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I X R O D U C T I O N  

C h l o r o p h y l l  a f l u o r e s c e n c e  a t  685nm exc i t ed   by   na r row  band   l i gh t  a t  454 
and 539nm c a n   b e   u s e d   t o   c a l c u l a t e  a s imple '   index   of   phytoplankton   popula t ion  
c o m p o s i t i o n .   T h e   r a t i o  of t h e   f l u o r e s c e n c e   e x c i t e d   b y   l i g h t  of t h e s e  two 
wavelengths  is a f u n c t i o n  of t h e   d i s t r i b u t i o n   o f   t h e   p h y t o p l a n k t o n   b e t w e e n  two 
"color"   g roups ,   des igna ted   the   "golden-brown"   and   the   "green ' ' .   The   "golden-  
brown'' g roup   cons i$ t s   o f   t hose   spec ie s   wh ich   have   t he   h igh ly   pho tosyn the t i -  
ca l ly   ac t ive   ca ro teno id -ch lo rophy l l - a -p ro te in   complexes ,  i . e .  members  of t h e  
c l a s s e s   B a c i l l a r i o p h y c e a e ,  i .e .  d i a toms   ( r e f .   1 )   D inophyceae ,  i .e .  d i n o f l a g e l -  
l a tes  ( r e f .  2 ,  3 and 4 ) ,  a n d   e v i d e n t l y  some  members  of t h e  c lass  Prymnesio- 
phyceae  ( formerly  Haptophyceae)  . The   "g reen"   co lo r   g roup   cons i s t s  of t h o s e  
s p e c i e s  of phytoplankton   which   apparent ly   l ack   those   complexes ,  i . e .  members 
of the   c lasses   Chlorophyceae ,   Euglenophyceae ,   Pras inophyceae ,   Eus t igmato-  
phyceae,  Xanthophyceae,  and a few  members  of the  Prymnesiophyceae.  A few 
s p e c i e s   o f   p h y t o p l a n k t o n   a p p e a r   t o   h a v e   i n t e r m e d i a t e   c h a r a c t e r i s t i c s ,   a n d  
would a p p a r e n t l y   b e l o n g   t o   n e i t h e r   g r o u p .   M o s t  of t h e s e   s p e c i e s   a r e  members 
of t he   c l a s s   Cryp tophyceae .   The   compos i t ion   i ndex   va r i e s   f rom  abou t  1 .0 ,  when 
t h e  members  of t he   "go lden  brown'' co lo r   g roup  are 100 p e r c e n t  of t he   phy to -  
p l a n k t o n   p o p u l a t i o n ,   t o   a b o u t   0 . 3 3 ,  when t h e  members  of t he   ' ' g r een"   co lo r  
g r o u p   a r e  100 pe rcen t .   Thus ,   an   even   d i s t r ibu t ion   be tween   t he  two c o l o r  
groups  should  produce  an  index of about  0 .67.  

Th i s   i ndex  of composi t ion  i s  similar t o   b u t   n o t   t h e  same as  a d i v e r s i t y  
i n d e x   ( r e f .  5 and 6 ) .  The   ma in   d i f f e rence   be tween   t hese  two indexes  is t h a t  
t h e  l a t t e r  re la tes  t h e  number   o f   phy top lank ton   spec ie s   t o   t he   number  of in-  
d i v i d u a l s ,   w h i l e   t h e   f o r m e r   i n d i c a t e s   t h e   r e l a t i v e   c o n c e n t r a t i o n  of  two  major 
mul t i -c lass   components  of t h e   p h y t o p l a n k t o n   p o p u l a t i o n .   A l s o ,   t h e   d i v e r s i t y  
index i s  d i r e c t l y   t i e d   t o   c l a s s i c a l  t axonomy,   whi le   the   composi t ion   index  i s  
o n l y   i n d i r e c t l y   r e l a t e d   t o  i t .  

RECENT LABORATOEY DATA 

F i g u r e  1 p r e s e n t s   t h e   f l u o r e s c e n c e   e x c i t a t i o n   s p e c t r a  of some mar ine  
s p e c i e s  of phy top lank ton   wh ich   a r e   r ep resen ta t ive   o f   bo th   " co lo r "   g roups ,   and  
of t h e   i n t e r m e d i a t e   s p e c i e s .   N o t e   t h a t   t h e   " g o l d e n - b r o w n "   s p e c i e s  a l l  f l u o r -  
esce s t r o n g l y   u p o n   e x c i t a t i o n   w i t h   g r e e n   l i g h t ,   w h i l e   t h e   " g r e e n "   s p e c i e s   d o  
n o t .  It is  t h i s   c h a r a c t e r i s t i c ,  i . e .  t he   abso rp t ion   o r   non-abso rp t ion   o f  
g r e e n   l i g h t ,   w h i c h   p r o d u c e s   t h e   d i f f e r e n c e   i n   c o l o r   b e t w e e n  members of t h e  two 
g r o u p s .   S i n c e   t h e   p r i m a r y   d i f f e r e n c e   i n   p i g m e n t   c o n t e n t  of t h e s e  two groups 
is  t h e   p r e s e n c e   o r   a b s e n c e  of f u c o x a n t h i n   o r   p e r i d i n i n   b a s e d   c h l o r o p h y l l - g -  
p ro te in   complexes ,  i t  has   been   conc luded   t ha t   t hese   complexes  are r e s p o n s i b l e  
f o r   t h e   a b s o r p t i o n / f l u o r e s c e n c e   e x c i t a t i o n   c h a r a c t e r i s t i c s   o f   t h e   " g o l d e n -  
brown'' s p e c i e s   i n   t h e   g r e e n   r e g i o n  of t h e   l i g h t   s p e c t r u m .  

* P r e s e n t l y   s t a t i o n e d  a t  Bige low  Labora tory   for  Ocean S c i e n c e s .  
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The composition  index i s  also e f f e c t e d  by the   p re sence   o r   absence  of 
ch lo rophy l l ide  c. Even though   t h i s  compound is u s u a l l y   p r e s e n t   i n  much lower , 
concen t r a t ions   t han  i s  c h l o r o p h y l l a ,   t h e r e  i s  e v i d e n t l y   s u f f i c i e n t   o v e r l a p  of 
t h e i r   i n   v i v o   s p e c t r a  t o  produce a c u m u l a t i v e   e x c i t a t i o n   e f f e c t  a t  454nm. 
However, t h e   e f f e c t  of ch lo rophy l l  on the   composi t ion   index  is ev iden t ly  
n e g l i g i b l e ,  as can   be   s een   by   compar ing   t he   i ndex   fo r   t he   ch lo rophy l lb  con- 
ta ining  Chlorophyceae (0 .33)  with  that   for   the  Eust igmatophyceae  (0 .33j ,   which 
c o n t a i n   n e i t h e r   c h l o r o p h y l l b   n o r   c h l o r o p h y l l i d e  c. 

The i n t e r m e d i a t e   p o s i t i o n  of t he   c ryp tophy tes  i s  p r i m a r i l y   d u e   t o   t h e i r  
phycoerythr in   content .   This   phycobi l in   pigment   has  a s i g n i f i c a n t  amount of 
a b s o r p t i o n / f l u o r e s c e n c e   e x c i t a t i o n   i n   t h e   r e g i o n  of 539nm, al though i t s  maxi- 
mum i s  a t  a longer  wavelength  (570  vs.  555nm) than   the   fucoxanth in  and per id-  
i n i n  complexes.   Also,   these  organisms  have  alloxanthin,   an  xanthophyll   very 
similar t o   f u c o x a n t h i n   b u t   n o t  known to  form  complexes  with  chlorophyl l  a and 
p ro te in .   I f   t he   l onge r   wave leng th   s e l ec t ed   t o  compute the   i ndex  were changed 
from 539nm t o  525nm or  even 530nm, t h e   e f f e c t  of the   phycoery thr in  would be 
considerably  reduced  and  the  cryptophytes  would be   c lose ly   a l igned   w i th   t he  
"green"  species .  However, s ince   t he   c ryp tophy tes  are u s u a l l y  a minor compo- 
nent   o f   the   mar ine   phytoplankton   popula t ion ,   the i r   e f fec t   on   the   composi t ion  
index i s  usua l ly   ignored .  

Whi le   there   appears   to   be  good coherence of composition  index values 
wi th in   the   "green"   co lor   g roup   there  i s  cons iderably  more divergence of t h e  
index   wi th in   the  "golden-brown" co lor   g roup .   This   var iance  i s  more by c l a s s  
than by species, a n d   a p p e a r s   t o   b e   r e l a t e d   t o   t h e   r e l a t i v e   c o n c e n t r a t i o n s  of 
ch lorophyl l  a and   fucoxan th in   o r   pe r id in in   (poss ib ly   r ep resen ta t ive  of t h e  
concen t r a t ion  of their   respect ive  complexes) ,   For   example,   the   three  diatoms,  
two chrysophytes,and  one "brown" b e n t h i c   a l g a  examined  by  Hagar  and  Stransky 
( r e f .  7) exh ib i t ed  a range  of t o t a l   f u c o x a n t h i n   t o   c h l o r o p h y l l  a r a t i o   ( b y  
weight)  from 0.31 t o  0.74. A l l  d i a toms   gave   e s sen t i a l ly   t he  same r a t i o  (0.73/ 
0 . 7 4 ) ,  bu t   t he   r ema in ing   spec ie s  showed a wide v a r i a t i o n   i n   v a l u e s .  The r a t i o  
f o r   a n   I s o c h r y s i s   s p e c i e s  ( 0 . 6 8 ) ,  now included  in   the  Prymnesiophyceae,  was 
c l o s e   t o   t h e   d i a t o m s ,   b u t   t h e  Ochromonas species (0.31) ,  a s e n s u   s t r i c t u  
chrysophyte ,  and the   l amina r i an  (0 .40 )  were found to   have   on ly   abou t   ha l f   t he  
fucoxan th in   pe r   un i t   ch lo rophy l l  a as did  the  diatoms.  However, t h i s   v a r i a n c e  
should  only  impact   the  composi t ion  index when t h e  non-diatom/dinoflagellate 
members of the  ttgolden-browntt  group are numerous, as  occas iona l ly   happens   i n  
t h e   c o a s t a l  waters of the   nor thwes tern   At lan t ic   dur ing   the   win ter   months .  
When more s p e c t r a l   d a t a  is  a v a i l a b l e ,  i t  may b e   p o s s i b l e   t o   s e p a r a t e   t h i s  
group and q u a n t i t a t e  i t s  e f f e c t   i n   c a s e s  when h i s t o r i c a l   d a t a   i n d i c a t e s   t h a t  
these  organisms may b e   p r e s e n t   i n   l a r g e  numbers.. 

RENOTE DATA 

The r a t i o  of f luorescence   ob ta ined  by t h e  Remote Airborne  Fluorosensor 
(RAF) during  the  Chesapeake Bay Plume Study  in  1980  has  been  presented by 
J a r r e t t   ( r e f .   8 )  i n  the   p rev ious   paper .  H e  has   a l so   rev iewed  the   opera t ion  of 
t h e  RAF and t h e   c a l c u l a t i o n   u s e d   t o   o b t a i n   t h e   f l u o r e s c e n c e   e x c i t a t i o n   r a t i o s  
he   p resented .   In   th i s   paper   the   p r imary   focus  w i l l  be  on the   da t a   acqu i r ed  on 
17 March on F l i g h t  Legs 7 ,  9 ,  and 11. Figure  2 presents   the   composi t ion  
index, i . e .  t h e   r a t i o  of f luo rescence   exc i t ed  by l i g h t  of a 539nm wavelength 
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( g r e e n )   t o   t h a t   e x c i t e d  by l i g h t  of a 454nm 
a l o n g   t h e   f l i g h t   p a t h   s t a r t i n g  a t  Jamestown 
ending  about 10 km east  of t h e   s h e l f   b r e a k .  

wave leng th   (b lue )   ve r sus   d i s t ance  
I s l a n d   i n   t h e  James River and 
Th i s  set of a lmost   1000  data  

poin ts   spread   over  205 km reveals a number  of i n t e r e s t i n g   f e a t u r e s .   F i r s t ,  
t h e r e  i s  a gene ra l   t r end   i n   t he   i ndex   wh ich   r anges   f rom a 100%  "golden-brown" 
popu la t ion   (1 .0 )   i n   t he   l ower  James River and Hampton Roads t o   a n   e q u i v a l e n c e ,  
and poss ib ly   the   dominance  of  "green"  species (0.55) i n  the  mid-shelf   and east 
of the  shelf   break.   Superimposed upon t h i s   g e n e r a l   t r e n d  are two peaks of 
"golden-brown"  dominance, a t  t h e   e a s t e r n   " f r o n t "  of the  Chesapeake Bay Plume 
and a t  the   she l f   b reak .  It a p p e a r s   f r o m   t h i s   d a t a   t h a t   t h e  "golden-brown" 
s p e c i e s   p r e d o m i n a t e   i n   t h e   t r a d i t i o n a l l y   n u t r i e n t   r i c h  areas, w h i l e   t h e  

n u t r i e n t   p o o r   r e g i o n s .   I n   t h e  areas between  the  regions of dominance a 
gradual   " l inear1 '   change  in   composi t ion  occurs   which  could  s imply  be  due  to  
t i d a l   m i x i n g  of t h e  two components,   or  of  the  nutrients  which  support  them. 
The v a r i a n c e   i n   t h e   i n d e x   f o r   a n y   o n e  area which  would  be  expected t o   h a v e  
constant   composi t ion seems t o   b e   u n i f o r m   a l o n g   t h e   e n t i r e   f l i g h t   l i n e ,   e x c e p t  
i n   t h e   u p p e r   r e g i o n  of t h e  James River, w h e r e   v e r y   h i g h   o p t i c a l   a t t e n u a t i o n  
ev iden t ly   i nc reased   t he   va r i ance .  

1 1  green"   spec ies   dominate ,   o r  a t  l eas t  a t t a i n   e q u i v a l e n c e ,   i n   t h e   t r a d i t i o n a l l y  

COXE'ARISON WITH I N  S ITU DATA 

On the  morning of t h e  March 17 th   r emote   s ens ing   ove r f l i gh t ,   f i ve   r e sea rch  
v e s s e l s  were p o s i t i o n e d   a l o n g   t h e   f l i g h t   l i n e s .  Most of t h e s e   v e s s e l s   t o o k  
water samples a t   t h r e e   s t a t i o n s  which   were   over f lown  by   the   a i rc raf t ,   one  
s t a t i o n   a b o u t   a n   h o u r   b e f o r e   o v e r f l i g h t ,   o n e   a t   t h e  t i m e  of o v e r f l i g h t ,  and 
one   abou t   an   hour   a f t e r   t he   ove r f l i gh t .  Thus a t o t a l  of 1 6  s t a t i o n s  were 
sampled i n   c o n j u n c t i o n   w i t h   t h i s   p o r t i o n  of t h e   o v e r f l i g h t ,  of  which f i v e  ( # 2 ,  
5 , 8, 11, and  15)  were a t  t h e  t i m e  o r   v e r y   n e a r   t h e  t i m e  of o v e r f l i g h t .  The 
l o c a t i o n s  of t h e s e   s t a t i o n s   a r e   i n d i c a t e d   i n   F i g u r e  2 .  Sur face   (depth  of one 
me te r   o r   l e s s )  samples  were  taken a t   a l l   s t a t i o n s ,  and  sub-samples for   phyto-  
p lankton   counts   and   ident i f ica t ion  w e r e  p reserved   wi th   formal in  a t  ha l f  of 
those.  These  samples  were  examined by D r .  Harold  Marshall  of Old Dominion 
Un ive r s i ty ,  who p r e s e n t s  a d e t a i l e d   r e p o r t  of h i s   f i n d i n g s   i n   t h e   n e x t   p a p e r  
( r e f .   9 ) .  H i s  da t a   has   been  summarized i n   T a b l e  I us ing  a f o r m a t   s u i t a b l e   f o r  
making  comparisons  between  the  counts   and  the  f luorescence  ra t io   (539/454)/  
composi t ion   index .   Note   tha t   the  same g e n e r a l   t r e n d   e x i s t s   i n   t h e  two d a t a  
s e t s ,  i .e. a t rend  f rom  highest   t 'greenl '  species con ten t  and lowest  composition 
index a t  s t a t i o n  ill,  l o c a t e d   j u s t  east  of t h e   s h e l f   b r e a k ,   t o   t h e   l o w e s t  
' ' g reen ' '   spec ies   conten t   and   h ighes t   composi t ion   index  a t  s t a t i o n s  ill1 and  15, 
l o c a t e d   a t   t h e   e n t r a n c e   t o  Hampton Roads  and w e l l  up t h e  James River ,  re- 
s p e c t i v e l y .  Upon f i r s t   e x a m i n a t i o n   t h i s   r e l a t i o n s h i p  w a s  not   obvious,   because 
t h e   f l u o r e s c e n c e   e x c i t a t i o n   c h a r a c t e r i s t i c s  of t he   cocco l i thophores  were 
assumed t o   b e   t h e  same as the  other   prymnesiophytes .  I t  w a s  l a t e r  found   t ha t  
some of these  organisms,   the  most   predominant   group of deep  sea  phytoplankton,  
have   f l uo rescence   exc i t a t ion   spec t r a   ve ry  similar t o   t h e   c r y p t o p h y t e s ,   b u t  
wi thout   the   phycoery thr in   e f fec t .   Thei r   composi t ion   indexes   range   f rom  0 .40   to  
0 . 4 4 .   S i n c e   t h e   o n l y   s p e c i e s   i n   t h i s   g r o u p  examined s o  f a r   has   been   found   t o  
have 19'-hexanoyloxyfucoxanthin, a s t r u c t u r a l   v a r i a n t  of fucoxanth in ,  as i t s  
p r imary   ca ro teno id   ( r e f .  l o ) ,  i t  may be   tha t   these   o rganisms  do   no t   have   the  
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complexed  fucoxanthin of t h e   o t h e r   p r y m n e s i o p h y t e s .   T h i s  makes them  respond 
t o   t h e  two wavelengths  of e x c i t a t i o n   l i g h t   i n  a manner similar t o   t h e   " g r e e n f '  
s p e c i e s .   E x c e p t i o n s   t o   t h e   g e n e r a l   t r e n d  are m o s t   n o t i c e a b l e  a t  stations #3 
and 118 where   subs t an t i a l ly   more   "g reen"   spec ie s  were found  than   would   be  
e x p e c t e d   f r o m   t h e   c o m p o s i t i o n   i n d e x .   H o w e v e r ,   t h e s e   t w o   s t a t i o n s  were a l s o  
t h e   o n l y   o n e s  a t  w h i c h   u n i d e n t i f i e d   s p h e r i c a l   s h a p e d  cel ls ,  c a l l e d  ''small 
green   spheres"   by  D r .  Marsha l l ,   dominated   the   "green1 '   spec ies   component .  
These   a lgae  were assumed, i n   t h e   a b s e n c e   o f   a n y   f u r t h e r   i d e n t i f i c a t i o n ,  to 
belong  in   the   "green ' '   component ,   s imply  on t h e   b a s i s   o f   t h e i r   c o l o r .   I f   t h i s  
assumption w a s  i n c o r r e c t   a n d   t h e s e   o r g a n i s m s  a re  ac tua l ly ."golden-brown"  
spec ie s ,   t hen   t he   r ev i sed   "g reen"   spec ie s   componen t   wou ld  show no  obvious 
e x c e p t i o n s   t o   t h e   g e n e r a l   t r e n d   p r e d i c t e d   f r o m   t h e   r e m o t e   d a t a .  

I n  some cases t h e   c o m p o s i t i o n   i n d e x   h a s   a p p a r e n t l y   b e e n   a f f e c t e d   b y   t h e  
presence   o f   b lue-green   a lgae .   Examples  of t h i s   e f f e c t   c a n   b e   s e e n   b y  a 
c o m p a r i s o n   o f   t h e   d a t a   f r o m   s t a t i o n  4 with   5 ,   and  11 w i t h   1 5 . .  The   presence  of 
p h y c o e r y t h r i n   i n  some  of t h e   b l u e - g r e e n   a l g a e   c a n   c a u s e  a s u b s t a n t i a l   i n c r e a s e  
i n   t h e   f l u o r e s c e n c e   e x c i t e d  b y   g r e e n   l i g h t  (539nm)  and t h u s   r e s u l t   i n  a h i g h e r  
composi t ion  index when t h e y  a re  p r e s e n t ,   e v e n   t h o u g h   t h e   d i s t r i b u t i o n  of t h e  
major  components i s  t h e  same. T h i s   e f f e c t   c o u l d   b e   c o u n t e r e d   b y   a d d i n g  a 
t h i r d   e x c i t a t i o n   w a v e l e n g t h   i n   t h e   y e l l o w / o r a n g e   r e g i o n   o f   t h e   s p e c t r u m  (570nm) 
which   wou ld   p l - imar i ly   exc i t e   t he   phycoe ry th r in .   Th i s   mod i f i ca t ion   t o   t he  RAF 
c o u l d   e a s i l y   b e  made when b l u e - g r e e n   a l g a e   a r e  known f r o m   h i s t o r i c a l   d a t a   t o  
comprise  a s i g n i f i c a n t   p o r t i o n  of t h e   p h y t o p l a n k t o n   p o p u l a t i o n .  

I n   a d d i t i o n   t o   t h e   a b o v e   p o i n t s ,  i t  s h o u l d   b e   n o t e d   t h a t   t h e   " i n   s i t u "  
da t a   f rom D r .  M a r s h a l l   s u p p o r t s   t h e   d e c i s i o n   t o   i g n o r e   t h e   e f f e c t s  of t h e  
c ryptophytes ,   chrysophytes   and   prymnes iophytes  in t h e   c o m p u t a t i o n  of t h e  
composi t ion  index.  A t  o n l y   o n e   s t a t i o n  (83) were t h e   c r y p t o p h y t e s  a s i g n i f -  
i c a n t   p o r t i o n   ( 5 . 6 % )   o f   t h e   p h y t o p l a n k t o n   p o p u l a t i o n ,   a n d   s p e c i e s   f r o m   t h e  
o t h e r  two classes were n o t   i m p o r t a n t  a t  a n y   o f   t h e   s t a t i o n s .   I n   f a c t ,   w i t h  a 
f e w   m i n o r   e x c e p t i o n s ,   t h e   p h y t o p l a n k t o n   p o p u l a t i o n   o f   t h e   e n t i r e  area could  be 
c h a r a c t e r i z e d   i n  terms of f i v e   m a j o r   c o m p o n e n t s   ( d i a t o m s ,   d i n o f l a g e l l a t e s ,  
c o c c o l i t h o p h o r e s ,   " s m a l l   g r e e n   s p h e r e s " ,   a n d   b l u e - g r e e n   a l g a e ) ,   w i t h   o n l y  2-4 
of these   components   occur r ing  a t  any   one   s ta t ion .   Minor   components   which  were 
o c c a s i o n a l l y   i m p o r t a n t  w e r e  t h e   s i l i c o f l a g e l l a t e s   a n d   t h e   ' ' t r u e ' '   g r e e n   s p e -  
c i e s ,   s u c h   a s  members of the  genera  Scenedesmus  and  Euglena.  

A s  a n   a d d i t i o n a l   a i d   i n   t h e   i n t e r p r e t a t i o n  of t h e   c o m p o s i t i o n   i n d e x   f o r  
t h i s   e x p e r i m e n t ,   t h e   p i g m e n t   c o n t e n t  of t h e   p a r t i c u l a t e s   i n  some  of t h e  water 
samples  was de te rmined .   Sepa ra t ion  of e x t r a c t e d   p i g m e n t s  w a s  accomplished  by 
h i g h   p r e s s u r e   l i q u i d   c h r o m a t o g r a p h y   a n d   i d e n t i f i c a t i o n  w a s  based   on   l oca t ion  
of a b s o r p t i o n  maxima.  Emphasis was placed  on  the  major   pigments  , i. e.  t h e  
c h l o r o p h y l l s ,   f u c o x a n t h i n   a n d   p e r i d i n i n .   T h e s e   p i g m e n t   i d e n t i f i c a t i o n s  were 
made on s u r f a c e  samples f r o m   f o u r   s t a t i o n s   a l o n g   t h e   f l i g h t   l i n e ,  i . e .  #3, 5 ,  
6 and 10. No d e t e c t a b l e   a m o u n t s  of c h l o r o p h y l l  b were found a t  any of t h e s e  
s t a t i o n s ,   w h i c h  i s  n o t   s u r p r i s i n g  as s i g n i f i c a n t n u m b e r s  of c h l o r o p h y t e s  were 
not   found a t  any  of   them.  The  other   major   pigments   are   presented as t h e  
amount   found  per   un i t   ch lorophyl l  a ( T a b l e  11). The v a r i a t i o n  among t h e s e  
s t a t i o n s  of b o t h   c h l o r o p h y l l  c and- to t a l   p r imary   xan thophy l l   ( fucoxan th in  + 
p e r i d i n i n )   r e l a t i v e   t o   c h l o r o p h y l l  2 was similar, as b o t h  showed h i g h e s t  
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v a l u e s   i n   t h e   p l u m e  area ( s t a t i o n s  #I5 and 6) and   l ower   va lues  a t  t h e   s h e l f  
break.  However, a t  s t a t i o n  #lo, n e a r   t h e   e n t r a n c e   t o  Hampton Roads ,   the  
n o r m a l i z e d   c h l o r o p h y l l  2 level  w a s  cons ide rab ly   l ower   t han   e l sewhere ,   and  
lower  than  would  be  expected from t h e   x a n t h o p h y l l  level.  The  composi t ion 
i n d e x   f o r   t h i s   s t a t i o n  w a s  a l s o   s i g n i f i c a n t l y   h i g h e r   t h a n  a t  t h e   o t h e r   t h r e e  
s t a t i o n s .  A c o m p a r i s o n   o f   t h e   c o m p o s i t i o n   i n d e x   a n d   t h e   r a t i o  of t o t a l   p r i -  
m a r y   x a n t h o p h y l l   t o   c h l o r o p h y l l  c r e v e a l e d   t h a t   n e i t h e r   v a r i e d  much among 
s t a t i o n s  #3 ,  5 and 6,  b u t   b o t h  were d e f i n i t e l y   h i g h e r  a t  s t a t i o n  #lo. T h i s  
a g r e e m e n t   s h o u l d   b e   e x p e c t e d   s i n c e   t h e   f l u o r e s c e n c e   o f   c h l o r o p h y l l  2 when t h e  
organism  which   conta ins  i t  i s  i l l u m i n a t e d   b y   b l u e  (454nm) l i g h t  i s  p r i m a r i l y  a 
f u n c t i o n  of i t s  t o t a l   c h l o r o p h y l l   c o n t e n t ,   c h l o r o p h y l l  c b e i n g   t h e   s t r o n g e s t  
a b s o r b e r  a t  t h a t   w a v e l e n g t h ,   a n d   s i n c e   t h e  same f l u o r e s c e n c e  when the   o rgan i sm 
i s  i l l u m i n a t e d   b y   g r e e n  (539nm) l i g h t  i s  e v i d e n t l y   p r i m a r i l y  a f u n c t i o n  of i t s  
complexed   xanthophyl l   conten t .   Thus ,   measurement   o f   the   p igment   conten t   o f  
t h e   p a r t i c u l a t e s   i n   t h e   s u r f a c e  water a t  s e v e r a l   s t a t i o n s  w a s  h e l p f u l   i n  
i n t e r p r e t i n g   t h e   v a r i a t i o n  of t he   compos i t ion   i ndex .   However ,   t he   r e l a t ion -  
sh ip   be tween   t hese  two p a r a m e t e r s  was n o t   c o n s t a n t   a n d   f u r t h e r   i n v e s t i g a t i o n  
w i l l  b e   p u r s u e d   u t i l i z i n g  a l a r g e r   d a t a   b a s e .  

CONCLUDING " A R K S  

Even  though  there a re  a number  of  unknowns s t i l l  i n v o l v e d   i n   t h e   i n t e r -  
p r e t a t i o n  of t h e   c o m p o s i t i o n   i n d e x ,   t h e s e  are  b e i n g   r e s o l v e d   a n d   h o p e f u l l y  
w i t h i n   t h e   n e x t   y e a r   o r  so i t  w i l l  h a v e   e v o l v e d   i n t o  a t e c h n i c a l l y   a n d  
s c i e n t i f i c a l l y   s o u n d   a p p r o a c h .  So, t h e   q u e s t i o n  is: How can   t h i s   measu remen t  
b e   u t i l i z e d ;   w h a t  i s  i t . g o o d   f o r ?   A l t h o u g h   t h e r e  are s e v e r a l   p o t e n t i a l   a r e a s  
of a p p l i c a t i o n ,   t h e   p r i m a r y   u s e  seems t o   b e   i n   s t u d i e s  of m a r i n e   p r o d u c t i v i t y .  
"Color1'   group  and  ' 's ize ' '   group seem t o   b e   q u i t e  synonymous.  The  "golden- 
brown" s p e c i e s   a r e   p h y s i c a l l y   l a r g e r   t h a n   t h e   ' ' g r e e n "   s p e c i e s ,   w h i c h  are  
mos t ly   nonop lank ton .   Feed ing   o r   g raz ing  of zooplankton on the   phy top lank ton  
p o p u l a t i o n  i s  p r i m a r i l y   k e y e d   t o   s i z e ,  i . e .  c e r t a i n   z o o p l a n k t o n   a r e   o n l y  
e q u i p p e d   t o   c o l l e c t   p h y t o p l a n k t o n   w i t h i n  a s p e c i f i c   s i z e   r a n g e .  The p r e s e n c e  
o r   absence  of t h e   r i g h t   s i z e  of phytoplankton   can  mean t h e   d i f f e r e n c e   b e t w e e n  
a h igh   and   l ow  g raz ing   e f f i c i ency .   Mode l s  of m a r i n e   p r o d u c t i v i t y   u s u a l l y   t a k e  
t h i s   f a c t o r   i n t o   c o n s i d e r a t i o n ,   b u t   t h e   c o n v e n t i o n a l   m e t h o d s  of o b t a i n i n g   t h e  
d a t a   a r e   e x t r e m e l y  time consuming   and   l abo r   i n t ens ive ,   even   fo r   t he   s amples  
from a f e w   s t a t i o n s .   T h e   a v a i l a b i l i t y  of an  index  based  on  remote  data   which 
could  be  rapidly  computed a t   d o z e n s  of p o i n t s  p e r  s q u a r e   k i l o m e t e r   w o u l d   h e l p  
make the   models  much m o r e   s p a t i a l l y  r e a l i s t i c ,  w h i l e   r e d u c i n g   c o n s i d e r a b l y   t h e  
l a b o r   i n v o l v e d .   I f   t h i s   i n d e x  were t o   b e   k e y e d   o r   c a l i b r a t e d   t o  a f e w  i n   s i t u  
s t a t i o n s ,  i t s  a c c u r a c y   w o u l d   b e   i n c r e a s e d   t o   t h e  l eve l  of o t h e r   t r o p h i c  meas- 
u remen t s .   In   add i t ion ,   t he   combina t ion   o f   t he   compos i t ion   and   " s t and ing  
stock"  measurements of phytoplankton ,   bo th  of which  can  be made  by t h e  RAF o r  
a n y   s i m i l a r   r e m o t e   f l u o r o s e n s o r ,   g r e a t l y   i n c r e a s e s   t h e  power  of t h i s   t y p e  of 
t o o l .  
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TABLE I - Summary of Phytoplankton  Composition 

______- ____- , ~~- 

S t a t i o n  # "Golden-brown" Spec ies  (%) "Green" Spec ies  (X) F539/F451 

Diatoms Dinof l a g .  0 t h e r  s T o t a l  

1 60.2 6.2 0.4 33.2  0.54 

2 75.0 15 .1  - 9.9  0.54 

3 50.9 3.0 5.6 38.8  0.69 

5 34.4 64.5 0.8 0.3 0.73 

4 84.9 0.8 10.9* 3.1  0.77 

8 28.5 43.3 7.1* 2 1 . 1  0 .71 

11 98.9 1.1 - - 0.84 

15  56.7 41.5 1.8* - -1.0 

. -. .. - . ." ~ " - __ - ~ i = _  

.. .- 

* S i g n i f i c a n t   c o n t e n t  of blue-green  a lgae.  

TABLE I1 - Pigment  Content of P a r t i c u l a t e s   i n  Water Samples 

S t a t i o n  f 

Pigmen t > k  o r  
3 6 5 10 

_ _ _ _ _ ~ " _ . ~  - "" - .. .. 

Chlorophyl l  - a 

Chlorophyl l  

Chlorophyl l ide  2 
P e r i d i n i n  

55.1 

<5.0 

12.4 

<2.0 

28.8 

<5.0 

10.7 

13.5 

70.1  69.9 

<5.0 <5.0 

22.1  12.4 

27.6 21  .o 
Fucoxanthin 30.5 11.6  26.2  35.0 

Chl   c /Chl  a 0.23 0.37  0.32 0.18 

(Per  .+Fuco .) /Chl 2 0.55 0.87  0.77  0.80 

F539/F454 (mxoyition  0.69  0.70  0.73  0.85 

*ug/ml of e x t r a c t .  
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INTERMEDIATE 

GREEN SPECIES SPEC1  ES GOLDEN-BROWN  SPECIES 

CHLOROPHYCEAE EUSTIGMATOPHYCEAE CRYPTOPHYCEAE PRYMNESIOPHYCEAE BACILLARIOPHYCEAE 8 
L33) (.33 1 (m49) (n63) DINOPHYCEAE (.94) 

470  /473 410/425 

Unknown sp. (Say2 1 

425/44 I TI 
L34) 

Unknown sp. (Say31 

ffannoch/oris atomus Unknown sp. 
(GSB Sticho) 

438144 I 44 I 
467 

Chroommas so/ina 
470 

Unknown sp.'( # 

/sochrysis po/bana 
Ske/efonemo cosfafum 

470 555 

fov/ova sp. ( Nep ) phaeodac~/on tricornutum 
555 

v Scripsie//a 
trichoidea 

Figure 1.- Fluorescence (685 nm) excitation spectra of phytoplankton  species 
from green, golden-brown, and intermediate color groups. Numbers 
in  parentheses  are composition indexes. Names and Greek letters 

in parentheses are  clone names. 
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Figure 2.- Compos i t ion   i ndex   ( f luo rescence   exc i t a t ion   r a t io )   va lues   a long   f l i gh t   l egs  7 ,  9 and 11. 
Numbers o v e r   t r i a n g l e s   i n d i c a t e  sample s t a t i o n   l o c a t i o n s .  


