by th is  method. This demonstrate th at i f  th ere were numerous food , 
the goby may c o l l e c t  food m a teria ls  for i t s  p artn er.

From lab ora to ry  o b serv a tio n s, the a lp h eid  shrimp always showed 
food storage behaviour but th is  behaviour occurred on ly  when there  
were p len ty  o f food . Thus in  the presence o f numerous food , the goby 
may c o l le c t  food for  the a lp heid  shrimp. The a lp h eid  shrimp may feed  
on th is  food d ir e c t ly  or may sto re  i t  i f  i t  cannot consume a l l  of 
th a t food . The stored  food may be used la t e r  by the a lp h eid  shrimp 
and the goby to g e th e r . These r e la tio n sh ip s  required more o b se r v a tio n s .

For behaviour in s id e  the burrow observed in  the la b o ra to ry , 
t a c t i l e  p erception  might be im portant fo r  the gob y's communication. 
A uditory p ercep tio n , although snapping sound had been heard in  
lab ora tory  (Karplus e t  â l . 3 1972 ; P reston , 1978) i s  not w e ll  understood. 
The a c t i v i t i e s  o f the goby in s id e  the burrow were very low because i t  
used the butrow fo r  r e s t in g . Many authors b e liev e d  th a t n e s t in g  a lso  
occurred in s id e  the burrow. This evidence was reported  by Yanagisawa 
(1 9 8 2 ). The goby can use the burrow only when th at burrow was m aintained  
by the a lp heid  shrim ps. For the a lp heid  shrimp, t a c t i l e  p ercep tio n
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i s  s t i l l  im portant. Chemical a t tr a c t io n  may be in volved  in  the 
shrim p's p ercep tion  in s id e  the burrow. Karplus e t  a l .  (1972) reported  
th a t the a lpheid  shrimp, A l p h e u s  d j i b o u t e n s i s  was chem ically  a ttr a c ted  
to  the goby, C r y p t o c e n t r u s  c r y p t o c e n t r u s .  P reston  (1978) suggested  
the p o s s ib i l i t y  th at a goby's presence or absence from the burrow 
entrance was transm itted  to  the shrimp by chem ical means. Behaviour 
in s id e  the burrow o f the a lp h eid  shrimp were m ainly on burrow m aintainance, 
feed in g  and communicative b eh av iou rs. But each behaviour was independent 
from th e other to  a h igher degree than those occu rring  o u ts id e  the 
burrow. For sexual behaviour, th is  seem to occur in s id e  the burrow 
but th ere  was no d ir e c t  evidence to support. Yanagisawa (1984) suggested  
th a t a s o l i ta r y  shrimp could e s ta b l is h  a p air  bond when a r e s id en t of 
the co n jo in t burrow was a s o l i t a r y  one of th e o p p o site  se x . However, 
he had no d ir e c t  evidence to d escr ib e  how a s o l i t a r y  shrimp g e ts  to  
meet w ith  a mate. The fu rth er study in  th is  a sp ect i s  n ecessa ry .

Karplus (1972) reported  th at the a lp h eid  shrimp cleaned the  
goby in s id e  the burrow near the entrance, but th is  was never been  
obserred in  th is  lab oratory  stu d y. N ev erth e less , th ese  c lea n in g  
a c t i v i t i e s  may be involved  and p lay im portant r o le  in  the goby-alpheid
shrimp a s s o c ia t io n s .
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