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A b st r a ct

O v e r th e c o u rs e of th e l a st t e n y e a r s , o u r l ab o r a t o ry h a s a c q ui r e d a d at a b a s e of ab o u t 8 0 0

ab s o rpti o n s p e ct r a of n at u r al ph yt o pl a nkt o n s a m pl e s c oll e ct ed & o m s e v e r al o c e a n i c r e gi o n s .

T h e s e d ぬ h a v e b e e n a n al y s e d , al o n g wi th c o n c u - Ht ildTo 皿 ati o n o n p lg m e n t C O m p O Siti o n

e sti m a:t e d u si n g H i gh P e rfo r m an c e Li q uid C 血o m at o g r ap h y ( H P L C) t e c lm iq tl e S . T h e an al y sis

hi gh li gh t s s o m e g e n e r al t r e n d s i n th e a b s o r ptio n ch a r a ct e ri sti c s an d i n pig m e n t c o m p o siti o n
wi th ch an g e s i n th e p h yt o pl an kf o n bi o m a s s , a s i n d e x e d b y th e c o n c e n t r a ti o n o f th e m ai n

p l g m e n t , Chlo r o p h yll
-

a . An e m piri c al , tl l r e e
-

P a r a m et e r m o d el c a n b e u s ed t o e s ti m at e th e

ab s o rpti o n c o effi cie n t of p h yt o pl an kt o n a t a gi v e n w a v el e n g th a s a fu n cti o n o f c hl o r o p h yll
- a

c o n c e n t r a壬i o n ･ B u t sl l Ch m o d el s 色il t o a c c o u n t f o r d e v i ati o n s i n th e ab s o rpti o n ch a r a ct e ri sti c s

fr o m th e m ai n t r e n d . T h e i m pli c ati o n s f o r th e e s ti m ati o n o f b oth p h yt o pl a n kt o n bi o m a s s an d

p r 皿 a ry P r O d ll Cti o n fr o m r e m o tely
-

s e n s e d d at a a r e e x a mi n e d .

I n t r o d tI C ti o n

l n t h e bi -

p a rtit e opti c al cl a s sific ati o n s c h e m e f o r m ul at e d b y M o r el an d P ri e u r ( M o r el a n d

P ri e u r i 9 7 7 ; M o r e1 19 $ 0; S 8 th y e n d r a n ath a n d M o r el 1 9 83) , o c e an i
.

c w at e r s a r e cl a s sifi ed a s

C a s e 1 w at e r s
,
if p hyt o pl a n kt o n c a n b e c o n sid e r e d t o b e th e m aj o r , i n d e p e n d e n t v a ri a bl e

r e sp o n sibl e fo r c h a ng e s in th e o pti c al p r o p e rti e s o f th e w a t e r . If th is c o n diti o n d o e s n o t h ol d ,
th e n th e w a t e r s a r e cl a s sifi e d a s C a s e 2 w a t e rs ･ h C a s e I w at e rs , a s uit e of p a r a 皿 et e ri s a ti o n s

h a v e b e e n d 弓V el o p e d , f o r c o m p uti n g p h yt o pl a n k t o n ab s o rpti o n an d s c att e ri n g p r o pe rti e s a s

fu n cti o n s o f a si n gl e v a ri abl e , th e c o n c e nt r ati o n of c hl o r o ph yll
-

a (P ri e u r an d S a th y e n d r an a th
1 9 81; M o r el 19 $ 8; S ath y e n d r an 在th a n d Pl att 1 9 8 8; S a th y e nd r an ath et al . 1 99 9) . It w o u ld ,
h o w e v e r

,
b e w r o n g t o a s s um e 丘o m th e s e d e v el o p m e n t s th a t chl o r o p h yll

- a c o n c e n tr ati o n i s th e

o n ly pr op e rt y th at is m odifl e d w h e n th e r e is a ch an g e i n th e c o n c e n t r a ti o n of p h yt opl a n k t o n .

T h e f a ct o r s th at c a u s e v ari ati o n s in th e opti c al p r op e rti e s of p h yt opla n kt o n m e ri t m o r e

a tt e nti o n , p a rti c ul a rly i n th e c o n t e x t of d e v el o pi ng bi o m a s s al g o rit lm s fo r q u a n tit ati v e

i nt e rp r e t ati o n of o c e an
-

c ol o u r d at a i n C a s e 1 w at e r s I T his is th e t o p I C Of o u r p ap e r .

Wh at c a u s e s v a ri a ti o n s i n o c e an c ol o u r i n C a s e 1 w a te r s? As sh o wn s c h e m a ti c al ly i n Fi g u r e 1 ,

th e o pti c al p r o p e rti e s of ph yt o pl a likl o n , a n d h e n c e of th e w at e r s , wi ll of c o u r s e d ep e nd o n th e

c o n c e n t r ati o n o f chl o r o p h yll
- a
,
w hi ch is pr e s e llt i n all ph yt o pl a likt o n , ei th e r in it s r e g ul a r f o r m ,

-
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o r a s t h e v a ri a nt di vi n yl c hl o l
1

0 P h yll
- a ･ H o w e v e r

,
it m u s t n o t b e o v e rl o ok e d th at c h a n g e s i n

chlo r o p h y11
1 a C O n C e n t r a ti o n a r e t y pic ally a c c o m p a lli ed b y v ar i ati o n s ip th e r el ati v e

c o n c e n t r ati o n s of a u xili a ry Fig m e n t s , a n d in th e si z e s tr u c t u r e of th e p h yt opl a nl (t o n p o p ul ati o n ,
b ot h of w h ich c a n affe ct th e opti c al p r o p e rti e s o f ph yt o pl al k t o n ･ Pig m e r lt C O m P O Siti o n a n d

siz e st r u ct u r e v a r y w i th th e sp e ci e s c o m p o siti o n of
'

th e ph yt opl a nk t o n p o p ul ati o n . T h e r efo l
･

e
,

o n e m a y e x p e ct t h e o pti c al p r o p e rti e s t o diffe r d e p e n di n g o n w h e th e r th e p op ul ati o n is

d o mi n at e d b y a sl n gl e sp e cie s o r cl a s s , c ” b y m a n y s p e ci e s b el o n g l n g t O m a n y Cl a s s e s . I n th e

c a s e of m ulti - s pe ci e s p o p ul ati o n s , th e o pti c al p r o p e rti e s w o uld d e p e n d o n th e sp e cie s

c o m p o siti o n ･ w h e r e a s i n th e c a s e of m o n o
-

s p e cifl C bl o o m s , th ey w o uld d ep e n d o n th e

d o m i n a n t sp e ci e s p r e s e n t .

If i n d e e d s o m a n y ch a n g e s a c c o m p a Jly V ari ati o n s i n ph yt o pl an kt o n c o n c e n t r ati o n , h o w i s it
th at w e h a v e b e e n abl e t o d e v el o p s u c c e s sf u l m od els th at e m pl o y a s l n gl e v a ri able ,
chl o r o p h yll - a

,
t o p a r a m e t e ri s e th e o pti c al p r o pe rti e s of ph yt o pl an kt o n i n C a s e 1 w at e r s? T h e

s u c c e s s of th e s e m od el s i m pli e s th at m a n y of th e c h an g e s list e d ab o v e f oll o w c e rt ai n

p r edi ct abl e tr e n d s , w l li ch f oll o w ch a n g e s i n chl o r op h yll
- a ･ I n tlli s p ap e r w e a n al ys e a d at ?

b a s e o f ph yt o pl a n kt o n ab s o r pti o n s p e ct r a an d pi g m e n t c o m p o siti o n , t o hi gh light g e n e r al
t r e n d s i n sp e ci e s s u c c e s si o n th at a c c o m p a n y Ch a n g e s i n p h yt o pl a n kt o n c o n c e n tr ati o n ( a s
i n d e x e d b y chl o r o p h yll - a c o

.

n c e n t r a ti o n) , a n d th e i m pli c atio n s fo r m o d elli n g . W e al s o

甲 am i n e th e m odifi c ati o n s l n P l g m e n t C O m P O Si ti o n t h t o c c u r ･al o n g w ith ch a n g e s i n
c hl o r o ph yll ･ a c o n c e n tr ati o n , an d th e p o s sibiliti e s f o r d e riv i n g P ig m e n t C O m P O Siti o n & o m
a b s o rpti o n d at a .

A c e rt ai n am o un t of y ell o w s ub st an c e o r c ol o n r e d dis s ol v ed o rg a ni c m atte r i s al s o e x p e c t e d t o
b e p r e s e n t i n C a s e 1 w at e rs , a nd t o m o di fy o c e a n c ol o u r b y it s p r e s e n c e (Fig . 1) . B u t i n th i s

p a p e r , w e f o c u s o u r att e n ti o n e x cl u si v ely o n th e ab s o rpti o n ch a r a ct e ri sti c s
'

of p h yt o pla nkt o n ,
th eir v ari ability i n o c e a 血: w at e r s , an d th eir i m pli c ati o n s f o r r e m ot e s e n si n g .

D a t a a t )d M eth o d s

T h e a b s o rp ti o n d at a w e r e c oll e ct ed o v e r th e c o u r s e o f th e l a st t e n y e
-
a r s o r s o , u si n g th e Tllt e r

t e c h n iq u e ( Y e n t s c h 1 9 6 2) a s m o difi e d b y Ki shi n o e t al . (1 98 5) . T h e m e a s u r ed ab s o q )ti o n
v al u e s w e r e c o rr e c t e d f o r p a 血1 e n gth am plifl C a ti o n o n th e filte r s , u sir Lg th e r e s ults of
ll o epffn e r an d S a th y e n d r an ath (1 9 9 2) an d M o o r e e t

■

al ･ (1 9 9 5) , a s o u tl in e d i n K y e w al y a n g a et
al

. (19 98) an d S t u a r t et al l (1 9 9 8) ･ Pi g m e n t c o m p o siti o n w a s m e a s u r e d u si n g H i gh
P e rf o r m a n c e Liq uid C h r o m a t o g r aph y (H P L C) t e ch niq u e , f oll o w in g th e p r ot o c ol o f H e a d a n d
li o m e (1 9 93) ･ Al 1 th e d at a w e r e c oll e ct e d u si n g c o n si st e n t t e c lm iq u e s , d u ri n g 13 c ru i s e s , wi th
th e t ot al n u m b e r o f s a m pl e s n u m b e ri n g ab o tLt 7 5 0 .

R e s tllts

S p e ci e s - r el at e d V a ri ati o n s i n A b s o rp ti o n S p e ct r a : An al y sis of di a g n o sti c p lg m e n tS
m e a s u r ed b y H P L C t e c h ni q u e s u g g e sted th at p r o chlo r o p h yt e s oft e n t e n d ed t o d o m i n at e in
v e r y olig ot r o p hi c w a t e r s , c y an o p h yte s in c r e a si n g i n i m p o rt a n c e wi th i n c r e a s e i n th e
chl o r op h yll

-

a c o n c e n t r ati o n ･ Di at o m s t e nd ed t o b e th e d o m i n a n t g r o u p ih hi gh -

chl o r o ph yll
e n vi r o n m e n t s

, w ith p r ym n e si o ph yte s b ei n g p r e s e n t i n hi gh c o n c e n tr a ti o n s i n a di v e r si ty o f
e n vi r o n m e n t s ･ T h e sp e cific ab s o rpti o n c o efficie n t at 44 0 n m w a s v e lY hi gh f o r th e s m al l -
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G ell e d p r o c hl o r o ph yt e s , d r o p p in g off t o a r ni ni m u r n f o r th e r el ati v ely l a rg e
- G elle d di d:t o m

p o p 111 ati o n s .

T h e c o r r e sp o n di n g v a ri ati o n s i n わig m e Ⅱt c o m p o siti o n in tr od u c e d ch an g e s i n th e sh ap e s of th e

ab s o rpti o n s p e c tr a . T h e s e ch a n g e s w e r e f o u n d t o h a v e n o n
- n egli gi bl e effe cts o n ligl ]t

ab s orp ti o n b y p h yt o pl an kt o n at tll e b a s e of th e e u ph otic z o n e (th e d e pth o f th e l % li gh t l e v el) ,
h c o m p ut ati o n s th at e m pl o y e d a s p e ct r al m od el of li gh t p e n etr a ti o n t o e sti m at e th e sp e c tr al

q u al ity of li gh t at t h e l % 1igllt le v el . A t 血is o ptic al d e p th , p r o c hl o r o p h yt e s ap p e a r t o b e m o st

e ffi ci el lt at li gh t ab s o rptio n i n olig otr o p hic w at e r s , a n d di at o m s i n e u t r o p hi c w at e r s ･

G e n e r a) T r e n d s i n th e C o II C e n t r a ti o n s o f S o m e M aj o r A t I Xili a ry P ig m e n t s R e l a tiv e t o

C hl o r o p h yll
- a : T h e- c o n c e n tr ati o n of chl o r op h yll

- b r el ati v e t o chl o r o ph ylトa d r o pp e d o ff w it h

i n c r e a si n g c o rl C e n t r a ti o n s of p hyt o pl a nkt o n , w h e r e a s th e r elati v e c o n c e n t r a ti o n of c hl o r o p h y11
1

c t e n d e d t o i n c r e a s e wi t h p h yt o pl a n k t o n c o n c e nt r ati o n ･ W e al s o e x am i n e d th e t r e n d s in n o n -

p h ot o sy n th eti c c a r o t e n oid s (di a di n o x an th i n , di at o x a n thi n , z e a x an th i n , all o x a n thin , β
- c a r o t e n e)

aJ ld i n p h o t o sy n th eti c c a r o t e n oid s ( fu c o x an th i n , 19
'

- h e x an oyl o x y fu G O X a n th i n , 1 9
'
-

b tlt a n O yl o x y R I C O X a d hi n , p e ri di n i n , p r a si n o x a n thi n , α
-

c ar ot e n e) I T h e c o n c e nt r ati o n s o f n o n
-

ph o t o sy n th e ti c c a r o {e n oid s r el ati v e t o chl o r op h ylトa t e n d e d t o f all off wi t h d e pth , a n d wi th

l atit u d e , wi t h hi gh est v al u e s (p r e d o mi n a n tly z e a x a n th i n) a p p e ar i n g i n s u rf a c e w at e r s of

olig ot r o p hi c tr o pi c al o c e a n s . O n th e o th e r h a n d
,
th e r el ati v e c o n c e nt r a土i o n s of p h o t o s y n th eti c

c a r o t e n oid s ( m o stly fu c o x a n th i n) sh o w e d a t e n d e n cy t o i n c r e a s e wi th in c r e a s e i n

p h yt o pl an kt o n c o ll C e n t r ati o n . S o m e o f t h e s e tr e n d s w e r e w e ak
,
an d th e r e w a s a c e rt ai n

a m o u n t of v a ri ability a r o u n d th e m . A c o n s e q u e n c e o f th e v a ri ati o n s i n th e si z e st r u ct u r e an d

i n th e pig m e r lt C O m p O Siti o n o f p h yt o pl a n kt o n wi th ch a n g e i n c o n c e n t r a ti o n w a s th at t h e

r el ati o n ship b et w e e n ph yt opl a n kt o n a b s o rpti o n a土4 4 0 n m a n d th e c hl o r o p h yll - a c o n c e n t r ati o n

w a s･ n o n -li n e a r
,
r e q uiri n g e m pi ri c al fit s th at i n v ol v ed t w o o r th r e e p a r a m et e rs . T h e v a ri abili ty

a r o u n d th e s e t r e n d s w a s r efl e ct e d i n th e fa ct th a;I chl o r o p h yll
-

a w a s abl e t o e xpl ain o nl y
■
ab o ut

7 2 % of th e v a ri a n c e i n t h e d a壬a
,
e v e n wi th a n o n -li n e a r fit ,

R el ati o n sh ip s b et w e e n P ig m e tlt S a n d P h yt o p la n k t o n A b s o r p ti o n : If o n e u s ed l in e a r

r el ati o n ship s , th e n chl o r op h yll
-

a b y its elf w a s abl e t o ej( pl ai n o nl y 68 % of th e v a ri a n c e in

p h yt opl a nkt o n ab s o rp ti o n a土 4 4 0 皿 1 . T h e e x pl ai n ed v a ri a n c e i n c r e a s e d t o 7 9 % if th e

c o n c e n t r ati o n s o f c hl o r o ph ylls
-b a n d -

c a n d ph ot o s y n th eti c a nd n o n l )h ot o sy n th eti c

c a r o t e n oid s w e r e i n cl u d e d i n a m ultipl e li n e a r r e g r e s si o n .

F r o m th e p e r sp e cti v e of r e m o t e s e n s l n g , it is al s o in t e r e s t in g to p o s e th e q u e s ti o n 丘
･

o m th e

o p p o sit e a n gl e , a n d e x a mi n e w h e th e r i n fo rm ati o n o n ph yt o pl an kt o n a b s o rpti o n at m ultiple

w a v el e n gth s c a n b e u s ed t o d e ri v e an y in f o rlTl ati o n o n p ig m e n t C O m P O Siti o n , o v e r a n d ab o v e

i nf o r m a ti o n o n chl o r oph yll
- a c o n c e n tr ati o n

.
I n f a ct

,
m ultipl e li n e a r r e g re s si o n o f v a ri o u s

p lg m e n tS O n S e a W iF S w a v el e n g th s i n th e vi sibl e sh o w e d th at th e s e a b s o r pti o n v al u e s c o u ld

b e u s e d t o d e ri v e s o m e i nf o r m acti o n o n pi g m e n ts o th e r th a n chl o r o p h ylトa ( T a ble 1) . O f al 1 th e
m a) o r p lg m e n t S e x a mi n ed , th e r e s ult s w e r e p o o r e st f o r Chl o r o ph yll -b ･ B u t; a s m e n ti o n ed

e a rli e r
,
th e r el ati v e c o n c e n tr ati o n o f chl o r op h yll

- b t e n d ed t o d e c r e a s e wi th i n e r e a s e in

c hl o r o p h yll
- a c o n c e n tr a ti o n

,
a n d it i s p o s sibl e th at th e m e th o d s w o uld w o rk ■b ett e r i n w a t e r s

W h e r e chl o r o ph yll
-b w a s p r e s e n t i n sig nifl C a n t a m o un ts . T o

■
e x am i n e th i s id e a fu rth e r , th e

d at a s e t w e r占s plit ir lt O t w o g r o u p s , b a s ed o n th e r el ati v e c o n c e n t r 如i o n of chl o r o p h ylトc t o

chl o r o p h yll
- a . T a bl e 2 sh o w s til e re S ul ts fo r a n aly s e s o n th e s ub - s e t of d at a fo r w hi ch th e

-
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chl o r op h yll
- c : chl o r op h yll

- a r ati o w a s l e s s th an 0 . 2 . I n f a ct
,
f o r thi s S ub s et

,
til e V a ri a n c e s

e x plai n e d a r e high e r , n otjtl St f o r c hl o r o p h yll - b
,
b ut f o r al 1 pig m e nt s .

Di s c u s si o n a Jl d C o n e) u si o n

M od els of ph yt o pl an kt o n ab s o rpti o ll i n C a s e 1 w at e r s r ely o Tl a S uit e of ch a n g e s i n

p h yt o pl a nkt o n c ell si z e a nd pig m e n t c o m p o siti o n th at typi c ally a c c o m p m y v a ri ati o n s i n

chl o r o p h yll - a c o n c e n t r ati o n ･ Fl u c t u a ti o n s a r o u n d th e s e g e n e r al t r e n d s c a n i ntr od u c e

sig mi fi c a Jlt effe cts o n th e p e rf o rm a n c e of al g o ri th m s fo r i nte r p r e t a丘o n o f o c e a n - c ol o u r d at a
,
a s

d e m o n st r at e d by S a:t h y e n d r a n ath et al l (1 9 99) , u si n g d at a o n t h e ab s o rpti o n ch a r a c t e risti c s of
di at o m a nd p ry m n e si o ph yt e bl o o m s ft o 皿 th e L ab r ad o r S e a l T h e r e s ult s r e p o rt ed h e r e ,

p r eli m i n a ry a s th e y a r e , s u gg e st t h at it m ay b e p o s sibl e t o o v e r c o m e s o m e of th e li mi t ati o n s o f

p r e s e n t
- d ay alg o rith m s b y m a ki n g u s e of m ulti pl e w a v el e n g th s t o distir)g ui s h b et w e e n s o m e
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- d e ri v ed pi g m e n t
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2
v al u e s 1 1 9 -
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- H e x an oyl o x y fu c o x a nthi n; P C
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ph ot Q Sy n th eti c c a r o t e n oid s; N P C
=
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ph ot o sy nth eti c c a r o t e n oid s (s e e t e x t f o r li st o f c a r o t e n oid s i n e a ch g r o llp) .

S e a W iF S w a v cl e n gt h s tl S e d
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C hl -
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C hl _b ′ ′ / / 0 .4 7

C h トc / ′ 0 .7 4

F tlC O X a n thi n イ
′

/ ′ 0 .

■
8 7

19 - H e x / / / / 0 .5 3

P C / / / 0 .8 6

N P C / / ′ / 0 .7 2
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= 4 5 0) a r e u s e d h e r e .
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′
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