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Chapter 2 
Methodology

2.1 Source of data

D ata  w ere  ob tained  from  tw o-survey  cruises o fM V .S E A F D E C  in the G u lf  o f  
T h a ilan d  and  E ast C o ast o f  P en in su la r M alay sia  u n d er the  In te rd ep artm en ta l C o llabo ra tive  
R esearch  P rogram  in the  S outh  C hina  S ea area o f  the  S outheast A sian  F isheries D evelopm ent 
C enter. T h e  firs t c ru ise  w as b e tw e e n  3 S e p te m b e r a n d  3 O c to b e r 1995. T h e  seco n d  cru ise  
w as from  23 A p ril to  23 M ay  1996, w ith  a  to ta l o f  81 o c e a n o g rap h ic  s ta tio n s  (F ig . 2 .1 ). 
S ta tion  no. 27 w as su rvey ing  o n ly  the  second  cruise.
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F igu re  2.1 O cean o g rap h ic  sta tions o fM V .S E A F D E C  b e tw een  3 S ep tem b er and  3 
O c to b e r 1995 and  fro m  23 A p ril to  23 M ay  1996.
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2.1.1. High resolution oceanographic data

A ll d a ta  w ere  co llec ted  u sing  the  onboard  F a lm o u th  In tegrated  C T D  instrum en t w ith  
co n d u c tiv ity , te m p e ra tu re  an d  p re ssu re s  sen so rs  h a v in g  an  a ccu racy  o f  ±  0 .003  m m h n , 
±  0 .003  °c an d  ±  0 .0 3 % , resp ec tiv e ly . T h e re  w e re  tw o  ad d itio n a l senso rs: an  F S I o x y g en  
sen so r (±  0.1 %  accu racy ) and  a  S ea  T ech  su b m ers ib le  f lu o rescen ce  sensor. R aw  co u n ts  o f  
each  v a ria b le  w e re  reco rd ed  an d  av e rag ed  at ev e ry  1 m e te r  in te rv a l u s in g  th e  F S I p o s t 
acquisition  d a ta  analysis softw are.

2.1.2 Low resolution oceanographic data

L ow -reso lu tio n  d a ta  com prise  o f  n itra te  (pM ), C h lo rophy ll-a  (m g /m 3) and  d isso lved  
oxygen  from  titra tion  (m Fl). A ll data  w ere  d e term ined  from  the  w a te r sam ple  co llected  u sing  
tw e lv e  2 .5 lite r b o ttle s  eq u ip p ed  w ith  T h e  C T D . W ater sam p les  w ere  co lle c ted  o n  se lec ted  
depth. T he concentration o f  nitrate w ere determ ined by  a tw o-channel auto-analyzer “ T R A A C S 
2000  ” (Yasin et al., 1997). D isso lved  oxygen concentration  w as determ ined  b y  a  m odification  
o f  th e  W in k le r p ro ced u re  (P arsons et al., 1984) for th e  c a lib ra tio n  o f  d isso lv ed  oxygen  data. 
C h lo ro p h y ll-a  co n cen tra tio n  w as de te rm in ed  b y  S pec tro p h o to m etric  m e th o d  (P arso n  et ah, 
1989).

2.1.3. Biological data

1. P h y to p lan k to n  d a ta  (la rger th an  20  pm )
P h y to p la n k to n  d a ta  w e re  a v a ilab le  fro m  B o o n y a p iw a t (1 9 9 9 ). V an D o rn  w a te r  

sam pler w as u sed  to  co llec t su rface w a te r th en  filter b y  20  p m  p lan k to n  net. T he d a ta  u sing  in  
th is  s tu d y  w e re  th e  a b u n d an ce  in  ce ll /m 3o f  to ta l p h y to p la n k to n , d o m in a n t an d  asso c ia te  
spec ies o f  each  station.

A cco rd in g  to  the  fluorescence data, the  m ax im u m  concen tra tion  o f  phy top lank ton  in 
th is  a rea  sh o u ld  b e  at su b su rface  w a te r  (F ig . 2 .2 ). H o w e v e r  p h y to p la n k to n  d a ta  w a s  o n ly  
availab le  a t su rface  layer, therefo re  ch lo rophy ll-a  w h ich  can  be  ca lcu la ted  from  fluorescence 
d a ta  w ere  a ssu m ed  to  b e  abundance  o f  phy top lank ton  in  th e  w a te r co lu m n  o f  th is  study.

2. Z o o p lan k to n  d a ta
T otal ab u n d an ce  (n o /m 3) and  species c o m p o sitio n  o f  zo o p lan k to n  fro m  th e  s tu d y  o f  

J iv a lu k  ( 1999) w e re  u sed  in  th is  study. Z o o p la n k to n  sam p les w e re  c o lle c ted  b y  B o n g o  n e t 
oblique haul.

3. R ela tive  abundance o f  P elag ic  fish  (no /m 3)
T he R elative  abundance o f  pelagic fish is from  the  s tudy  o f  T heparoonrat et al. (1999). 

T h e  h y d ro -aco u stic  su rv ey  u sin g  T h e  F U R U N O  F Q -7 0  scien tific  echo  sounder, w h ich  w as 
equ ipped  w ith  an  echo in tegrato r and tw o  q uasi-ideal b eam  transducers opera ted  frequencies 
o f 5 0 a n d 2 0 0  k H z.

T h e  re la tive  abundance  o f  pelag ic  fish  in  th is  รณdy  w as in terp reted  from  the  200  kH z 
frequency, w h ich  is less effective for detecting  p lank ton  because  at these  frequencies the  noise 
signal from  p lank ton  is decreased. T he vo lum e back  scattering strength  (SV ) o f  the fish schools 
w as  co llec ted  fro m  th e  sea  su rface  to  th e  d ep th  o f  10 m e te r  ab o v e  th e  sea  b o tto m  a long  the
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c ru ise  track . T h e  s v  d a ta  w e re  u sed  to  ca lcu la te  th e  re la tiv e  a b u n d an ce  o f  p e lag ic  fish  
(T h e p a ro o n ra te ta l . ,  1999).

In  o rd e r  to  ca lcu la te  th e  re la tiv e  ab u n d an ce , T h e p a ro o n ra t e t al. (1 9 9 9 ) u se d  the  
ta rg e t s treng th  (T S ) o f  sard ine, Sadinella gibbosa as th e  rep resen ta tiv e  species o f  fish  in  the  
o b serv a tio n  area, as th ey  w ere  the  h ig h est ca tch  o f  pelag ic  species in  the  G u lf  o f  T h a ilan d  in  
1991-1994. Sadinella gibbosa feed on  b o th  phy top lank ton  and zoop lank ton  (F ishbase, 2000)
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P rofiles o f  fluorescence at s ta tion  no. 1 8 ,2 7  and  70 from  A pril 1996 d a ta  set.

2.2 Data preparation

2.2.1 Estimation of chlorophyll-a from fluorescence data

C h lo ro p h y ll-a  d a ta  w e re  e s t im a te d  fro m  th e  c o r re la t io n  e q u a tio n  b e tw e e n  
f lu o re sc e n c e  (V ) d a ta  fro m  th e  S E A  T E C H  f lu o ro m e te r  a n d  th e  c o n c e n tra t io n  o f  
ch lo rophy ll-a  m easu red  in  the  correspond ing  w a te r sam ples. T h e  regression  o f  ch lo rophy ll-a  
c o n c e n tra tio n s  ag a in s t th e  f lu o ro m e te r o u tp u t (in  V ) is a  lin e a r re sp o n se  as d e fin ed  b y  
m an u fac tu re r  (S ea  T ech  Inc., 2001).

2.2.2 AOU and Preformed Nitrate

A O U  is th e  d iffe ren ce  b e tw e e n  th e  o x y g en  c o n c e n tra tio n  a t e q u ilib r iu m  w ith  th e  
a tm o sp h e re  a t th e  in situ tem p e ra tu re  a n d  salin ity , and  th e  o b se rv ed  o x y g en  co n cen tra tio n  
(R edfie ld , K e tch u m  and  R ich ard  c ited  in  P ark , 1967(a))

AOU = 0 2- 0 2 ------- (2 .1 )

AOU  =  oxygen  consum ption  b y  b io log ical ox ida tion  in  th e  w ater
Oi =  c a lcu la ted  co n cen tra tio n  o f  d isso lv e d  o x y g en  at sa tu ra tio n  w ith  a  w et 

a tm osphere  at the  p o ten tia l tem pera tu re  o f  the  sam ple  
o  2 =  observed  d isso lved  oxygen  concentra tion  in  sam ple  (m Pl)



8

T h e  n itra te  p re se n c e  in  seaw a te r  can  b e  sep a ra ted  in to  tw o  frac tio n s. T h e  firs t is 
nu trien ts o f  ox idative  orig in  that have  been  regenerated  from  o rganic m atte r and  the  second is 
p reform ed nutrients that w ere present in  the w ater at the tim e it sank from  the surface (Redfield, 
K e tch u m , an d  R ich a rd s  c ited  in  P ark , 1967(a)). T herefo re , th e  m easu red  n itra te  d a ta  can  be 
ex p ressed  as fo llow s (P ark , 1967(a)):

N means = N P + No, --------(2 .2 )

N means = N itra te  from  m easu rem en t (pM )
Np = C o ncen tra tion  o f  p re fo rm ed  n itra te  (p M )
Nox = C o ncen tra tion  o f  n itra te  regenerated  from  o r du ring  the 

b iochem ica l ox id a tio n  o f  o rgan ic  m atte r (p M )

T h e  p re fo rm e d  n itra te  is co n se rv a tiv e  in  th e  sam e  sen se  as w h ic h  tem p e ra tu re  and  
salin ity  are conservative; it is m odified  by  run-off, precip itation , and  the m ix ing  o f  w ate r types 
b u t is n o t a ffected  b y  b io log ical activity, w h ich  can  b e  u sed  to  trace  th e  w a te r m ass (R edfield, 
1934).

F ro m  th e  a ssum ed  ra tio s in  th e  b io ch em ica l changes in  0 2: c  :N  : P o f  138 ะ 106 :1 6  
: 1 b y  a to m s (R ich a rd s  et al. c ited  in  P a rk  1967(a)), th e  n u trien t c o n cen tra tio n s  o f  o x id a tiv e  
orig in  in  equation  2.2 can b e  expressed  as functions o f  apparent oxygen  u tilization  (A O U ). For 
in stance , 16 p M  o f  o x id a tiv e  n itra te  w ill co rresp o n d  to  138 p M o fA O U . S u b stitu tin g  th ese  
A O U  functions in  equations 2.2, w e obtain:

N means =  N P + 0.\2AOU  --------( 2 3 )

2.2.3 Quality control of data

A ll ocean o g rap h ic  d a ta  w ere  p ro filed  and  v isua lized , an y  rem ain in g  o u tlin e rs  w ere  
su b seq u en tly  rem o v ed  m a n u a lly  and  u s in g  th e  ex cess iv e  g rad ien ts  ch eck  p ro ced u re  o f  the  
N a tio n a l O cean o g rap h ic  D a ta  C en te r (N O D C ) to  ch eck  th e  q u a lity  o f  data.

F o r each  v a ria b le  from  th e  study, a  c h eck  w as m ad e  fo r ex c e ss iv e  d ec rea ses  and  
in c rea se s  in  v a lu e  o v e r a d ep th , o r ex cess iv e  g rad ien ts  (N O D C , 1999). A  g rad ien t w as d e 
fined as:

gradient = — ~  --------(2 .4 )

w here Vx =  th e  v a lu e  o f  th e  variab le  at th e  cu rren t d ep th  level 
V2 = th e  v a lu e  o f  th e  v a riab le  at the  n ex t d ep th  level 
Z | =  th e  d ep th  (m eters) o f  th e  c u rren t d ep th  level 
z 2 =  th e  d ep th  (m eters) o f  th e  n ex t d ep th  level

T w o ty p es  o f  g rad ien ts  w ere  check ed . T h e  firs t w a s  an  E x c e ss iv e  G rad ien t, w h ich  
w as a  negative  g radient, i.e. an excessive  decrease  in  the  value  o v er depth . T h e  second  w as an 
E x cess iv e  Inversion , w h ich  w as a  p o sitiv e  g rad ien t, i.e. an  ex cessiv e  in crease  in  v a lu e  o v er 
dep th . T h e  c rite ria  u sed  to  d efine  excessive  as a  function  o f  v ariab le  w ere  listed  in  tab le  2.1.
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D a ta  w h ic h  ex ce e d e d  th e  “m a x im u m  g rad ien t v a lu e ” (M G V ) an d  “m a x im u m  in v e rs io n  
value” (M IV ) w as rem oved  from  further analysis.

T able 2.1 M ax im u m  grad ien t and inversion  factors from  N O D C  for the  d ep th  less than
4 00  m e te r

Variable Unit/Scale Miv/meter MGV/meter
T em p e ra tu re ° c 0 .300 0 .7 0 0

S a lin ity p su 9 .000 9 .0 0 0
O x y g en ml/1 1.000 1.000
N itra te p M 1.000 1.000

C h lo ro p h y ll p g /l 1.000 1.000

2.3 Water mass identification procedure

W ater m ass w as d efined  as a b o d y  o f  w a te r  w ith  a  co m m o n  fo rm atio n  history, w hich  
w as u sually  based  u pon  the  observation  that w a te r renew al in  the  deep  ocean  w as the  resu lt o f  
w ater m ass form ation  in  contact w ith  the a tm osphere and spreading from  the form ation region. 
A  po in t in  the  functional relationsh ip  o f  w ate r m ass w as defined  as a  w ate r type. D irection  and 
quan tity  o f  the  spread ing  and m ix ing  o f  w ate r m ass w ith  o ther w ate r m asses can be  tracked  by  
an a ly z in g  th e  d is tr ib u tio n  o f  co n se rv a tiv e  p ro p ertie s , tha t is th ey  a lte red  o n ly  b y  p ro cesses  
o c c u rrin g  at th e  b o u n d a rie s  o f  th e  o cean  b y  m ix in g  w ith  th e  o th e r w a te r  m asses , su ch  as 
tem peratu re, salinity, etc. (O pen  U niversity , 1989).

S ev era l m e th o d s  can  b e  u se d  to  s tu d y  w a te r  m a ss  in  th e  o cean . In  th is  study, th ree  
m ethods; Tem perature-Salinity diagram  (TS-diagram ), Tem perature-Salinity-tim e diagram  (TS- 
tim e  d iagram ) and  o p tim u m  M ulti-P aram eter analysis (O M P  analysis) w ere  u sed  to  iden tify  
w a te r m ass in  the  G u lf  o f  T hailand  and  E ast C oast o f  P en insu la r M alaysia. E ach  m eth o d  w as 
app lied  in  o rder to  fit w ith  b io log ical d a ta  tha t w ere  ob ta ined  independently .

S ince stra tifica tion  occu rs o v er the  w h o le  s tudy  a rea  especia lly  in  A p ril 1996. In th is 
study, w a te r  co lu m n s  w ere  d iv id ed  in to  tw o  layers: su rface  (w e ll-m ix ed ) layer an d  b o tto m  
lay e r (u n d e r th e  s tra tif ic a tio n  layer). T h e  s ig m a -th e ta  g rad ien t w as  u se d  as c r ite r ia  fo r 
id en tify in g  layer. T h e  su rface  layer s ta rtin g  from  su rface  d o w n  to  th e  d e p th  o f  s ig m a-th e ta  
g rad ien t w as  equal o r  m o re  than  0.5 k g /m 3 p e r o n e-m ete r depth . B e lo w  th is g rad ien t w as the  
b o tto m  layer. T h e  percen tages o f  m ix ed  layer o f  each  sta tion  w ere  sh o w n  in  F ig. 2.3.
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F igu re  2.3 P e rcen tag e  o f  M ix e d  layer from  th e  w h o le  d ep th  o f  each  sta tion . M ix ed  
layers w ere  c lassified  b y  sigm a-theta  g rad ien t index

2.3.1 TS-diagram
T h e  tem p e ra tu re -sa lin ity  (T S -) d iag ram  is a  b as ic  to o l fo r w a te r  m ass  c lassifica tio n  

an d  ana lysis  in  d eep -sea  oceanography . It is th e  p lo t o f  tw o  co n se rv a tiv e  p ro p e rtie s  against 
each  o ther. A  w a te r  m ass  w ith  u n ifo rm  tem p e ra tu re  an d  sa lin ity  in c lu d in g  w a te r  m asse s  in  
m ix ed  layers show s up  in  a  T S -d iag ram  as a  sing le  po in t. O ther w a te r m asses, w h ich  p resen t 
so m e v a ria tio n  o f  th e ir  p roperties w ith  dep th , w ill b e  sh o w n  in  the  T S -d iag ram  as curves.

H o w ev er, n u m b e rs  o f  w a te r  m a sse s  w e re  lim ite d  b y  th e  d iffe ren ce  o f  th e se  tw o  
p ro p erties , w h ic h  m ay  n o t b e  ab le  to  rep resen t a ll w a te r m asses  e sp ec ia lly  in  coasta l sea  and  
m ixing layer.

T h e  tem p era tu re  and  sa lin ity  d a ta  o f  all dep ths w ere  p lo tted  against each  o th er u sing  
the  O cean  D a ta  V iew  S oftw are  (O D V ). O D V  p resen ts d ep th  as Z -ax is  w ith  co lo rs o f  each  X , 
Y  co o rd in a te . R e su lts  fro m  T S -d ia g ra m  w ere  p re se n te d  as th e  ra n g e  o f  te m p e ra tu re  an d  
sa lin ity  o f  each  w a te r m ass.

2.3.2 TS-time diagram

In  th e  c o asta l o cean , even  w h e re  v e rtica l s tra tif ica tio n  is  p resen t, a  la rge  p a rt o f  th e  
w ate r co lum n  is still taken  up  b y  the surface m ix ed  layer, w h ich  in  a  T S-d iagram  is represented
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b y  a  s in g le  w a te r  type. T h e  p ro p e rtie s  o f  th e  m ix e d  layers u su a lly  h av e  la rge  c h an g es from  
sea so n  to  sea so n  and  do  n o t f lu c tu a te  in  a ran d o m , b u t in  a sea so n a l p a tte rn , w h ic h  c an  be  
d e fin e d  th e  w a te r  m a sse s  th ro u g h  th e  u se  o f  a  so -ca lled  “ TS-time diagram” (T om czak ,
1996). T h e  v a lu es  o f  b o th  v ariab les  in  th e  m ix e d  layer w ere  p lo tted  ag a in st e ach  other. T he 
sequence o f  observations taken  over the  year defines a  T S- relationsh ip  in  tim e that reflects the 
w eek ly  and  seasonal changes o f  th e  tw o  p roperties.

This technique com bine w ith  inform ation from  the environm ental preferm ent o f  various 
m arine life form s could  give a  fairly accurate variation o f  the physical environm ent over the year 
and h o w  it m ig h t e ffect th e  coastal ecosystem .

T em perature and  salinity  data o f  the  surface layer o f  b o th  data  sets w ere  p lo tted  against 
each  o th e r u s in g  th e  O D V  softw are . S easons w ere  rep resen ted  as a  Z -ax is  b y  th e  color. T he 
resu lts  w ere  p resen ted  as the  ranges o f  tem pera tu re  and  sa lin ity  in  d ifferen t season.

2.3.3 Optimum multi-parameter analysis (OMP)

O M P -an a ly sis  w as d ev e lo p ed  to  so lve  the  s itu a tio n  th a t b ey o n d  th e  cap ac ity  o f  T S- 
d iag ram  su ch  as in  co as ta l area , e tc. A lm o s t all a v a ilab le  p ro p e rtie s  can  b e  u se d  b u t 
conservative  o nes w ill g ive b e tte r resu lt (T om czak  and  Large, 1989).

T he basic  a ssum ption  o f  the O M P  analysis is that all w a te r m asses can  b e  represented  
as “m ix tu re s”  o f  m in im u m  w a te r  ty p es (T o m czak  an d  L arge, 1989). B e c a u se  th e  O M P  
ana lysis  so lv es a  lin ea r sy stem  o f  m ix in g  eq u a tio n s, all p ro p e rty  re la tio n sh ip s  b e tw e e n  th e  
defined  w ater types m u st be  linear. H ow ever, non-linear p roperty  relationsh ips in  a  w ater m ass 
can  b e  app rox im ated  b y  a series o f  linear p ro p erty  re la tionsh ips connecting  a  finite n u m b er o f  
d efined  w a te r  types (the d egree  o f  accu racy  ach ieved  b y  th is p ro ced u re  is l im ited  o n ly  b y  the  
n u m b er o f  param eters available from  observations).

A n  oceanic  m ix in g  situation  can be  expressed  th rough  the  linear system  o f  equations

พ(Gx -d) =  R  ------- (2 .5 )

G — > a m atrix  con ta in ing  the  p aram ete r va lues tha t define  the  w a te r types.
d — > a v ec to r con ta in ing  the  d a ta  (observed  p aram ete r va lues tha t describe  a  w ate r 

sam ple)
X — > a vecto r con ta in ing  the  re la tive  contribu tions, or m ix ing  ratios, o f  the  w ater 

types to  th e  sam ple.
R — > a v ec to r o f  residuals.
พ — > a d iagonal w eigh t m atrix  (w eights are a llocated  to  the  various param eters 

accord ing  to  the  degree o f  conservation , in strum en ta tion  and  accu racy  o f  the
m ethod  and  instrum ent.

T he O M P  analysis solves the equation  W{ G x-d) = R  b y  m in im izing  R  subj ect to  certain 
c o n d itio n s  w h ic h  c o m m o n ly  u se  th e  “ lea s t sq u a re s” ap p ro ach  w ith  th e  c o n d itio n  o f  n o n  
n e g a tiv e  v a lu e s  as th e  p h y s ica l p ro cess  o f  m ix in g  re q u ire s  th a t n o  e le m e n t o f  th e  so lu tio n  
vecto r-x  is negative.
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T em perature, salinity, A O U  and  p refo rm ed  nitrate  d a ta  w ere  u sed  in  O M P  analysis o f  
th is  study. In  m ix in g  layer, A O U  an d  p re fo rm e d  n itra te d  can n o t b e  ex p ec ted  to  b e  a 
co n se rv a tiv e  param eter. In  th is  a rea  b io lo g ica l ac tiv ity  is s ign ifican t, lead in g  to  h ig h  ra te  o f  
n itra te  c o n su m p tio n , and  la rg e  ex ch an g in g  o f  o x y g en  b e tw e e n  w a te r  an d  a tm o sp h ere . 
T herefore, it w as no t including in  O M P-analysis for decreasing error o f  calculation. T he results 
from  O M P  analysis w ere  p resen ted  as ra tios o f  w a te r type in  each  w a te r d en sity  range. O M P  
analysis consists  o f  the  fo llow ing  steps (T om czak  and  Large, 1989):

1. P lo t all available param eters against tem peratu re  for the regions w here  on ly  sources 
w a te r  m asses w ere  found  for estab lish ing  G in  equation  2.5.

D a ta  o f  n o rth e rn  m o st, so u th e rn  m o s t an d  e a s te rn  m o s t o f  th e  su rv ey  a rea  w ere  
assum ed  as the  in fo rm ation  o f  source o f  w ate r m ass. T he p a ram ete r’s value  o f  source o f  w ater 
m ass , w h ic h  c o rre sp o n d  to  th e  en d  p o in ts  o f  th e  tem p e ra tu re  ran g e , th e  te m p e ra tu re  end  
po in ts them selves and  m ass conservation , define  the  m atrix  G.

2. E s tab lish  th e  m a trix  พ (eq u a tio n  2 .5). E ach  p a ra m e te r h as  its o w n  w e ig h t w h ich  
d ep en d s on  th e  m e asu rem en t accuracy, d eg ree  o f  co n se rv a tio n , and  o th e r p ro cesse s  w h ich  
m ay  cause  so m e p aram ete rs  to  b e  less re liab le  th an  others. T h e  w e ig h t a re d erived  from

พ  j  =
S j min

(2.6)

w here c r  j is th e  s tan d ard  d ev ia tio n  o f  p a ram e te r j  o v e r th e  en tire  d a ta  se t ( a  m easu re
o f  the  ab ility  o f  a  p aram ete rj  to  reso lve  d ifferences in  w a te r m ass  conten t) 

S j  is th e  sm allest o f  the  variances fo r the  w a te r m asses.

<T,. =  ^ §  < 0 ,-G ,Y  — (2 .7 )

w here  Gj is a  m ean  g iven  b y

G j  =  ^ È GJ l --------(2.8)

T he largest o f  the w eights พ. (usually  that o f  tem perature) is also assum ed  for the  m ass 
conservation , since  equation  2.6 is n o t app licab le  to  m ass conservation .

3. S o lve th e  m atrix  equation  IF (G 'x -d ')= R  b y  m in im iz in g  the  residual u sing  iterative
m ethod.

2.4 Relationship between water mass and biological data

S o m e b io lo g ic a l d a ta  a v a ilab le  at su rface  layer, so m e  av a ilab le  at ev e ry  m eter, etc. 
T h e re fo re , th e  w a te r  m a ss  th a t w ill b e  u se d  to  re la te  w ith  su ch  b io lo g ic a l d a ta  m u s t b e
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iden tified  by  d ifferen t m ethod  to  m atch  w ith  those  data.

2.4.1 Phytoplankton

P h y top lank ton  data

P hy top lank ton  data  w ere  available o n ly  in  the  surface layer. C luste r analysis function  
o f  S -P L U S  2 0 0 0  S o ftw a re  w as ap p lied  to  d e te rm in e  th e  g ro u p  o f  s ta tio n s  w ith  s im ila r  in  
dom inan t and  associate  species and  percen tage o f  b lu e  green  algae, d ia tom  and dino flagellate 
from  to ta l abun d an ce  o f  phy top lank ton . T h e  squared  E u clidean  d istance a lgorithm  w as used  
to calculate  the inter-individual distance for clustering.

C hlorophyll-a

C h lo ro p h y ll-a  d a ta  w ere  e s tim a ted  from  flu o rescen ce  data , w h ich  w as av a ilab le  at 
every  m eter. C on tours o f  ch lorophyll-a  d a ta  w ere  p lo tted  to  m atch  the w ate r m asses identified  
b y  O M P  analysis.

2.4.2 Zooplankton

C luster analysis b y  the sam e softw are and algorithm  that w as used  w ith  phytoplankton 
w as ap p lied  to  d e te rm in e  th e  g ro u p  o f  s ta tio n s  w ith  s im ila r  in  sp ec ies  c o m p o s itio n  and  
a b u n d an ce  o f  zo o p lan k to n . T h e  av a ilab le  z o o p la n k to n  d a ta  w as  rep re se n te d  for th e  w h o le  
w ater colum n, therefore results from  cluster analysis w ere determ ine the relationship w ith  w ater 
m asses c lassified  b y  T S -d iagram , w h ich  applied  for the  w h o le  w ate r co lu m n  data.

2.4.3 Relative abundance of pelagic fish

T h e  av a ilab le  re la tiv e  abun d an ce  o f  pe lag ic  fish  (no ./to n ) d a ta  w as ca lcu la ted  from  
hydroacoustic  d a ta  for 0 .1 X 0 .1 square  nau tical m ile  X 10 m  d epth  rep resen ted  at each  station  
(T h e p a ro o n ra t et al, 1999). R e la tiv e  a b u n d an ce  o f  p e lag ic  fish  w a s  p lo tte d  as a  c la ssed  
sym bol to  m a tch  the  w a te r m asses iden tified  b y  O M P  analysis.
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