
CHAPTER 3

RESULTS

1. Taxomomic study

1.1 The sh rim p -assoc ia ted  g ob iid  f is h e s

In th is  stu d y, the g o b iid  f is h e s  l iv in g  in  a s s o c ia t io n  
w ith  the a lp heid  shrimps were c o l le c te d  from four s ta t io n s  on Khang 
Khao Isla n d  (A, B, c and D) and one s ta t io n  on Sichang Isla n d  (SllaRT) . 
Twelve sp ec ie s  o f goby b elon gin g  to  four gen era , C r y p t o o e n t r u s  

V alen cien n es, A r n b l y e l e o t r i s  B leek er , c t e n o g o b i o p s . Smith, and M y e r s i n a  

H erre, were found in  th is  stu d y.

C t e n o g o b i o p s  and M y e r s i n a  are recorded for  the f i r s t  
time in  the Thai w a te r s . There are three sp e c ie s  found to  be new to  
s c ie n c e , two of C r y p t o o e n t r u s  and one o f A r n b l y e l e o t r i s .  One o f the  
two sp e c ie s  o f M yersina could not as y e t been id e n t i f ie d .  L is t  o f  
the sh rim p -associa ted  gob ies found in  th is  study are shown in  Table 2.

A r t i f i c i a l  key to sp e c ie s  of g ob ies a sso c ia te d  w ith  
alp heid  shrimps found in  th is  stu d y .

la  Second d orsa l f i n  w ith  l e s s  than 12 s o f t  r a y s .......................... , .2
lb Second d orsa l f in  w ith  more than 12 s o f t  r a y s .......................... 10
2a G ill opening extending below the p o in t between eye and

preoperculum. G ill  membrane u nited  across isthmus . . . . . . . .  c .3
2b G ill  opening exten d in g below the p o in t behind preopercular

angle 4
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3a Caudal f in  tru n cate , longer than head . . . โ ' } y e r s i n a  m a c r o s t o m a

3b Caudal f i n  round, as long as head............................ I 4 y e r s i n a  sp.A
4a Sensory l in e  on head w e ll developed ..................................................... 5
4b Sensory l in e  on head poorly developed c t e n o g o b i o p s  p o m a s t i c t u s

5a S ca les in  lo n g itu d in a l s e r ie s  more than 6 5 .....................................6
5b S ca les in  lo n g itu d in a l s e r ie s  le s s  than 65

..............................................................  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

6 a Anal f in  w ith  10 to 11 s o f t  r a y s ............................................................. 7
6 b Anal f in  w ith  9 s o f t  r a y s ...................................................... .................., . 8
7a Head w ith  many pink sp ots surrounded by b lue o c e l l i

. T.....................................................................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

7b Head w ith  ob liq u e broken p a r a lle l  dark b lue strea k  on cheek
and operculum......... ......................................C r y p t o c e n t r ' u s  c y a n o t a e n i a

8 a Body w ith  tran sverse  bands or many dark s p o t s ...............................9
8 b Body w ithout tran sverse band or sp ots but sometimes w ith  many

tra n sv erse  b lu e s tr ip e s  and patches o f p a le  colour on head.
Head and p e lv ic  f in  w ith many b lu e s p o t s . C r y p t o c e n t r u s  c i n c t u s  

9a Body w ith  7 unequal tra n sv erse  bands. Head, second d orsa l
f in  and anal f in  w ith many t in y  y ellow  l i n e s . C r y p t o c e n t r u s  s p . l  

9b Body w ith  many s iz e  o f ir r e g u la r  dark s p o ts .  Two d is t in c t
lo n g itu d in a l sp ots a t mouth angle ................ C r y p t o c e n t r u s  s p . l

10a Second d orsa l f in  with more than 13 s o f t  rays, p e lv ic  f in s
u n ited  and frenum w ell developed .............................................. . . . . . 1 1

10b Second d orsa l f in  with 13 s o f t  rays, p e lv ic  f in s  seperated
and frenum poorly developed ................................ A m b l y e l e o t r i s  s p . l

11a Second d orsa l f in  with 15 s o f t  rays, f i r s t  dorsal f in  w ith
prominent b lack  marking........................... A i l i b l y e l e o t r i s  f o n t a n e s i i

l ib  Second d orsa l f in  with 18 s o f t  rays, f i r s t  dorsal f in  w ithout
b lack  marking but post ocu lar w ith  prominent lo n g itu d in a l  
marking............................................................ A m b l y e l e o t r i s  g y m n o c e p h a l a



T a b le  2 L i s t  o f  t h e  g o b i i d  f i s h e s  an d  a l p h e l d  sh x ira p s  fo 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 s

Given code name S c i e n t i f i c  name S t.A St.B s t . c St.D St.SMaRT Remark
Gobies

. A C r y p t o c e n t r u s  c i n c t u s  (Herre) + +++ - - - dark form
B C r y p t o  c e n t r u m  s P 1 + +++ +
c C r y p t o c e n t r u s  c i n c t u s + + + + + + y e llo w  form
D 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  (Herre) + + + - +++
E C r y p t o c e n t r u s  sp .2 ++ ++ - - ++
F C r y p t o c e n t r u s  c i n c t u s  (Herre) + ++ - - - patchy form
G C r y p t o c e n t r u s  c a e r u l e o r m c u l a t u s  (Herre) + + + ++ ++ - +++
H A m b l y e l e o t r i s  g y m n o c e p h a l a  (B leek er) + +++ - + ++
I A m b l y e l e o t r i s  s p . l - ++ + - -
J c t e n o g o b i o p s  p o m a s t i c  t u s  Lubbock e t  P olunin - + - - -
K C r y p t o c e n t r u s  c y a n o t a e n i a  (B leek er) - - - - +
L A m b l y e l e o t r i s  f o n t a n e s i i  (B leek er) + - - —
M I t y e r s i n a  m a c r o s t o m a  (Herre) - - - - ++
N M y e r s i n a  sp.A + - - - +

A lpheid shrimps
a A l p h e u s  b e l l u l u s  Miya and Miyake + +++ ++ + ++
B A l p n e u s  d j i b o u t e n s i s  De Man +++ ++ + - +H-
y A l p h e u s  s p . l + ++ + + +
6 A l p h e u s  r a p a c i d a ? - - - - +
e A l p h e u s  sp.,4 - - - - ■ f

ç A l p h e u s  d i s t i n g u e n c u s  De Man - — — —- +
ท U n co llec ted  a lp h eid  shrimp + + - - +

LONJ



Canal  p o r e s  and  s e n s o r y  p a p i l l a e .
A.  M y e r s in a  m a c ro s to m a J
B. M y e r s in a  s p . A
c .  c te n o g o b io p s  p o m a s t i c tu s
D. C r y p to c e n t r u s  c a e r u le o m a c u la tu s
E .  C r y p to c e n t r u s  s i n g a p u r e n s i s
F .  C r y p to c e n t r u s  c y a n o ta e n ia
G. C r y p to c e n t r u s  c i n o t u s  
H C r y p to c e n t r u s  s p . 1
I  C r y p to c e n t r u s  s p . 2  

J A m b l y e l e o t r i s  s p . l  

K A m b l y e l e o t r i s  f o n t a n e s i i  
L A m b l y e l e o t r i s  g y r m o c e p h a la
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10 mm

F i g .  6'  A.  M y e r s i n a  r m c r o s t o m a ,  m a l e ,  37 mm SL .

B .  M y e r s i n a  s p . A ,  m a l e ,  6 5  mm S L . ,  

c .  c t e n o g o b i o p s  p o m a s t i o t u s , f e m a l e ,  5 7 . 5  mm SL.
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A)

.10 rum

B)

10 mm

c)

F ig . 9 A.
B.
c.

Cryptocentrus 
Cryptocentrus 
Cryp to ce ท trus

c a e r u l e o m a c u l a t u s , m ale, 54 mm 
s i n g d p u r e n s i s 3 male, 75 mm SL. 
c y a ' r i o t g e n i a  3 fem ale, 78 mm SL.

SL.

' 102-9 b190
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A)

10 mn

10 mm

F i g .  10 A. Cryptooentrus c in c tu s , m a l e ,  60  mm SL.

B. Cryptooentrus s p . l ,  m a l e ,  93 mm SL.
c .  Cryptooentrus s p . 2 ,  f e m a l e ,  50.5  mm SL.
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C)

10 mm

F ig . i l  A)
B)
C)

A m ù ly e ï e o t r i s

A m a ly e ' le o t r i s

A r n b ly e t e o t r is

sp . 1, fem ale, 74 mm SL.
f o n t a n e s ï i 3 fem ale, 130 mm SL. 
g y iitu o c e p h a la 3 fem ale, lüo .5  mm SL.
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M y e r s in a  m a cro s to m a  Herre 

Figures 7A and 8A

M y e r s in a  m a cro sto m a  : H erre, 1934 ะ 90
A kihito  and Meguro, 1978 ะ 295 
Hoese and Lubbock, 1982 ะ 53
A kih ito , Hayashi and Yoshino, 1984 : 259(P1.244)

M eris tic  counts ะ D V I-I, 10 ; A I ,  9 i Pj 16 ; I ,  5 ; LR 55-60 ;
TR 28 ; P red . ร 0

D esc rip tio n  ะ Head la rg e ,  w ith  la rg e  eye 3.0 in  head and a b ig  oblique 
mouth. G ill membranes connected across isthm us under a p o in t between 
eye and p o s te r io r  p reopercu la r m argin. Canal pores and sensory  p a p il la e  
on head w ell developed. A n te rio r in te r o b i ta l  (c) and p o s te r io r  
ocu loscapu lar (K1 & L' ) canal pores absen t (F ig .7A ). F i r s t  do rsa l f in  
h igh , g re a te r  than  body depth , w ith  some rays prolonged. Caudal f in  
tru n c a te  in  male and ob tuse ly  rounded in  fem ale. Scale c y c lo id . Body 
sc a le s  reduced, w ith  sca les  extending  forward in  wedge from end of 
base of f i r s t  d o rsa l f in  to behind p e c to ra l b a se . Head and b e lly  naked.

Colour in  l i f e  specimen, head and body l ig h t  brown. A dark 
brown spo t covering upper h a lf  o f operculum. A b r ig h t b lue  lo n g itu d in a l 
l in e  curving up form mouth, the  p o in t below middle of eye, to  operculum. 
A dark board brown s t r ip e  extending from eye to  base of caudal f in .
Back of body dark . F i r s t  d o rsa l f in  purp le  w ith  an e longate  b lack  
mark covering membrane between f i r s t  two d o rsa l sp ine  from ju s t  above 
base , fad ing d o rs a lly . Second d o rsa l f i n  w ith  3-4 rows of red  oval 
sp o t, upper margin yellow . Anal f in  dusky p u rp le . Caudal f in  dusky



p u rp le , w ith  yellow  and red s t r ip e  run a l te rn a t iv e  in  lower p a r t .  
P ec to ra l f in s  c le a r .  P elv ic  f in  dusky purpu le .

H ab ita t ะ M y e r s in a  m a cro sto m a  i s  a sso c ia te d  w ith  A lp h e u s  d i s t in g u e n s u s  

and another sp ec ies  a lpheid  shrimp which could not be c o lle c te d . At 
S ta tio n  SMaRT, they were found mostly a t the depth of 1-6 m below low 
t id e  le v e l and 10-15 m a t s ta t io n  A on Khang Khao Is la n d . The 
substratum  of both s ta t io n s  were muddy sand. S ing le  in d iv id u a l was 
always seen a t  each burrow. They were u su a lly  seen hovering about 
5-10 cm above s h e l te r  h o les .

S ize : Maximum len g th  examined 39.3 mm SL., 54.5 mm TL.

D is tr ib u tio n  ะ P h il ip p in e s , Japan and Gulf o f T hailand .

Remarks ะ M y e r s in a  m a cro sto m a  can be e a s i ly  d is tin g u ish e d  from o ther 
M y e r s in a  by caudal f in  which tru n c a te  and long in  M. m a c ro s to m a  w hile 
p o in t o r round in  o th e r M y e r s in a

M y e r s in a  sp.A 

Figures 7B and 8B

M e ris tic  counts ะ D V I-I , ; A I ,  9 ; p^ 17 ; p^ I ,  5 ; LR 90 ; TR 34 ;
P red . ร 0

D e sc rip tio n  ะ Head and body m oderately compressed, body e lo n g a te . 
I n te r o r b i t a l  space narrow. Mouth la rg e , jaw n early  equa l, lower jaw 
s l ig h t ly  p ro tru d in g  and extending to  p o s itio n  in  l in e  w ith  th i r d  way 
from eye to  p reo p e rc le . G ill opening wide, g i l l  membranes u n ited  
across the isthm us. Canal pore and sensory p a p il la e  f a i r l y  developed 
(F ig . 7B). P reopercu lar canal pore w ithout pore N.
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F i r s t  do rsa l f in  h igh , g re a te r  than body depth , 2 nd o r 3 rd 
sp ines lo n g e s t. Second dorsa l f i n  sh ro te r than body dep th . O rig in  
of anal f in  a t  p o in t below 2nd s o f t  ray of second d o rsa l f i n .  Caudal 
f in  round, as long as head. P ec to ra l f in  round p o s te r io r ly ,  reaching  
l i n e  v e r t ic a l ly  midway between 6th ray of f i r s t  d o rsa l f in  and o r ig in  
o f second dorsa l f in .  P e lv ic  f in  long, reaching anus; f in  u n ite d , 
frenum norm ally developed. Scales on body a l l  c y c lo id , embedded.
Head and b e lly  naked.

Colour in  l i f e  specimen, head and body brown on the upper 
h a lf  and creamy below. Body w ith  8 narrow lo n g itu d in a l orange lin e s  
from behind head to  caudal b ase , some of the l in e s  touch and jo in  
each o th e r  which made them appeared as branched . The f ro n ts  p a r ts  
of yellow  lin e s  below p e c to ra l f in s  rep laced  by se v e ra l d i s t i n c t  
e longate  yellow  sp o ts . Head and a n te r io r  p a r t  of the body w ith  many 
l i g h t  orange sp o ts . F i r s t  d o rsa l f in  on 2nd and 3rd in te rsp in o u s  
membranes la rg e ly  yellow  and w ith  two curved yellow  bands across 
l a s t  sp in e , the r e s t  of f in  b lu ish  grey and darker near t ip  of f i n .  
Second d o rsa l f in ,  lower h a lf  w ith  sandwich wave of orange a t  the 
middle and blue s tre a k s  running p o s te r io r ly  oblique downward, upper 
h a l f  p a r t  w ith  the same s tre a k  but running upward; o u te r  margin 
yellow . Caudal f in  l i g h t  yellow , upper h a lf  w ith  s e r ie s  of b lue  
spo ts running along in te rsp in o u s membrane and arranged to  b lue  l in e s  
a l te rn a t in g  w ith  orange lin e s  on the lower h a l f .  Anal f i n  co loured  
as the low p a r t  o f the body. P ec to ra l f in  h y a lin e . P e lv ic  f in s  
creamy w ith  orange f in  ray s .

H ab ita t : M y e r s in a  sp.A was found from Khang Khao Is la n d  a t s t a t io n  A,
and Sichang Is la n d  a t  s ta t io n  SMaRT, where i t  was muddy sand bottom ,



depths of 8-12 m. This sp ec ies  liv e d  a sso c ia te d  w ith  A lp h e u s  s p . l  
and another spec ies of unco llec ted  a lpheid  shrim ps. Only a s in g le  
specimen was observed in  each burrow. I t  was always hovering about 
5 cm above burrow e n tran ce .

S ize ะ Maximum len g th  examined 74.7 mm SL., 94.4 mm XL.

D is tr ib u tio n  ะ Gulf of Thailand

Remarks ะ M y e r s in a  sp.A i s  s im ila r  to  C r y p t o c e n t r u s  c r o c a t u s  

W ongratana, 1975 both the genera l body form and c o lo u ra tio n , bu t some 
c h a ra c te r  such as apperance o f canal pores and p a t te rn  o f sensory 
p a p il la e  on the head is  closed to  M y e r s in a  n i g r i v i r g a t a  A kih ito  & 
Meguro, 1983. Presumbly M y e r s in a  sp.A is  p o ss ib le  to  be c .  c r o c a t u s  

(which should be changed to  M y e r s in a  c r o c a t a ) . Because of the  o r ig in a l 
d e sc r ip tio n  of c .  c r o o a t u s  did  not give the c h a r a c te r is t ic s  of canal 
pores and sensory p a p i l la e .  Hence, these  undescribed c h a ra c te rs  
should be s tu d ied  in  th e  holotype of c .  c r o c a t u s  to confirm .
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c t e n o g o b io p s  p o r n a s t ic t u s  Lubbock e t  Polunin 

F igures 7C and 8C

C t e n o g o b io p s  p o r n a s t ic t u s  : Lubbock e t  P olunin , 1977 ะ 506
Yoshino and Senou, 1983 ะ 5
A kih ito , Hayashi and Yoshino, 1984 ะ 261
(P I. 244)

M eris tic  counts ะ D V I-I 11 ; A I ,  11 ; Pĵ  17 ; p^ I ,  5 ; LR 56 ;
TR 18 ; Pred. ร 0
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D escrip tion  ะ Head and body m oderately  compressed, body e long ate , 
I n te r o r b i ta l  space narrow. Mouth ra th e r  la rg e ,  lower jaw extending 
below cen te r o f eye. G ill opening ra th e r  w ide, extending forward 
below a p o in t s l ig h t ly  behind m argin of preoperculum . Sensory 
p a p il la e  on head poorly  developed (Fig.7C)

F i r s t  d o rsa l f in  as high as body depth , 2nd o r 3rd sp ine  
lo n g e s t. Anal f in  s l ig h t ly  s h o r te r  than second d o rsa l f i n ,  i t s  
o r ig in  a t a p o in t below 1st s o f t  ray o f second d o rsa l f i n .  Caudal 
f in  la n c e o la te  as long as head . P ec to ra l f in  rounded p o s te r io r ly ,  
reaching appoxim ately to p o s itio n  in  l in e  w ith  base of th i r d  s o f t -  
d o rsa l ray . P e lv ic  f in  u n ite d , frenum norm ally developed. Scales 
cyclo id  a n te r io r ly ,  c teno id  l a t e r a l l y  below th i r d  o r  fo u rth  do rsa l 
sp in e , in c re a s in g ly  c teno id  p o s te r io r ly .  Head and b e l ly  naked.

Colour in  l i f e  specimen, head and body p a le  brownish gray 
w ith  four s e r ie s  of brown sp o ts  ; upper most s e r ie s  from nape along 
d o rsa l body contour ; second from upper margin of p reo p e rc le , 
lowermost s e r ie s  running on the lower flan k  of body, c o n s is tin g  of 
nine small round brown sp o ts . Head w ith  th re e  n ea rly  h o riz o n ta l 
rows of brown sp o ts  ; uppermost c o n s is tin g  of th ree  sp o ts , arrange 
along upper margin of cheek and o p erc le  ; second from lower margin 
of eye to  upper end o f two sp o ts  on base of p a c to ra l f in  ; l a s t  
running p o s te r io r ly  from p o s te r io r  margin of upper jaw . A golden 
diagonal band on nape. Some golden specks on s id e  of head and b e l ly .  
Snout w ith  dark brown V-shaped m arking. P ec to ra l f in  h y a lin e  w ith  
a b r ig h t white sp o t. Dorsal f in s  h y a lin e  w ith  a yellow  median s t r ip e ,  
margin pa le  b lu e . P e lv ic  f in  membrane becoming dark along in n er 
ray s . Caudal f in  hya lin e  w ith  some pale  yellow  sp o ts  on b ase .
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H ab ita t ะ c t e n o g o b io p s  p o m a s t ic t u s  was found only from Khang Khao 
Is la n d , a t s t a t io n  B, a t  edge of coral zone, depths of 3-5 m w ith  the 
substratum  of course sand packed w ith  co ra l d e b r is . This sp ec ies was 
found a sso c ia te d  w ith  A lp 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 ,  I t  was 
u su a lly  observed sh arin g  the s h e l te r  burrow w ith  another one of the same 
sp ec ie s .lt was commonly found leav in g  i t s  burrow and moved to  the 
surrounding a rea  o r to  another burrow.

Size ะ Maximum len g th  examined 56 mm SL., 71.9 mm TL.

D is tr ib u tio n  ะ A u s tra l ia  (Great B a rr ie r  R eef), Japan, Thailand 
(Gulf of Thailand and Andaman S ea).

Remarks ะ c t e n o g o b io p s  p o m a s t ic t u s  can be e a s i ly  d is tin g u ish e d  from 
o ther gobies found in  th is  study by sensory p a p il la e  on the head which 
le s s  developed in  c t .  p o m a s t ic t u s

C r y p t o c e n t r u s  c a e r u le o m a c u la t u s  (Herre)

F igures 7D and 9A

M a rs  c a e r u le o - m a c u la t u s  : H erre, 1933 ะ 22
H erre, 1934 ะ 87

C r y p t o c e n t r u s  o c t o f a s c i a t u s  : Tomiyama, 1936 ะ 80-81

M a rs  c a e r u le o - m a c u la t u s  ะ Koumans, 1953 ะ 21
Yanagisawa 1978 ะ 278

C r y p t o c e n t r u s  o c t o f a s c i a t u s  : A k ih ito , Hayashi and Yoshino, 1984 :

257 (P I. 243)

M eric tic  counts ะ D V I-I, 10 ; A I ,  9 ; p^ 16 ; Pj I ,  5 ; LR 65 ; 
TR 20 ; Pred. ร 0
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D escrip tions ะ Head roundish , body e longate  and m oderately compressed. 
I n te r o b i ta l  space very narrow, snout ob tu se . Mouth ra th e r  la rg e  
s l ig h t ly  ob liqu e, m ax illa ry  extending p o s te r io r ly  to the p o s itio n  
n early  q u a rte r  way from eye to p re o p e rc le . G ill opening ra th e r  wide, 
extending to  a po in t below a n te r io r  p a r t of o p e rc le . Canal pore and 
sensory p a p il la e  on head f a i r l y  n o tic ea b le  developed (F ig . 7D) .

F i r s t  do rsa l f in  lower than body, 2nd o r 3rd spine lo n g e s t. 
Second dorsa l f in  as f i r s t  one. Anal f in  as h igh  as second do rsa l 
f in ,  rounded p o s te r io r ly ,  i t s  o r ig in  a t a p o in t below 2nd s o f t  ray 
of second do rsa l f i n .  Caudal f in  round, a l i t t l e  sh o rte r  than head. 
P ec to ra l f in  found p o s te r io r ly ,  n e a r ly  reaching  to  p o s itio n  in  l in e  
w ith  anus. P e lv ic  f in s  u n ite d , frenum norm ally developed.

Scales on the a n te r io r  h a lf  o f body sm all and cyclo id  becoming 
la rg e r  and c teno id  p o s te r io r ly .  Head naked.

Colour in  l i f e  specimen, body dusky o liv e  w ith 7 or 8 in d i s t in c t  
dark brown tra n sv e rse  bands. Reddish brown speckles on cheek and 
o p e rc le . Four dark sh o rt bars along the middle of body. Many sm all 
b lue spo ts on the body. F i r s t  d o rsa l f i n  p a r t i a l ly  yellow , on the 
b asa l h a lf  th ick  V erm illion  sp o ts , and on the d i s t a l  h a lf  a dusky 
lo n g itu d in a l band of the  same co lo u r. On the b asa l h a lf  of second 
dorsa l f in  pale  dusky V erm illion  spo ts w ith yellow  background, and 
along the upper q u a r te r  a band of the  same c o lo u r. Five dark brown 
b ar a l te rn a t in g  w ith  yellow  b a rs , in c lin e d  backward and downward, 
across anal f in .  Caudal f in  pa le  yellow  background with V erm illion  
sp o ts . P ec to ra l f in  se m i-tra n sp a re n t. P e lv ic  f i n  dusky w ith  four 
pa le  V erm illion  spo ts arranged lo n g itu d in a lly  across p e lv ic  d is e .



45

H ab ita t ะ Co o a e r u le o m a o u la t u s  was found a t Sichang and Khang Khao 
I s la n d s . I t  was presented  in  a l l  s t a t io n  excepted s t a t io n  D on 
Khang Khao Is la n d . I t  was found along the co ra l community of s ta t io n  
A and a t the edge of the co ra l zone o f s ta t io n s  B and c.  I t  was 
always found near co ra l heads where su b s tra te  was f in e  sand packed 
w ith  s h e ll  or co ra l fragm ents. At s t a t io n  SMaRT, i t  was found from 
in t e r t id a l  zone to s u b li to ra l  zone where substratum  was f in e  sand 
packed w ith  sh e ll fragm ent. The maximum depth a t which they occurred 
did not exceed 5m below low t id e  le v e l .  This sp ec ies  was found 
a s sc e ia te d  w ith A lp h e u s  d j i b o u t e n s i s  and A lp h e u s  sp .A . I t  was always 
found guarding the burrow en trance  and i t s  a c t iv i t é s  were observed 
to  occur near the burrow en tran ce .

S ize  ะ Maximum len g th  examined 52 mm SL., 67 mm TL.. 

D is tr ib u tio n  ะ P h ilip p in e s , Japan, Thailand

Remarks ะ C r y p t o a e n t r u s  o a e r u le o m a o u la t u s  can be e a s i ly  d is tin g u ish e d  
form o ther C r y p t o c e n t r u s  by co lo u ra tio n , no tab ly  numerous b lue  spots 
on head and body of c .  o a e r u le o m a o u la t u s .

C r y p t o c e n t r u s  s in g a p u r e n s i s  (Herre)

F igures 7E and 9B
S m ilo g o b iu s  s in g a p u r e n s i s  ะ H erre, i936 ะ 13

C r y p t o c e n t r u s  le p t o c e p h a lv s  ะ Smith, 1945 ะ 554

S m ilo g o b iu s  s in g a p u r e n s i s  : Kouman, 1953 ะ 26
Smith, 1959 ะ 188

C r y p t o c e n t r u s  le p t o o e p h a lu s  I Wongratana, 1975 ะ 8
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C r y p t o a e n t r u s  s in g a p v œ e n s is  ะ Yanagisawa, 1978 ะ 271
A kih ito , Hayashi and Yoshino, 1984 ะ 
258 (P I. 243)

M e ris tic  counts ะ DVI-I ; A I ,  10 ; 18 ; I ,  5 ; LR 75 ; TR 28 ;
P red . ร, 0 ; G ill  rak ers 4-5+9

D esc rip tio n  ะ Head round, body e lo n g a te . I n te r o r b i ta l  space very 
narrow , snout o b tu se . Mouth s l ig h t ly  ob liqu e , jaws subequal w ith 
lower jaw reaching to  a p o in t below the p o s te r io r  p a r t  of eyes . G ill 
opening ra th e r  w ide, extending  to  a p o in t below a n te r io r  p a r t  of 
o p e rc le . Canal pores and sensory p a p il la e  on head shown in  F ig . 7E.

F i r s t  d o rsa l f in  h igher th an  body, 3rd or 4th  spine lo n g e s t. 
Second dorsa l and an a l f in s  as high as body. Caudal f in  round and 
oblong, as long as head . P e c to ra l f in  rounded p o s te r io r ly ,  nearly  
reach ing  to a l in e  v e r t ic a l ly  through the o r ig in  of second do rsa l 
f in .  P e lv ic  frenum norm ally developed. S cales on body a l l  cy c lo id . 
Head naked. B elly  sc a ly .

Colour in  l i f e  specimen, body creamy w ith 7 or 8 redd ish  
brown tran sv e rse  bands running a l i t t l e  ob liqu e ly  dowmward and 
forw ard. Head and nape o rnated  w ith  red sp o ts , surrounding by 3-5 
small b lue  s p o ts .  Many sm all b lue  spots running along back. In  
m ale, do rsa l f in s  w ith  many red  spo ts e n c irc le d  w ith  b lue .lin e , and 
a red s t r ip e  along th e i r  d i s t a l  edges ; anal f in  dark blue or b lack  
w ith  a red lo n g itu d in a l s t r ip e  a t  the d i s t a l  p a r t .  P o s te r io r  p a r t  
of body, form dark b lue  o r b lack  band a t  anal f in .  In  fem ale, 
d o rsa l f in  w ith red  tra n sv e rse  s t r i p e s ,  p a r a l l e l  to  f in  ray s , and 
a red s t r ip e  along th e i r  d i s t a l  edges anal f in  creamy w ith red
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tra n sv e rse  s t r i p e s ,  the  d i s t a l  p a r t  w ith a yellow  long idud inal s tr ip e c  
C olouration  on d o rsa l f in  and anal f in  show remarkable d iffe re n c es  
between sex es. P ec to ra l f in  pale  creamy. P e lv ic  f in  pale  o live  -  
creamy w ith  red  lo n g itu d in a l s t r ip e s  c

H ab ita t ะ In  th is  study , C r y p t o e e n t r u s  s in g a p u r e n s i s  liv ed  a sso c ia ted  
w ith  A lp h e u s  d j i b o u t e n s i s  3 A . d i s t i n g u e n s i s 3 A lp h e u s  s p . l  and 
A lp h e u s  sp.A . At s t a t io n  SMaRT, they ty p ic a lly  occurred where f in e  
sand packed w ith  s h e l l  fragm ent, gravel on f in e  sand, and c o ra ll in e  
rock on f in e  sand. They were found from in t e r t id a l  zone to  3m below 
low t id e  le v e l .  At s t a t io n  A, th is  species was found l iv in g  w ith  
A .  d j i b o u t e n s i s  where the h a b ita t  was w ith lim estone rock on fin e  
sand a t  fo re - re e f  zone ( i n t e r t i d a l ) . At s ta t io n  B and c ,  th is  species 
was found l iv in g  w ith  A .  d j i b o u t e n s i s  in  course sand packed w ith  
co ra l d eb ris  a t  th e  edge of co ra l zone, 3-5 m deep. They were always 
seen guarding the burrow e n tran ce .

Size ะ Maximum le n g th  examined 86 mm SL., 110 mm TL.

D is tr ib u tio n  ะ S ingapore, Japan, Gulf of Thailand

Remarks ะ In  each burrow, besid es the shrim ps, only one C r y p t o e e n t r u s  

s in g a p u r e n s i s  was found and th e re  was no evidence th a t  th is  spec ies 
liv e d  in  p a i r .  C r y p t o e e n t r u s  s in g a p u r e n s i s  can be e a s ily  d is tin g u ish e d  
from o th e r C r y p t o e e n t r u s  by c o lo u ra tio n , notably red spots which 
su rrounding by sm all b lue  spots on head and nape of c .  s in g a p u r e n s i s .
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C r y p t o c e n t r u s  o y a n o t a e n ia  (B leeker)

F igures 7F and 9C

G o b iu s  o y a n o t a e n ia  ะ B leeker, 1853 ะ 475
Gunther, 1861 ะ 71

C r y p t o c e n t r u s  o y a n o t a e n ia  ะ Fowler, 1928 ะ 413

C r y p t o c e n t r u s  w e h r l e r i  ะ Fowler, 1937 ะ 256
Smith, 1945 ะ 552

C r y p t o c e n t r u s  o y a n o t a e n ia  ะ Koumans, 1953 ะ 32
Munro, 1967 ะ 497 
Wongratana, 1975 ะ 6

M eris tic  counts ะ D V I-I , 10 ; A I ,  10 ะ p^ 18 ; p^ X, 5 ; LR 86-105 ; 
TR 25-36 ; Pred. ร 32

D esc rip tio n  ะ Large e longate  C r y p t o c e n t r u s ,  head and body m oderately 
compressed. Mouth la rg e  and s l ig h t ly  o b liq u e , m ax illa ry  extending 
p o s te r io r ly  to p o s it io n  in  l in e  w ith  n e a rly  mid-way from eye to 
p re o p e rc le . I n te r o r b i ta l  space narrow . G ill  opening ra th e r  w ide, 
extending  forward v e n tra l ly  to  a p o in t below a n te r io r  m argin of 
o p e rc le . Canal pore and sensory p a p il la e  f a i r l y  developed. P o s te r io r  
o t i c  pore (G) absent (F ig. 7F).

F i r s t  d o rsa l f in  s l ig h t ly  h igher than  body, 3rd o r 4th  sp ine 
lo n g e s t. Second d o rsa l f in  s l ig h t ly  sh o rte r  th an  f i r s t .  Anal f in  
as high as second do rsa l f in ,  rounded p o s te r io r ly ,  i t s  o r ig in  a t  a 
p o in t below 2nd s o f t  ray of second do rsa l f i n .  Caudal f in  oblong 
and round. P ec to ra l f in  round p o s te r io r ly ,  reach ing  to  the p o s itio n
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in  l i n e  w ith  anus. P e lv ic  f in  ra th e r  long, reaching  anus ; p e lv ic  
f in s  u n ite d , frenum normally developed. Scales a l l  cy c lo id  and 
embedded. Head p a r t ia l ly  sc a led . B elly and abdomen naked.

Colour in  l i f e  specimen, th is  spec ies has many types of 
colour p a t te rn .  I t  can change i t s  colour very q u ick ly . In  th is  
s tu d y , th is  spec ies can be sepera ted  in to  2 main groups. F i r s t  is  
of normal colour p a tte rn  and second i s  of 3'e llow  colour p a t te r n .  In  
normal group, colour background greenish  yellow  w ith  s ix  unequel 
saddle  red-brown b lo tc h e s . Head w ith 7 oblique prom inent b lue  broken 
s t re a k s ,  upper l i p  w ith  many b lue  sp o ts . P re p e c to ra l reg io n  and 
g i l l  membrane a lso  sp o tted  w ith  b lu e . Membrane of f i r s t  d o rsa l f i n  
v e r t i c a l ly  barred  w ith  red and green but w ith  pink and yellow  in  
second do rsa l f i n .  Caudal w ith upper p o s te r io r  edge of f i n  y e llo w ish , 
lo n g itu d in a lly  a l te rn a t in g  w ith  v io le t  and b lue  l in e s  on membrane 
between ra y s . Anal f in  yellow , d i s ta l ly  w ith  4-5 v io le t  lo n g itu d in a l 
s t r i p e s .  Outer most darker and confined to  edge of f i n ,  each s t r ip e  
bordered above and below by a th in  blue s t re a k . P e lv ic  f in  dark 
v io le t  and f in e ly  do tted  w ith b lu e .

In  yellow  group, a l l  o f the body b r ig h t yellow  b u t w ith  b lue 
broken s tre a k s  on head and v io le t  lo n g itu d in a l s t r i p e s ,  which 
p resen ted  in  normal group, appeared to  red in  yellow  group.

In  some specimens th ere  are  twelve e q u id is ta n t  v e r t i c a l  th in  
b lue s tre a k s  on the body, which is  absent in  o th e r specim ens. The 
two groups can be fu r th e r  separa ted  in to  two sub-group, on the b a s is  
of the presence o r absence of these  b lue s t re a k s .  This phenomena i s  
the same as in  C r y p t o c e n t r u s  c i n c t u s .
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H ab ita t ะ C r y p t o a e n t r u s  c y a n o t a e n ia  was found only a t  Sichang Is lan d  
(S ta tio n  SliaRT) on in te r t id a l  and s u b l i t to r a l  zone, depths of 3m, 
w ith  substratum  of f in e  sand covered w ith  g ra v e l. This sp ec ies  was 
found a sso c ia te d  w ith  A lp h e u s  r a p a c i d a land A . b e l l u l u s .  They were 
always seen guarding the burrow en tran ce  and never move fo r  a long 
time f a r  from the burrow.

Size ะ Maximum len g th  examined 96 mm SL., 123.5 mm TL.

D is tr ib u tio n  ะ Gulf of Thailand, Java, West New Guinea, E ast In d ie s

Remarks ะ C r y p t o c e n t r u s  c y a n o t a e n ia  can be e a s i ly  d is tn g u ish ed  form o th e r 
C r y p t o c e n t r u s  by co lo u ra tio n , no tab ly  7 oblique b lue broken s tre a k s  on 
head of c .  c y a n o t a e n ia .

S m i lo g o b iu s  c i n c t u s  : H erre, 1936 ะ 12

C r y p t o c e n t r u s  c i n c t u s  : A kih ito , Hayashi aand Yoshino, 1984 : 257

(PI. 243)

C r y p t o c e n t r u s  f l a t u s  : A kih ito , Hayashi and Yoshino, 1984 ะ 258
(P I. 243)

M eris tic  counts ะ DVI-I, 10 ; A I , 9 ; p^ 17 ; p^ I , 5 ; LR 75-78 ;
TR 26-29 ; Pred. ร 0

D esc rip tio n  ะ Head round, body e longate  and m oderately compressed. 
I n te r o r b i ta l  space very narrow, snout ob tu se . Mouth la rg e , m ax illa ry  
extending p o s te r io r ly  to the p o s itio n  h a lf  way from eye to p re o p e ra c le .
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G ill opening ra th e r  w ide, extending to  a po in t below a n te r io r  p a r t  
of o p e rc le . Canal pore and sensory p a p il la e  f a i r l y  developed. 
P o s te r io r  o t ic  pore (G) absent (F ig . 7G).

F i r s t  do rsa l f in  h igher than  body, 3rd o r 4 th  sp ine  longest»  
Second d o rsa l f in  s l ig h t ly  sh o r te r  than  f i r s t ,  ana l f i n  s h o r te r  than 
second d o rsa l f in ,  i t s  o r ig in  a t  a p o in t below 2nd s o f t  ray of second 
d o rsa l f i n .  Caudal f in  round, sh o r te r  than head. P e c to ra l f i n  round 
p o s te r io r ly ,  reac ing  a v e r t ic a l  l in e  a t  o r ig in  of second d o rsa l f in .  
P e lv ic  f in  ra th e r  long, reaching  nearly  anus ; p e lv ic  f in s  u n ite d , 
frenum norm ally developed.

Scales on body a l l  cy c lo id . Head naked, the median p a r t  of 
nape, p e c to ra l base w ith  s c a le s . Thorax and b e lly  sc a ly .

Colour in  l i f e  specimen, body and head dark brown, cheek p a le . 
Head and a n te r io r  p a r t  of body w ith many sm all b r ig h t  b lue  sp o ts .
F i r s t  d o rsa l f in  reddish  brown w ith  many l i g h t  b lue  s p o ts , a t  d i s t a l  
p a r t .  Spots arranged on z ic -z ac  narrow w hite s t r e a k s .  Second d o rsa l 
f i n  brown, darker a t  base , margin yellow ; many b lue  spo ts on b a sa l 
h a lf  and arrange to  l i g h t  blue tra n sv e rse  s t r ip e s  on the d i s t a l  ha lf»  
Caudal h y a lin e , connecting membrane yellow a l te r n a t in g  w ith  V erm illion  
lo n g itu d in a l s t r i p e s .  Anal f in  dark brown, f i n  rays w ith  b r ig h t  b lue 
s tre a k s  and spots near base . P ec to ra l f in  h y a lin e  w ith  many l ig h t  
blue sp o ts . P e lv ic  f in  dark brown w ith  numerous tin y  b lue sp o ts .

In  th is  study , th ree  types of colour p a t te rn  in  C r y p t o c e n t r u s  

o in c t u s  were found. From e a r l i e r  study of Nakaone & M anthachitra  
(1986), they were named as, 'A ',  ' c '  and 'F ' .  'A* was normal type
which was described  e a r l i e r  ’ c '  was yellow ty pe , which a l l  of the
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body was b r ig h t yellow  w ith b r ig th  blue spo ts on head, body and f in s  
s im ila r  to the f i r s t  one. 'F ' was yellow ish  brown colour background w ith  
3-4 dark brown unequal bands. Furtherm ore, each type could be 
sepera ted  in to  two groups. F i r s t ,  the  body w ith  10-12 e q u id is ta n t  
v e r t ic a l  th in  b lue s t re a k s .  Second, w ithout v e r t ic a l  s t re a k s .  The 
yellow  colour p a tte rn  and v e r t ic a l  s tre a k s  same as in  c .  c y a n o t a e n ia

H a b ita t ะ C r y p t o c e n t r u s  c i n c t u s  was found a t  Khang Khao and Sichang 
I s la n d s . I t  was found on the sandy bottom surrounding the  c o ra l zone 
where the substratum  was course sand packed w ith  co ra l and s h e l l  
fragm ent, w ith  the depth of 3-6 m. This spec ies was found a sso c ia te d  
w ith  A lp h u s  b e l l u l u S j  c .  c i n c t u s  was always seen liv in g  in  p a ir  
and a lso  w ith  p a ir  o f A . b e l t u l u s . P a irs  w ith  d i f f e r e n t  co lou r p a t te rn  
were u su a lly  found. They always guard the burrow en trance  and th e i r  
a c t i v i t i e s  occured around the  burrow.

S ize  ะ Maximum len g th  examined 61 nun SL., 77mmTL.

D is tr ib u tio n  ะ S ingapore, Japan, Gulf of Thailand

Remarks ะ C r y p t o c e n t r u s  c i n c t u s  can be e a s ily  d is tin g u ish e d  from o th er 
C r y p t o c e n t r u s  by c o lo u ra tio n , no tab ly  many blue spo ts on head of 
c .  c i n c t u s .

C r y p t o c e n t r u s  s p . l  

F igures 7H and 10B

M eris tic  counts : D V I-I, 10 ; A I ,  9-10 ; P- 18 ; p^ I ,  5 ; LR 75-80 ;
TR 32-35 ; P red . ร 35
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D escrip tio n  ะ Big head w ith e longate  body and m oderately compressed. 
I n te r o r b i ta l  space very narrow, snout ob tu se . Mouth la rg e ,  m ax illa ry  
reaching  to  p o s itio n  in  l in e  w ith  nearly  h a lf  way from eye to  p re o p e rc le . 
G ill opening ra th e r  wide, extending to  a p o in t below p reoperc le  ang le . 
Canal pore and sensory p a p illa e  le s s  developed. P o s te r io r  o t ic  (G), 
p o s te r io r  ocu lo scapu lar (K* & L ')  and peopercu lar pore reduced, absent 
o r p re sen t b u t very sm all (F ig . 7H).

F i r s t  d o rsa l f in  as high as body, 2nd or 3rd sp ine  lo n g e s t. 
Second dorsa l f in  as f i r s t .  Anal f in  sh o rte r  th an  second d o rsa l f in ,  
i t s  o r ig in  a t  a p o in t below 2nd s o f t  ray o f second d o rsa l f i n .  Caudal 
f in  round, s l ig h t ly  sh o rte r  than  head. P ec to ra l f in  round p o s te r io r ly ,  
reach ing  a l in e  v e r t ic a l ly  midway from 6th ray of f i r s t  d o rsa l f in  to  
o r ig in  of second d o rsa l f in ,  p e lv ic  f in  ra th e r  long , reach ing  nearly  
to  anus ; f in s  u n ite d , frenum norm ally developed.

Scale on body a l l  e y c lo id . Head p a r t i a l l y  s c a ly , embedded. 
Thorax and b e l ly  sc a ly .

Colour in  l i f e  specimen, head and body creamy w ith  7 unequal 
and somewhat oblique brown bands ; f i r s t  running oblique from upper 
p a r t  o f operc le  to  o r ig in  of f i r s t  dorsa l f in  ; second below 3rd to 
5 th  ray of f i r s t  d o rsa l f in  ; th i r d  i s  s h o r t ,  below 6th ray  o f f i r s t  
d o rsa l f in  to  o r ig in  of second d o rsa l f in  ; fouth below 2nd to  5th 
s o f t  ray o f second d rosa l f in  ; f i f t h  sh o r t , below 7th to  8th s o f t  
ray of second do rsa l f in  ; s ix th  oblique running a n te r io r ly  downward 
and fuse  w ith  f i f t h  band, to  form V shaped band ; l a s t  on caudal 
peduncle. Head and a n te r io r  p a r t  o f body w ith  many broken tin y  yellow  
l i n e s .  F i r s t  do rsa l f in  l i g h t  brown with blue l i n e s .  Second d o rsa l
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f in  brown w ith many lo n g itu d in a l yellow  wavy l in e s ,  upper m argin 
c o lo u rle s s . Caudal f in  brown, membrane w ith  lo n g itu d in a l blue 
a l te rn a t in g  w ith  yellow  s t re a k s . Anal f in  brown, w ith lo n g itu d in a l 
b lue  a l te rn a t in g  w ith  V erm illion  s t re a k s . P ec to ra l hya line  a t  
middle p a r t .  P e lv ic  f in  brown w ith  many yellow  and blue sp o ts .

Two o th e r co lour p a tte rn s  o f th is  sp ec ies were found in  th is  
study . F i r s t  w ith  very dark brown body and head (alm ost b la c k ) .
The o ther yellow  throughout the head and body bu t the spcimen ra re ly  
found.

H ab ita t ะ C r y p t o c e n t r a s  s p .1 was found a t Khang Khao and Sichang 
Is la n d . I t  was most abundant a t  s t a t io n  B on Khang Khao Is la n d , a t  
the sandy bottom surrounding co ra l zone, depths of 5-8 m below low 
tid e  le v e l .  The substratum  was course sand packed w ith  co ra l and ' 
s h e l l  fragm ents. This sp ec ies found a sso c ia te d  w ith  A lp h e u s  b e l l u l u s  

and A lp h e u s  s p . l .  I t  was u su a lly  seen s in g ly  bu t sometimes occurred  
in  p a i r s .  I t  always guarded the  burrow en tran ce  and i t s  a c t iv i t i e s  
were confined to  th e  a rea  around the burrow e n tra n c e .

S ize ะ Maximum le n g th  examined 93 mm SL., 114mm TL.

D is tr ib u tio n  : Thailand

Remarks ะ C r y p t o c e n t r u s  s p . l  i s  s im ila r  to  c .  f a s c i a t u s  (P la y fa ir ,  
1866). I t  can be d is tin g u ish e d  from c .  f a s c i a t u s  by c o lo u ra tio n , 
notab ly  the p o s it io n  o f bands on the body, and development of sensory 
p a p il la e  on head in  which C r y p t o c e n t r u s  s p . l  i s  le s s  develop than
c .  f a s c i a t u s
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C r y p t o  o e n tr 'u s  sp . 2 

F igures 71 and IOC

M eris tic  counts ะ D V I-I, 10 ; A I ,  9 ; p^ 17 ; โ 2  15 ; LR 75-85 ;
TR 23-25 ; P red. ร 0

D esc rip tio n  ะ Head round, body e lo n g a te , m oderately compressed. 
I n te r o r b i ta l  space very narrow, snout ob tu se . Mouth la rg e , m ax illa ry  
reach ing  to  p o s itio n  in  l in e  w ith  n ea rly  h a lf  way from eye to 
p reo p e rc le . G ill opening ra th e r  w ide, extending p o s te r io r ly  to  a 
p o in t below p o s te r io r  p a r t  of p reo p e rc le . Canal pore and sensory 
p a p il la e  f a i r l y  developed (Fig 71).

F i r s t  d o rsa l f in  as high as body, f i r s t  sp ine  lo n g e s t .  Second 
dorsa l f in  s l ig h t ly  sh o rte r  than f i r s t .  Anal f i n  s l ig h t ly  sh ro te r  
than  second do rsa l f in ,  i t s  o r ig in  a t  a p o in t below midway between 
1st and 2nd s o f t  ray o f second d o rsa l f in .  Caudal f in  round, s l ig h t ly  
s h o r te r  than head. P ec to ra l f in  round p o s te r io r ly ,  reach ing  i n  l in e  
w ith  o r ig in  o f second dorsa l f in .  P e lv ic  f in  long , reach ing  to  g e n ita l  
p a p il la e  ; f in s  u n ite d , frenum norm ally developed. Scales on body a l l  
c y c lo id . Head naked. Thorax and b e lly  sc a ly , embedded.

Colour in  l i f e  specimen, head and body l ig h t  brown w ith te n  
patchy brown bands, darker on do rsa l and p a le r  on v e n tr a l .  S ix  to  
e ig h t sh o rt dark brown bars along middle of body. Head w ith  many 
l i g h t  b lue  spo ts and th ree  h o riz o n ta l rows of prominent dark brown 
lo n g i t id in a l  sp o ts  ; upper most co n s is tin g  of 4-5 sp o ts , arranged 
along upper margin of cheek and op erc le  ; second w ith  2-3 sp o ts
running p o s te r io r ly  from middle of ch eek  t o  m id d iè  o f



o p erc le  ; l a s t  on p o s te r io r  p a r t  of mouth. P ec to ra l f in  h y a lin e , 
w ith  a dark brown lo n g itu d in a l spo t a t  b ase . F i r s t  d o rsa l f in  
h y a lin e  w ith  th ree  board dark band running across f in  ray . Second 
d o rsa l f in  h y a lin e  w ith  brown s tre a k s  on each f in  ray . Caudal f in  
h y a lin e , membrane w ith  lo n g itu d in a l yellow  s tre a k s  a l te rn a t in g  w ith 
V erm illion . Anal f in  dark brown. P elv ic  f in  w ith  sandwich tra n sv e rse  
band of V erm illion  (middle) and b lue  a l te rn a t in g  w ith yellow  bands.
Yellow colour p a t te rn  a lso  found fo r  th is  sp e c ie s . A specimen of 
the yellow  form was caught and a f t e r  kep t in  aqurium fo r  3-4 hou rs, 
i t s  co lour changed to  the normal colour p a t te rn .  That specimen was 
a fem ale.

H ab ita t ะ C r y p t o o e n t r u s  sp .2  was found a t Khang K hao(sta tions A and 
B) and Sichang Is la n d s , a t  the a rea  sunounding co ra l zone, depth of 
3-10m. Substratum  of the a rea  closed to co ra l zone co n sis ted  of 
course sand packed w ith  co ra l fragm ent, whereas the a rea  a t  the 
depths o f 8-10m co n sis ted  of muddy sand. This species l iv e  a sso c ia te d  
w ith  A lp h e u s  s p . l ,  A .  b e l l u l u s  and an u n co llec ted  sp e c ie s . I t  was 
found s in g ly  and always seen guarding the  burrow en tran ce .

Size ะ Maximum len g th  examined 68 mm SL., 85 mm TL.

D is tr ib u tio n  ะ Gulf of Thailand, Japan (Yoshino p e r. comm.)

Remarks ะ C r y p t o o e n t r u s  sp .2  i s  s im ila r  to  c .  c in o t u s  (H erre, 1936),
I t  can be d is tin g u ish e d  from c .  c i n o t u s  by c o lo u ra tio n . In  C r y p to o e n tr u s  

sp .2 , co lou r background i s  creamy w ith  many i r r e g u la r  marking on the 
body b u t in  c .  o in o tu S j  colour background is  uniform ly redd ish  brown.

56
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A n i b l y e l e o t r i s  s p. l  

F igures 7J and 11A

M eris tic  counts ะ D V I-I , 13 ; A I ,  14 ; p^ 18 ; I ,  5 ; LR 82-85 ; 
TR 24 ; Pred. ร 0

Desc r ip tio n  ะ Head round, body e lo n g a te , compressed. I n te r o r b i ta l  
space very narrow, snout o b tu se . Mouth o b liq u e , jaw nearly  equal, 
lower jaw reaching a p o in t below p o s te r io r  p a r t  o f p u p il .  G ill 
opening very wide, extending a n te r io r ly  to  a p o in t below h a lf  way 
between the p o s te r io r  margin o f eye and m argin of p reo p e rc le . Canal 
pores and sensory p a p il la e  on head f a i r ly  developed (F ig . 7 J ) .

F i r s t  d o rsa l f in  as high as body, 4 th  sp ine lo n g e s t. Second 
do rsa l f i n  s l ig h t ly  sh o rte r  than  f i r s t .  Anal f in  as h igh  as second 
do rsa l f in ,  i t s  o r ig in  a t a p o in t below 2nd s o f t  ray of second dorsa l 
sp in e . Candal f in  oblong, s l ig h t ly  longer th an  head . In  m ale, caudal 
f in  la n c e o la te  bu t po in ted  in  fem ale. P ec to ra l f in  ra th e r  pointed  
p o s te r io r ly ,  reach ing  to  a p o in t below o r ig in  of f i r s t  d o rsa l f in .  
P e c to ra l f in  se p e ra te d , connecting  membrane p re se n t a t  base , frenum 
ab sen t.

Scales on a n te r io r  p a r t  of body sm all, cy c lo id , la rg e r  and 
cteno id  p o s te r io r ly .  Head and b e lly  naked.

Colour in  l i f e  specimen, head and body creamy, back o liv e  
creamy, w ith  s ix  tra n sv e rse  orange band bordered by golden l in e s .  
In te r-b an d in g  space w ith  tra n sv e rse  golden l i n e s ,  on m idline w ith 
upside-down golden t r ia n g le ,  w ith  broken golden l in e  connected 
between each s id e  of t r ia n g le  base to upper p a r t of the band a t th a t
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s id e , a t  h a lf  of connecting l in e  w ith  en la rg e  golden spots ; on upper 
q u a rte r  of in te r-b an d in g  l in e  a lso  w ith  en large  golden sp o ts . Head 
w ith  many t in y  yellow  and b lue  sp o ts , lo n g itu d in a l orange brown spot 
above p o s te r io r  p a r t of m ax illa ry . B ', c and D pore w ith  red d ish - 
orange. Upper p a rt of p o s te r io r  o f eye dark brown w ith  sh o rt dark 
brown b ar ; do rsa l golden l in e  running from middle p a r t  o f upper 
margin of cheek to midway from eye to  f i r s t  d o rsa l f in .  A ll f in s  
yellow . In te rsp in o u s membranes of f i r s t ,  second d o rsa l f in s  and upper 
p a r t of candal f in  w ith  numerous sm all pa le  yellow  c i r c l e  cen tered  
w ith  orange d o ts . Upper margin o f f i r s t  d o rsa l f in  w ith  b lue  and 
p in k ish -red  s t re a k s .  Upper m argin of second d o rsa l f in  w ith p in k ish - 
red sp o ts  on lo n g itu d in a l wavy b lue  s t re a k s . Caudal f in  ; upper 
margin w ith some p a tte rn  sem ilar to  second do rsa l f i n  b u t arranged 
lo n g itu d in a lly  ; h a lf  way to  upper margin w ith  dark lo n g itu d in a l blue 
spo ts ; lower h a lf  of lower margin w ith lo n g itu d in a l p in k ish -re d  
sp o ts  c irc le d  w ith  g rey -b lue  l i n e .  Anal f in ,  lower margin w ith  
lo n g itu d in a l sandwich o f board orange (middle) and th in  g rey ish -b lu e  
s t r e a k s .

H ab ita t ะ A r n b ly e l e o t r i s  s p . l  was found only a t  Khang Khao Is la n d  
(S ta tio n s  B & c ) , could be considered  as a ra re  sp ec ies  of th is  a rea . 
I t  was found on sandy bottom surrounding co ra l zone, where i t  was 
course sand packed w ith  coral fragm ents. This sp ec ies was found 
a sso c ia te d  w ith A lp h e u s  b e l l u l u s .  Behaviour c lo se ly  resem bled th a t 
of A. j o n t a n e s i i  and A . g y m n o c e p h a la .

Size ะ Maximum len g th  examined 72 mm SL., 99 mm TL,

Remarks ะ A m o l y e l e o t r i s  s p . l  i s  s im ila r  to  A . l a t i f a s a i a t a  Polunin
& Lubbock, 1979. I t  can be d is tin g u ish e d  from A. l a t i f a s c i a t a  by



59

the  number o f s o f t  anal rays which are 13 in  A . l a l i f a s o i a t a  w hile 
14 in  A m b l y e l e o t r i s  s p . l  and by c o lo u ra tio n , notab ly  the golden 
marking between each band on the body in  A m b ly e le o t r i s  s p . l  bu t absent
in  A .  l a t i f a s o i a t a

This sp ec ies was f i r s t  c o lle c te d  from Chuang Is la n d , S a tta h ip , 
fu r th e r  down on the  e a s te rn  p a r t o f the Gulf of Thailand and a f t e r  
a lso  found a t  Sak, Lan, Phai and Manwichai Is lan d s which i s  c lo se r  
to  Sichang Is la n d  as w e ll.

A m b ly e le o t r i s  f o n t a n e s i i  (B leeker) ร

Figures 7K and 11B

G o b iu s  f o n t a n e s i i  ะ B leeker, 1852 ะ 764
Gunther, 1861 ะ 74

C r y p o t o e n t r u s  f o n t a n e s i i  ะ H erre, 1927 ะ 242

B i a t  lu z o n ic u s  ะ H erre , 1927 ะ 246

C r y p t o o e n t r u s  f o n t a n e s i i  : Koumans, 1953 ะ 89
Wongratana, 1975 ะ 10

M eris tic  counts ะ D V I-I, 15 ; A I ,  16 ; p^ 19 ; โ,2  5 » LR 110 ;
TR 31 ; P red . 5 23

D esc rip tio n  ะ Larger s iz e  among o th e r sp ec ies of A m b l y e l e o t r i s t w ith  
e longated  body, snout b lu n t. I n te r o r b i ta l  narrow, mouth m oderately 
la rg e  and s l ig h t ly  ob liqu e, m axillary  extending forward v e n tr a l ly  to 
p o s it io n  h a lf  way between eye and p o s te r io r  margin of p re o p e rc le .
Canal pore and sensory p a p illa e  .shown in  F ig , 7K.
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F i r s t  d o rsa l f in  as high as body, 3rd o r 4th sp ine lo n g e s t. 
Second do rsa l f in  and anal f in  equally  h igh, sh o rte r  than  f i r s t  
d o rsa l f i n .  O rig in  of anal f in  a t  a po in t below 1st s o f t  ray of 2nd 
do rsa l f in .  Candal f in  round and oblong, as long as head. P ec to ra l 
f in  round p o s te r io r ly ,  reaching to th e  p o s itio n  between 6th spine of 
f i r s t  do rsa l f in  and o r ig in  o f second dorsa l f in .  P e lv ic  f in  long, 
reach ing  a n te r io r  o f anal f in  ; p e lv ic  f in s  u n ite d , frenum norm ally 
developed. Scales cyc lo id  a n te r io r ly ,  becoming ctenoid  p o s te r io r ly  
w ith  la rg e r  s iz e .  A n te rio r  sc a le s  on upper p a r t  of body embedded.

Colour in  l i f e  specimen, head and body l ig h t  brown w ith f i r e  
dark brown tra n sv e rse  bands. In  the space between each band, w ith  
th re e  b r ig h t yellow  s t r ip e s  running across the  body. Snout da rk er; 
head w ith  s c a tte re d  sm all b r ig h t yellow  sp o ts . In  some specimens, 
ch in  w ith  a small b lack  spot on each s id e . F i r s t  do rsa l f in  dusky 
w ith  a la rg e  b lack  mark on middle of f in ,  surrounded w ith  b r ig h t 
yellow  s t r ip e d , margin orange. Second dorsa l f i n  redd ish  brown, 
s c a tte re d  w ith  orange sp o ts ; margin with b r ig h t b lue  and dark red d ish  
brown s t r ip e s .  Caudal f in  pa le  yellow  or orange, upper margin and 
lower margin w ith  sandwich of two b r ig h t blue and an orange s t r i p e s .  
Anal f in  pa le  yellow  w ith  sandwich of th ree  b r ig h t blue and two 
red d ish  brown s t r ip e s  a t  lower m argin. P e lv ic  f in  dark , membrane 
dark b lue  and f in  rays red d ish  brown. P ec to ra l f in  c o lo u rle s s .

H ab ita t ะ A m b l y e l e o t r i s  f o n t a n e s i i  was found only a t  Khang Khao 
Is la n d  (S ta tio n  A) where i t  was muddy sand bottom, depth of 8-12 m. 
This spec ies was found a sso c ia te d  w ith  A lp h e n s  s p . l .  Only s in g le  
f is h  observed in  each burrow. I t  u su a lly  guarded burrow en tran ce  or 
moved to  ad jacen t burrows fo r a few minutes then moved back.
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Size ะ Maximum len g th  examined 127 mm SL., 163 mm TL.

D is tr ib u tio n  ะ P h ilip p in e s , Obimajor, Ambon, C elebes, Java, Sumatra, 
Japan and Gulf of Thailand.

Remarks ะ A r r ib ly e le o tv i s  f o n t a n e s i i  can be e a s i ly  d is tin g u ish e d  from 
o ther A r r ib ly e le o tv is  by so lf  d o rsa l f in  rays and c o lo u ra tio n , notably 
b lack marking on f i r s t  dorsa l f in  of A . f o n t a n e s i i

A r r ib ly e le o tv i s  g y m n o c e p h a la  (B leeker)

F igures 7L and l i e

G o b iu s  g y m n o c e p h a lu s  ะ B leeker, 1853 ะ 473
Gunther, 1861 ะ 792 
Day, 1889 ะ 249

C v y p to o e n tv u s  g y m n o c e p h a lu s  : Smith, 1932 ะ 82
Smith, 1945 ะ 555 
Koumans, 1953 ะ 92 
Fowler, 1982 ะ 1306 
Wongratana, 1975 ะ 11

M eris tic  counts ะ D V I-I, 18 ; A I ,  18 (19) ; p^ 15 ; I ,  5 ;
LR 118, TR 35 ; P red . ร 0

D escrip tion  ะ Large e longate  A r r ib ly e le o tv i s 3 head and body m oderately 
compressed. Mouth ra th e r  la rg e , gape o b liq u e , m ax illa ry  extending 
p o s te r io r ly  to th e  p o s itio n  in  l i n e  w ith  m iddle of eye. I n te r o r b i ta l  
space narrow. G ill opening m oderately wide, extending forward 
v e n tra l ly  to p o s itio n  h a lf  way between eye and p o s te r io r  m argin of
p reo p e rc le . Canal pore and sensory p a p il la e  shown in  F ig . 7L.
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F ir s t  dorsa l f in  as high as body, 5 th  do rsa l sp ine  lo n g e s t. 
Second do rsa l f in  as high as f i r s t .  Anal f in  s l ig h t ly  s h o r te r  than  
second d o rsa l f in ,  i t s  o r ig in  a t a po in t below 2nd s o f t  ray o f second 
d o rsa l f in .

Candal f in  oblong and po in ted . P ec to ra l f in  round p o s te r io r ly ,  
reaching to  p o s itio n  between 6 th  spine of f i r s t  d o rsa l f i n  and 
o r ig in  of second do rsa l f in .  P e lv ic  f in  ra th e r  long , reach ing  to  
g e n ita l  p a p il la e  ; pe lv ic  f in s  u n ited , frenum norm ally developed.

Scales cyclo id  a n te r io r ly ,  c tenoid  p o s te r io r ly  w ith  la rg e r  
s i z e .  Head p a r t i a l ly  sca led , bu t sca les  p a r t ly  embedded.

Colour in  l i f e  specimen, head and body o liv e  creamy w ith  f iv e  
dark red d ish  brown bands. In te rsp a ce  between 2nd-3rd^-4th and 5th 
bands w ith sh o rt dark s t r ip e s  running from back to upper q u a r te r  of 
the body. A n terio r p a r t of upper l i p  w ith th in  red d ish  brown s t r ip e s .  
Chin red d ish  brown. G ill membrane orange. A prom inent lo n g itu d in a l 
dark brown p o sto cu la r band along the supraopercu lar groove. Double 
l in e s  of b lue  and orange (blue lower) running from mid p o s te r io r  
edge o f eye to o r ig in  of f i r s t  d o rsa l f in .  F i r s t  d o rsa l f i n  creamy, 
margin w ith  redd ish  brown. Second do rsa l f in  creamy, m argin w ith  
double s t r ip e s  of blue (inner) and reddish  brown (o u te r) . Caudal f in  
creamy, upper margin w ith  redd ish  brown l in e ,  connecting  membrame of 
lower p a r t  blue a lte rn a te d  w ith  redd ish  brown. Upper h a lf  of anal 
f in  creamy, th ree  lo n g itu d in a l s t r ip e s  of blue red d ish  brown and 
b lack  running through middle of f in  ; ou ter h a lf  tr a n s p a re n t.  P e lv ic  
f in  dark . P ec to ra l f in  dusky.

H ab ita t ะ A m b ly e le o t r i s  g y rrm o ce p h a la  was found a t  Sichang and Khang
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Khao Is lan d s on the sandy bottom somewhat away from co ra l zone, w ith  
the  depth o f 6-10m. At Sichang Is la n d , s t a t io n  SMaRT, the substratum  
was muddy sand whereas a t s ta t io n  B on Khang Khao Is la n d  was course 
and packed w ith  co ra l and s h e ll  fragm ents. This sp ec ies was found 
a sso c ia te d  w ith  A lp h e u s  b e l l u l u s  and A lp h e u s  s p . l  Behaviour c lo se ly  
resembled A .  f o n t a n e s i i .

Size ะ Maximum leng th  examined 105 mm SL., 139 mm TL.

D is tr ib u tio n  ะ ‘ Hong Kong, Java, Burma, Madras and Gulf o f T hailand ,

Remarks ะ C o lo ra tio n  of th is  sp ec ies v a r ie d . Some specimens c o lle c te d  
from depths of 25m, found to  have the whole body dark red d ish  brown 
w ithou t v i s ib le  marking. However a f t e r  kep t in  aquarium fo r  th ree  
days, the co lour changed to  normal.

1.2 The g o b ie s-asso c ia ted  a lpheid  shrimps

In  th is  study , the a lp h e id  shrimps l iv in g  in  a s s o c ia tio n  
w ith  gob iid  f ish e s  were c o lle c te d  from Khang Khao and Sichang I s la n d s .
S ix sp ec ies of a lp h e id  shrimps belonging to the B re v iro tr is  Group 
of the  genus A lp h e u s  F ab ric iu s  were c o lle c te d  in  th is  s tu d y . However, 
one sp ec ies  was found bu t specimen could not be c o lle c te d . L is t  of 
the a lpheid  shrimps l iv in g  in  a s so c ia tio n  w ith the  gob iid  f ish e s  
found in  th is  study i s  shown in  Table 2.

A r t i f i c i a l  key to spec ies of a lphe id  shrimps a s so c ia te d  
w ith  gobies found in  th is  study .

la  Large chela  w ith  tra n sv e rse  groove behind d a c ty lu s .................... 2
lb Large chela  w ithout tra n sv e rse  groove behind dac ty lu s A lp h e u s  s p . l
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2a Rostrum Carina extending p o s te r io r ly  to  m id-dorsal c a ra p a c e ..3
2b Rostrum Carina extending p o s te r io r ly  to base of o r b i t a l  hood.4
3a Carapace and abdomen w ith tra n sv e rse  band. In  m ale, small

chela i s  sub-balaenicap  shape.......................... A lp h e n s  r a p a o id a  ?
3b Carapace and abdomen w ithout trn a sv e rse  band, abdomen w ith

lo n g itu d in a l s t re a k s . In  m ale, sm all chela  i s  tru e  ba laen icep
shape............................................... . 'A lp h e u s  d i s t i n g u e n s u s

4a Carapace and abdomen w ith  tra n sv e rse  bands............... . . . . . . . . 5
4b Carapace and abdomen w ithou t tra n sv e rse  band b u t s c a tte re d

numerously w ith spots of various shape..................A lp h e u s  sp.A
5a Band colour o liv e  g re e n . . . . . . . . . . . .  c . . . A l p h e u s  d j i b o u t e n s i s
5b Band colour brownish p u rp le .................................A lp h e u s  b e l l u l u s

A lp h e u s  s p . l

F igures 18A-C and 19A

D escrip tion  ะ Rostrum acute reaching  near end of f i r s t  an tennu lar 
a r t i c l e .  R o stra l Carina extending p o s te r io r ly  to  m id-dorsal carapace. 
O rb ito ro s tra l  grooves m oderately deep. F i r s t  and th ird  a n ten u la r a 
a r t i c l e s  sub-equal, second a r t i c l e  2 .8  tim es as long as board , 
s ty lo c e r i te  acu te , reaching n e a rly  end of f i r s t  a n te n n la r  a r t i c l e .  
S capocerite  w ith  stong l a t e r a l  sp in e , reaching  beyond an ten n u les . 
C arpocerite  reaching  t i p  of an ten u la r peduncle.

Large chela  w ithout tra n sv e rse  groove behind d a c ty lu s . Small 
chela  n early  equal f in g e rs , normal shaped in  m ale.

Carpal a r t i c le s  of second periopod w ith  r a t io  ; 10 ะ 10 : 4
ะ 4 ะ 6 .5



F i g .  12 I m p o r t a n t  c h a r a c t e r i s t i c s  o f  some s p e c i e s  o f  a l p n e i d
shrim ps.B ars in d ic a te d  10 mm .
A, B, c Large ch e la , sm all chela  and second le g  o f A lp h e u s  sp l 
D, E, F, G do rsa l view, l a t e r a l  veiw of carapace , la rg e  chela

H, I ,  J 

K, L, M 

N, 0 ,  p  

Q, R, ร

and sm all chela  o f A lp h e u s  r a p a c id a  ? 
Large c h e la , sm all chela  and second le g  of
A lp h e u s  d i s t i n g u e n s u s

Large ch e la , sm all chela  and second le g  of 
A lp h e u s  sp.JL
Large c h e la , sm all chela and second le g  of 
A lp h e u s  d j i b o u t e n s i s
Large ch e la , sm all chela and second le g  of 
A lp h e u s  b e l l u l u s
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F ig . ท A.
b .

c.

A lp h e u s

A lp h e u s

A lp h e u s

s p . l  fem ale, 12 mm 
d i s t i n g u s n s u s 3 male, 
sp.A, male, 11 mm CL

CL.
17.5 mm CL
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F i g .  14 P i c t u r e  o f  l i v e  A l p h e u s  r a p a c i d a ^ ( m a l e )



B

F i g . 15 . A ip h e u s  d j i b o u t e n s i s , f e m a l e ,  1 2 . 5  mm C L .  

. A ip h e u s  b e l l u l u s , m a l e ,  1 2  mm C L .
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T h i r d  l e g ,  d a c t y l u s  s p a t u l a t e d  i n s t e a d  o f  s t y l i f o r m ;  m e r u s

u n a r m e d .

C o l o u r  i n  l i f e  s p e c i m e n ,  g r o u n d  c o l o u r  o f  e n t i r e  a n i m a l ,  

V e r m i l l i o n .  C a r a p a c e  and abd om en  w i t h  t h i n  l o n g i t u d i n a l  wavy 

t r a n s p a r e n t  l i n e s .  A n t e n n u l e s  c o l o u r  p r o m i n e n t  d a r k  V e r m i l l i o n .

L a r g e  c h e l a  V e r m i l l i o n ,  w h i t e  a t  h a l f  m a r g i n  o f  d a c t y l u s .  S m a l l  

c h e l a  V e r m i l l i o n ,  t i p  o f  f i n g e r  w h i t e .  W a l k i n g  l e g s  V e r m i l l i o n  w i t h  

t r a n s p a r e n t  a n g l e s .  T a i l  f a n s  t r a n s p a r e n t  s c a t t e r e d  w i t h  V e r m i l l i o n .

H a b i t a t  ะ A lp h e u s  s p . l  w a s  c o l l e c t e d  f r o m  K h a n g  K h a o  a n d  S i c h a n g  

I s l a n d s ,  a t  s u b l i t t o r a l  z o n e ,  d e p t h s  o f  4 - 1 2  m ,  w h e r e  s u b s t r a t u m  o f  

t h e  s h a l l o w e r  p a r t  w i t h  c o u r s e  s a n d  p a c k e d  w i t h  s h e l l  a n d  c o r a l  

f r a g m e n t s ,  w h e r e a s  t h e  d e e p e r  p a r t  w i t h  m u d d y  s a n d .  T h e  g o b y - p a r t n e r s  

o f  t h i s  s p e c i e s  a r e  C r y p t o c e n t r u s  s p . 2 ,  A r r i b l y e l e o t r i s  f o n t a n e s i i y  A .  

g y m n o c e p h a la  a n d  M y e r s i n a  s p .  A .  A l p h u s  s p . l  a l w a y s  f o r m  a  

s h a l l o w  d e p r e s s i o r  e x t e n d i n g  o n  t h e  b o t t o m  s u r f a c e  f r o m  t h e  b u r r o w  

e n t r a n c e .

S i z e  ะ M a x i m u m  t o t a l  l e n g t h  ( c a r a p a c e  & b o d y )  e x a m i n e d  3 5  mm.  

D i s t r i b u t i o n  ะ G u l f  o f  T h a i l a n d

R em arks  ะ A lp h e u s  s p . l  c a n  b e  d i s t i n g u i s h e d  f r o m  o t h e r  A lp h e u s  b y  i t s  

u n i q u e  c o l o u r a t i o n .  I n  A lp h e u s  s p . l  g r o u n d  c o l o u r  i s  V e r m i l l i o n  w i t h  

l o g i t u d i n a l  wavy  t r a n s p a r e n t  l i n e s  w h i l e  i n  o t h e r  A lp h e u s 3 c o l o u r a t i o n  

o f  t h e  b o d y  u s u a l l y  w i t h  t r a n s v e r s e  b a n d s .
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A lp h e u s  r a p a c i d a  ? D e M a n  

F i g u r e s  1 8 D - G  a n d  2 0

A lp h e u s  r a p a c i d a  ะ B a n n e r  & B a n n e r ,  1 9 6 6  ะ 1 1 9

B a n n e r  & B a n n e r ,  1 9 8 2  ะ 1 6 1

D e s c r i p t i o n  ะ R o s t r u m  a c u t e  r e a c h i n g  m i d w a y  o f  f i r s t  a n t e n n u l a r  

a r t i c l e .  R o s t r a l  C a r i n a  e x t e n d i n g  p o s t e r i o r l y  t o  n e a r l y  m i d - d o r s a l  

c a r a p a c e .  O r b i t o r o s t r a l  g r o o v e s  m o d u r a t e l y  d t e p .  F i r s t  a n d  t h i r d  

a n t e n n u l a r  a r t i c l e  s u b e q u a l ,  s e c o n d  a r t i c l e  2 . 5  t i m e s  a s  l o n g  a s  

b o a r d .  S t y l o c e r i t e  a c u t e ,  r e a c h i n g  e n d  o f  f i r s t  a n t e n n u l a r  a r t i c l e .  

S c a p o c e r i t e  w i t h  s t r o n g  l a t e r a l  s p i n e ,  r e a c h i n g  e n d  o f  f i r s t  a n t e n n u l a r  

a r t i c l e .  S c a p o c e r i t e  w i t h  s t r o n g  l a t e r a l  s p i n e ,  r e a c h i n g  b e y o n d  

a n t e n n u l e s ,  c a r p o c e r i t e  r e a c h i n g  t i p  o f  a n t e n u l a r  p e d u n c l e .

L a r g e  c h e l a  w i t h  a  s l i g h t  t r a n s v e r s e  g r o o v e  b e h i n d  d a c t y l u s .  

S m a l l  c h e l a  w i t h  d a c t y l u s  l o n g e r  t h a n  p a l m ,  s u b - b a l a e n i c e p s  s h a p e d .

C o l o u r  i n  l i f e  s p e c i m e n ,  g r o u n d  c o l o u r  o f  e n t i r e  a n i m a l ,  d a r k  

o l i v e  g r e e n .  C a r a p a c e  a n d  a b d o m e n  w i t h  p o s t e r i o r l y  c u r v e d  y e l l o w i s h  

w h i t e  s t r e a k s  r u n n i n g  a c r o s s  t h e  b o d y ,  s t r e a k s  a t  p o s t e r i o r  e n d  o f  

c a r a p a c e  a n d  f o u r t h  a b d o m i n a l  s e g m e n t  p r o m i n e n t .  L a r g e  c h e l a  d a r k  

o l i v e  g r e e n  w i t h  t h r e e  i r r e g u l a r  y e l l o w i s h  w h i t e  b a n d s ,  h a l f  m a r g i n  

o f  d a c t y l u s  p i n k i s h .  S m a l l  c h e l a  s a m e  a s  l a r g e .  W a l k i n g  l e g s  d a r k  

b l u e  j o i n t s  o f  e a c h  a r t i c l e s  o r a n g e .  T a i l  f a n  d a r k  b l u e  w i t h  t h r e e  

t r a n s v e r s e  o r a n g e  b a n d s .

H a b i t a t  ะ A lp h e u s  r a p a c i d a l w a s  f o u n d  a t  S i c h a n g  I s l a n d ,  s t a t i o n  S M a R T ,  

o n  t h e  s a n d y  a n d  r o c k y  b o t t o m  o f  i n t e r t i d a l  z o n e , e s p e c i a l l y  s a n d y  

g r a v e l  b o t t o m  s u r r o u n d e d  b y  l i m e s t o n e  r o c k  p l a t e .  T h e  g o b y - p a r t n e r s
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w e r e  f o u n d  t o  b e  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 n d  c .  c y a n o t a e n i a .

T h i s  s p e c i e s  d i d  n o t  f o r m  a  s h a l l o w  d e p r e s s i o n  a s  i n  A .  b e l l u l u s .

S i z e  ะ M a x i m u m  t o t a l  l e n g t h  e x a m i n e d  4 0  mm.

D i s t r i b u t i o n  ะ G u l f  o f  T h a i l a n d

R e m a r k s  ะ T h e  o n l y  o n e  s p e c i m e n  o f  t h i s  s p e c i e s  w h i c h  w a s  f o u n d  i n  

t h i s  s t u d y  w a s  k e p t  i n  t h e  a q u a r i u m  f o r  s e v e r a l  m o n t h s .  U n f o r t u n e l y ,  

t h i s  s p e c i m e n  w a s  l o s s .  H e n c e ,  t a x o n o m i c  s t u d y  w a s  b a s e d  o n  i t s  

m o l t e d  e x o s k e l e t o n  a n d  i t s  p h o t o g r a p h  w h i c h  i s  i n s u f f i c i e n t  f o r  

d e f i n i t e  i d e n t i f i c a t i o n .  F r o m  m a n y  c h a r a c t e r s  o b s e r v e d ,  t h i s  s p e c i e s  

m i g h t  b e  A lp h e u s  r a p a c i d a  D e  M a n .

A lp h e u s  d i s t i n g u e n s u s  D e  M a n  

F i g u r e s  1 8  H - J  a n d  19B

A lp h e u s  d i s t i n g u e n s u s  ะ B a n n e r  & B a n n e r ,  1 9 8 2  ะ 1 5 7

D e s c r i p t i o n  ะ R o s t r u m  a c u t e  r e a c h i n g  m i d w a y  o f  f i r s t  a n t e n n u l a r  

a r t i c l e .  R o s t r u m  C a r i n a  e x t e n d i n g  p o s t e r i o r l y  t o  m i d - d o r s a l  c a r a p a c e  

o r b i t o r o s t r a l  g r o o v e  m o d e r a t e l y  d e e p .  F i r s t  a n d  t h i r d  a n t e n n u l a r  ะ!: 

a r t i c l e  s u b e q u a l ,  s e c o n d  a r t i c l e  f o u r  t i m e s  a s  l o n g  a s  b o a r d .  

S t y l o c e r i t e  w i t h  s t r o n g  l a t e r a l  s p i n e ,  r e a c h i n g  b e y o n d  a n t e n n u l e s ,  

c a r p o c e r i t e  r e a c h i n g  t i p  o f  a n t e n u l a r  p e d u n c l e .

L a r g e  c h e l a  w i t h  t r a n s v e r s e  g r o o v e  b e h i n d  d a c t y l u s . S m a l l  

c h e l a  w i t h  d a c t y l u s  l o n g e r  t h a n  p a l m ,  b a l a e n i c e p s  s h a p e d .

C a r p a l  a r t i c l e s  o f  s e c o n d  p e r i o p o d  w i t h  r a t i o ,  1 0 : 1 0 : 4 : 3 : 5
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T h i r d  l e g ,  d a c t y l u s  s p a t u l a t e d  a n d  u n a r m e d .

C o l o u r  i n  l i f e  s p e c i m e n ,  g r o u n d  c o l o u r  o f  e n t i r e  a n i m a l ,  

g r e e n .  C a r a p a c e  c r e a m y  l a t e r a l l y ,  w i t h  t w o  s t r e a k s  d o r s o - l a t e r a l l y . 

A b d o m e n  w i t h  l o n g i t u d i n a l  c r e a m y  s t r e a k s .  L a r g e  c h e l a  g r e e n ,  s o m e t i m e s  

w i t h  t w o  i r r e g u l a r  w h i t e  b a n d s ,  h a l f  m a r g i n  o f  f i n g e r s  y e l l o w .  S m a l l  

c h e l a  s a m e  a s  t h e  l a r g e .  S e c o n d  p e r i o p o d  p u r p l e - g r e y  w i t h  y e l l o w  

a n g l e  a n d  c o l o u r l e s s  a t  b a s e .  W a l k i n g  l e g s  c o l o u r l e s s ,  j o i n t s  o f  

e a c h  a r t i c l e s  y e l l o w ,  a n d  p u r p l e  g r e y  a t  d i s t a l  p a r t  o f  f i r s t  a r t i c l e .  

T a i l  f a n  g r e e n ,  s c a t t e r e d  w i t h  y e l l o w .

H a b i t a t  ะ A lp h e u s  d i s t i n g u e n s u s  w a s  f o u n d  a t  S i c h a n g  I s l a n d ,  s t a t i o n  

S M a R T ,  i n  i n t e r t i d a l  t o  s u b l i t t o r a l  z o n e ,  m a x i m u m  d e p t h  o f  5 m  b e l o w  

l o w  t i d e  l e v e l ,  w i t h  s u b s t r a t u m  o f  f i n e  s a n d  t o  m u d d y  s a n d  p a c k e d  

w i t h  s h e l l  f r a g m e n t s .  T h e  g o b y - p a r t n e r s  w e r e  f o u n d  t o  b e  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 n d  M y e r s i n a  m a c r o s t o m a - ,

S i z e  ะ M a x i m u m  t o t a l  l e n g t h  e x a m i n e d  6 2  mm.

D i s t r i b u t i o n  ะ A u s t r a l i a ,  J a p a n ,  G u l f  o f  T h a i l a n d

R e m a r k s  ะ A lp h e u s  d i s t i n g u e n s u s  c a n  b e  e a s i l y  d i s t i n g u i s h e d  f r o m  

o t h e r  A lp h e u s  b y  l a r g e  c h e l a  ( F i g .  1 8 )

A lp h e u s  s p . A  

F i g u r e s  1 8  K - M  a n d  1 9 C

D e s c r i p t i o n  ะ R o s t r u m  a c u t e  r e a c h i n g  m i d w a y  o f  f i r s t  a n t e n n u l a r

a r t i c l e .  R o s t r a l  C a r i n a ,  h i g h  a n d  n a r r o w ,  . r e a c h i n g  p o s t e r i o r l y  t o
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b a s e  o f  o r b i t a l  h o o d s .  O r b i t o r o s t r a l  g r o o v e  m o d e r a t e l y  d e e p .  F i r s t  

a n d  t h i r d  a n t e n n u l e s  s u b e q u a l ,  s e c o n d  a r t i c l e  2 . 2  t i m e s  a s  l o n g  a s  

b o a r d .  S t y l o c e r i t e  a c u t e ,  r e a c h i n g  e n d  o f  f i r s t  a n t e n n u l a r  a r t i c l e .  

S c a p o c e r i t e  w i t h  s t r o n g  l a t e r a l  s p i n e ,  r e a c h i n g  b e y o n d  a n t e n n u l e s ,  

c a r p o c e r i t e  r e a c h i n g  t i p  o f  a n t e n n u l a r  p e d u n c l e .

L a r g e  c h e l a  w i t h  t r n s v e r s e  g r o o v e  p r o x i m a l l y  t o  d a c t y l u s .

S m a l l  c h e l a  w i t h  e q u a l  f i n g e r s ,  s u b - b a l a e n i c e p s  s h a p e d .

C a r p a l  a r t i c l e s  o f  s e c o n d  p e r i o p o d  w i t h  r a t i o  ; 1 0 : 9 : 3 : 3 : 4

T h i r d  l e g ,  d a c t y l u s  s p a t u l a t e d ,  m e r u s  u n a r m e d .

C o l o u r  i n  l i f e  s p e c i m e n ,  g r o u n d  c o l o u r  o f  e n t i r e  a n i m a l ,  

y e l l o w i s h  w h i t e  s c a t t e r e d  w i t h  i r r e g u l a r  g r e e n  t o  b r o w n  b l o t c h e s  .
A

L a r g e  c h e l a  y e l l o w i s h  w h i t e  w i t h  f o u r  i r r e g u l a r  c r o s s  b a n d s .  S m a l l  

c h e l a  s a m e  a s  l a r g e .  W a l k i n g  l e g s  y e l l o w i s h  w h i t e  w i t h  r e d d i s h  

b r o w n  a n d  g r e e n  s p o t s .  T a i l  f a n  y e l l o w i s h  w h i t e  w i t h  r e d d i s h  b r o w n  

s p o t s  o n  u p p e r  m a r g i n ,  h a l f  l o w e r  m a r g i n  w i t h  i r r e g u l a r  c r o s s - g r e e n  

b a n d .

H a b i t a t  : A lp h e u s  s p . A .  w a s  f o u n d  a t  S i c h a n g  I s l a n d ,  s t a t i o n  S M a R T ,

f r o m  i n t e r t i d a l  t o  s u b l i t t o r a l  z o n e ,  m a x i m u m  d e p t h s  o f  4 m  b e l o w  l o w  

t i d e s  l e v e l ,  w i t h  s u b s t r a t u m  o f  f i n e  s a n d  p a c k e d  w i t h  s h e l l  f r a g m e n t s .  

T h i s  s p e c i e s  o f  A lp h e u s  a l w a y s  f o u n d  i n  p a i r .  T h e  g o b y - p a r t n e r s  w e r e  

f o u n d  t o  b e  C r y p t o o e n t r u s  s i n g a p u r e n s i s  a n d  c .  c a e r u l e o r n a c u l a t u s

S i z e  : M a x i m u m  t o t a l  l e n g t h  e x a m i n e d  3 6  mm.

D i s t r i b u t i o n  : G u l f  o f  T h a i l a n d

R e m a r k s  : :  A lp h e u s  s p . A  i s  s i m i l a r  t o  A .  r a p a x  F a b r i c i u s  1 7 9 8 .  I t  

c a n  b e  d i s t i n g u i s h e d  f r o m  A .  r a p a x  b y  c o l o u r a t i o n .  I n  A lp h e u s  s p . A
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b o d y  i s  s c a t t e r e d  w i t h  n u m e r o u s  i r r e g u l a r  b l o t c h e s  w h e r e a s  A .  r a p a x  

h a s  i r r e g u l a r  b a n d  o n  t h e  b o d y .

A lp h e u s  s p . A  w e r e  c o m m o n l y  f o u n d  a t  t h e  n o r t h e r  p a r t  o f  S a m e t  

I s l a n d ,  R a y o n g ,  d e p t h s  o f  4 - 6  m .

A lp h e u s  d j i b o u t e n s i s  De M a n  

F i g u r e s  1 8  N - P  a n d  2 1 A

A lp h e u s  d j i b o u t e n s i s  ะ B a n n e r  a n d  B a n n e r ,  1 9 8 2  ะ 1 8 0

D e s c r i p t i o n  ะ R o s t r u m  s u b a c u t e  r e a c h i n g  n e a r  e n d  o f  f i r s t  a n t e n n u l a r  

a r t i c l e .  R o s t r a l  C a r i n a  e x t e n d i n g  p o s t e r i o r l y  t o  o r b i t a l  h o o d ,  

o r b i t o r o s t r a l  g r o o v e s  m o d e r a t e l y  d e e p .  F i r s t  a n d  t h i r d  a n t e n n u l a r  

a r t i c l e s  s u b e q u a l ,  h a l f  a s  l o n g  a s  s e c o n d  a r t i c l e .  S t y l o c e r i t e  a c u t e ,  

r e a c h i n g  e n d  o f  f i r s t  a n t e n n u l a r  a r t i c l e .  S c a p o c e r i t e  w i t h  s t r o n g  

l a t e r a l  s p i n e ,  r e a c h i n g  b e y o n d  a n t e n n u l e s ,  c a r p o c e r i t e  r e a c h i n g  t i p  

o f  a n t e n n u l a r  p e d u n c l e . I

L a r g e  c h e l a  w i t h  n a r r o w  t r a n s v e r s e  g r o o v e  p r o x i m a l  t o  d a c t y l u s .  

S m a l l  c h e l a  w i t h  d a c t y l u s  l o n g e r  t h a n  p a l m ,  s u b - b a l a e n i c e p s  s h a p e d  i n  

m a l e  b u t  n o t  m a r k e d l y  b r o a d e n e d  w i t h  s e t i f e r o u s  c r e s t s .

C a r p a l  a r t i c l e s  o f  s e c o n d  p e r i o p o d  w i t h  r a t i o  ; 1 0 : 7 : 3 : 3 : 4

T h i r d  l e g ,  d a c t y l u s  s p a t u l a t e d ,  m e r u s  u n a r m e d .

C o l o u r  i n  l i f e  s p e c i m e n ,  g r o u n d  c o l o u r  o f  e n t i r e  a n i m a l ,  

t r a n s p a r e n t  y e l l o w .  O n  c a r a p a c e ,  a b d o m e n  a n d  t a i l  f a n  w i t h  i r r e g u l a r  

o l i v e  g r e e n  p a t t e r n  a r r a n g e d  s y m m e t r i c a l l y .  P o s t e r i o r  e n d  o f  c a r p a c e  

w i t h  o r a n g e  c r o s s  b a n d .  A n t e n n u l a r  o l i v e  g r e e n .  L a r g e  c h e l a  o l i v e
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g r e e n ,  h a l f  m a r g i n  o f  f i n g e r s  w h i t e  t o  y e l l o w  a n d  i n n e r  h a l f  d a r k  

o l i v e  g r e e n  ; w i t h  s u b e q u a l  y e l l o w i s h  w h i t e  s p o t s  o n  p a l m .  S m a l l  

c h e l a  o l i v e  g r e e n  w i t h  u n e q u a l  y e l l o w i s h  w h i t e  s p o t s .  W a l k i n g  l e g s  

g r e e n i s h  b l u e  w i t h  y e l l o w  b a n d s  o n  e a c h  a n g l e .

H a b i t a t  ะ A lp h e u s  d j i b o u t e n s i s  w a s  f o u n d  f r o m  K h a n g  K h a o  a n d  S i c h a n g  

I s l a n d ,  f r o m  i n t e r t i d a l  t o  s u b l i t t o r a l  z o n e .  A t  s t a t i o n  S I I a R T ,  f o u n d  

o n  s a n d y  b e a c h  w i t h  s u b s t r a t u m  o f  f i n e  s a n d  p a c k e d  w i t h  s h e l l  

f r a g m e n t s .  A t  s t a t i o n  A ,  f o u n d  o n  r e e f  f l a t  w i t h  s u b s t r a t u m  o f  c o u r s e  

s a n d  p a c k e d  w i t h  c o r a l  a n d  s h e l l  f r a g m e n t s ,  a n d  o n  r e e f  e d g e  w i t h  

s u b s t r a t u m  o f  c o u r s e  s a n d  p a c k e d  w i t h  s h e l l  f r a g m e n t s .  T h i s  s p e c i e s  

u s u a l l y  f o u n d  s i n g l e ,  b u t  s o m e  r a r e  o c c a s s i o n s  c o u n d  f o u n d  i n  p a i r .

T h e  g o b y  p a r t n e r s  w e r e  f o u n d  t o  b e  C v 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 c .  

c a e r u l e o m a e u l a t u s 3 c .  c y a n o t a e n i a  a n d  c t e n o g o b i o p s  p o m a s t i c t u s ,  T h i s  

s p e c i e s  d i d  n o t  f o r m  s h a l l o w  d e p r e s s i o n .

S i z e  ะ M a x i m u m  t o t a l  l e n g t h  e x a m i n e d  4 1  mm.

P i s t r i b u t i o n  ะ R e d  S e a ,  A u s t r a l i a ,  G u l f  o f  T h a i l a n d .

R e m a r k s  ะ A lp h e u s  d g  i b o u t e n s i s  c a n  b e  e a s i l y  d i s t i n g u i s h e d  f r o m  o t h e r  

A lp h e u s  b y  c o l o u r a t i o n ,  n o t a b l y  o r a n g e  c r o s s  b a n d  o n  p o s t e r i o r  e n d  

o f  c a r a p a c e  o f  A .  d j i b o u t e n s i s .

A lp h e u s  b e l l u l u s  M i y a  a n d  M i y a k e  

F i g u r e s  1 8  0 - S  a n d  2 1  B

A lp h e u s  b e l l u l u s  ะ M i y a  & M i y a k e ,  1 9 6 9  ะ 3 0 7

D e s c r i p t i o n  ะ R o s t r u m  t r i a n g u l a r ,  r e a c h i n g  n e a r l y  t o  e n d  o f  f i r s t
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a n t e n n u l a r  s e g m e n t  ; r o s t r a l  C a r i n a  s h a r p ,  e x t e n d i n g  p o s t e r i o r l y  

b e y o n d  b a s e  o f  o r b i t a l  h o o d .  C a r p o c e r i t e  r e a c h i n g  t o  t i p  o f  

a n t e n n u l a r  p e d u n c l e  ; s c a p o c e r i t e  w i t h  s t r o n g  l a t e r a l  s p i n e  m a r k e d l y  

e x t e n d i n g  f o r w a r d  a s  f a r  a s  t i p  o f  a n t e r n n u l a r  p e d u n c l e .

L a r g e  c h e l a  m a r k e d  w i t h  a  t r a n s v e r s e  g r o o v e  n e a r  a r t i c u l a t i o n  

o f  d a c t y l u s .  S m a l l  c h e l a  w i t h o u t  s u c h  a  g r o o v e  ; f i n g e r s  h i g h ,  

s h u t t i n g  t o g e t h e r ,  n o t  e x c a v a t e d  i n t e r n a l l y  ; d a c t y l u s  u s u a l  i n  . 

f e m a l e ,  w h i l e  s u b - b a l a e n i c e p s  s h a p e d  i n  m a l e .

C a r p a l  a r t i c l e s  o f  s e c o n d  p e r i o p o d  w i t h  r a t i o ,  1 0 : 9 : 2 : 2 : 4

T h i r d  p e r i o p o d ,  d a c t y l u s  s p a t u l a t e d  i n s t e a d  o f  s t y l i f o r m  ; 

m e r u s  u n a r m e d .

C o l o u r  i n  l i f e  s p e c i m e n ,  g r o u n d  c o l o u r  o f  e n t i r e  a n i m a l ,  

y e l l o w i s h  w h i t e  o n  c a r a p a c e ,  a b d o m e n  a n d  t a i l  f a n  w i t h  i r r e g u l a r  

b r i g h t  b r o w n i s h  p u r p l e  a r r a n g e d  s y m m e t r i c a l l y .  A n t e n n u l e s  V e r m i l l i o n .  

L a r g e  c h e l a ,  d i s t a l  h a l f  o f  e a c h  f i n g e r  p u r e  w h i t e ,  b u t  p r o x i m a l  

h a l f  b r o w n i s h  o r  b l u i s h  p u r p l e  : p a l m  b r o w n i s h  p u r p l e  o n  t h e  i n n e r  

s u r f a c e ,  m e r g i n g  t o  b l u i s h  p u r p l e  o n  o u t e r  s u r f a c e .  S a m l l  c h e l a  

s a m e  c o l o u r a t i o n  a s  l a r g e ,  e x c e p t  d i s t a l  h a l f  o f  e a c h  f i n g e r  b l u i s h  

p u r p l e .

H a b i t a t  : A lp h e u s  b e l l u l u s  w a s  f o u n d  a t  K h a n g  K h a o  a n d  S i c h a n g  I s l a n d ,  

a t  t h e  a r e a  s u r r o u n d i n g  c o r a l  z o n e ,  w i t h  s u b s t r a t u m  o f  c o u r s e  s a n d  

p a c k e d  w i t h  c o r a l  f r a g m e n t s  o r  s h e l l  f r a g m e n t s .  T h i s  s p e c i e s  w a s  

a l w a y s  f o u n d  i n  p a i r s .  I t s  b u r r o w  w a s  g u a r d e d  b y  g o b i e s ,  C r y p t o c e n t r u s  

s p . l ,  c .  c i n c t u s 3 A m b l y e l e o t r i s  g y r r m o c e p h a la 3 C r y p t o c e n t r u s  s p . 2 ,  

A j n b t y e l e o t r i s  s p . l ,  c .  cyanotaerLia a n d  c t e n o g o b io p s  p o m a s t i c t u s .  T h i s  

s p e c i e s  a l w a y s  f o r m  a  s h a l l o w  d e p r e s s i o n  e x t e n d i n g  o n  t h e  b o t t o m
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s u r f a c e  f r o m  t h e  b u r r o w  e n t r a n c e .

s i z e  ะ M a x i m u m  t o t a l  l e n g t h  e x a m i n e d  4 3  mm.

D i s t r i b u t i o n  ะ J a p a n ,  T h a i l a n d

R e m a r k s  ะ A lp h e u s  b e l l u l u s  c a n  b e  e a s i l y  d i s t i n g u i s h e d  f r o m  o t h e r  

A lp n e u s  b y  c o l o u r a t i o n ,  n o t a b l y  b r o w n i s h  p u r p l e  b a n d  o n  c a r a p a c e  a n d  

b o d y  o f  A .  b e l l u l u s .

2 .  F i e l d  s u r v e y

2 i l  B a s i c  e n v i r o n m e n t a l  p a r a m e t e r s

A t  a n y  t i m e ,  t e m p e r a t u r e ,  s a l i n i t y ,  d i s s o l v e d  o x y g e n  

a n d  pH d i d  n o t  v a r y  t o o  m u c h  b e t w e e n  t h e  s a m p l i n g  s t a t i o n s ,  n o r  b e t w e e n  

s u r f a c e  a n d  b o t t o m  c o n d i t i o n s  ( T a b l e  3 ) 0 T h e  d i f f e r e n c e s  o f  t e m p e r a t u r e  

a n d  s a l i n i t y  i n  e a c h  m o n t h ,  r a n g e d  f r o m  2 6 c 5 - 3 1 . 0 * C  a n d  1 9 . 0 - 3 1 . 0  p p t .  

D i s s o l v e d  o x y g e n  a n d  p H ,  v a r y  s l i g h t l y  i n  e a c h  m o n t h .  A v e r a g e  d i s s o l v e d  

o x y g e n  w a s  5 . 3 + 0 . 5  p p m  a n d  p H w a s  8 . 0 3 j K ) . l Q .

2 . 2  D i s t r i b u t i o n  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 i m p s  

f o u n d  a t  f i v e  s t a t i o n s  A, B ,  c, D a n d  SMaRT

T h e  r e s u l t s  f r o m  m o n t h l y  c e n c u s  o f  t h e  a s s o c i a t i o n s  

b e t w e e n  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 i m p s  a t  K h a n g  K h a o  I s l a n d  a r e  

p r e s e n t e d  i n  T a b l e  4  a n d  s u m m a r i z e d  i n  F i g . 1 6 .  T h e s e  r e s u l t s  s h o w e d  

t h a t  t h e  a s s o c i a t i o n s  w e r e  a b u n d a n t  a t  s t a t i o n  B b o t h  i n  n u m b e r  a n d  

s p e c i e s  d i v e r s i t y  ( 5 8  p a i r s  a n d  1 2  c o m b i n a t i o n s ) . C r y p t o o e n t r u s  

c a e r u l e o m a c u l a t u s  -  A lp h e u s  d j i b o u t e n s i s  w e r e  m o s t  n u m e r o u s  ( 2 0  p a i r s )  , 

A t  s t a t i o n  A ,  t h e  a s s o c i a t i o n s  w e r e  r e l a t i v e l y  h i g h  i n  n u m b e r  ( 4 3
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T a b l e  3  E n v i r o n m e n t a l  p a r a m e t e r s  a t  f o u r  s t a t i o n s  o n  K h a n g  K h a o  I s l a n d  .

D u r i n g  t h e  p e r i o d s  f r o m  S e p t e m b e r  1 9 8 5  t o  F e b r u a r y  1 9 8 6 *

Da te Station/level** Depth (m) Temperature C"c) Salinity (2.) D.o,(ppm,) pH

1/9/85 A8 1.0 28.8 30.6 5.1 8.05
5.8 28.6 30.6 5.3 8.01

Bfi 1.0 28.9 30.7 5.2 8.06
Bb 5.4 28.8 30.7 5.0 7.99
c8 - 1.0 29.0 30.7 5.3 8.02
ร 6.2 28.9 30.6 5.7 8.08
Df 1.0 28.8 30.3 5,2 7.97
Db 5.9 28,8 30.0 5.5 7.95

12/10/65 A8 1.0 27.0 30.0 5.2 7.90
5.2 27.0 31.0 5.0 7.95

B8 1.0 27.0 30.0 5.2 7.91
Bb 5.5 27.0 30.0 5.2 7.85
cร 1.0 27.0 30.0 5.1 7.95
®b 6.0 27.0 30.0 3.6 7.90
DB 1.0 26.5 30.1 5.7 7.94
Eb 6.3 27.0 30.1 4.6 7.86

3/11/85 A8 1.0 29.0 19.0 5.2 8.04
ร 5.5 29.0 23.5 5.3 8.09
B8 1.0 31.0 23.8 5.2 8.09
Bb 5.9 30.0 24.5 5.3 7.98
c8 1.0 29.0 24.5 5.1 8.04
cb 6.3 31.0 24.0 5.4 8.05
D8 1.0 ■ 29.0 24.5 5.2 8.10
Bb 5.6 29.0 24.9 5.4 8.08

1/2/86 Aร 1.0 26.5 28.5 5.9 8.21
5.5 26.5 29.0 5,4 8.28

B8 1.0 27.0 28.5 5.95 8.14
Bb 6.0 27.0 29.0 5.95 8.11
c6 1.0 27.5 28.0 6.0 7.95
cb 6.5 27.0 28.5 5.7 7.96
Dร 1.0 26.5 27.5 6.2 8.16
Db 5.5 27.0 27.5 6.0 8.18

Remark * not recorded on December 1985 and January 1986
** -Two levelB were measured for each station; Surface (ร) and bottom (b)
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T a b l e  4  ï x m t h l y  a p p e a r a n c e  o f  t h e  c o m b i n a t i o n s  b e t w e e n  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 i m p s  f r o m  c e n s u s  l i n e s  o f  f o u r  s t a t i o n s  o n  

K h a n g  K h a o  I s l a n d .

D u r i n g  t h e  p e r i o d s  f r o m  S e p t e m b e r  1 9 8 5  t o  F e b r u a r y  1 9 8 6 .

CcmM nations
i/9/e5 ะ2/J0/85 2/11/8S 1/2/86

TotalsA Ê c L A b C L A c L A B c D
c .  c i n e z u s  ( A )  IA .  c - t Z u l ' ^ s  ( a )

A .  d j i z c u z e r s i e  ( h )

C r ^ - i z c e r . z r u s  sp.l (B). IA .  b e Z Z u l u s  ( a )

O g g t z s e ’ . t r u s  sp.l (B) 
A l p k e u s  sp.l ( y }

C .  t z n g s p j r e r ^ i s  (D) 1A .  d g i b c u z e n s i s  ( t )

C r s ~ t o c e r . t r u £  sp,2 (E) 
A .  b e l l u l u e  ( a )

O p p t c s e n i r u s  sp.2 (E) 
A l p r . e u s  sp.l ( y j

c .  c a t ! - . ะIMะ.:c u n  <C) 
A . b t l u l u t  Col
C .  c a e r . Z e s n c c u l c t - u e  (G) IA .  d c ' i b c u i e r j i e  ( 6 )

A .  g -g u T T Z o c e p k a l e  (H) IA .  b e l l u l - u s  f a j

A .  e - r œ o s p t e l a  (H) 
A l p k e u e  sp.l (y)

A n b l p e l e s i r z c  sp.l (I) 
A .  b e Z l u Z u s  (a)

AO 1 1 0 1 - - i - 2 1 0 0 0 0 0 0 7AOQ 0 0 0 0 - - 0 - - 1 0 0 0 0 0 0 1 10AA.to 0 0 0 0 - - 0 - 1 1 0 0 0 0 0 0 2
A t 0 0 0 0 - - 0 - 0 2 0 0 0 0 0 0 2
a b b 0 c 0 0 - - C - 0 0 0 0 0 G 0 0 0 2
At.BB 0 0 0 0 ' - - 0 - 0 0 0 0 0 0 0 0 0
BO 0 3 2 0 - - 1 - 4 0 4 0 0 2 1 0 17
B 00 0 1 1 0 - - 1 - 0 0 4 0 0 1 3 2 13 30
Bboo 0 0 0 0 - - 0 - 0 0 0 0 0 0 0 0 0
BY 0 0 0 1 - - 0 - 0 ช 1 0 0 0 0 0 2
BYT 0 1 0 0 - - 0 - 0 0 0 0 0 0 0 0 1 3
BBYY 0 0 0 0 - - 0 - 0 0 0 0 0 0 0 0 0
LB 3 1 0 0 * - 0 - 0 6 : 0 0 0 0 0 15
m 0 0 0 0 - - 0 - C 0 0 0 0 0 0 0 0 IS
E>86 0 0 0 0 - - 0 - 0 0 0 0 0 0 0 0 0
fo 0 8 0 0 - - 0 - 0 0 0 0 0 0 0 0 e
EOO 0 0 0 0 - - 0 - 0 0 0 0 0 0 0 0 0 eEl a a 0 0 0 0 - - 0 - 0 0 0 0 0 0 0 0 0
tT 0 0 0 0 - - 0 - 0 1 0 0 0 1 0 0 2
irr 0 0 0 0 - * 0 - 0 0 0 0 0 0 0 0 0 2
EEYY 0 0 0 0 - 0 - 0 0 0 0 0 0 0 0 0CO 0 0 c 0 - - 0 - 0 1 0 0 0 0 0 0 1
Goo 0 0 0 0 - - 0 - 0 0 0 0 0 0 0 0 0 1
CCoo 0 0 0 0 - - C - 0 0 0 0 0 0 0 0 0
c e 24 7 0 0 - - 2 - e 10 0 0 5 3 2 0 61
c e e 0 0 0 0 - - 0 - 0 0 0 0 0 0 0 0 0 61
c c s e 0 0 0 0 - - 0 - 0 0 0 0 0 0 0 0 0
Ho 0 0 0 0 - - 0 - 0 1 0 0 0 1 0 0 2
HHoa 0 0 0 0 - - 0 0 0 0 0 0 0 0 1 1 3
HKaa 0 0 0 0 - - C - 0 0 0 0 0 0 0 0 0
Br c c 0 0 - - 0 - 0 1 0 0 0 1 1 0 3
Htt 0 0 0 0 - - 0 - 0 0 0 0 0 0 0 0 0 3
bbyt 0 0 0 0 - - 0 - 0 0 C 0 0 0 0 0 0
la 0 0 0 0 - - 1 - 0 0 0 0 0 0 C 0 1
loo 0 0 0 0 - - 1 - C 2 0 0 0 0 0 0 3 4
IIoo c 0 0 0 - - 0 - C น 0 0 0 ข 0 0 C

2 i 22 3 2 - - 7 - 15 27 23 0 5 5 6 3 142
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No of combinations

STATION D 10-
Total pairs»10 0

F i g .  1 6  C o m m u l a t i v e  o c c u r r e n c e  o f  t h e  c o m b i n a t i o n s  b e t w e e n  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 i m p s  a t  f o u r  s t a t i o n s  o n  K h a n g  K h a o  

I s l a n d

A - C .  o i n c t u s  ;  E - C r y p t o c e n t v u s  s p . l  ; D - C ,  s i n g a p u r e n s i s  ; 

E - C r y p t o c e n t r u s  s p . 2  ; H- A .  g y m n o c e p h a la  ;  1  -  A m b l y e l e o t r i s  s p . l  ;  

a - A .  b e l l u l u s  ;  E - A .  d j i b o u t e n s i s  ;  y - A l p h e u s  s p . l



p a i r s )  b u t  s p e c i e s  d i v e r s i t y  r e l a t i v e l y  l o w  ( 4  c o m b i n a t i o n s ) . T h e  

a s s o c i a t i o n s  w e r e  m o d e r a t e  a t  s t a t i o n  c b o t h  i n  n u m b e r  a n d  s p e c i e s  

d i v e r s i t y  ( 3 1  p a i r s  a n d  7 c o m b i n a t i o n s ) . T h e  a s s o c i a t i o n s  w e r e  

r a r e l y  f o u n d  a t  s t a t i o n  D ( 1 0  p a i r s  a n d  4  c o m b i n a t i o n s ) .

F r o m  t h e  l i n e  c e n c u s  t e c h n i q u e ,  n o t  a l l  o f  t h e  

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 i m p s  w e r e  f o u n d  a l o n g  t h e  l i n e .  T h e r e f o r e ,  

g e n e r a l  s u r v e y s  o f  t h e  a r e a  a t  e v e r y  s t a t i o n s  w e r e  c a r r i e d  o u t  a s  

w e l l  a s  t h e  s t a t i o n  o n  S i c l i a n g  I s l a n d  ( s t a t i o n  SM aR T)  . L i s t  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 i m p s  f o u n d  a r e  s u m m a r i z e d  i n  T a b l e  2 .

T h e  r e s u l t s  f r o m  t h i s  g e n e r a l  s u r v e y  s h o w e d  t h a t  t h e  a s s o c i a t i o n s  

b e t w e e n  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 i m p s  w e r e  a b u n d a n t  a t  s t a t i o n  

B a n d  s t a t i o n  S M a R T .  A t  s t a t i o n  B ,  t h e  g o b i i d  f i s h e s  C r y p t o c e n t r u s  

s p . l  a n d  c .  c i n o t u s  w e r e  m o s t  n u m e r o u s .  M o s t  o f  t h e m  w e r e  l i v i n g  i n  

a s s o c i a t i o n  w i t h  A l p h e u s  b e l l û l u s .  A t  s t a t i o n  S M a R T ,  c .  s i n g a p u r e n s i s  

a n d  C . c a e m i l e o m a c u l a t u s  w e r e  m o s t  n u m e r o u s  a n d  m o s t  o f  t h e m  w e r e  

l i v i n g  w i t h  A .  d j i b o u t e n s i s .

T h e  h a b i t a t  a t  t h e  f i v e  s t a t i o n s  o f  t h e  s t u d y  a r e a  

c a n  b e  c a t e g o r i z e d  i n t o  5  t y p e s ;

1 .  S h a l l o w  s a n d y  a r e a s  o f  i n t e r t i d a l  z o n e  w h i c h  i s  

r e p r e s e n t e d  b y  s t a t i o n  S M a R T .

2 .  S h a l l o w  s a n d y  a r e a s  o f  i n t e r t i d a l  z o n e  c o v e r e d  

w i t h  r u b b l e  w h i c h  i s  r e p r e s e n t e d  b y  s t a t i o n  SMaRT a n d  s t a t i o n  A .

3 .  S e m i - m i c r o a t o i l  a l o n g  t h e  r e e f  f l a t  w h i c h  i s  

r e p r e s e n t e d  b y  s t a t i o n  A .

4 .  S a n d y  b o t t o m  o f  t h e  i n n e r  p a r t  o f  t h e  a r e a s  

s u r r o u n d i n g  c o r a l  z o n e  w h i c h  i s  r e p r e s e n t e d  b y  s t a t i o n  A ,  B ,  c a n d
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5 .  O u t e r  p a r t  o f  t h e  a r e a s  s u r r o u n d i n g  c o r a l  z o n e  

w i t h  m u d d y  b o t t o m  w h i c h  i s  r e p r e s e n t e d  b y  s t a t i o n  A a n d  S I I a R T .  T h e  

o c c u r r e n c e s  o f  d i f f e r e n t  s p e c i e s  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 i m p s  

i n  f i v e  t y p e s  o f  h a b i t a t  a r e  s u m m a r i z e d  i n  T a b l e  5 .  H o s t  o f  t h e  

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 i m p s  w e r e  f o u n d  f r o m  t h e  d e p t h  o f  0 - 7 . 5 m ,  

p a r t i c u l a r y  a t  t h e  i n n e r  p a r t  o f  t h e  a r e a s  s u r r o u n d i n g  c o r a l  z o n e .

3 .  F i e l d  s t u d y

3 . 1  P o p u l a t i o n  s t r u c t u r e  o f  t h e  a s s o c i a t i o n s  b e t w e e n  

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 i m p s  a t  s t a t i o n s  B a n d  S H a R T

A t  s t a t i o n  B ,  t h e  a s s o c i a t i o n s  b e t w e e n  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 i m p s  c o u l d  b e  f o u n d  n e a r l y  a l l  o v e r  t h e  2 5 m  X 2 5 m  

q u a d r a t  a r e a  ( F i g . 1 7 ) .  I t  i s  t o  b e  n o t e d  t h a t  t h e  a s s o c i a t i o n s  w e r e  

f o u n d  m o r e  t o w a r d s  a t  t h e  i n n e r  h a l f  o f  t h e  q u a d r a t  w h i c h  i s  c l o s e r  

t o  t h e  c o r a l  z o n e .  W h e n  t h e  q u a d r a t  w e r e  d i v i d e d  i n t o  5  s u b - q u a d r a t s  

( 5 m  X 2 5 m )  p a r a l l e l  t o  t h e  s h o r e  l i n e  t h e  o b s e r v e d  n u m b e r s  o f  e a c h  

a n i m a l  i n  e a c h  s u b - q u a d r a t  w e r e  f o u n d  t o  b e  d e c r e a s i n g  w h e n  m o v i n g  

a  w a y  f r o m  t h e  s h o r e ,  e x c e p t e d  f o r  A lp h e u s  s p . l ,  C r y p t o c e n t r u s  s p . 2  

a n d  A r r i b l y e l e o t r i s  g y m n o c e p h a la  w h i c h  f o u n d  t o  b e  i n c r e a s i n g  i n  t h e  

f i r s t  t h r e e  s u b - q u a d r a t s  b e f o r e  d e c r e a s i n g  i n  l a s t  t w o  ( F i g . 1 8 ) .

W i t h i n  2 5 m  X 2 5 m  q u a d r a t ,  t h e  h i g e s t  d e n s i t y  o f  b u r r o w  w i t h i n  2 5 m ^  

s u b - q u a d r a t  w a s  1 5  b u r r o w s .  T h e  c o m b i n a t i o n  b e t w e e n  C r y p t o c e n t r u s  

s p . l  a n d  A lp h e u s  b e l l u l u s  w a s  f o u n d  t o  b e  45% a n d  t h e  m o s t  n u m e r o u s  

o f  a l l  t h e  c o m b i n a t i o n s .  A l l  c o m b i n a t i o n s  o f  s p e c i e s  b e t w e e n  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 i m p s  a r e  s u m m a r i z e d  i n  T a b l e  6 .

A t  s t a t i o n  SLIaRT, t h e  a s s o c i a t i o n s  a l s o  f o u n d  o c c u r r e d  

a l l  o v e r  t h e  a r e a  o f  t h e  q u a r d r a t  a nd  t h e  r e s u l t s  a r e  p r e s e n t e d  i n
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T a b l e  5  H a b i t a t s  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 i m p s  f o u n d  a t  K h a n g  K h a o  

a n d  S i c h a n g  I s l a n d s

Organism
Habitat* bepth

1 2 3 4 3 Intertidal 0-7.5 >7.5
Gobiid Fishes

M. macro stoma + + + +
Myereina sp.A + +
ct. pom stic tus + +
c. caeruleomaculatus + + + + +
c. eingapurensie + + + +
c. Cyanotaenia + + +
c. cinctus + +
Cry ptoc entras sp.l + +
Crypto centras sp.2 + + + +
Ajnblyeleotris sp.l + +
A . fontanesii + +
A. frymocephala + + +

Alpheid Shrimps
Alpheus sp.l + + + +
A . r-apacida  ? + + + +
A. distingaensus + + + + +
Alpheus sp.A + + + +
A, djiboutensis •f + + + +
A. bellulus + +
Uncollected alpheid
Bhrimp +

*Remark
1» Sandy bottom of intertidal zone,
2. Sandy bottom covered vith rubble of intertidal zone,
3. Semi-microatoll along the reef flat.
4. Inner part of the area surrounding coral zone vith aandy bottom.
5. Outer part of the area aurrounding coral zone vith muddy bottom.
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N
Seaward

Fig. 17 Distribution of the associations between gobiid fishes and
alpheid shrimps in a 25m X 25m quadrat at station B on Khang 
Khao Island ; March 19, 1986.
A-C . c ir ic tu s  ; h -C ryp to cen tru s  sp.l ; D-C . s iï ig a p u r e n s is  j  
E -C ryp to cen tru s  sp.2 ; H-A. gynvx>cephala 2 — A rb ly  e le c  t r i s  sp .l ; 
a-A . b e l lu lu s  ; C-A. d j i l o u te n s i s  ; Y-A lpr.eus sp .l
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ID m m Hi m
--------- S e a w a r d ------- >

F i g .  1 8  N u m b e r s  o f  a l p h e i d  s h r i m p s  ( l e f t )  a n d  g o b i i d  f i s h e s  ( r i g h t )  

i n  f i v e  s u b - q u a d r a t s  ( 5 m  X 2 5 m )  a t  s t a t i o n  B o n  K h a n g  K h a o  

I s l a n d  ; M a r c h  1 9 ,  1 9 8 6 .
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T a b l e  6 O c c u r r e n c e  o f  t h e  c o m b i n a t i o n s  b e t w e e n  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 i m p s  i n  a  2 5 m  X 2 5 m  q u a d r a t  a t  s t a t i o n  B o n  

K h a n g  K h a o  I s l a n d  ; M a r c h  1 9 ,  1 9 3 6

Crjpiocer.zrus sp.l 

c. eingcpurerisis 

Crypto centras sp.2 

. gyrmocephala 

A n clyeleo trie  sp.l

AA
B
BB
D
DD
E
EE

H
HH
i
II

0 8
38 20

5 
0 
0 
3 

0
6 
0 
1 
0

0
0
0
3
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
3

0
0
0

11
0
9
0
0
0

0
2
0
0
0
0
0
0
0
0
0

8
63

5
5
0

20
0

21
0
1
0

68

20

21

Total 25
Total of each 
species 107 27 139*

T o t a l  b u r r o w s  o b s e r v e d  w e r e  1 4 6  b u t  7 b u r r o u r s  h a d  n o  o c c u p a n t .

* *  S i n g l e  a l p h a b e t  m e a n s  s i n g l e  i n d i v i d u a l s ,  

d o u b l e  a l p h a b e t  m e a n s  t w o  i n d i v i d u a l s .
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F i g . 1 9 .  T h e s e  a s s o c i a t i o n s  w e r e  r e l a t i v e l y  f e w  i n  t h e  s o u t h  w e s t e r n  

q u a r t e r  o f  t h e  q u a r d r a t  w h e r e  t h e  s u b s t r a t e  c o m p o s e d  o f  r u b b l e  w h i l e  

t h e  r e s t  o f  t h e  q u a r d r a t  w a s  f i n e  s a n d  a n d  t h e  a s s o c i a t i o n s  w e r e  

a b u n d a n t .  T h e  m a x i m u m  d e n s i t y  o f  b u r r o w s  w a s  1 b u r r o w / m ^  i n  t h e  

n o r t h e r n  h a l f  o f  t h e  q u a r d r a t  w h i l e  t h e  o t h e r  a r e a s  w e r e  l e s s .  T h e  

a s s o c i a t i o n s  b e t w e e n  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 n d  A ip h e u s  d j i b o u t e r i s i s  

w e r e  f o u n d  t o  b e  56 % a n d  t h e  m o s t  n u m e r o u s  o f  a l l .  T h e  c o m b i n a t i o n s  

o f  s p e c i e s  i n  t h i s  q u a r d r a t  a r e  s u m m e r i z e d  i n  T a b l e  7 .

3 . 2  E f f e c t s  o f  t i d a l  c u r r e n t  o n  t h e  d i r e c t i o n  o f  b u r r o w

e n t r a n c e

A t  s t a t i o n  B ,  t i d a l  c u r r e n t  f l o w s  f r o m  s o u t h  t o  

n o r t h  p a r a l l e l  t o  t h e  s h o r e  l i n e  d u r i n g  h i g h  t i d e  a n d  i n  r e v e r s e  

d u r i n g  l o w  t i d e .  D i r e c t i o n  o f  b u r r o w  e n t r a n c e s  o f  a l p h e i d  s h r i m p s  

i n  a  2 5 m  X 2 5 m  q u a d r a t  a r e  p r e s e n t e d  i n  F i g . 2 0 .  M o s t  o f  t h e  d i r e c t i o n s  

o f  b u r r o w  e n t r a n c e s ,  8 4 . 3 %  w e r e  a t  s o m e  a n g l e s  t o  t h e  c u r r e n t  d i r e c t i o n  

A s m a l l  n u m b e r  o f  t h e  b u r r o w  e n t r a n c e s ,  8 . 2 % ,  w e r e  r e t a n g u l a r  a t  r i g h t  

a n g l e  t o  t h e  c u r r e n t  d i r e c t i o n .  O n l y  a  s m a l l  n u m b e r  o f  t h e  b u r r o w  

e n t r a n c e s ,  7 . 5 % ,  w e r e  t h a t  p a r a l l e l  w i t h  c u r r e n t  d i r e c t i o n  . T h e  

d i r e c t i o n s  o f  b u r r o w  e n t r a n c e  d i d  n o t  c h a n g e  w i t h  t h e  c h a n g e s  i n  t h e  

d i r e c t i o n  o f  t i d a l  f l o w  b e t w e e n  h i g h  a n d  l o w  t i d e ,  e x c e p t e d  f o r  

t h o s e  b u r r o w s  w h i c h  o p e n e d  a g a i n s t  t h e  t i d a l  c u r r e n t .  T h e s e  b u r r o w s  

a l w a y s  c o l l a p s e d  a n d  t h e  s h r i m p s  h a d  t o  b u i l d  n e w  e n t r a n c e  w h i c h  

w o u l d  d i r e c t  i n  o t h e r  d i r e c t i o n s  t o  t h e  t i d a l  c u r r e n t .  T h i s  e f f e c t  

o f  b u r r o w  c o l l a p s i n g  m i g h t  c a u s e  b u r r o w  s h i f t i n g  a s  w e l l .

3 . 3  D a i l y  a c t i v i t i e s  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 i m p s .

D a i l y  a c t i v i t i e s  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 i m p s  

w e r e  o b s e r v e d  m a i n l y  a t  s t a t i o n  S M a R T . T h e i r  a c t i v i t i e s  o u t s i d e  t h e
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N ^
S e a

F i g .  1 9  D i s t r i b u t i o n  o f  t h e  a s s o c i a t i o n s  b e t w e e n  _ 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 i m p s  i n  a  fib X  8 d  q u a d r a t  a t  S t a t i o n  SM aR T o n  

S i c h a n g  I s l a n d ;  A p r i l  3 0 ,  1 9 8 6 .

•  ะ C r y p t o a 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 e .  d j i b o u t e n s i e  ;

A ะ C r y p t o c e n t r u s  c a e r u Z e o r m c u l a t u s - A lp h e u s  d i j i b o u t e n s i s  i  

■  ะ 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  s p . A  -



T a b l e  7

89

O c c u r r e n c e  o f  t h e  c o m b i n a t i o n s  b e t w e e n  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 i m p s  i n  a  8m X 8m q u a d r a t  a t  s t a t i o n  SMaRT o n  

S i c h a n g  I s l a n d  ; A p r i l  3 0 ,  1 9 8 6 .

c .  s i n g a p u r e n s i s  ( D )  - 3 0  3  3 3

c .  c a e r - u le o m a o u la t u s  ( G )  2 1  0  2 1

T o t a l 5 1 3 5 4
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T ida l current d ire c t io n  
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77; 1 c o r a l  z o n e

F i g . 2 0  D i r e c t i o n  o f  t h e  b u r r o w  e n t r a n c e s  o f  t h e  a s s o c i a t i o n s  b e t w e e n  

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 i m p s  i n  a  2 5 m  X 2 5 m  q u a d r a t  e t  

s t a t i o n  B o n  K h a n g  K h a o  I s l a n d ;  M a r c h  l y ,  1 9 ๘ 6  .  A r r o w ( ใ )

i n d i c a t e d  d i r e c t i o n  o f  t h e  b u r r o w  e n t r a n c e  .
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b u r r o w  w e r e  r e s t r i c t e d  t o  t h e  d a y t i m e .  D u r i n g  t h e  n i g h t  o b s e r v a t i o n s ,  

n e i t h e r  g o b i e s  n o r  a l p h e i d  s h r i m p s  w e r e  e v e r  o b s e r v e d  o n  t h e  b o t t o m  

s u r f a c e .  T h e  e n t r a n c e s  o f  t h e  s h r i m p s '  b u r r o w  w e r e  s e m i - c l o s e d  w i t h  

s e d i m e n t  c a r r i e d  u p  f r o m  i n s i d e  o f  t h e  b u r r o w  b y  t h e  s h r i m p .  T h i s  

r e s u l t  w a s  c o n f i r m e d  b y  l a b o r a t o r y  o b s e r v a t i o n  w h i c h  w i l l  b e  d e s c r i b e d  

l a t e r .  S o m e  b u r r o w  e n t r a n c e s  w e r e  t i g h t l y  c l o s e d  w i t h  s e d i m e n t  o r  

s h e l l  f r a g m e n t s  r e s u l t i n g  f r o m  w a v e  a n d  c u r r e n t  a c t i o n .  A f t e r  s u n r i s e ,  

t h e  g o b y  a p p e a r e d  f i r s t  f r o m  e a c h  b u r r o w .  T h e  s h r i m p  e m e r g e d  l a t e r  

a n d  c l e a r e d  o r  r e - c o n s t r u c t e d  t h e  e n t r a n c e .  A p p e r a n c e  t i m e  i n  t h e  

m o r n i n g  v a r i e d  w i t h i n  t h e  r a n g e  f r o m  6 : 3 0  t o  1 0 : 0 0  a m .  T h e  n u m b e r  o f  

o p e n e d  b u r r o w s  i n  t h e  d a y t i m e  f l u c t u a t e d  d a y  b y  d a y  a n d  b u r r o w s  

s h i f t i n g  w e r e  o b s e r v e d .  T h e s e  r e s u l t s  w e r e  r e c o r d e d  i n  F i g . 2 1 .

B e h a v i o u r s  o f  b o t h  g o b y  a n d  a l p h e i d  s h r i m p  w e r e  

c o n s t a n t l y  a c t i v e  f r o m  m o r n i n g  t o  e v e n i n g .  T o w a r d s  l a t e  e v e n i n g  t h e i r  

a c t i v i t i e s  d e c r e a s e d .  T h e  g o b y  u s u a l l y  f o u n d  g u a r d e d  t h e  b u r r o w  

e n t r a n c e  w i t h o u t  a n y  m o v e m e n t  w h i l e  t h e  s h r i m p  s t o o d  s t i l l  o n  p e b b l e  

o r  s h e l l  a t  t h e  b u r r o w  e n t r a n c e  w i t h  b e h a v i o u r  a s  f e e d i n g .

T h e i r  g e n e r a l  a c t i v i t i e s  w e r e  t h e  s a m e  a s  d e s c r i b e d  

b y  m a n y  a u t h o u r s  ( H a r a d a ,  1 9 6 9 ;  P r e s t o n ,  1 9 7 6  ; Y a n a g i s a w a ,  1 9 8 4 ) .

S i n c e  t h e  s t u d y  a r e a  w a s  i n  t h e  i n t e r t i d a l  z o n e ,  t h e  

a c t i v i t i e s  o f  b o t h  a n i m a l s  w e r e  a f f e c t e d  b y  t i d a l  s t a g e .  D u r i n g  l o w  

t i d e ,  t h i s  a r e a  w a s  e x p o s e d .  B o t h  g o b y  a n d  a l p h e i d  s h r i m p  s t a r t e d  

t o  w i t h d r a w  i n t o  t h e  b u r r o w  w h e n  t h e  s e a  l e v e l  w a s  a s  l o w  a s  a b o u t  

5 c m  a b o v e  b o t t o m  s u r f a c e .  D u r i n g  h i g h  t i d e ,  t h e y  b o t h  s t a r t e d  t o  b e  

a c t i v e  w h e n  s e a  l e v e l  r e a c h e d  a b o u t  3 0  c m  a b o v e  b o t t o m  s u r f a c e .
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F i g .  21- M a p  o f  c u m u l a t i v e  p o s i t i o n s  o f  t h e -  b u r r o w  e n t r a n c e s  i n  

5  s u r v e y s  a t  S t a t i o n  SM aR T o n  S i c h a n g  I s l a n d ,  d u r i n g  

t h e  p e r i o d  f r o m  A p r i l  3 0  t o  M a y  A ,  1 9 8 6 .  A p a t c h  o f  

e n t r a n c e s  e n c l o s e d  w i t h  a  s o l i d  l i n e  i s  r e f e r r e d  t o

a s  o n e  b u r r o w .
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F i g .  22 The a s s o c i a t i o n  p a i r  o f  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 
A l p h a s  a j ' i o o u t e r ^ s i s
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F i g .  23 The a s s o c i a t i o n  p a i r  o f  C r y p t o  c e n t r a s  s p . l  a nd  A l p h e u s  b e l l u l u s
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T a b le  8 The two-FAP s e q u e n c e s  o f  C r y p t o o e n t r u s  s in g a p u r e n & t  ร  an d  

A I p h e u s  d j i ' b o u t e n s i s  w h ic h  h a v e  p e r c e n t a g e  f r e q u e n c y  o f  

m ore th a n  0 . 5  %

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 lp h e u s  d i j i b o u t e n s i s

t v o - F A P .
s e q u e n c e s

P e r c e n t a g e
f r e q u e n c y

t w o - F A P
s e q u e n c e s

P e r c e n t a g e
f r e q u e n c y

S - N 1 1 . 3 4 D - E 3 2 . 2 7
N - S 9 . 7 3 E - P 2 6 . 1 5
พ - G 9 . 2 4 P - I 1 7 . 8 5
M - S 7 . 9 7 E - M 5 . 3 4
G - M 7 . 5 0 M - I 4 . 7 0
N-W 5 . 7 8 S - I 4 . 5 2
S - M 5 . 5 6 E - I 3 . 7 5
N - G 4 . 2 0 D -I 2 . 7 6
G - N 4 . 0 4 E - S 2 . 5 8
G - M a 3 . 9 2 p-s 2 . 0 5
M a - S 3 . 8 9  ’ E - D 1 . 3 1
M-N 3 . 6 5 P - D 0 . 4 9
ร - พ 2 . 8 0 M-D 0 , 4 9
I - E 1 . 6 4
S - M a 1 . 6 1
M - G 1 . 5 5
M a - N 1 . 4 3
E - G 1.21
N - M 0 , 9 7
L d - S 0 . 8 8
G - E 0 . 7 6
S - L d 0 . 6 9
S - A 0 . 5 5
G - L d î 0 . 5 0
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Table 9 The two-FAT sequences of C r y p t o c e n t r u s  s p . l  and A lp h e u s

b e l l u l u s  which have percentage frequency of more than  0.5%

C r y p t o c e n t r u s  s p . l A lp h e u s  b e l l u l u s

two-FAP
sequences

P ercentage
frequency

t.vo-FAP
sequences

Percentage
frequency

N-G 14.43 I-E 18.03
G-N 14.32 p-w 15.49
S-N 7.36 E-P 11.93
W-G 6.76 w-p 9,21
G-M 6.68 P -I 7,41
N-Ga 6.18 พ-ร 3.21
Ga-N 5.91 E -I 2,91
N-S 5.42 s-p 2.47
ร-ห 4.64 M-I 2.40
N-W 4.56 W-I 2,38
ห-ร 3.52 E-M 2.17
M-N 2.86 D-I 2.08
E-G 2.01 p -s 1.94
M-Ga 1.98 S-I 1.73
G-E 1.43 M-P 1,64
Ma-S 1.37 E-D 1.64
ร-พ 1.37 D-P 1.59
Ga-M 1.07 ร-ห 1.59
Ga-W 0.99 S-D 1.54
G-Ma 0.99 P-M 1.27
I-E 0.77 ห-ธ 1.18
ห-G 0.74 ห-ซ 0.99

ซ-ร 0,78
P-M 0.76
E-S 0.55
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F i g .  2 4  E t h o g r a m s  o f  C r y p t o c e n t r u s  B i n g a p u r e n s i s  ( A )  a n d  A lp h e u s  

d j i b o u t e n s i - s  ( B )  .. w h i c h  l i v i n g  i n  a s s o c i a t i o n ,  d u r i n g  2 0

m i n u t e s .  T h e  c i r c l e s  r e p r e s e n t  F A P  o f  t h e  g o b y  a n d  t h e  a l p h e i d  

s h r i m p .  E a c h  F A P  i s  r e p r e s e n t è d  b y  l e t t e r s  w h i c h  w e r e  d e s c r i b e d  

i n  t e x t .  T h e  t h i c k n e s s  o f  t h e  l i n e s  m e a n  t h e  s t r e n g t h  o f  t h e  

c o n n e c t i o n .  T h e  a r r o w s  s h o w  d i r e c t i o n  o f  b e h a v i o u r s .
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F i g .  2 5 E t h o g r a m s  o f  C r y p t o c e n t r u s  s p . l  ( A )  a n d  A lp h e u s  b e l l u l u s  

( B )  v h i c h  l i v i n g  i n  a s s o c i a t i o n ,  d u r i n g  2 0  m i n u t e s .  

D e t a i l s  o f  t h e  e t h o g r a m s  s a m e  a s .  F i g .  2 3 .

■
3D



99

The burrow entrance always co lla p sed  because o f  the  
sediment motion caused by wave a c t io n . In such c a s e s , the goby appeared 
f i r s t  by protruding i t s  head and body through th e co lla p sed  entrance  
and the shrimp fo llow ed  la t e r .  Their a c t i v i t i e s  remained the same 
as new day s ta r te d . T herefore, th e ir  a c t i v i t i e s  o u ts id e  the burrow 
were lim ite d  not on ly  at n ight but a lso  during low t i d e s .

4 . Behavioural study

4 .1  F ie ld  ob serva tion

A sso c ia tiv e  behaviour between C r y p t o e e n t r u s  s i n g a p u r e n s i s  and A lp h e u s  

d j i b o u t e n s i s

The Fixed A ction  P atterns (FAPg) o f  c .  s i n g a p e r e n s i s  

and A .  d j i b o u t e n s i s  were a n a lized  from data c o l le c te d  from f i e ld  
o b sev a tio n . The goby in  th is  a s s o c ia t io n  p a ir  d isp lay ed  12 b eh av iou ria l 
ch a ra cters. "Attack", "Emerge", "Flee", "Guard", "In burrow", "Lateral 
d isp la y " , "Move", "Move away", "Nip Sand", " S it" , "Soaring L ateral 
d isp lay"  and "Withdraw", w h ile  the a lp h eid  shrimps had b eh avioral 
ch aracters; "Decorate", "Emerge” , "Flee", "In burrow", "Manipulate 
o b je c ts ” , "Plough", and "Stand"

The gob ies showed 71 two-FAP sequences in  which 18 
sequences had a percentage frequency, o f  more than 1% and 6 sequences 
had a frequency o f more than 0.5%. As fo r  th e  a lp h eid  shrim ps, they  
showed 27 two-FAP sequences in  which 11 sequences had more than 1% 
frequency and 2 sequences w ith  a frequency o f n early  0.5%. The f u l l  
r e s u lt s  o f two-FAP sequences frequency o f c .  s i n g a p u r e n s i s  and A .  

d j i b o u t e n s i s  are presented  in  Appendix A & B and summarized in  
Table 8. The freq u en cies o f which the variou s FAPs of the goby and
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th e a lp h eid  shrimp occurred are demonstrated in  two ethograms 
( F ig .2 4 ) .

From th e ethogram, c .  s i n g a p u r e n s i s  u su a lly  m aintain  
guarded a t th e burrow entrance, then moved (7.5%) and sa t (7.79%) 
near the burrow en tran ce, then nip sand (11.34%) and may sa t (9.73%) 
at any p o s it io n  and nip  sand again  b efore  withdrawing (5.78%) to  
guarded (9.24% ), a t the burrow entrance. The goby may nip sand (4.04%) 
w h ile  guarding. Sometimes i t  moved away (3.92%) from the burrow 
entrance (not more than 3m) and sa t (3.89%) fo r  a moment. A fter  th at 
i t  n ip  sand (1.43%) and withdrew to  guard a ga in .

For A .  d j i b o u t e n s i S j  a c t iv i t i e s  o f the shrimp o u ts id e  
the burrow were l im ite d  by the goby*ร a c t i v i t i e s .  The main FAP when 
i t  emerged from the burrow was ploughing (20.15%) a f te r  which i t  moved 
im m ediately in to  the burrow (17.85%) but sometimes i t  stand (2,05%) 
a t th e burrow entrance fo r  a movement b efore moving in to  the burrow 
(4 .5 2 ) ,  fo r  th e  o th er a c t i v i t i e s ,  a f te r  em ergin g ,it may manipulated  
o b je c ts  (5 .34% ),stand (2.58%) o:: decorated the burrow entrance (1.31%) 
a fte r  which i t  moved im m ediately in to  the burrow (4.70%, 4.52% and 
2.76%)

A s s o c ia t iv e  behaviour between C r y p t o  c e n t r a s  s p . l  and A l p h e u s  b e l l u l u s

The goby had 13 b eh avoria l characters "Attack", "Emerge", 
"Flee", "Guard", "Guard away", "In burrow", "Lateral d isp la y " , "Move", 
"Move away", "Nip Sand", " S it" , "Dash" and "Withdraw", whereas the  
a lp h eid  shrimp had 8 behavioural characters ะ "Decorate", "Emerge", 
"Flee", "In burrow", "Manipulated o b jec ts" , "Plough", "Stand" and
"Walk".
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The goby showed 60 two-FAP sequences in  which 20 sequences 
had a percentage frequency o f more than 1%. As fo r  th e  a lp heid  
shrimp, i t  showed 47 two-FAP sequences in  which 22 sequences had more 
than 1% frequency. The f u l l  r e s u lt s  o f two-FAP sequence frequency  
of C r y p t o c e n t r u s  s p . l  and A Z p h e u s  b e Z Z u Z u s  are p resented  in  Appendix 
c & D and summarized in  Table 9 . The freq u en c ies  o f  which the various  
FAPs o f th e  goby and the a lp heid  shrimp occurred are demonstrated in  
two ethograms ( F ig .2 5 ).

From the ethogram C r y p t o c e n t r u s  s p . l  u su a lly  m aintain  guarding 
at the burrow entrance and nipping sand (14.32% ). The goby always 
moved (6.68%) and sa t (3.52%) near the burrow en tra n ce , then nip sand 
(7.36%) and may sa t (5.42%) a t any p o s it io n  and nip sand again  b efore  
withdrawing (4 .5 6 ) to  guard at th e burrow en tra n ce . Many tim es, i t  
moved along the d ep ress io n , b u i l t  by the a lp h eid  shrimp, and guard 
(1.98%) on the scooped sedim ent a t a d is ta n ce  away from the burrow 
en tra n ce . Nipping sand (5.91%) always seen  h e r e . At guarding 
p o s it io n , sometimes the goby moved away (1%) from the burrow and sa t  
(1 .3 7 ) at any p o s it io n  for  a moment, then may nip sand and withdrow  
to  guard. The other a c t i v i t i e s  occurred in  l e s s e r  fr e q u e n c ie s .

The a c i t i v i t i e s  o f A Z p h e u s  b e Z Z u Z u s  o u ts id e  the burrow were 
concerned w ith  burrow entrance and d ep ressio n  e x ca v a tio n . Burrow 
maintenance was represented  by FAPs which occurred a fte r  "Emerge". 
These FAPs were "Plough" (11.93% ), "Manipulated o b jects"  (2.17%) and 
"Decorate" (1.64% ). A fter  th e a lp h eid  shrimp emerged from the burrow 
and performed i t s  a c t i v i t i e s ,  i t  did not move back in to  th e  burrow 
but always stayed  o u ts id e  the burrow and continued to con stru ct a
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dep ression  from the burrow en tran ce. These behaviours were represented  
by FAPs which occurred con tinu ou sly  a f te r  i t  stayed  o u ts id e  the 
burrow. The major FAP which occurred for  d ep ression  excu vation  was 
"Plough", which 16.91% o f to ta l  freq u en cies were concerned d ir e c t ly  
w ith  "Plouth" o u ts id e  the burrow. The other FAPs th at the shrimp 
d isp layed  fo r  b u ild in g  the d ep ressio n  occurred in  l e s s e r  freq u en c ies:  
"Manipulated o b jects"  (2.86%) and "Decorate" (2.54% ).

4 .2  Laboratory O bservation

Behaviours o f 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 A l p h e u s  d j i b o u t e n s i s  

in  a r t i f i c i a l  burrow

When the a lp heid  shrimp was p laced  in  an aqurim, i t  
moved to  h ide in  the corner of the aquarium or base o f s to n e s . U n til 
f in a l ly  on lo c a t in g  o f the a r i f i f i c i a l  burrow, i t  moved in to  the  
burrow im m ediately w ithout any h e s i t a t io n .  A fter s e t t in g  in  the  
burrow, burrowing behaviour was then observed .

The goby was p laced  in  the aquarium one hour a f te r  the 
shrimp. The goby moved around u n t i l  i t  found th e a r t i f i c i a l  burrow 
entrance. The goby paused at the entrance fo r  a moment b efore  moving g en tly  
in to  the burrow. As soon as the goby met the a lp h eid  shrimp in  the 
burrow, both appeared apprehensive and stopped th e ir  a c t i v i t i e s  for  
a few m inutes. A fter th a t, the shrimp sometimes tr ie d  to push the 
goby out o f the burrow and snapped i t s  p incer a u d ib ly . The re 
communication between the partners was completed w ith in  24 hours.
A n te n n a l c o n t a c t  a lw a y s  s e e n  b o th  o u t s id e  and i n s i d e  o f  t h e  b u rrow .
D u rin g  th e  d a y , t h e  goby a lw a y s  g u a rd ed  th e  b u rrow  e n tr a n c e  and o t h e r  

a c t i v i t i e s ,  su ch  a s  n ip p in g  sa n d , had n e v e r  b een  o b s e r v e d  i n  th e
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aquarium, w h ile  the a lp h eid  shrimp always stayed  w ith in  the burrow, 
and other a c t i v i t i e s  o u ts id e  the burrow, such as plough sand, did  
not occur. The a lp h eid  shrimp emerged from the burrow mainly at 
feed in g  time to catch  the b rin e shrimp or drag p iece  o f b iv a lv e  fresh  
in to  the burrow. I t  always m aintained antennal con tact w ith the goby. 
The a c t i v i t i e s  o u ts id e  the burrow o f both partners under aquarium 
con d itio n  were lower than in  n atu re. At n ig h t , both animals were 
observed to stay  in  the burrow to g e th e r s . The goby did not show any 
a c t iv i t y  and appeared to be s le ep in g  w h ile  the a lp heid  shrim p's , 
burrowing behaviour was always seen  but l e s s  freq u en tly  than in  the 
daytim e.

The shrim p's a c t iv i t y  in s id e  the burrow was mainly 
burrowing behaviour. I t  decorated the in s id e  o f  the burrow soon  
a fte r  en ter in g  and burrowing behaviour was g en era lly  s im ila r  to  th at
o f A .  d j i b o u t e n s i s  as dercribed  by Karplus e t .  a l  (1S72), or A .  b e l l u l u s  

as described  Harada (1 9 6 9 ). The tunnel thus decorated i s  gen era lly  
la rg e  in  r e la t io n  to  th e shrim p's s i z e .  The shrimp made a space 
near the inner and o f the a r t i f i c i a l  burrow tw ice as larg e  as the  
tunnel and i t  always used th is  space fo r  turning around, r e s t in g  and 
feed in g  e t c .  Hence, t h is  space may mean the r e s t in g  s i t e  o f the shrimp 
in  the burrow. The shrimp always b u i lt  the burrow lon ger than what was 
provided and a ls o  created  branch tu n n e ls . Thus a new burrow entrance  
may open a t any part in  aquarium. During the n ig h t, a fte r  the goby 
withdrew in to  th e burrow, i t  was observed th a t the shrimp moved forward 
to  occupy a p o s it io n  near th e burrow entrance beyound the goby and 
ploughed sand a t  th a t p o s it io n  to decrease the s iz e  o f the burrow 
entrance. In the ea r ly  morning the shrimp ploughed sand to expand 
the burrow entrance b efore  a llow in g  the goby to move out o f the burrow.
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A fte r  th a t i t  decorated the newly-widened burrow en tran ce . This 
e v id en c es  supported f i e ld  ob servation s which showed th at the burrow 
en tra n ces  o f a lp h eid  shrimps at s ta t io n  SMaRT were always sem i-c lo sed  
a t  n ig h t w ith  the sediment carr ied  up from th e in s id e  o f the burrows 
b y  th e  shrim ps.

Feeding behaviour o f the shrimps occurred in s id e  the 
burrow . A fter  trapping b rin e shrimps or reach in g  b iv a lv e  f le s h  
in tro d u ced  at feed in g  tim es, th e  shrimp withdrew in to  the burrow w ith  
th e  food and remained at the r e s t in g  space. Feeding occurred w h ile  
i t  พ'as in  th is  sp ace . A fter i t  a te  a l l  o f  food m a ter ia ls  brought in ,  
i t  moved out to  g et more food and k ept doing th is  again  and a g a in .
I t  was a lso  observed that the shrimp always stored  food by keeping  
them under th e  gravel along the tu n n el.

B ehaviours o f C r y p t o c e n t v u s  s p . l  and A l p h e u s  b e l l u l u s  in  a r t i f i c i a l  
burrow

Behaviours o f both animals a fte r  b eing  placed in  the aquarium 
w ere the same as observed from the former p a ir . The goby appeared to  
be e a s i ly  fr igh ten ed  by the movements around the aquarium more than 
th e  former p a ir . The re-communication between them was a ls o  completed  
w ith in  24 h ou rs.

During the day, the goby always guarded the burrow entrance  
and sometimes moved along the d ep ression  to guard i t s  partner shrimp 
w hich  came out and b u i lt  th is  d ep ress ion . The d ep ressio n  was always 
d ir e c te d  from the burrow entrance to the other s id e  o f the aquarium at 
a d is ta n c e  o f about 40 cm. The other a c t i v i t i e s ,  such as n ip p ing  sand 
and la t e r a l  d isp la y , had never been abserved in  the aquarium. For the
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a lp h e id  shrimp, i t  always emerged from the burrow and m aintained i t s  
a c t i v i t i e s  o u ts id e  the burrow which was mainly d ep ression  co n stru ctio n .
I t  never ploughed sand or m anipulated o b jec ts  from in s id e  to  o u ts id e  
o f th e  burrow but sometimes decorated the burrow entrance by using  
la rg e  ch e lae  and 2nd periopods to  p i le  up sm all ston es or s h e l l  
fragm ents on top o f the roo f o f the entrance. In sid e  burrow a c t iv i t i e s  
of the shrimp was m ainly th at o f burrow m aintenance. I t  aways moved 
along the main and branch tunnel to  m aintain  the co n d itio n  o f the 
burrow. Sometimes i t  manipulated s h e l l  fragment from one p lace  to  
another p lace  w ith in  the tu n n e l.

During the feed in g  tim e, i f  only l iv e  b rin e shrimp was used 
fo r  fe e d in g , th e  goby always dashed fo r  the brine shrimps which were 
swimming near th e  burrow en tran ce. The alpheid  shrimp a lso  came out 
to  catch  the b rin e shrimps w ith 2nd periopods, always catch in g  two or 
th ree  a t a time and a te  o u ts id e  the burrow. Sometimes i t  withdrew  
to  e a t in s id e  the burrow. I f  b iv a lu e  f le s h  was g iven , w ith  3 -4  p ieces  
o f  b iv a lu e  fresh  p laced  a t the burrow en tran ce. Doing so both partners 
f le d  in to  the burrow. The goby emerged 15-20 seconds la t e r  to  nip at 
the b iv a lu e  f l e s h .  The a lp heid  shrimp came out la te r  and u su a lly  dragged 
a p ie c e  o f b iv a lu e  f le s h  very q u ick ly  in to  the r e s t in g  space in s id e  
the burrow to feed  on. Food storage occurred same as A .  d j i b o u t e n s i s .

During the n ig h t, the goby withdrew and stayed  s t i l l  in s id e  
the burrow a l l  the tim e. The a lp heid  shrimp, however, always came 
out and walked or swam fr e e ly  over the whole aqurium. This evidence  
had a lso  been reported  by Karplus e t  a l .  (1972) fo r  A .  d j i b o u t e n s i s .
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