
MATERIALS AND METHODS

1. D escr ip tio n  o f the study area

This study was carried  out a t Sichang Isla n d  ( F i g . l ) ,  inner  
part o f the Gulf of Thailand (1 3 ‘09'N, 100°40 'E )0 Average s a l i n i t y  
recorded in  the area ranged from 3 2 c18 ppt during summer to  31.23  
ppt during the rainy  season (S ir ip o n g , 1984). Temperature recorded  
ranged from 2 8 .8 9 ’c during the summer to 26.88*c during the w in ter  
(S ir ip o n g , 1 98 4 )0 A fter heavy p r e c ip ita t io n , s a l in i t y  may be reduced 
to  l e s s  than 20 ppt but th is  co n d itio n  w i l l  remain in  a sh ort p er io d .

Three types o f c lim a to lo g ic a l co n d itio n  annually  p r e v a il  in  
the Gulf o f Thailand.

1. Southeast monsoon or Southeast trade wind, u su a lly  occurs 
from February to  A p r il, which b rings warm, dry a ir  from South China Sea.

2 . Southwest monsoon u su a lly  occurs between May and September, 
b rin gs warm and m oist a ir ,  and causes heavy p r e c ip ita t io n .

3 . N ortheast monsoon, u su a lly  occurs from October to  February 
causes heavy turbulance and strong winds (Menasveta e t  a h  3 1 98 6 )0

The c lim a to lo g ic a l con d itio n s o f Sichang Isla n d  and some areas 
o f th e ea stern  coast of the Gulf o f Thailand during the la s t  30 years 
are summarized and shown in  Table 1 . P r e c ip ita t io n  in  the Gulf o f 
Thailand i s  h igh during the Southwest monsoon. On Sichang Is la n d , the 
average maximum p r e c ip ita t io n  was 287,2  mm in  September and average
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F ig . 1 Map showing the study a rea . General survey was done a t four
s ta t io n s  (S t .  Â, B, c & D) on Khang Khao Is la n d . Behavioural 
study was done at s t a t io n  B. on Khang Khao Isla n d  and s ta t io n  
SMaRT on Sichang Islan d



T ab le  I. C lim ato log ica l d a ta  o f  th e  e a s te r n  c o a s t o f  th e  G u lf o f T h a ila n d  1951-1980 (U m n u o y , 1985)

Station Average Rainfall, mm
Max. Min. Annual (month)(Month)

Average Evaporation, mm
Max. Min. Annual (Month) (Month)

Relative Humidity, %
Max. Min. Meun (Month) (Month)

Prevailing wind 1 
(period) Ave. in

direction
Knots

Chon Buri 298.3 8.5 1348.4 N.A. N.A. N.A. 92.6 48.6 74.0 E(Jan) 5. 8(Sep) (Dec) (Oct) (Dec) ร(Feb-Sep) 4.S-G.6NE(Oct-Dec) 4.G-G.1Sattahip 283.5 15.0 1321.6 N.A. N.A. N.A. 93.1 51.9 77.0 N(Jan, Oct-Dec) 5.4-6.6
(Oct) (Dec) (Oct) (Jan) ร (Feb-May) 6 .6-7.4รพ (Jan-Jul) 9. 0-9. 2พรพ (Aug-Sep) 7 .0-8 .G

Sichang Island 287.2 7.5 1223.3 N.A. N.A. N.A. 88.4 55. 5 73.0 พ(Jan-Mar, May--Sep)
(Sep) (Jan) (Oct) (Dec) 5. 7-7.5ร (Apr) 6 7Chanthaburi 534.9 11.8 2977. 2 157.0 98.4 1533.3 97.0 50.4 82.0 NE(Jan, Oct-Dec) 2.7-5.3
(Sep) (Dec) (Dec) (Sep) (Sep) (Jan) ร (l’eb-May) 2 .0-2.8รพ(Jun-Sep) 1 .8-2.7

Khlong Yai 1072.1 21.3 4763.9 160.7 88.1 1514.4 96.1 54.5 79.0 NE(Jun, Mar-Ap r.(Aug) (Dec) (Mar) (Jul) (Sep) (Dec) Nov-Dee) 4.6-5.3พ(Feb, Mny-Oct) 4.2-5.0
N.A ., not available
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anual p r e c ip ita t io n  was 1222,3 nun. Evaporation was u su a lly  h igh  during 
March and A p r il, due to  the dry and warm a ir .  The mean r e la t iv e  
hum idity ranges from 73.0-82.0% . Sichang Isla n d  has the low est mean 
r e la t iv e  hum idity.

The n o r th ea ster ly  wind p r e v ia ls  in  the Gulf o f Thailand from 
October to January and the Southw esterly  winds p re v ia ls  from February 
to  September. At Sichang I s la n d , th e w ester ly  wind p re v ia ls  from 
January to  March and May to  September at a speed o f 5 . 1 - 1 . 5  k n o ts .
The Southw esterly  wind p re v ia ls  in  A pril at a speed o f 6 .7  k n o ts . The 
N orth ea ster ly  wind p r e v ia ls  from October to  December w ith a speed o f  
5 .8 -8 .4  k n o ts.

Tides a t th e  Sichang Isla n d s are o f m ixed -cyc le . Sem i-diurnal 
were predominant but had a la r g e  d iffe r e n c e  in  d a ily  f lu c tu a t io n . There 
were some days w ith  d iurnal c y c le . From t id e  ta b le  pub lished  by the  
Hydrographic Department, Royal Thai Navy, th e maximum t id a l  range in  
1983-1986 was 0 .3 - 4 . lm, th e  h ig e s t  t id e  was 4 .2  m and low est was 0.3m 
above the chart datum. The le v e l  o f th e h ig h est and low est t id e s  were 
r e la t iv e ly  con sta n t throught out th e  yea r . Tidal current o f th is  area  
flow s from the south  to  the north during high t id e  and flow s backward 
at low t id e .  The current flow  speed i s  r e la t iv e ly  high when the tid e  
i s  b eg in in g  h igh  and low during the spring t id e s .

F ie ld  survey was ca rr ied  out at four s ta t io n s  on Khang Khao 
Isla n d  ( F i g . l ) ,  A, B, c and c ,  where the cora l community was p rev io u sly  
examined (Sakai e t  a l t . ,  1986 ; Tsuchiya e t  a l .  3 1986 ; Kamura 6 
Choonhabandit, 1986). P r o f ile  and com position  o f  su b stra tes  o f each
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s t a t io n  were reported  by Kamura & Choonhabandit (1986) (F ig f2 ). B r ie f  
d e sc r ip tio n  o f the g iven  s ta t io n s  are as fo llo w  ะ

S ta t io n  A

S ta tio n  A s itu a te d  in  the northern part o f  th e I s la n d , the  
e f f e c t s  o f wind and wave on th is  s id e  are low er than the o th er  s ta t io n s  
through out the year. Only during the N ortheast monsoon th at th is  
s id e  i s  a f fe c te d . Coral community o f S ta tio n  A was r e la t iv e ly  broader 
in  d is tr ib u t io n  than that o f the other s t a t io n s .  The sh allow er part 
o f th is  s ta t io n  was lim eston e , rock and ru b b le . The deeper part was 
sand and co ra ls  w ith  the cora l zone about 60m w id e. P o r i t e s  l u t e a  

accounted fo r  alm ost a l l  coral coverage (Sakai e t  a l . 3 1 986). The 
a s s o c ia t io n s  between the g ob iid  f is h e s  and a lp h eid  shrimps were found 
along the cora l zone and in  area surrounding the co ra l zon e.

S ta t io n  B

This s t a t io n  i s  in  the ea stern  part o f  the Is la n d . The e f f e c t s  
of wind and wave on th is  s ta t io n  are m oderate. Strong wind and waves 
occur during the Southeast and N ortheast monsoons. The sh a llow er part 
o f th is  s t a t io n  was dominated by rock and l iv in g  c o r a ls ,  P a v o n a  f r o n d i f e r a  

as the dominant s p e c ie s .  Coral zone was r e la t iv e ly  narrow, about 20m 
w id e. P o r i t e s  l u t e a  had the la r g e s t  coverage and P a v o n a  d e c u s s a t a  was 
the next most abundant (Sakai e t  a l . J  1986). The a s s o c ia t io n s  between  
the g ob iid  f is h e s  and alpheid  shrimps were found only  in  the areas 
surrounding the cora l zone but not in  the cora l zone.
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D
F ig. 2 Profies and substra te  composition of each s ta tio n  in  the

study area.
A -station A B -station  B
c -s ta tio n  c l)-sta tion  ข
E -sta tion  SMaRT
LTL ะ The lowest tid e  level above the lowest low water.
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S ta t io n  c

S ta tio n  c i s  on the sou th ea stern  part o f th e Island  where the 
e f f e c t s  o f wind and wave are s im ila r  to  S ta tio n  B. The shallow er part 
of th is  s ta t io n  was dominated by co r a ls  and rock , P o r i t e s  l u t e a  had 
the la r g e s t  coverage. P a v o n a  f r o n d i f e r a  and P l a t y g y r a  d a e d a l e a  were 
th e next most dominant s p e c ie s .  Coral zone o f th is  s t a t io n  was 
m oderately w ide, about 40m. This zone was ch a ra c ter ized  by P o r i t e s  

l u t e a  and p la te  l ik e  sp e c ie s  o f ,  M o n t i p a r a  h i s p i d a  and E e h i n o p o r a  

l a m e l l o s a .  (Sakai e t  a l . t  1986). The a s s o c ia t io n s  between g ob iid  ; 
f is h e s  and alpheid  shrimps were found only in  the areas surrounding 
the coral zone.

S ta t io n  D

This s t a t io n  i s  on the w estern  part o f  th e I s la n d . The e f f e c t s  
o f winds and waves here are r e la t iv e ly  h ig h . Strong wind and waves 
occur during the Southwest and N ortheast monsoon. The sh allow er part 
o f th is  s ta t io n  was dominated by hard rock and b o u ld ers . Coral zone 
was r e la t iv e ly  narrow, about 15-20m w id e. P o r i t e s  l u t e a  i s  the dominant 
sp e c ie s  but not as abandant as in  a l l  other s ta t io n s  (Sakai e t  a l . t  

1968). The a s s o c ia t io n s  between g ob iid  f is h e s  and a lp heid  shrimps 
were found rare ly  in  the areas surrounding the cora l zone.

The sedim ents c h a r a c te r is t ic s  o f the areas surronding the 
cora l zone o f each s ta t io n  are the same, which i s  composed o f coarse  
sand packed w ith  p eb b les , coral deb ris and s h e l l  fragm ents. At the 10m 
depth o f each s ta t io n  the sedim ents i s  muddy sand.

From f i e l d  s u r v e y  a t  a l l  o f  t h e s e  s t a t i o n s  f o u n d  t h a t  t h e r e  

w e r e  many 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
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s t a t io n  B, but most o f  them were only one a s s o c ia t io n  p a ir , Hence, 
only th is  common a s s o c ia t io n  pair can be observed and c o l le c te d  from 
th is  s t a t io n ,  and another a s so c ia t io n  pair must be stu d ied  from another 
a r e a s . From general survey, the other one a s s o c ia t io n  pair was 
commonly found a t  th e beach on the n o rth -eastern  s id e  o f Sichang Marine 
S cien ce  Research and Training S ta t io n . So, th is  area i s  included  and 
d esign ated  as s ta t io n  SMaRT in  th is  stud y. P r o f ile  and com position  o f 
su b str a te  were stu d ied  by th e same method as Sakai e t  a t . 3 (1 9 8 6 ), and 
th e r e s u lt  i s  shown in  F ig .2 . This s ta t io n  i s  on the ea stern  s id e  o f  
Sichang Is la n d  and i s  a ffe c te d  only by N ortheast monsoon. The shallow er  
part o f th is  s t a t io n  c o n s is ts  o f rubble and g ra v e l. The deeper part i s  
f in e  sand and ru b b le . Few coral head, G o n i o p o r a  s p . ,  was found sc a tte r ed  
in  th is  a rea , Diameters of th e coral heads do not exceed 60 cm. From 
the occurrence o f  young c o lo n ie s , i t  can be noted hear th at the cora l 
community i s  j u s t  b eg in in g  to  develop in  th is  area . The a s so c ia t io n s  
between the g o b iid  f is h e s  and alpheid  shrimps in  th is  area were found 
on both  sandy bottom  and rubble gravel bottom.

2 ,  Taxonomic study

2 ,1  C o lle c tio n  o f specimens

Gobiid f i s h  and a lp heid  shrimp specimens were c o l le c te d  
from a l l  s ta t io n s  o f the study area (A, B, c ,  D & SMaRT). A ll specimens 
were preserved  in  i0% form alin  s o lu t io n .

Two procedures were used in  c o l le c t in g  specim ens.

F ir s t  procedure, to  c o l le c t  gob iid  f is h e s ;  underwater 
f is h in g  was employed by fa s te n  a minute f i s h  hock (N o.14-16) to  nylon
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f is h in g  l in e  and used sm all p iece  o f b iv a lv e  or squid as b a i t .  Two 
more p iece  o f b a it s  were put near the burrow entrance to a t tr a c t  the 
goby. The problem o f th is  procedure was th at the b a it s  a lso  a ttr a c te d  
oth er f is h e s  such a s , P e n t a p o d u s  s e t o s u s  and S a o l o p s i s  spp. However, 
about h a lf  o f the goby specimens in  th is  study were c o l le c t e d  by th is  
p roced ure.

Second procedure designed to c o l l e c t  l i v e ,  undamage 
specim ens o f g ob iid  f is h e s  and a lp heid  shrimps l iv e d  in  the same burrow 
fo r  b eh aviovral study and a lso  taxonomic study o f  a lp h eid  shrim ps.
Base on the problem faced  by Karplus & Vercheson (1978) in  moving 
c o l le c t in g  apparatus from one p lace  to another underwater as w e ll as 
on lan d , the m o d ifica tio n  o f sh ootin g  apparatus was made. The arrow of 
the regu la r  spear gun norm ally used to c o l l e c t  specimens in  th is  
procedure was designed  to s i t  the spear gun on when c o l le c t in g  specimens 
(F ig . 3 ) .  The sh oo tin g  apparatus was s e t  behind the burrow entrance  
at the tim e o f c o l l e c t io n ,  When the a lp heid  shrimp and i t s  partner  
goby came out o f the burrow, th e spade-shaped arrow would be shoot to  
b lock  the burrow entrance and they were then caught by hand n e t .
U su a lly  i t  would take about 5 to 15 minutes a f te r  s e t  sh oo tin g  apparatus 
fo r  the goby and a lp h eid  shrimp to come out o f the burrow.

2 . 2  I d e n t i f ic a t io n  o f specim ens.

The specimens c o l le c te d  were id e n t i f ie d .  I d e n t i f ic a t io n s  
o f the gob iid  f i s h e s  referred  to  th e works o f A kih ito  e t  a l . y  1984 ; 
A k ih ito  & Meguro, 1978, 1983 ; Fowler, 1928, 1937, 1962 ; Gunther, 1861 ; 
K erre, 1927, 1933, 1934, 1936a, 1936b; Hoese & Lubbock, 1982 ; Hoese & 
R andall, 1982 ; Hoese & Steen e, 1978 ; Koumans, 1953 ; Lubbock & P olu n in ,
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F ig . 3 Shooting apparatus used fo r  c o l le c t in g  specim ens o f gob iid  
f is h e s  and a lp heid  shrim ps. (m odified  from Karpuls & 
Vercheson, 1978)
A. spade-shaped arrow
B. removable stand  
c . spear gun

0 1 2 4 5 2



1977 ; Polunin  & Lubbock, 1977, 1979 ; Smith 1945 ; Smith, 1959 ; 
Tomiyama 1936 ; Wongratana, 1975 ; Yanagisawa, 1978 ; Yoshino & Senou, 
1983. As fo r  th e a lp heid  shrimps, the id e n t if ic a t io n s  fo llow ed  the  
works o f  Banner & Banner (1966, 1982) and Miya & Miyake (1 9 6 9 ). Some 
specim ens were compaired w ith  the re feren ce  c o l le c t io n  at K asetsart 
U n iv ersity  Museum o f  F is h e r ie s .

Names o f canal pores on the head o f  goby were g iven  as 
a lp h a b e tic a l l e t t e r s  designated  by Prince A kih ito  & Meguro (1 9 74 ), 
which i s  presented  in  F ig .4 . The drawings o f  a l l  sp ec ie s  w ith  some 
im portant ch aracters were made.

3 . F ie ld  Survey

At Khang Khao Isla n d , some environmental parameters and the  
occurrence o f  the a s s o c ia t io n  p a irs were stu d ied  a t four s t a t io n s .  
S a l in i t y ,  tem perature, d isso lv e d  oxygen and pH were measured in  s i t u

i

at th e su rfa ce  and bottom o f th e  areas surrounding the cora l zone a t 
each s t a t io n .  S a l in i t y  and tem perature were measured by S a l in i t y -  
C onductivity-Tem perature meter YSI model 33, d isso lv e d  oxygen by Oxygen 
meter YSI model 51B and pH by pH meter Corning M.103. The occurrence  
o f th e a s s o c ia t io n  p a ir s , s p e c ie s ,  in d iv id u a ls  and h a b ita t , were 
in v e s t ig a te d  by v is u a l  census a t each s t a t io n . Data were c o l le c te d  
along the tra n sec t l i n e ,  from high t id e  le v e l  and extended from the  
end o f  coral zone fo r  50m. The areas w ith in  lm from each s id e  o f the  
l in e  were observed and recorded fo r  occurrence o f g ob ies , a lp heid  
shrimps and th e ir  h a b ita t .  Scuba d iv in g  was a lso  used to  c o l l e c t  d ata . 
A ll in form ation  was recorded on underwater s la t e  board. Both gob ies  
and a lp heid  shrimps were d istin g u ish ed  underwater and recognized  in

16



17

F ig . 4 Names o f canal pores on the head o f goby.
B '-H ', 
K'-L*, 
M'-O' ,

pores o f a n ter io r  o cu loscap u lar  canal ;
pores o f p o s te r io r  ocu losca p u la r  canal ;
pores o f preopercular canal ; pores a t t ip  o f can a l.

*



code b efore  they were id e n t if ie d  and described  according to  th e ir  
taxonomic p o s it io n s ,  E nglish  alphabets were used to  d esig n a te  the 
gob iid  f is h e s  and Greek alphabets fo r  the a lp heid  shrim ps. The im portant 
character o f animals th at can e a s i ly  separated  one from another i s  the 
colou r p a ttern .

This f i e ld  survey was carr ied  out monthly from September 1985 
to  February 1986.

4 . F ie ld  study on p opulation  stru c tu re  e f f e c t s  o f t id a l  current on 
d ir e c t io n  of the burrow entrance and d a ily  a c t i v i t i e s  o f the  
a s s o c ia t io n  p a ir s .

At s ta t io n  B, a 25m X  25m quadrat was s e t  up on th e  sandy 
bottom  o f the area surrounding the cora l zone. The depth ranged from 
5m to 8m ( r e la t iv e  depth when compared w ith  MSL ) .  This quadrat was 
d iv id ed  in to  twenty f iv e  5m X  5m sub-quadrats. The quadrat was s e t  up 
to  observe p op u lation  stru ctu re  and th e e f f e c t s  o f th e t id a l  current 
on d ir e c t io n  o f  the burrow en tra n ce . P o s it io n  and d ir e c t io n  o f  the 
opening o f  th e  burrow entrance, sp ec ie s  and a l l  in d iv id u a l f i s h e s  and 
shrimps in  the same burrow were recorded. D ir e c tio n  o f the t id a l  
current from underwater ob servation s were a lso  recorded . The t o ta l  
underwater ob serva tion  time added up to 12 h ou rs.

A lso at s ta t io n  SMART, a 8m X  8m quadrat was s e t  up on the sandy 
bottom  o f th e  in te r t id a l  zone. The depth ranged from lm to 1.5m. This 
quardrat was devided in to  s ix t y  four lm X  lm su b-qu ad rats. D aily  
a c t i v i t i e s  o f the a s s o c ia t io n  p a irs  in  th is  quadrat were observed and 
recorded. The p o s it io n  and d ir e c t io n  o f the opening o f burrow en tra n ces, 
sp e c ie s  and a l l  in d iv id u a ls  o f the f is h e s  and the shrimps in  each burrow 
were recorded everyday, for 5 d ays. A c t iv i t i e s  o f  the a s s o c ia t io n  p airs

18
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were observed both day and n ig h t . These s tu d ie s  were ca rr ied  out 
during March to May 1986. The underwater o b serv a tio n  time added up 
to  60 hours.

5 . Behavioural study

Behavioural s tu d ie s  were carr ied  out during the p eriod  of March 
to  J u ly , 1986.

5 .1  F ie ld  ob servation s

For comparison, two a s so c ia t io n  p a irs were s e le c te d  fo r  
beh aviou ral stu d y. From f i e ld  s tu d ie s , C r y p t o e e n t r u s  s p . l  and A l p h e u s  

b e l l u l u s  were s e le c te d  to be stu d ied  a t s ta t io n  B on Khang Khao I s la n d , 
w h ile  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  were s t e le c t e d  
to  be stu d ied  at s t a t io n  SMaRT on Sichang Is la n d .

S la te  board and stop  watch were used in  underwater record in g . 
Behaviour o f both f i s h  and shrimp were observed and recorded a t the  
burrow having only one f i s h  and one shrimp, but in  case th ere were two 
or more shrimps in  a burrow only  Fixed A ction  P atterns (FAPg) o f the  
f i r s t  shrimp were recorded. Behaviours o f f i s h  and shrimp were recorded  
a f te r  the d iver  reached the s e le c te d  burrow fo r  5 to  10 m inutes and 
continued w atching by keeping m otion less a t the d ista n ce  o f 1 .5 -2  m 
away from the burrow entrance. This method seems not to d istru b  
th e ir  normal b eh aviou rs. Behaviours o f f i s h  and shrimp were recorded  
20-25 minutes fo r  each o b serva tio n , but only 20 minutes o f th e records 
were used to c a lc u la te  cummulative frequency o f two-FAP seq u en ces.
Forty o b serva tio n s were made fo r  each se le c te d  p a ir  w ithout rep eatin g  
o b serva tion  on the same p a ir . Total ob serva tio n  tim es
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fo r  each s e le c te d  a s so c ia t io n  pair were a t le a s t  800 m in u tes,
The FAPg o f g o b iid  f is h e s  and a lp heid  shrimps were analysed and d escr ib ed .

General Fixed A ction  P atterns o f g o b iid  f i s h e s  are l i s t e d  
in  a lp h a b e tica l ord er. (some FAPg are shown in  F ig , 5)

A = Attack . : The goby charge a t th e in tru d er  
f i s h  who swims in to  i t s  t e r r it o r y .

D = Dash ะ The goby ra p id ly  moves above bottom  
su rface and takes a quick gulp of 
p lank tonic organism s.

E = Emerge ะ The goby emerging i t s  head from i t s  
burrow.

F = F lee  ะ The goby ra p id ly  en ters th e burrow, 
head f i r s t .

G = Guard : The goby s i t s  s t i l l  at the burrow 
entrance w ith  i t s  caudal f i n  g en e ra lly  
extending in to  th e burrow. Sub-FAP 
( s ig n a ll in g )  are r e le a se d  when th ere  
i s  in tru der animal who swims in to  
i t s  t e r r it o r y .

Ga = Guard away ะ The goby s i t s  s t i l l  at any p o s it io n  
on a shallow  d ep ressio n  formed by the  
shrimp. I t s  caudal f in  g en e ra lly  
extending in to  the burrow. S ig n a ls  
are g iven  only through the antennal
con ta ct m aintained by the shrimp.
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I = In burrow ะ The goby re s id in g  in s id e  the burrow 
and cannot be seen .

Ld = L atera l d isp la y ะ The goby spreads i t s  f in s  f u l l y ,  
l i f t s  i t s  head w ith the mouth and 
the operculum w id ely  open.

Ld+ = Soaring L atera l d isp lay  ะ The goby soars above the

M = Move ะ

bottom su rface w h ile  f u l ly  spreading  
i t s  f in s  and pauses fo r  a moment.

The goby changes i t s  p o s it io n  w ith in  
the d istan ce o f 15cm from the former 
p o s it io n .

Ma = Move away ะ The goby changes i t s  p o s it io n  beyond 
the d istan ce  o f 15cm from the former 
p o s it io n .

N = Nip sand ะ The goby takes a quick b it e  o f sand. 
The sand i s  f i l t e r e d  through the 
goby'ร g i l l s  and f a l l s  beneath each 
operculum.

ร = S i t  ะ The goby s i t s  a t any p o s it io n  away 
from the burrow en tran ce.

พ = Withdraw ะ The goby stop s i t s  former act and
moves d ir e c t ly  back to the burrow.
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General Fixed A ction  P attern  o f  the a lp h eid  shrimps are 
l i s t e d  in  a lp h a b e tica l ord er, (some FAPg are shown in  F ig ,5 ) .

D* = Decorate the burrow ะ The shrimp uses i t s  la rg e  ch e la ,
sm all chela  or w alking le g s  removing 
o b jec ts  a t the burrow en tra n ce ,

E' = Emerge ะ The shrimp emerges out o f th e  burrow.
Only the antenna can be se e n . (Other 
FAPg can be seen  a f te r  the shrimp 
moves out o f  the burrow.)

F’ = F lee  ะ The shrimp ra p id ly  en ter s  i t s  burrow,
u su a lly  backwards.

I '  = III burrow ะ The shrimp h id es  in  i t s  burrow and
cannot be seen .

M* = Manipulated o b jec ts  ะ The shrimp p ick s up variou s
o b jec ts  w ith  i t s  la r g e  c h e la .

p* = Plough ะ The shrimp h o ld in g  i t s  la rg e  ch e lae
forward to  push sand or pebbles in  
fro n t o f  i t .

ร , = Stand ะ The shrimp stands s t i l l ,  appearing
to be doing n oth in g .

พ, = walk : The shrimp moves on the bottom
su rface  by i t s  w alking l e g s .
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F ig . 5 F ixed A ction  P attern  o f  g ob iid  f i s h  and a lp heid  shrimp.
A. The goby emerged (E) at the burrow en tran ce.
B. The goby guarding (G) at the burrow entrance w h ile  the 

shrimp emerged (E) w ith  m anipulated o b je c ts  (M’ ) .
c . The goby guarding away (Ga) from burrow entrance by 

moving (H) togeth er  s id e  by s id e  w ith  a lp h eid  shrimp 
which i s  p loughing sand (p) to con stru ct a d ep ression .
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F ig . 5 (continued)
D. The goby n ipping sand (N ), some sp e c ie s  o f a lp heid  shrimps 

responded by f l e e  (F) in to  th e  burrow.
E. The goby showed la t e r a l  d isp la y  (Ld) when other small 

f is h e s  p asses in to  i t  t e r r it o r y .
F. The goby move d ir e c t ly  to  a tta ck  (A) other small f is h e s  

which come c lo se  to  i t s  t e r r it o r y .
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F ig . 5 (continued)
G. The goby soaring  15-20 cm above bottom su rtace  and showed 

L atera l d isp lay  (L D t).
H. The goby dash (D) above the bottom su rface to take a gulp  

o f  p lan k ton ic  organism s.
I .  The goby move (M) to guard at the other s id e  w h ile  the 

a lp h eid  shrimp decorate (D') the burrow en tra n ce .



F i g .  5  ( c o n t i n u e d )

J . The goby s i t t i n g  (ร) at any p o s it io n  from th e  burrow 
en tra n ce .

K. The goby withdraw (พ) t a i l  f i r s t  a f te r  guarding away or 
s i t t i n g  far  from the burrow en tra n ces . The a lp h eid  
shrimp always responses by f l e e in g .

L. The goby f le e  (F) in to  the burrow, head f i r s t ,  when there
i s  an in truder f i s h .
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To an alyse the behaviour p attern  o f each anim al, the f ix ed  
a c t io n  p attern s were drawn up from the observed records in to  sequence 
p a tte r n . The freq u en c ies  o f each step  o f the FAP or between any two- 
FAP sequence o f each animal were added up as the commulative frequency  
(Y^) o f each two-FAP sequence o f th at anim al. The summation o f a l l  
cummulative freq u en cies i s  the to ta l  commulative freq u en cies (EY_̂ ) . 
Percentage frequency (x^) o f each two-FAP sequence can be c a lc u la te d  
by the formula ะ

cummulative frequencey (Y .) X 100
% frequency o f two-FAP sequence (X .) = 77 77 ~ ~ ~ 7 Z —r ~ —T ~ _ -----77—~7"~—i  to ta l  cummulative frequ encies(IY ^ )

when i  = 1, 2, 3 ................... .... ท

The r e s u lt s  are shown in  "Ethogram" w ith  percentage frequency  
o f two-FAP sequence u n less  th e frequency i s  l e s s  than 1%.

5 .2  Laboratory o b serv a tio n s.

Few data are a v a ila b le  on the behaviour o f the p artners  
in s id e  the burrow. During the n ig h t, the partners l iv e  in  the burrow 
to g e th e r . In the day tim e, the gob ies spent most o f th e ir  tim e on 
a c t i v i t i e s  o u ts id e  the burrow, w h ile  the a lp heid  shrimps sp en t th e ir  
time perform ing a c t i v i t i e s  both in s id e  and o u ts id e  the burrow. Outside  
burrow ob serva tion  alone i s  not enough to understand th e ir  r e la t io n sh ip  
and r o le s  in  nature c le a r ly . In order to e lu c id a te  the f u l l  r e la t io n s h ip ,  
o b serva tio n s on the partners w ith in  the burrow are required  and the 
lab ora tory  o b serva tio n s were ca rr ied  out for th is  need.

Two r e p lic a t io n s  in  the behavioural o b serva tio n s o f two 
a s s o c ia t io n  p a irs : C r y p t o c e n t r u s  s i n g a p u r e n s i s - A l p h e u s  d j i b o u t e n s i s
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and C r y p t o c e n t r u s  s p . 1 - A l p h e u s  b e l l u l u s  were carried  out in  the 
lab ora tory  a t Sichang Marine S cien ce Research and Training S ta t io n .
The aquarium (45cm X 120cm X 60cm) w ith sem i-c lo sed  water c ir c u la t io n  
system  (sub-sand f i l t e r )  which h a lf  th e volume o f  sea  water was changed 
every 2  weeks was u sed . The aquarium was kept in  open room con d itio n  
at the temperature 2 8 - 2 9 ' c ,  s a l in i t y  30 ppt and maximum l ig h t  in te n s ity  
1 0 0 0  lu x .

Each a r t i f i c i a l  burrow was created  by using p la s t ic  tube 
of 3 .5  cm in  diam eter and o f 45 cm lon g . F ir s t ,  the tube was cut along  
i t s  len g th  in to  h a l f .  Then, excep t the f i r s t  10cm which was l e f t  to  be 
used as the burrow en tran ce, the h a lf  tube was cu t away along i t s  len g th  
again  fo r  another h a l f .  Hence, the one fourth  o f the tube l e f t  was used  
as the top part o f  the burrow (F ig . 6A) The cut su rface  o f p la s t ic  tube 
was faced  toward the fro n t o f the g la ss  aqurium. Coral fragm ents, rubble  
and sand were used to decorate th is  a r t i f i c i a l  burrow (F ig ,6 B ). At the 
p o s it io n  o f the a r t i f i c i a l  burrow, a sh eet o f aluminum f o i l  was used to  
cover on the o u ts id e  o f the quiium to make the burrow dark. This sh ee t  
w i l l  be removed during the o b servation  p er iod s.

P a irs o f gob iid  f i s h  and alpheid  shrimp were c o l le c te d  
to g eth er  from s t a t io n  B ( C r y p t o c e n t r u s  sp .l-A . b e l l u l u s )  and s ta t io n  
SMaRT ( c .  s i n g a p u r e n s i s - A .  d j i b o u t e n s i s ) . The o b serva tio n  p air  were 
p laced  to  a cc lim a te  in  prepared aqurium fo r  approxim ately one week 
p rio r  to  the o b serva tio n  p er iod . They were fed  tw ice  d a ily  8 .00  hr 
and 18.00 hr , w ith  l i v e  adu lt b rin e shrimp, A r t e m i a  s a l i n a J and b iv a lv e  
f l e s h .  During the ob serva tion  p eriod , gob iid  f i s h  and a lp h eid  shrimp 
were observed four tim es a day; 7 .0 0 , 12 .00, 18.00 and 21.00 h r s . Night 
ob serva tion s were ca rr ied  out under a dark red l i g h t .  Each ob servation  
p eriod  la s te d  one hour. A to ta l  o f 28 hours was observed fo r  each r e p l ic a t e .
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F i g .  6 L a b o r a t o r y  o b s e r v a t i o n  e q u i i p m e n t s

A .  ) S k e t c h  o f  t h e  c u t - o f f  p l a s t i c  t u b e  t o  b e  u s e d  a s

a r t i f i c i a l  b u r r o w .

B .  ) S e t t i n g  o f  t h e  a q u r i u m  w i t h  a r t i f i c i a l  b u r r o w  (A rr o w )
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