
C h a p te r 4

D iscuss ions

4.1 Q ua lity  contro l o f data

4.1.1 Estimation o f Chlorophyll-a from  fluorescence data

P h y to p lan k to n  d a ta  in  th is  s tu d y  w as av a ilab le  o n ly  su rface  layer, w h ile  subsu rface  
chlorophyll m ax im u m  is a  com m on phenom enon  in  the tropical area (A n d e rso n , 1969 cited  in  
L aev astu  et a l., 1996). T herefo re , fluorescence  d a ta  tha t availab le  a t every  m e te r w as u sed  to 
estim ate chlorophyll-a in  this stu dy. T he result could give an over v iew  o f  vertical distribution o f  
phy top lank ton  in  the  s tudy  area.

A lthough , the m anufactu rer reported  that fluorom eter ou tpu t (fluorescence) is a  linear 
response  to  ch lo rophy ll-a  bu t the  r-square o f  linear correlations o f  them  in th is study  w ere  low  
(Fig. 3.1 and  3.2). T h e  reason  could  cam e from  som e source o f  error such  as: T he uncerta in ty  
o f  the  resu lt o f  a ttem p tin g  to  sam ple  th in  layer o f  co ncen tra ted  ch lo rophy ll (o ften  o n ly  1 -3 m  
th ick ) w ith  a  s tandard  C T D  and  b o ttle  ro se tte  system . B ecause  th e  ro se ttes  w ere  them selves 
1 m  long and  situated at about 1 m  above the fluorom eter, it can be  difficult to  associate reliable 
fluorom eter vo ltages w ith  these localized  and patchy  chlorophyll layers (Sharpies et al., 2001). 
T he erro r cou ld  be  cam e from  the  inappropriate  sensitiv ity  gain  o f  fluorescence. T he S ea  Tech 
f lu o ro m e te r  u s in g  in  th is  s tu d y  w as se t from  fac to ry  at m e d iu m  se n s itiv ity  (3X ) w h ic h  
particu larly  su itab le  for d a ta  w ith  a range be tw een  0 to  10 m g /m 3. T he range o f  th e  S eptem ber 
1995 d a ta  set w as  0 .008  -0 .23 0  m g /m 3, w h ich  shou ld  se lect h ig h  sen sitiv ity  gain  (10X ) (S ea  
T ech  inc., 1987). T h is  m ed iu m  sen s itiv ity  g a in  w as m o re  su itab le  fo r th e  A pri 1-M ay 1996, 
w h ic h  h av e  a  ran g e  o f  ch lo ro p h y ll-a  fro m  0 .6 1 4  to  9 .193  m g /m 3 th an  th e  S ep tem b er 1995 
d a ta  set.

4.1.2 Preformed n itra te and AOU

P re fo rm ed  n itra te  and  A O U  w ere  u sed  as p a ram e te rs  to  id en tified  w a te r  m asse s  b y  
O M P  analysis m ethod. The calculation o f  Preform ed nitrate and A O U  w ere explained at equation
2.1 and  2.3 respectively .

A lth o u g h , h ig h  f lu o re scen ce  (h ig h  a b u n d an ce  o f  p h y to p la n k to n ) w as  o b se rv ed  at 
b o tto m  layer o f  so m e  s ta tio n  (F ig. 4 .1 ) b u t th e  ca lcu la ted  p re fo rm ed  n itra te  in  th e  a rea  w as 
m in u s  v a lue . It w o u ld  b e  ex p la in ed  b y  o f  th e  low  co n cen tra tio n  o f  d isso lv e d  o x y g en  (h igh  
A O U ) in  th a t a rea , w h ic h  in d ic a te d  th a t to ta l re sp ira tio n  in  th e  a rea , e x c e e d e d  th e  
photosynthesis.

M ost o f  m inus prefo rm ed  nitrate situation occur below  the pycnocline layer, this w ould  
support tha t th e  p y cn o c lin e  w as a  b a rrie r b e tw een  d ifferen t w a te r m ass.
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F igu re  4.1 P ro file s  o f  p re fo rm e d  n itra te  (p M ), d isso lv e d  o x y g en  (ml/1), n itra te  (p M ),
flu o rescen ce(V ), tem p era tu re  (°C) and  sa lin ity  (psu) o f  s ta tio n  n o .9 ,1 6  and  
41 in A p ril-M a y  1996

4.1.3 Oceanographic data

A ll oceanographic  d ata  w ere  contro lled  the ir quality  b y  th e  excessive  gradients check  
p ro c e d u re  o f  th e  N a tio n a l O cean o g rap h ic  D a ta  C e n te r  (N O D C ). R e su lt fro m  ex cess iv e  
g rad ien t check  sho w ed  tha t th e  g rad ien t lim ita tion  from  N O D C  m igh t n o t app licab le  for data  
o f  th is  area, w h ich  is a  sem i-en c lo se  a rea  in  th e  tro p ica l zone. In so m e s ta tio n  tha t p resen ted



42
therm ocline  and  halocline, gradients w ere  h igher th an  the  lim ita tion  o f  N O D C . I f  fo llow  the 
N O D C  p ro ced u re , th o se  d a ta  sh o u ld  b e  rem o v ed . B u t w h en  c o n sid e r in  d e ta il o f  th o se  d a ta  
su ch  as d a ta  fro m  th e  s ta tio n  6 5 -68  o f  S e p te m b e r 1995 (F ig .4 2 ), th e  tre n d  o f  d a ta  sh o w ed  
tha t large g rad ien ts w ere  no t from  any  erro r b u t from  the  characteristic  o f  data  in  th is area. So, 
those  d a ta  still w ere  u sed  in  th is  study.

c 1, .  32 33 34Sal (psu) '--- -—ะ'ะ—-- ‘- 32 33 34 32 33 34 32 33 34

F igu re  4 .2  V ertical p ro files o f  tem p era tu re  (°C) and  sa lin ity  (psu) o f  s ta tion  no. 65 to  68

4.2 Characteristic and d is tribu tion o f water mass

C haracteris tic  o f  w a te r m ass in  surface layer o f  all season  in  th e  G u lf  o f  T hailand  and 
th e  S o u th  C h in a  S ea  h a d  b e e n  s tu d ied  b y  S irip o n g  (1 9 8 4 ) T h e  s tu d y  u sed  d a ta  f ro m  Jap an  
an d  U S A . N a tio n a l O cean o g rap h ic  D a ta  C e n te r  fro m  190 7 -1 9 7 3 . A ll e x is tin g  d a ta  w e re  
av e rag e  fo r 1 -d eg ree  g rid . G u lf  o f  T h a ila n d  an d  E as t C o as t o f  P e n in su la r  M a la y s ia  w e re  
iden tified  to  b e  one  w a te r m ass for all season  w ith  large tem pera tu re  and  sa lin ity  interval.

T h e  u se d  o f  C T D  fo r S o u th eas t A s ia n  F ish e rie s  D e v e lo p m e n t C e n te r  d a ta  w as  
a llow ed  to  get 1 m ete r dep th  in terval o f  tem perature  and  salinity. T hese  data  should  g ive m ore 
in fo rm a tio n  an d  a llo w  stu d y in g  ch arac te ris tic  an d  d is tr ib u tio n  o f  w a te r  o f  th e  w h o le  w a te r  
column.

C h a ra c te ris tic s  o f  w a te r  m a sse s  an d  th e ir  d is tr ib u tio n  su g g es t th a t th e re  w e re  five  
w a te r  m a sse s  in  th e  s tu d y  a rea . S u m m ary  o f  w a te r  m a ss  id e n tif ie d  b y  th ree  m e th o d s  w as 
sh o w n  in  tab le  4.1.

1. C h arac teris tic  o f  w a te r  m ass  1 in  T S  d iag ram  m atch ed  w ith  charac teris tic  o f  su r­
face  m ass  1 in  T S -tim e  d iag ram  and  G O T  w a te r m ass  in  O M P  analysis (29.5-30.5 °c, 31.5- 
32.25 p su ). B u t it w a s  d iffe re n t fro m  c h a rac te ris tic  o f  a ll w a te r  m a ss  in  th e  ad ja c e n t a rea  
(R o jan a -an aw at e t al., 2000 and  2001). T his w a te r m ass w o u ld  o rig ina te  in  th e  s tudy  a rea  so 
call G u lf  o f  T hailand  w a te r m ass (G O T  w ate r m ass).

2. C haracteris tic  o f  m ass 2 in T S  d iag ram  (29.5-30.5°c, 32 .5-33 .5  p su ) canno t m atch  
w ith  a n y  w a te r  m a ss  an d  w a te r  ty p e  in  T S -tim e  d ia g ra m  an d  O M P -a n a ly s is . T h e ir  
characteristic  o verla id  w ith  characteristic o f  w a te r m ass near M ek o n g  river (R ojana-anaw at et 
ah , 2 0 0 1 ). T h is  w a te r  m a ss  w o u ld  b e  an  in flo w  o f  M ek o n g  w a te r  to  th e  s tu d y  a rea  so call 
M ek o n g  w a te r  m ass.
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3. C h arac te ris tic  o f  M ass 3 in  T S -d iag ram  m atch ed  w ith  su rface  m ass 2 in  T S -tim e  
d iag ram  and  ses w a te r m ass in  O M P  ana lysis  (27-30 °c, 33.5-34 psu). T h e  ch arac teris tic  
co u ld  b e  o v e rla id  w ith  th e  ch a rac te ris tic  o f  th e  su rface  o f  th e  S o u th  C h in a  S ea  w a te r  m ass 
(su rface  w a te r  to  50 m e te r d ep th ) from  th e  s tu d y  o f  R o ja n a -a n a w a t (2000 an d  2001). 
It sh o w ed  th e  in tru s io n  o f  w a te r m ass from  surface  layer o f  the  S ou th  C h in a  S ea  to  th e  s tudy  
a rea  (S u rface  S ou th  C h in a  S ea  w a te r m ass, S SC S ).

4. C h a ra c te ris tic  o f  M ass  4 in  T S -d iag ram  (25-30 °c, 32.5-34 p su ) m a tc h e d  w ith  
ch a ra c te ris tic  o f  su rface  m ass  3 in  T S -tim e  d iag ram  an d  S -P M  u p p e r  w a te r  ty p e  in  O M P  
analysis. T heir characteristics w ere  betw een characteristic o f  the  G O T  and SSC S w ater m asses. 
It sh o u ld  b e  a  m ix tu re  o f  G O T  w a te r  m ass and  S S C S  w a te r m ass.

5. C h arac te ris tic  o f  M ass 5 in  T S -d iag ram  m atch ed  w ith  S -P M  lo w er w a te r  type  in  
O M P  an a ly sis  (2 3 .5 -26°C , > 3 4  p su ). T h e ir  c h a rac te ris tic  co u ld  b e  o v e rla id  w ith  th e  
su b su rface  o f  th e  S o u th  C h in a  S ea  w a te r  m a ss  (S u S C S  w a te r  m ass)  in  th e  s tu d y  o f  
R o jan a-an aw at et al. (2000  and  2001). T he in trusion  o f  S uS C S  w a te r m ass  cam e to  the  รณdy  
a rea  a t 50  to  150 m e te r  d ep th s.

T able 4.1 S um m ary  o f  w ate r m ass iden tified  b y  th ree  m ethod

W ater mass
Name in  

TS-diagram
Name in

TS-time diagram
Name in  

OMP-analysis
G O T m ass 1 su rface  m ass  1 G O T

M e k o n g m ass  2 - -
S S C S m ass  3 su rface  m a ss  2 SC S

M ix in g  o f  G O T  
an d  S S C S

m a ss  4 su rface  m a ss  3 S -P M  u p p e r

S u S C S m ass  5 - S -P M  lo w er

Seasonal va ria tion o f water mass d is tribu tion

S e a so n a l v a r ia tio n  o f  h o riz o n ta l d is tr ib u tio n  o f  w a te r  m a ss  in  th is  a rea  is m a in ly  
in fluence b y  m o n so o n  w ind , w ater density  different and  tidal current. (L ow w ittayakom , 1998 
, S n id v o n g s 1998 and  Y anagi et al., 2000).

D u rin g  S ep tem ber 1995 w h ich  is the S ou thw est m o n so o n  season , there  w as a  strong 
in flow  o f  surface layer o f  ses w ater m ass to the G u lf  o f  T hailand  at the  w est coast, then  strong 
w in d  in d u ce  m ix in g  w ith  th e  loca l w a te r  m ass  (G O T  w a te r  m ass) . T h is  e x p la n a tio n  w as 
en co u rag ed  b y  th e  s tu d y  o f  Y anagi et al. (2000) th a t the  stra tifica tio n  is w eak  in  th is  season. 
T h e  w h o le  a re a  ex c e p te d  th e  b o tto m  w a te r  o f  E as t C o a s t o f  P e n in su la r  M a la y s ia  w as 
o c c u p ie d  b y  m ix tu re  o f  G O T  w a te r  m ass  an d  S S C S  w a te r  m a ss  (F ig . 3 .6  a  an d  b). T h e  
b o tto m  w a te r o f  E ast C oast o f  P en insu la r M alaysia  (50-80  m ) w as o ccup ied  b y  S uS C S  w ate r 
m ass. T h e  o b se rv a tio n  im p lied  th a t th e re  w as th e  in tru s io n  o f  S u S C S  w a te r  m ass  from  th e  
S ou th  C h in a  S ea  b y  th e  in fluence o f  w ind  and d ensity  different.
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In  A p ril-M a y  1996 w h ich  is a  tra n s itio n  p e r io d  b e tw e e n  N o rth e a s t to  S o u th w est 

M onsoon  season, stratification  o ccurred  the w hole  area  that dep th  g ra ter than 30 m eter due to 
la rg e  sea  su rface  h e a tin g  an d  w eak  sea  su rface  w ind . T h e  d e v e lo p m e n t o f  s tra tif ica tio n  
separated  h igh  tem peratu re  and low  salinity  G O T  w ater m ass at u p p er layer from  the o thers at 
lo w er lay e r (F ig . 3 .6  c an d  d).

I t w as o b se rv e d  in  th is  s tu d y  th a t sscs  w a te r f lo w ed  in to  th e  G u lf  o f  T h a ila n d  a t 
b o tto m  la y e r and  b o th  su rface  and  b o tto m  lay e r a t the  m o u th  o f  th e  G u lf  o f  T h a ilan d  w h ile  
G O T  w ater flo w ed  ou t the  G u lf  o f  T hailand  at u p p er layer (F ig .3.6 c and  d). T h e  sscs w ater 
m ass a t bo ttom  w ater in  the G u lf o f  T hailand should flow  from  the South C hina Sea through the 
channel connecting  the deepest part o f  the G u lf o f  T hailand  and the S outh  C hina Sea. Yanagi et 
ah , 2 0 0 0  su g g es ted  th a t it w as d u e  to  th e  d en sity  d iffe ren t b e tw e e n  th e  h ead  o f  the  G u lf  o f  
T h a ila n d  an d  tip  o f  P e n in su la r  M a lay s ia  w h ich  ab o u t 2 .0  s ig m a-t at 2 0  m  b e lo w  th e  w ate r 
su rface  in  th is season. T h e  in trusion  w as lim ited  their horizon ta l d istribu tion  o n ly  a t the  deep 
a rea  o f  the  G u lf  o f  T ha iland  (>  80 m eter).

M ekong  w ater m ass w as found  only surface layer o f  station a t the m outh  o f  the G u lf o f 
T h a ila n d  an d  eas t c o a s t o f  P e n in su la r  M a la y s ia  (F ig . 3 .6  c). T h is  w a te r  m ass  cam e fro m  a 
co asta l j e t  f lo w in g  sou th  w estw ard  a long  the  so u th east co ast o f  V ie tn am  by  the  in fluence  o f  
N o rth e a s t M o n so o n  w in d  as in d ica ted  b y  S h aw  an d  C h ao  (1 9 9 4 ). T h e  co asta l j e t  w a te r  is 
fro m  m ix in g  b e tw een  S ou th  C h in a  S ea  w a te r m ass and  run  o ff  o f  M ek o n g  R iver. A lthough , 
there  w as no  coasta l je t  during  the  survey  period  b ecause  o f  the  w eak  N E  m onsoon  w ind  bu t 
M ek o n g  w a te r m ass still rem ained  in the area.

M ix in g  o f  G O T  and  sscs  w ater m ass w as fo u n d  in  tw o  area. T h e  f irs t a rea  w as the 
b o tto m  lay er o f  the cen tral o f  the study area  b e tw een  the  a rea  o f  the  G O T  w ate r m ass and  the 
intrusion o f  sscs w ater m ass. T his w ater m ass should  be  originated from  the tu rbulent m ixing 
w h ich  m o st p ro n o u n ced  a long  isopycnal su rface  (O pen  U niversity , 1989). F ig . 3 .6  d  and 
F ig .4 .3  sh o w ed  tha t G O T  and  sscs  w ate r m asses o ccu p ied  on  th e  iso p y cn a l su rface  o f  the 
f irs t area . T h e  se co n d  a rea  w as b o th  su rface  an d  b o tto m  w a te r  o f  th e  so u th e rn  p a r t o f  the  
s tudy  area. M ix in g  o f  G O T  and  sscs  w ater m ass in  th is a rea  shou ld  b e  th e  rem ain ed  w ater 
m ass  f ro m  th e  N o rth e a s t M o n so o n  seaso n  th a t s tra tif ic a tio n  w as d e s tro y ed  d u e  to  sea 
su rface  c o o lin g  an d  s tro n g  n o rth e a s t m o n so o n  w in d  (Y anagi e t a l., 2 0 0 0 ).

T h e  study o f  w ater m asses w ould  g ive the exchang ing  ra te  betw een  w ater m ass in  the 
G u lf o f  T hailand and  outside. U nfortunately, survey area w as no t cover all the G u lf o f  Thailand, 
the  ca lcu la tio n  o f  e x ch an g in g  ra te  is n o t p o ssib le . H o w ev er, th e  e x ch an g in g  ra te  h ad  been  
stud ied  by  S tansfie ld  and  G arrett, (1997) w ith  an  annual v o lum e exchange  o f  10,800 km 3 and 
flush ing  tim e o f  about 1 year.
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F ig u re  4.3 V ertical d is trib u tio n  o f  sigm a-t a long  la titude  7°2 0 ’N  (from  s ta tion  40  to  
46 ) in  A p ril - M a y  1996

4.3 Ecological implication

Z ooplankton

T h e  p resen ts  o f  sscs  w ate r m ass e ither su rface o r b o tto m  w a te r o r  b o th  layer (w ater 
m a ss  g ro u p  B, D an d  F ) in  T S -d ia g ra m  c o in c id e d  w ith  th e  a rea  o f  z o o p la n k to n  c lu s te r  A , 
w h ic h  w a s  h ig h  ab u n d an ce  ra tio  o f  c h ae to g n a th a  a n d  lo w  to ta l ab u n d an ce  o f  z o o p lan k to n  
(Fig. 3.17 an d  3.18). T h is suggest th e  p o ss ib ility  to  u se  sscs  w ate r m ass  as th e  in d ica to r o f  
low  to tal abundance o f  zoop lank ton  w ith  h igh  p roportion  o f  chaetognatha area. Jiw aluk  (2001) 
also  rep o rted  th a t h ig h  abundance  ratio  o f  ch aetognatha  in  the  a rea  o f  o p en  sea  w a te r m ass  in  
V ietnam ese w a te r w h ich  its characteristic  is the  sam e as sscs w ater m ass (R o jana-anaw at et 
al, 2001).

P hy top lank ton  data

R e la tio n sh ip  b e tw een  w a te r m asses  and  p h y to p lan k to n  w ere  fo u n d  at th e  b o u n d ary  
b e tw e e n  th e  G u lf  o f  T h a ilan d  and  S o u th  C h in a  S ea  in  A p ril - M a y  1996. A ll s ta tio n s o f  th is  
a rea  w ere  sscs  w a te r  m a ss  (Fig. 3 .6) an d  w ere  g ro u p ed  as c lu s te r c  b y  th e  ab u n d an ce  and  
the  dom inance  and  associate  species o f  phy top lank ton  (Fig. 3.18). T hese  show ed  re lationship  
b e tw een  su rface  layer o f  sscs  w ate r m ass and  th e  h ig h  abun d an ce  ra tio  o f  b lu e  g reen  algae, 
w h ich  w as a  d om ina ted  characteristic  o f  p h y top lank ton  c luster c.
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T h e  h ig h  a b u n d an ce  ra tio  o f  b lu e  g reen  a lg ae  in  th e  sscs  w a te r  m ass  co u ld  n o t 
o b se rv e d  in  W est C o as t o f  th e  P h ilip p in e s  (R o ja n a -a n a w a t et ah , 2 0 0 0 ) and  V ie tn am ese  
w ate r (R o jana-anaw at, 2001 ). T he abundance o fD ia to m  w as the  h ighest ra tions in  b o th  areas 
(B oonyapiw at, 2 000  and  2001 ). T his suggested  that the  re la tionsh ip  b e tw een  b lue  green algae 
an d  S S C S  w as lo ca l o r  sh o rt p e r io d  p h e n o m en a . T h e  u se  o f  ty p e  o f  w a te r  m a ss  as an  
ind ica to r o f  phy top lank ton  abundance is no t possib le .

T h e  re la tionsh ip  b e tw een  type o f  w a te r m asses and  phy to p lan k to n  d a ta  are n o t clear. 
O ne q u estio n  is “  D oes k in d  o f  d o m in an ce  and  associa te  spec ies o f  p h y to p lan k to n  and  th e ir  
p e rc e n ta g e  ap p ro p ria te  fo r c lu s te r  ana ly s is?  ” T h e  u se  o f  sp ec ies  an d  a b u n d an ce  sh o u ld  
im prove the result.

C h lo rophy ll-a  data  and relative abundance o f  pelag ic fish

R esu lts  from  th e  re la tio n sh ip  b e tw een  w a te r  m asses  and  c h lo ro p h y ll-a  an d  re la tiv e  
abundance o f  pelag ic fish suggested  that there w as the  possib ility  to  indicate the abundance o f  
p h y to p lan k to n  and  pelag ic  fish  b y  the  w a te r type.

A lthough  the relationship betw een chlorophyll-a and relative abundance o f  pelagic fish 
fo rm  the  m o d e l and  th e  ex isting  d a ta  w as low  b u t it cou ld  b e  im proved  b y  th e  good  p reparing  
for the  d a ta  co llecting  for th is specific p ropose. T he low  re la tionsh ip  w ou ld  b e  com e from  the  
su sp ic io n  ab o u t the  ch lo ro p h y ll-a  d a ta  as d iscu ss in  4.1.1 and  pe lag ic  fish  data. T h e  re la tive  
abundance  o fp e lag ic  fish  in  th is รณdy  w as from  the  calcu la tion  o f  the  v o lum e back  scattering  
s tren g th  (S V ) and  th e  ta rg e t s treng th  (T S ) o f  Sadinella gibbosa. W h ile  th e  o b se rv a tio n  a rea  
w as d e fin ed  as th e  r ich  b io -d iv e rs ity  area, th e  u se  o f  sin g le  sp ec ies  is still in  d o u b t fo r th e ir  
appropriation.
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