
C hapter 3

Results

3.1 Estimation of Chlorophyll-a from fluorescence data

S ince  p h y to p lan k to n  d a ta  w as availab le  o n ly  at su rface  layer, fluo rescence  d a ta  and  
C h lo ro p h y ll-a  d a ta  w e re  u sed  to  a ssu m e  p h y to p la n k to n  a b u n d an ce  in  th e  w a te r  co lu m n . 
R ela tionsh ip  b e tw een  ch lo rophy ll-a  and  fluorescence data  in the  correspond ing  w ate r sam ple 
o f  S ep tem b er 1995 and  A p ril-M ay  1996 d a ta  set c an  b e  e x p la in ed  b y  eq u a tio n s 3.1 an d  3.2, 
respectively . C a lcu la ted  ch lo rophy ll-a  d a ta  w ere  show  in A ppend ix  B and  c .

A n  eq u a tio n  o f  S ep tem b er 1995 d a ta s e t  (Fig. 3 .1) w as

C a lib ra ted  ch lo ro p h y ll a  (m g  chi n r 3) =  0 .0 1 4 4  V  +  0 .0358  ------- (3 .1 )
N  = 6 8 , r2 0 .3 1 4 8 , P  <0.01

E q u a tio n  o f  d a ta  se t o f th e  A pril 1996 (F ig . 3 .2) w as

C a lib ra ted  ch lo ro p h y ll a  (m g  chi n r 3) =  0 .2646  V  - 0 .0338  ------- (3 .2 )
N  =  41 , r2 0 .5 8 1 8 , P  < 0 .0 0 1  

V  =  fluorescence in  unit vo lt from  fluorom eter m easurem ent

F igu re  3.1 R ela tionsh ip  be tw een  ch lo rophy ll-a  (m g /m 3) and fluorescence (V ) o f  the
S e p te m b e r 1995 d a ta  set.
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3-5- y = 0.2646x- 0.0338
3.0- R2 = 0.5818

F igu re  3 .2 R elationship betw een  chlorophyll-a (m g/m 3) and fluorescence (V ) o f  the April-
M a y  1996 d a ta  set.

3.2 AOU and Preformed Nitrate

A O U  an d  p re fo rm e d  n itra te  w e re  c a lc u la te d  fo llo w in g  e q u a tio n  2.1 an d  2 .3 
respectively. C alcu la ted  resu lts w ere  show n in A ppend ix  B.

A O U  w as low  at surface and  increase w ith  an  increasing  o f  dep th  in  b o th  seasons. T he 
av erag e  o f  A O U  at b o tto m  layer o f  S ep tem b er 1995 w as h ig h e r th an  o f  A p ril 1996 (F ig. 3.3 
a-f). In  S ep tem ber, th e  ranges o f  A O U  at su rface  (0 -10  m ), m id  d ep th  (1 0 -4 0 m ) and  bo tto m  
(> 4 0  m ) w e re  - 0 .1 8 4  to  0 .0 4 5 , -0 .36 8  to  0 .6 0 4  an d  - 0 .1 6 6  to  1 .701 , resp ec tiv e ly . H ig h  
A O U  w a s  o b se rv e d  at b o tto m  o f  o f f  sh o re  o f  S u ra t T h an i an d  N a k h o n  Si T h a m m a ra t 
p ro v in ce  and  S o u th ern  p a rt o f  P en in su la r M alaysia  (Fig. 3.3 c).

In  A p ril, th e  ran g e  o f  A O U  at su rface , m id  d ep th  a n d  b o tto m  w ere  -0 .7 6 2  to  0 .425 , 
-0 .642  to  0 .543  a n d -0 .4 3 2  to  2 .275 , respectively . H ig h A O U  w as o b serv ed  at b o tto m  o f  o ff  
shore  o f  C h u m p o m  p ro v in ce  (Fig. 3.3 c).

D istribu tion  o f  p refo rm ed  nitrate  w as o pposite  to  A O U . H igh  p re fo rm ed  n itra ted  w as 
o b se rv ed  a t su rface  layer e sp ec ia lly  in  th e  so u th ern  o f  E ast C o ast o f  P en in su la r M alay sia  in 
A pril 1996 and  decrease  w ith  decreasing  the  depth . H ow ever, there  w as a  d ifferen t p a tte rn  at 
the  sou thern  m o st o f  P en insu la r M alaysia  in  S ep tem ber 1995 that h ig h  p re fo rm ed  n itra te  w as 
o b se rv e d  a t b o tto m . R an g es  o f  p re fo rm e d  n itra te  a t su rface , m id  d e p th  an d  b o tto m  o f  
S e p te m b e r  1995 w e r e - 0 .0 0 5  to  1 .649 pM, -1 .2 6 7  to  2 .085  pM a n d - 3 .8 1 8  to  8 .588  pM  
respective ly . A n d  in  A p ril 1996 w e r e - 1 .960 to  5 .2 9 0  pM, -2 .3 1 0  to  3 .9 5 0  pM a n d -6 .7 8 0  
to  3 .4 9 0  pM, re sp ec tiv e ly  (F ig . 3 .4  a-f).

T h e  d iffe ren ce  o f  A O U  an d  p re fo rm e d  n itra te  in  each  a rea  co u ld  su p p o rt th e  
p o ss ib ility  to  u se  A O U  and  p re fo rm ed  n itra te  as p a ram ete rs  to  id en tify  w a te r m ass.
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F igu re  3.3 H o rizo n ta l d is trib u tio n  o f  A O U  in  S ep tem b er 1995 at a) su rface  (0 -10  m ),

b ) m id  d ep th  (1 0 -4 0  m ) an d  c) b o tto m  (< 4 0  m ) an d  in  A p ril-  M ay  1996 at 
d) su rface , e) m id  d ep th  and  f  ) b o tto m
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F igu re  3 .4 H o riz o n ta l d is tr ib u tio n  o f  p re fo rm e d  n itra te  (p M ) in  S ep tem b er 1995 at 

a) su rface  (0 -10  m ), b ) m id  d ep th  ( 10-40 m ) and  c) b o tto m  (< 40  m ) an d  in  
A p ril- M a y  1996 a t d ) su rface , e) m id  d ep th  a n d  f  (b o tto m )

3.3 Water masses identification

3.3.1 ByTS-diagram

W ater m asses  in  th e  s tu d y  a rea  from  tw o  seasons w ere  id en tified  b y  T S -d iag ram  as 
five m asse s  (F ig .3.5). T h e  first w a te r m ass (m ass 1) w as ch arac te rized  b y  h ig h  tem p era tu re  
b e tw een  2 8 -30 .5  ° c  an d  low  sa lin ity  b e tw een  31 .5 -32 .5  p su . M ass  1 w as found  in  th e  in n er 
o f th e  G u lfo fT h a ila n d d u r in g A p ril-M a y  1996(Fig. 3.6 c and  d).

T h e  se c o n d  w a te r  m a ss  (m ass  2 ) w as  c h a ra c te r iz e d  b y  te m p e ra tu re  b e tw e e n  
2 9 .5 -3 0 .5  ° c  an d  sa lin ity  b e tw e e n  3 2 .5 -33 .5  psu . T h is  w a te r  m ass  w a s  fo u n d  a t th e  m ix ed  
layer w a te r n ea r th e  m o u th  o f th e  G u lf  o f  T ha iland  du ring  A p ril-M ay  1996 (Fig. 3 .6  c).
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T h e  th ird  w a te r  m ass  (m ass 3) w as  c h a ra c te r iz e d  b y  te m p e ra tu re  2 7 -3 0 .5  ° c  and  
sa lin ity  33 .5 -3 4  psu . It w as found  at th e  a rea  o f  th e  m o u th  o f  th e  G u lf  o f  T h a ilan d  (F ig .3 .6  c 
and  d).

T h e  fourth  w a te r m ass (m ass 4) w as  charac terized  b y  tem p era tu re  b e tw een  2 5 -30  ° c  
and  sa lin ity  b e tw een  32 .5 -34  psu. T h is type o f  w a te r w as found  in  th e  w h o le  a r e a o fs tu d y in  
S ep tem b er 1995 and  th e  sou thern  and  M id d le  p art o f  th e  s tudy  a rea  d u rin g  A pril- M ay  1996 
(F ig . 3 .6  a  - d).

T h e  fifth  w a te r m ass (m ass 5) w as charac terized  b y  tem pera tu re  b e tw een  23 .5 -26  ° c  
an d  sa lin ity  m o re  th an  34  psu . It w as found  at th e  b o tto m  layer (m o re  th an  50  m e te r) o f  o f f  
sh o re  o f  eas te rn  P en in su la r  M alay sia  (st. 6 3 -69 , 73 ,74  and  78) in  S ep tem b er 1995 (F ig .3 .6
b).

3.3.2 By TS-time diagram

T S -tim e  d iag ram  w as u sed  to  iden tify  w a te r m ass in  the  m ix ed  layer (F ig .3 .7). T hree  
w a te r  m a sse s  c an  b e  iden tified . T h e  ch arac teris tic  o f  th e  th ree  w a te r  m asse s  (tab le  3 .2 ) and  
their d istribution  w ere  as follow:

1. S u rface  m ass  1 w as ch arac terized  b y  h ig h  tem p era tu re  b e tw een  2 9 .5 -30 .5  ° c  and  
low  sa lin ity  b e tw e e n  3 1 .5 -32 .25  psu . It w as  fo u n d  at all s ta tio n s in  th e  s tu d y  a rea  o f  A p ril - 
M ay  1996 ex cep t th e  s ta tion  at the  b o u n d ary  b e tw een  th e  G u lf  o f  T h a ilan d  and  th e  sou thern  
m o st o f  P en in su la r M alaysia  (Fig. 3.8 b).

2. S u rface  m ass  2 w as ch a ra c te riz e d  b y  te m p e ra tu re  b e tw e e n  29 .5  to  30 .5  ° c  and  
sa lin ity  m o re  th an  3 3.25 psu. It w as found  du ring  A pril-M ay  1996 at the  m o u th  o f  the  G u lf  o f  
T h a ilan d , s ta tio n  no . 4 6 ,4 7  an d  55 to  58 (F ig. 3 .8  b).

3. S u rface  m ass  3 w as ch a rac te rized  b y  low  tem p era tu re  b e tw e e n  2 8 .5 -29 .5  ° c  and  
sa lin ity  b e tw e e n  3 2 .5 -33 .25  psu . It w as  fo u n d  a t th e  all s ta tio n s o f  S ep tem b er 1995 an d  the  
sou thern  m o st o f  P en in su la r M alaysia  s ta tion  no. 6 4 ,6 5  and  68 to  81 du ring  A p ril-M ay  1996 
(F ig .3 .8 a  and  b).
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D e p th  /m ]

M ass  3

ass 5

S a l in i ty  [ p s u ]

F igu re  3.5 T S -d iag ram  o f  all data.

T able 3.1 Type o f  w a te r m asses iden tified  b y  T S -d iag ram

Type of 
water mass

Temperature 
range (°c)

Salinity 
range (psu)

period Area

m assl 28-30.5 31.5-32.5 Apr-M ay 1996 Inner G ulf o f  Thailand

mass 2 29.5-30.5 32.5-33.5 Apr-M av 1996 Surface layer o f  the m outh o f the 
G ulf o f  Thailand

m ass 3 25-30.5 33.5-34 Apr-M ay 1996 Surface and bottom  layer o f 
the m outh o f the G ulf o f  Thailand

mass 4 25-29.5 32.5-34 Sept 1995 
Apr-M ay 1996

All over the study area 
Southern and M iddle o f 
the study area

m ass 5 23.5-26 34-34.5 Sept 1995 Bottom  layer o f the southern o f 
study area
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a) S e p te m b e r 1995, su rface  w a te r b ) S e p te m b e r 1995, b o tto m  w a te r

c) A p ril-M a y  1996, su rface  w a te r d) A p ril-M a y  1996 , b o tto m  w a te r

Figure 3.6 Distribution o f water masses identified by TS-diagram
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S urface  layer o f  A pril 1996

F igu re  3 .7 T S -tim e d iagram  o f  m ix in g  layer from  tw o  d ata  sets.

T able 3 .2  Type o f  w ate r m asses iden tified  b y  T S -tim e  d iagram

Type of 
water mass

Temperature
(°c)

Salinity
(psu)

Period Area

S u rface  m a ss  1 2 9 .5 -3 0 .5 3 1 .5 0 -3 2 .2 5 A p r 1996 G u lf  o f  T h a ila n d  an d  n o rth e rn  
p a rt o f  P e n in su la r  M a lay s ia

S u rface  m a ss  2 2 9 .5 -3 0 .5 > 3 3 .2 5 A p r 1996 B o u n d a ry  b e tw e e n  th e  G u lf  o f  
T h a ila n d  an d  S o u th  C h in a  S ea

S u rface  m a ss  3 2 8 .5 -2 9 .5 32 .5 -3 3 .2 5 S ep t 1995 
A p r 1996

A ll o b se rv a tio n  a rea  S o u th e rn  
p a rt o f  P e n in su la r  M a lay s ia
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Longitude

a )  S ep tem b er 1995 b )  A p ril-M a y  1996

F igure  3.8 D istribu tion  o f  type o f  w ate r m asses from  T S -tim e d iagram

3.3.3 By OMP-analysis

O nly  bo tto m  layer w ater (under stra tification  layer) w ere  iden tified  b y  O M P-analysis.

3.3.3.1 Source of Water masses

T h e  a rea  o f  in n e r G u lf  o f  T h a ilan d , S o u th  C h in a  S ea  an d  so u th e rn  m o st P en in su la r 
M alaysia  w ere  assum ed  from  the  feature o f  study  area  as a source  o f  w ate r m ass (Fig. 1.1). A ll 
av a ilab le  p a ram e te rs  o f  th o se  th ree  areas w ere  p lo tted  against tem p era tu re  to  find  th e  w a te r 
ty p e  d efin ition . (F ig. 3 .9 ,3 .1 0  and  3.11).

S ix w a te r types w ere  found  from  O M P-analysis. W ater type defin itions, includ ing  the 
c o m p u te d  w e ig h ts  fo r  th e  o b s e rv e d  p a ra m e te rs  w e re  in  ta b le  3 .3  a n d  s c h e m a tic  
rep resen ta tio n  o f  th e  ty p ica l T S , T -A O U  and  T -p refo rm ed  N o 3 w ere  sh o w n  in  F ig. 3 .12.

1. W a te rm ass  o f  th e  G u lf  o f  T h a ila n d  (G O T  w a te r  m ass)  w as  re p re se n te d  b y  d a ta  
fro m  A p ril 1996 St. no . 8, 9, 1 1 ,1 2 , 1 3 ,1 4 , 15 and  16.

L in ear eq u a tio n  o f  th e  G O T  w a te r m ass (Fig. 3.9)

T  =  -2 .0 4 3 1 S  + 9 4 .2 1 4 ,  r  =  0 .4 5 3 8 , ท =  25 , p  < 0 .05   (3 .3 )
T  =  0 .2 8 6 5 P n  +  2 8 .8 7  , r2 =  0 .5 8 4 7 , ท =  25 , p <  0 .005   (3 .4 )
T  =  -0 .8 8 1 5 A O U  +  2 8 .9 9 9  , r2 =  0 .5 6 5 7 , ท =  25 , p <  0 .005   (3 .5 )

w here T  — >  T em p era tu re  (°C)
ร — >  Salin ity  (psu)
P n  — >  P re fo rm ed  n itra te  (p M )
A O U  — > A pparen t O xygen u tilization  (ทา 1/1)
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T  =  0 .2 8 6 5 P n  +  2 8 .8 7  
r2 =  0 .5 8 4 7

T  =  -0 .8 8 1 5 A O U  +  2 8 .9 9 9  
r2=  0 .5 6 5 7

F igu re  3 .9 R ela tionsh ip  b e tw een  a  ) tem pera tu re  and  salinity, b )  tem pera tu re  and
p re fo rm ed  n itra te  and  c) tem p era tu re  and  A O U  o f  th e  sta tions rep resen t 
G O T  w a te r m ass.

2 .พ a te rm a ss  o f  th e  so u th e rn  m o s t P e n in su la r  M a la y s ia  (S -P M  w a te r  m ass) w as  
re p re se n te d  b y  d a ta  f ro m  o fS e p te m b e r  1995 St no . 73 , 74 , 75 , 78 , 79  an d  81 (F ig . 3 .10 )

L in ear e q u a tio n  o f  th e  S -P M  w a te r m ass

T  =  -4 .5 2 9 5 S  + 1 7 9 .1 9  , r2 =  0 .9 4 6 6 , ท =  14 , p <  0.001 
T  =  -0 .5 3 9 1 P n  +  2 7 .2 0 4  , r2 =  0 .2 3 3 4 , ท =  14 , p <  0.5 
T  =  -2 .6 8 7 7 A O U  +  2 8 .3 4 6  5 r2 =  0 .8 6 7 2  , ท =  14 , p <  0.001

(3 .6 )
(3 .7 )
(3 .8 )
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T  =  -4 .5 2 9 5 S  +  179.19 
r2 =  0 .9 5 6 6

33 33.5 34 34.5
Salinity (psu)

T  =  -0 .5 3 9 1 P n  +  2 7 .2 0 4  
r 2 =  0 .2 3 3 4

T  =  -2 .6 8 7 7 A O U  +  2 8 .3 4 6  
r 2 =  0 .8 6 7 2

AOU (uM)

F ig u re  3 .10  R ela tionsh ip  b e tw een  a) tem peratu re  and  salinity, b ) tem pera tu re  and
p re fo rm ed  n itra te  and  c) tem p era tu re  and  A O U  o f  th e  s ta tions rep resen t 
S -P M  w a te r  m ass.

3 .W ater m ass o f  th e  S ou th  C h in a  S ea  w a te r m ass (S C S  w a te r m ass) w as rep resen ted  
b y  d a ta  fro m  o f  A p ril 1996 St no . 4 5 ,4 6 ,4 7 ,4 8  and  49  (F ig . 3 .11)

L in ea r e q u a tio n  o f  th e  SC S w a te r m ass

T  =  -5 .2 3 4 5 S  + 20 5 .6 5  , r2 =  0 .4 0 5 6 , ท =  18 , p <  0.1   (3 .9 )
T =  1 .8 9 7 6 P n  +  2 7 .4 6 4  , r2 =  0 .7 7 0 8 , ท =  18 , p <  0.001  (3 .10 )
T  = -8 .7 9 4 4 A O U  +  2 8 .2 4 2  , r2 =  0 .7 1 6 4  , ท =  18 , p <  0.001  (3 .11)



25

Preformed nitrate (uM)

T  =  ใ .8 9 7 6 P n  + 2 7 .4 6 4  
r  =  0 .7 7 0 8

AOU (uM)

T  =  -8 .7 9 4 4 A O U  +  2 8 .2 4 2  
r2 =  0 .7 1 6 4

F igu re  3.11 R ela tionsh ip  b e tw een  a) tem peratu re  and  salinity, b ) tem pera tu re  and
p re fo rm ed  n itra te  and  c) tem p era tu re  and  A O U  o f  th e  sta tions rep resen t 
s e s  w a te r  m ass.
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Preformed Nitrate (uM/1)

F ig u re3 .12 C haracteristic  o f  a) tem perature-salin ity , b ) tem pera tu re-P refo rm ed  N itra te
and  c) tem p era tu re-A O U  for th e  w a te r m asses in  th e  low er layers o f  th e  G u lf  
o f  T hailand  and E ast C oast o f  P en insu la r M alaysia.
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T able 3.3 W ater type defin ition  and  p aram eter w eigh ts

T y p es
P a r a m e t e r s '  _

G O T S-PM ses W eights
U pper L ow er U pper L ow er U pper L ow er

T em peratu re  ( °c ) 29.25 28 28.5 24 29.5 28 49.31
S alin ity  (psu) 31.797 32.409 33.269 34.262 33.652 33.939 49.31

P reform ed n itra te  (uM ) 1.326 -3.037 -2.404 5.943 1.073 0.283 21.458
A O U  (ml/1) -0.285 1.133 -0.057 1.617 -0.143 0.028 36.717

Remarks: GOT = Gulf of Thailand water mass
S-PM = Southern most Peninsular Malaysia water mass 
ses = South China Sea water mass

3.3.3.2 Water masses distribution

T h e  re su lt o f  O M P -an a ly sis  p resen ted  th e  re la tiv e  co n trib u tio n , o r  fraction , o f  each  
w a te r  ty p e  and  w a te r  m ass  on  each  iso p y cn a l su rface  b y  p ie  ch a rt (F ig . 3 .13 an d  3 .14). T he  
su m m atio n  o f  u p p er and  low er w ate r type fractions w ere  a  w a te r m ass fraction. F o r exam ple, 
th e  sum m ation  o f  G O T  upper and  low er fraction  w ere  the  fraction  o f  G O T  w ate r m ass. T here 
w ere  no  fraction  so lu tion  for som e stations, because  the  lack  o f  nu trien t and  d isso lved  oxygen 
in form ation . T h e  resu lts  g ave an  o verv iew  o ver the  large - scale  d istribu tion  o f  w a te r m asses.

S ig m a -th e ta  o f  w a te r  in  S e p te m b e r w as b e tw e e n  2 0 .0 0 -2 3 .3 0  k g /m 3an d  19 .09  - 
22 .87  k g /m 3 in  A pril-M ay  1996. F u tu re  d iscussion  in  th is study, the  s igm a-the ta  20  kg /m 3 w ill 
b e  tran sla ted  as s ig m a-th e ta  fro m  2 0 .0 0  to  20 .99  k g /m 3.

S ep tem b er 1995

F ig . 3 .1 3 a, b , c an d  d sh o w ed  w a te r  m a sse s  frac tio n s  o f  th e  su rv e y  in  S ep tem b er 
1995 fo u n d  o n  th e  iso p y cn a l su rface  at s ig m a-th e ta  =  2 0 ,2 1 ,2 2  an d  23 k g /m 3 respectively . 
M issin g  w a te r m asses fractions w as d ue  to  m issin g  d a ta  o r insuffic ien t depth.

- O n  2 0 -k g /m 3 isopycnal su rface

G O T  w a te r  m a ss  w a s  th e  d o m in a n t w a te r  m asse s  an d  rea c h e d  th e  m a x im u m  ra tio  
(6 0 .5 % ) at s ta tio n  n e a r  K o  C h an g  (F ig . 3 .13  a). T h e  G O T  u p p e r  w a te r  ty p e  p re se n te d  in  
ev e ry  s ta tio n  w h ile  G O T  lo w e r w a te r  ty p e  p re se n te d  in  ev e ry  s ta tio n  ex c e p t s ta tio n  n ea r 
K o  C h an g . O n  20  k g /m 3, S -P M  u p p e r w a te r  ty p e  frac tio n  p re se n te d  o n ly  a t th e  cen tra l (in  
te rm  o fN o rth -S o u th ) o f  the  observation  area w ith  16.25 %  in  average. F rac tion  o f  se s  upper 
w a te r type w as found  in  the  G u lf  o f  T hailand  area o n ly  th is isopycnal surface.

- O n  2 1 -k g /m 3 isopycnal su rface

T h e  21 -k g /m 3 isopycnal su rface  w as d o m in a ted  b y  G O T  lo w er w a te r  type  (Fig. 3.13 
b ). T h e  av e rag e  frac tio n  o f  G O T  w a te r  m ass  d ec rea sed  w ith  a n  in c re a s in g  o f  s ig m a-th e ta . 
S -P M  lo w e r ty p e  frac tio n  w as a lso  o b se rv ed  on  th is  iso p y cn a l su rface  w ith  th e  m ax im u m  
frac tion  (55.84%) at th e  sou thern  m o st station . L arge  frac tion  o f  s e s  w ate r w as observ ed  at
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th e  so u th ern  p a rt o f  th e  s tudy  area.

- O n  22  and  23 k g /m 3 iso p y cn a l su rface

S -P M  low er w as the  d om inan t w a te r type o n  22  and  23 k g /m 3 isopycnal surface (Fig. 
3 .1 3 c  and  d). T here  w ere  som e sm all fraction o f  G O T  and se s  w ater m ass on  these isopycnal
Cl lrfopp

A p r i l - M a y  1996

F ig . 3 .1 4  a, b , c and  d sh o w ed  th e  w a te r  m a ss  frac tio n  o n  th e  iso p y cn a l su rface  at 
s ig m a-th e ta  =  19,20,21 an d  22  k g /m 3 resp ec tiv e ly  o f  th e  su rv ey  on  A p ril-M ay  1996.

- O n  19 k g /m 3 isopycnal su rface

T h e  19 k g /m 3 iso p y cn a l su rface  w a s  d o m in a te d  b y  G O T  w a te r  m a ss  (F ig . 3 .14  a). 
T h e  m a jo r  fra c tio n  o f  G O T  w a te r  m ass  w as an  u p p e r ty p e  fo r 5 0 .8 9  %  to  9 9 .55  % . V ery 
S m all frac tion  o f  S -P M  and  s e s  w ate r m ass  w ere  o b serv ed  o n  th is isopycnal surface.

- O n  20  k g /m 3 isopycnal su rface

T h e  G O T  u p p e r layer ty p e  w as a lso  a m a jo r frac tio n  o n  20  k g /m 3 iso p y cn a l su rface  
(F ig . 3 .1 4  b). It w as  ex c e p te d  o n ly  at th e  s ta tio n  o f f  P ra c h u a p k h ilik h a n  an d  C h u m p o m  
p rov ince  o f  T hailand  w h ich  w ere  d om inated  b y  th e  low er type. F ractions o f  G O T  w a te r  m ass 
d ecreased  w ith  an  increasing  o f  sigm a-theta. T here  w ere  som e fractions o f  S -P M  w ate r m ass 
a t th e  cen tra l G u lf  o f  T h a ilan d . S m all frac tio n s  o f  s e s  w a te r  m a ss  w as  o b se rv ed  a t all th e  
o b serv a tio n  a rea  excep ted  at coasta l o f  the  G u lf  o f  T hailand .

- O n  21 k g /m 3 isopycnal su rface

A ll w a te r  m ass gave th e ir  frac tion  to  th e  w a te r in  th is  isopycnal su rface  (Fig. 3 .1 4 c ).

- O n  22 k g /m 3 iso p y cn a l su rface

T h e  22 k g /m 3 iso p y cn a l su rface  w as d o m in a ted  b y  S -P M  w a te r  m a ss  (F ig. 3 .14  d). 
T h e  m a x im u m  frac tio n  o f  S -P M  u p p e r  an d  lo w e r w a te r  ty p e  w e re  6 1 .5 6  %  an d  52 .15  % , 
respectively . T h e  G O T  u p p er w a te r  types to ta lly  d isap p ea red  o n  th is  iso p y cn a l surface . T h e  
se s  w ate r m ass fraction  o f  four stations in  the G u lf  o f  T hailand  on  22 kg /m 3 isopycnal surface 
w as low er type. T hese  fractions should  cam e from  the  S ou th  C h in a  S ea on  21 kg /m 3 isopycnal 
su rface  b ecau se  there  w as no  co n n ec tio n  to  the  S ou th  C h in a  S ea  o n  th is  isopycnal surface.
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Figure 3.13

Ratio of GOT upper water type 
“ GOT lower water type 

S-PM upper water type 
S-PM lower water type 
s e s  upper water type 

“  s e s  lower water type

Contribution of GOT upper, GOT lower, S-PM upper, S-PM lower, se s  
upper and s e s  lower water type over the study area in September 1995 on 
a) 20 kg/m isopycnal surface, b) 21 kg/m3 isopycnal surface, c) 22 kg/m 
isopycnal surface and d) 23 kg/m3 isopycnal surface
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ท  Ratio of GOT upper water type 
“ GOT lower water type 
“  S-PM upper water type

S-PM lower water type 
s e s  upper water type 
s e s  lower water type

Figure 3.14 Contribution of GOT upper, GOT lower, S-PM upper, S-PM lower, se s
upper and se s  lower water type over the study area in April-May 1996 on 
a) 19 kg/m3isopycnal surface, b) 20 kg/m3 isopycnal surface, c) 21 kg/m 
isopycnal surface and d) 22 kg/m isopycnal surface
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3.4 Relationship between water mass and biological data
3.4.1 Zooplankton

C lu ste r analysis w as used  to  g roup  survey  sta tions by  sim ilarity  o f  species 
com position and abundance o f zooplankton into three clusters.

Average total abundance o f each station in cluster A, B and c w ere 214 ,497  and 862 
no /m 3, respective ly  (Fig. 3.15). T he average percen tages o f  top  four h igh  abundance 
zooplankton species were shown in Fig. 3.16. D om inant species o f zooplankton in both survey 
periods w ere copepod. Total zooplankton  increased  because o f  the increasing  in copepod  
abundance.

F rom  Fig. 3.15 and 3.16, characteristics o f  c lu ste r A  w ere  h igh  abundance o f 
chaetognatha  (2 tim e o f abundance in c lu ste r B and C) and  low  average  to tal abundance. 
Ratio o f dom inant species o f clusters B and c were similar. The different characteristic was the 
total abundance, w hich cluster c was higher.
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Figure 3.16 Average percentage o f four m ain abundance species o f  zooplankton in each 

cluster.
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T he d istributions o f  stations in  each  cluster w ere  show ed  in  F ig. 3.17. M o st o f  stations 
du ring  S ep tem b er 1995 w ere  c lu ster A  zoop lank ton . C luste r A  zoop lank ton  w ere  a lso  found  
in  A p ril-M ay  1996 at the  b o u n d ary  b e tw een  the  G u lf  o f  T h a ilan d  an d  the  S o u th  C h in a  S ea  
(F ig . 3 .17  b ).

Longitude

a) S e p te m b e r  1995 b ) A p ril-  M ay  1996

F igu re  3 .17 D istribution o f  zooplankton cluster

S ix  s ta tio n s  a t th e  cen tra l an d  so u th e rn  o f  th e  s tu d y  a rea  in  S e p te m b e r 1995 w ere  
c lu ste rs  B zo o p lan k to n . T h e ir  d is trib u tio n  d id  n o t h av e  any  sp ec ia l p a tte rn  (F ig. 3.17 a). In 
A p ril-M ay  1996, L arg e  d istrib u tio n s  o f  c lu s te r  B  zo o p lan k to n  (35 sta tions) w ere  fo u n d  all 
o v e r th e  s tudy  a rea , ex cep t n ea r th e  m o u th  o f  th e  G u lf  o f  T h a ilan d  (F ig . 3.17 b). C lu s te r  c  
zo o p lan k to n  w as fo u n d  in  b o th  surveys p eriod  at the  coasta l area.

Z o o p lan k to n  sam ples w ere  c o llec ted  b y  o b liq u e  h au l, so it w as n o t p o ss ib le  to  find  
the ir species com position  and  abundance in  each  layer, w hile  type o f  w ater m ass a t lo w er and 
u p p e r la y e r  o f  so m e  s ta tio n s  w as d iffe ren t. T h ere fo re , su rv ey  s ta tio n s  w ere  g ro u p ed  by  
c o n s id e r  b o th  su rfa c e  an d  b o tto m  w a te r  m asses  as sh o w n  in F ig . 3 .18  fo r  d e te rm in in g  
re la tio n sh ip  b e tw e e n  w a te r  m ass  an d  zo o p lan k to n .

D is tr ib u tio n  o f  c lu s te r  A  z o o p lan k to n  c o in c id ed  w ith  th e  p re se n te d  o f  c o m p o site  
w a te r  m ass  G  an d  FI in  S e p te m b e r 1995 and  D  an d  F  in  A p ril-M ay  1996 (F ig . 3 .17 , 3 .18  
an d  3 .19 ). C lu s te r  B zo o p la n k to n  s ta tio n s  w ere  m o stly  o b se rv e d  a t co m p o site  w a te r 
m ass A , B an d  c  (F ig .3 .19). C lu s te r  c  zo o p la n k to n  s ta tio n s  w ere  o b se rv e d  a t co m p o site  
w a te r  m ass G  in  S e p te m b e r  1995 an d  A  in A p ril - M ay  1996 (F ig  3 .17 , 3 .18  an d  3 .19) 
w h ich  w e re  c o as ta l area.
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a) S e p te m b e r 1995 b ) A p ril-M a y  1996

F ig u re  3 .18 D istrib u tio n  o f  co m p o site  w a te r m asses A  to  H  (tab le  3.4).

T able 3 .4  Type o f  w ater m ass in  m ix ing  layer and bottom  layer o f  com posite w ater m asses
A  to  H

Group Mixing layer Bottom layer
A m a ss  1 m a ss  1
B m a ss  1 m a ss  3
c m a ss  1 m a ss  4
D m a ss  2 m a ss  3
E m a ss  2 m a ss  4
F m a ss  3 m a ss  3
G m a ss  4 m a ss  4
H m a ss  4 m a ss  5
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A B C D E F G H  
C om posite  w a te r m ass

F igure  3 .19 N u m b er o f  c lu ste r A , B  and  c  zo o p lan k to n  in  each  co m p o site  w a te r m ass.

3.4.2 Phytoplankton

P h y top lank ton  data

S urface  p h y to p lan k to n  co llec tin g  sta tions from  tw o  s tu d y  p e rio d s  w ere  g ro u p ed  b y  
c luster analysis u sing  the  sim ilarity  o f  dom inan t and  associate  species and  percen tage o f  th ree 
groups o f  phytop lankton : B lue  green algae, D iatom , and D inoflagella te  into th ree clusters.

D o m in an ce  species o f  c lu ste r A  phy top lank ton  w as Thalassionema fruenfeldii w hile  
B  an d  c  w as Oscillatoria erythraea. R e la tiv e  a b u n d an ce  o f  B lu e  g reen  a lgae, D ia to m  and  
D ino flage lla te  o f  c lusters A , B  and  c  w ere  show n  in  Fig. 3.20

T h e  d is trib u tio n  o f  each  c lu ste r w as  sh o w ed  in  F ig. 3 .21. T h ere  w ere  so m e sta tions 
m issin g  from  the  c luster d istribu tion  m ap , d ue  to the  k ind  o f  dom inance  and  associate  species 
and  th e ir  p e rcen tag es c ou ld  n o t b e  g rouped  in to  any  cluster.

T h e  o n ly  re la tionsh ip  b e tw een  phy to p lan k to n  c lusters and  w a te r  m asses w as surface 
m a ss  2 an d  c lu s te r  c  p h y to p la n k to n  an d  o n ly  in  A p ril-M a y  1996  (F ig . 3.8 an d  3 .21 ). T h e  
o thers d id  n o t show  any  significant relationships.

■  Blue green algae 

□  Diatom 

H Dinoflagellate

C lu s te r  A  C lu s te r  B C lu s te r  c

F igu re  3 .20  R ela tive  abundance o f  th ree  groups o f  p h y top lank ton  in  each cluster.



35

Longitude

a) S e p te m b e r 1995 b) A p ril-M ay  1996

F igure  3.21 D istribu tion  o f  phy top lank ton  c luster A , B and  c

C hlorophvll-a  data

C h lo ro p h y ll-a  d a ta  o f  tw o  su rv ey  p e rio d  w ere  co n to u re d  on  th e  sam e  iso p y cn a l 
su rface  as the  o n e  u sed  on  O M P -analysis (Fig. 3 .2 2  and  3 .2 3 ). C h lo rophy ll-a  concen tra tion  
in  th e  S ep tem b er 1995 w as 0 .0 4 -0 .3 0  m g /m 3 in all lay ers  o v e r th e  o b se rv a tio n  area , w h ich  
ab o u t 2 to  5 tim e lo w er than  in A p ril-M ay  1996. C h lo ro p h y ll-a  c o n cen tra tio n s w ere  low  on 
the sha llow est layer and  the n ear shore  areas w ere  m ostly  h ig h er than  o ff  shore. T he a rea  that 
la rge  p ro p o rtio n  o f  G O T  u p p er w a te r ty p e  w as the  a rea  o f  low  ch lo ro p h y ll-a  concen tra tion . 
W hile  the  area  that large  p roportion  o f  G O T  lo w er w ater type co incided  w ith  the area  o f  high 
chlorophyll-a  concentration.

C h lo ro p h y ll-a  co n c e n tra tio n s  o f  b o th  su rv ey  p e rio d  c o u ld  b e  c a lc u la ted  fro m  
p e rc e n ta g e  o f  G O T  upper, G O T  low er, S -P M  upper, S -P M  lo w e r an d  s e s  u p p e r w a te r 
type. T he  m ultip le  regression m odel a t the 99%  confidential interval that could  explained  their 
relation w as

Y  =  -0 .0 6 9 1 + 0 .0 0 2 8 X 1+ 0 .0 0 7 0 X 2+ 0 .0 0 3 3 X 3+ 0 .0 0 7 0 X 4+ 0 .0 0 1 3 X 5 ------- 3 .12

Y  =  C h lo ro p h y ll-a  co n cen tra tio n  (m g /m 3) X 3 =  ra tio  o f  S -P M  u p p e r  w a te r  ty p e
X j =  ra tio  o f  G O T  u p p e r  w a te r  ty p e  X 4 =  ra tio  o f  S -P M  lo w e r w a te r  ty p e
X* =  ra tio  o f  G O T  lo w e r w a te r  ty p e  X5 =  ra tio  o f  s e s  u p p e r w a te r  ty p e

C h lo ro p h y ll-a  c o n c e n tra tio n  d a ta  w ere  p lo t v e rsu s  C h lo ro p h y ll-a  c o n cen tra tio n s  
fro m  e q u a tio n  3 .12  in  F ig . 3 .24 .
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Longitude

a) S ig m a-t =  20  k g /m 3 b) S ig m a-t =  21 k g /m 3

c) S ig m a-t =  22  kg /m 3 d) S ig m a-t =  23 kg /m 3

F ig u re  3 .22  C on tou rs  o f  C h lo rophy ll - a  (m g /m 3) and  re la tive  abundance  o f  pe lag ic  fish  
(n u m b er o f  fish  /  to n ) o f  each  s ta tio n  at iso p y cn a l su rface  2 0 ,2 1 ,2 2  and  
23 k g /m 3 o f  th e  su rv ey  in  S ep tem b er 1995.
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m g /m3
1.50 

1.00 
0.50 

0.10 
0.04

c) S ig m a-t =  2 1 k g /m 3 d) S ig m a-t =  22  k g /m 3

F ig u re  3 .23 C ontours o f  C hlo rophy ll a  (m g/m 3 ) and  re la tive  abundance  o f  pelag ic fish
(ทนท!b e r o f  f is h / to n )  o f  each  s ta tio n  at iso p y cn a l su rface  19,20,21 and  
22  k g /m 3 o f  th e  su rv ey  in  A pril 1996.
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y  =  0 .1 7 2 4 x  +  0 .2 4 6 9  
R 2 =  0 .1 7 2 3

C hlo rophy ll-a  concen tra tion  (m g /m 3)

F ig u re  3 .2 4  S c a tte rin g  p lo t o f  c h lo ro p h y ll-a  c o n c e n tra tio n  (m g /m 3) d a ta  v ersu s  
c h lo ro p h y ll-a  co n cen tra tio n  (m g /m 3) fro m  e q u a tio n  3 .12

3.4.3 Relative abundance o f Pelagic fish

R ela tiv e  ab u n d an ce  o f  pe lag ic  fish  fro m  tw o  su rvey  p e rio d s  w as p lo tted  as
c la sse d  sy m b o l in  F ig . 3 .22  an d  3 .23 . H ig h  re la tiv e  ab u n d a n c e  w as o b se rv e d  a t th e  low  
isopycnal su rface (20 k g /m 3 in S ep tem ber 1995 and  19 and  20 kg /m 3 in  A pril 1996) and  at the 
co as ta l area . T h e  a rea  th a t la rg e  p ro p o rtio n  o f  G O T  lo w e r w a te r ty p e  w as th e  a rea  o f  low  
pelagic fish abundance.

R e la tiv e  ab u n d an ce  o f  p e lag ic  f ish  o f  b o th  su rvey  p erio d s co u ld  b e  ca lcu la ted  fro m  
p e rc e n ta g e  o f  G O T  upper, S -P M  u p p er, S -P M  lo w e r an d  ses u p p e r w a te r  type . T h e  
m ultip le  reg ression  m odel a t the  95%  confiden tia l in terval that co u ld  exp la ined  the ir re la tion
w as

Y  =  R elative  abundance o f  pelagic fish  (fish no./ton) 
X '.1 -  ra tio  o f  G O T  lo w er w a te r type
X 3 =  ra tio  o f  S -P M  u p p e r w a te r  ty p e  
X4 =  ra tio  o f  S -P M  lo w e r w a te r ty p e
X5 = ra tio  o f  ses u p p e r w a te r  ty p e

A bundance  o f  pelag ic fish  data  w as p lo t versus the  calcu la ted  one from  equation  3.13 
in  F ig . 3.25.

Y  =  0 .0 1 0 8  - 0 .0 0 0 0 4 X 2 - 0 .0 0 0 2 X 3 - 0 .0 0 0 2 X 4 + 0 .0 0 0 0 4 X 5 3.13
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F igu re  3.25 S cattering  p lo t o f  pelag ic fish  abundance d a ta  versus the  calcu la ted
abundance  from  equation  3.13


	Chapter 3 Results
	3.1 Estimation of Chlorophyll-a from fluorescence data
	3.2 AOU and Preformed Nitrate
	3.3 Water masses identification
	3.4 Relationship between water mass and biological data


