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SUMMARY 

T o t a l   p l a n k t o n   r e s p i r a t i o n  (TPR) w a s  measured a t  1 7   s t a t i o n s   w i t h i n  the 
Chesapeake Bay  plume o f f   t h e   V i r g i n i a   c o a s t   d u r i n g   M a r c h ,   J u n e ,   a n d   O c t o b e r  
1980.   Elevated rates o f  TPR, as w e l l  as h i g h e r   c o n c e n t r a t i o n s   o f   c h l o r o p h y l l  a 
and  phaeopigment 2, were f o u n d   t o   b e   a s s o c i a t e d   w i t h   t h e  Bay plume  during  each- 
su rvey .  TPR rates w i t h i n   t h e  Bay plume were c l o s e   t o   t h o s e   f o u n d   a s s o c i a t e d  
w i t h   t h e  Hudson River plume fo r   comparab le  times o f   t h e   y e a r .  The da ta   examined  
i n d i c a t e   t h a t   t h e   C h e s a p e a k e  Bay p l u m e   s t i m u l a t e s   b i o l o g i c a l   a c t i v i t y   a n d  i s  a 
s o u r c e   o f   o r g a n i c   l o a d i n g   t o   t h e   c o n t i g u o u s   s h e l f   e c o s y s t e m .  

INTRODUCTION 

T o t a l   p l a n k t o n   r e s p i r a t i o n  (TPR) i s  the   consumpt ion   of   d i sso lved   oxygen   by  
p l a n k t o n i c   o r g a n i s m s   i n   t h e  water column. TPR r e p r e s e n t s   t h e  ra te  of  assimila- 
t i o n   a n d   d e c o m p o s i t i o n   o f   o r g a n i c  matter and i s  p a r t i a l l y   r e s p o n s i b l e   f o r   t h e  
r e c y c l i n g   o f   n u t r i e n t  materials t o   s u p p o r t   p r i m a r y   p r o d u c t i o n   i n   t h e   m a r i n e  
e c o s y s  tem. 

Few measurements   o f   oxygen   consumpt ion   by   p lankton   ex is t   for   the   reg ion   of f  
t h e   V i r g i n i a - N o r t h   C a r o l i n a   c o a s t .   T h u s ,   t h e   o b j e c t i v e   o f   t h i s   r e s e a r c h  w a s  t o  
q u a n t i f y  TPR i n   n e a r - c o a s t a l  waters of f   the   Chesapeake  Bay w i t h   p a r t i c u l a r  
e m p h a s i s   o n   s t u d y i n g   t h e   e f f e c t s   o f   t h e   C h e s a p e a k e  Bay plume on t h e   b i o l o g i c a l  
a c t i v i t y  (TPR) of   the  planktonic   community.  

METHODS 

S a m p l e s   f o r   s a l i n i t y ,   c h l o r o p h y l l  a, phaeopigment 2, and TPR were c o l l e c t e d .  
f r o m   1 7   s t a t i o n s   n o r t h   o f   t h e   V i r g i n i a - N o r t h   C a r o l i n a   b o r d e r   ( r e f .  1, f i g u r e   5 )  
d u r i n g   t h e   t h r e e   S u p e r f l u x   c r u i s e s .  The p e r i o d s  were March  12-15,  June  18-21, 
and  October  16-18.  Samples were t a k e n   f r o m   s u r f a c e   ( 1  m) t o   b o t t o m  ( 3  t o  6 
d e p t h s   p e r   s t a t i o n )   i n  5-, lo-,  o r  12-1 N i s k i n   b o t t l e s .  Water column  tempera- 
t u r e s  w e r e  measured  using  an  expendable   bathythermograph (XBT) t o   t h e   n e a r e s t  
0.1OC. 

Water f o r   c h l o r o p h y l l   ( c h l  2) and  phaeopigment a (phaeo 2) d e t e r m i n a t i o n s  
w a s  d r a w n   f r o m   t h e   N i s k i n s   i n t o   o p a q u e   p o l y p r o p y l e n e   b o t t l e s   a f t e r   f i r s t   p a s s i n g  
the   s ample   t h rough  a 300-pm n y l o n   s c r e e n  t o  remove l a rge r   zoop lank ton .   Under  
subdued   l i gh t   each   s ample  w a s  f i l t e r e d   t h r o u g h  a Whatman G f / F   f i l t e r .  The f i l t e r  
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was ground i n  90% s p e c t r a l   g r a d e   a c e t o n e   f o r   o n e   m i n u t e   a n d   c e n t r i f u g e d   f o r  
f i v e   m i n u t e s ,   a n d   t h e   e x t r a c t e d   c h l o r o p h y l l   s o l u t i o n  w a s  t r a n s f e r r e d   t o  a 
f l u o r o m e t e r .   A f t e r   c h l  a d e t e r m i n a t i o n ,  two d rops   o f  5% HCL were added t o  
t h e   t u b e   c o n t a i n i n g   t h e  ex t r ac t ,  mixed ,   and   t he   concen t r a t ion   o f   phaeo  2 was 
d e t e r m i n e d   f l u o r o   e t r i c a l l y .   C o r r e c t e d   c o n c e n t r a t i o n s   o f   c h l  a and  phaeo a 
e x p r e s s e d   i n  mg/m were c a l c u l a t e d   b y   t h e   e q u a t i o n s   i n   r e f e r e n c e  2 .  3 - 

A s  soon as they  were r e c o v e r e d ,   s a m p l e s   f o r  TPR were drawn  f rom  the  Niskins  
i n t o  300-ml acid-washed  and  baked (232OC f o r  one   hour)  BOD b o t t l e s .   F i v e   r e p l i -  
cates were taken   f rom  each   depth   samples .  Two ( u n i n c u b a t e d )   o f   t h e   f i v e  were 
f i x e d   i m m e d i a t e l y   f o r   d i s s o l v e d   o x y g e n   d e t e r m i n a t i o n ,   w h i l e   t h e   r e m a i n i n g   t h r e e  
were i n c u b a t e d  a t  2 1  C of i n   s i t u   t e m p e r a t u r e   i n   t h e   d a r k   o n   s h i p b o a r d   f o r  
approx ima te ly  24  h o u r s .   F o l l o w i n g   i n c u b a t i o n   t h e s e   t h r e e  were a l s o   f i x e d   f o r  
d i s s o l v e d   o x y g e n   d e t e r m i n a t i o n .  Oxygen c o n c e n t r a t i o n s  were measured  by  the 
me thod   o f   S t r i ck land   and   Pa r sons   ( r e f .   2 )   w i th   t he   mod i f i ca t ion   o f   u s ing  0.0375 N 
p h e n y l a r s i n e   o x i d e  (PAO) i n   p l a c e   o f   s o d i u m   t h i o s u l f a t e   a n d   a m y l o s e   i n   p l a c e   o f  
s o l u b l e   s t a r c h   ( r e f s .  3 a n d   4 ) .   R e s p i r a t i o n  ra tes  (TPR) were c a l c u l a t e d  by t h e  
formula 

0 
” 

where S i s  t h e  mean d i s s o l v e d   o x y g e n   c o n c e n t r a t i o n   i n  (mg 0 /1) o f   t he   un in -  
cubated   samples ,  Si i s  t h e  mean d i s s o l v e d   o x y g e n   c o n c e n t r a t i o n  (mg 0 /1 )   o f   t he  
incuba ted   s ample ,   and  t is t h e   p e r i o d   o f   i n c u b a t i o n   i n   h o u r s .  The   cons ta  ts 
0.7  and  1000 are t o   c o n v e r t  mg O2 t o  m l  0 and  volume  from l i ters  t o  m , 
r e s p e c t i v e l y .   S a l i n i t y   s a m p l e s  were taken  f rom  each  Niskin  and  measured  on a 
G u i l d l i n e   A u t o s a l   m o d e l   8 4 0 0   s a l i n o m e t e r .  

U 2 
2 

4 
2 

RESULTS 

Hydrography 

F i g u r e s  1 t o  3 show s u r f a c e  (1  m) views of  U t ,  t o t a l   c h l o r o p h y l l ,   t o t a l  
p h a e o p i g m e n t ,   a n d   t o t a l   p l a n k t o n   r e s p i r a t i o n   f o r   d a r c h ,   J u n e ,   a n d   O c t o b e r   1 9 8 0 .  
F i g u r e s  4 t o  7 show l eng thwise   s ec t ions   o f   t he   Chesapeake  Bay plume f o r  o , 
t o t a l   c h l o r o p h y l l ,   t o t a l   p h a e o p i g m e n t ,   a n d   t o t a l   p l a n k t o n   r e s p i r a t i o n   f o r   J u n e  
1980.   In  March t h e   d e n s i t y  plume (Ut 2 24) ex i t i ng   f rom  the   Chesapeake  Bay 
mouth e x t e n d e d   f r o m   t h e   V i r g i n i a   c o a s t   t o  16 km o f f s h o r e   a n d   f r o m   i n s i d e  Cape 
Henry t o   j u s t   s o u t h   o f   t h e   V i r g i n i a - N o r t h   C a r o l i n a   b o r d e r   ( > 4 2  km s o u t h   o f  Cape 
H e n r y )   ( f i g .   l ( a ) ) .   T h e  water column w a s  e s s e n t i a l l y   i s o t h e r m a l   b u t  ver t ical  
s a l i n i t y   s t r a t i f i c a t i o n  was e v i d e n t .  The s t r o n g e s t   p y c n o c l i n e   ( h a l o c l i n e )  was 
n e a r   t h e  Bay mouth ( s t a t i o n   6 9 )  w i t h  a s i x - 0   - u n i t   d i f f e r e n c e   b e t w e e n   s u r f a c e  
a n d   b o t t o m   w a t e r s .   S o u t h   o f   s t a t i o n   6 9   s t r a k i f i c a t i o n  was s t i l l  p r e s e n t ,  
a l t hough  w e a k e r ,  w i t h   o n l y   t h r e e  (5 u n i t s   s e p a r a t i n g   s u r f a c e   a n d   b o t t o m  waters. 
The   nearshore   dens i ty   p lume was as 8eep as 1 4  m n e a r   s t a t i o n  69  and  had  r isen 
t o  8 m by s t a t i o n  7 1  o f f   t h e   V i r g i n i a - N o r t h   C a r o l i n a   b o r d e r .  
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I n   J u n e   t h e  water column w a s  s t r o n g l y   s t r a t i f i e d   v e r t i c a l l y  due to   t empera -  
t u r e  and s a l i n i t y   d i f f e r e n c e s   f r o m   t h e   s u r f a c e   t o   b o t t o m .  The dens i ty   p lume  
extended   f rom 22 k m  ( s t a t i o n   8 0 4 )   t o  32 km ( s t a t i o n   8 1 3 )   o f f s h o r e   a n d   s o u t h   o f  
t he   V i rg in i a -Nor th   Ca ro l ina   bo rde r  (fig. 2 ( a ) ) .  A strong p y c n o c l i n e   e x i s t e d  
t h r o u g h o u t   t h e   e n t i r e  area o f   s tudy   (5  (5 u n i t s ) .  The d e p t h   o f   t h e   d e n s i t y  
plume  var ied  f rom 6 t o  9 m. t 

O c t o b e r ' s  water column w a s  e s s e n t i a l l y   i s o p y c n a l   e x c e p t   n e a r   t h e  Bay  mouth 
(<2 O +  u n i t s ) .  The d e n s i t y  p lume   d id   no t   ex t end   s eaward   beyond   s t a t ion   69  
( f i g . ' 3 ( a ) )   a n d  w a s  n o t   d e e p e r  than 4 m a t  t h i s  s ta t ion.  T h i s   r e s t r i c t e d  
p lume  ex tens ion  is a t t r i b u t e d   t o   v e r y  low r a i n f a l l  and  runoff  o f  f r e s h  water 
( r e f .  5). 

C h l o r o p h y l l  

Chl a and  phaeo a i n  March ranged   f rom  1 .60   to   14 .44  mg/m ( X  = 5.41  22.97)  
and %O.O t o   1 1 . 0 4  mg/m ( X  = 1 . 6 1   + 2 . 0 7 ) ,   r e s p e c t i v e l y ,   w i t h i n   t h e   p l u m e   w a t e r s ,  
w h i l e   i n   s u r r o u n d i n g  water concen   r a t ions   r anged   f rom  0 .43   t o   12 .11  mg/m ( X  = 
2.86  52.57)  and %O.O t o   3 . 1 1  mg/m ( X  = 0 .70   kO.83)   ( f i g s .   l (b )   and   l ( c ) ) .   Ch l  
a and  phaeo a c o n c e n t r a t i o n s   n e a r   t h e  Bay mouth ( s t a t ions   69 -802)  were h i g h e r  
wi th in   the   p lume waters;  however,  a t  s t a t i o n s  808-809  and  southward  phaeo a 
c o n c e n t r a t i o n s   h a d   i n c r e a s e d   i n   w a t e r s   b e l o w   t h e   p l u m e   a n d   e x c e e d e d   a d j a c e n t  
p l u m e  c o n c e n t r a t i o n s .  

3 -  
-3 - 

3 
f -  

June   ch l  a and  phaeo a c o n c e n t r a t i o n s  were h i g h e s t   i n   s u r f a c e  waters w i t h i n  
t h e   p l u m e   n o r t k   o f   s t a t i o n s  808-809 ( f i g s .   2 ( b ) ,   2 ( c 4 ,   A ( b ) ,   4 ( c ) ,   5 ( b ) ,   a n d  
5 (c ) ) .   Concen t r a t ions   anged   f rom  0 .66  t o  7.75 mg/m ( X  = 2 .35   21 .90 )   fo r   ch l  
a and   0 .13   to   4 .12  mg/m ( X  = 0 . 8 1   t 0 . 8 8 )   f o r   p h a e o  a.  S o u t h   o f   s t a t i o n s  808- 
809 c h l  5 and  phaeo a c o n c e n t   a t i o n s   i n c r e a s e d   i n  waters b e l o w   t h e   p l  m e  and 
r anged   f rom  0 .35   t o   5 .27  rng/m5 (x = 1 .58   t 1 .03 )   and   0 .08   t o   2 .08  mg/mY (x = 
0 . 6 4   f 0 . 5 3 ) .   r e s p e c t i v e l y   ( f i g s .   6 ( b ) ,   6 ( c ) ,   7 ( b ) ,   a n d   7 ( c ) ) .  

5 -  
- 

During t h e  O c t o b e r   c r u i s e   m e a s u r e d   c o n c e n t r a t i o n s   o f   c h l  a and  phaeo 2 
w i t h i n   t h e   c o n t r a S t e d  plume  ranged  from  2.59  to  4.58 mg/m ( X  = 3.35   t0 .75)  and 
0 . 5 5   t o   0 . 9 8  mg/m (X = 0.78 50 .15)   ( f igs .   3 (b)   and   3(c) , ) .  I n  t h e   s u r r o u n   i n g  
w a t e r s ,   s o u t h   a n d   s e a w a r d   o f   s t a t i o n  6 the   ranges  were 0 . 2 9   t o   6 . 2 3  mg/m (x = 2 .13   t 1 .27 )   and   0 .11   t o   3 .48  mg/m ( X  = 0.85  50.71) .   Chl  a and  phaeo a 
w i t h i n   t h e  plume  were f a i r l y  homogeneous  f rom  surface  to   bot tom.  Outside o f  the  
p lume,   ch l  _a and  phaeo a i n c r e a s e d   f r o m   s u r f a c e   t o   b o t t o m   a l o n g   t h e   t r a n s e c t  
( s t a t i o n s  69-804) j u s t  o f f  Cape Henry.   Throughout   the  remainder   of   the   s tudy 
area.  c h l  5 showed a near  h o r e - t o - o f f s h o r e   d e c r e a s i n g   g r a d i e n t   w i t h   c o n c e n t  a 
t i o n s   o f  less than 3 mg/m e x c e p t  a t  s ta t ion   808   where   they   exceeded  4 mg/m . 
Phaeo a con t inued  t 9  show a s u r f a c e - t o - b o t t o m   i n c r e a s e   w i t h   c o n c e n t r a t i o n s  of 
g r e a t e r   t h a n  2 mg/m . The e x c e p t i o n   t o   t h i s   o c c u r r e d  a t  s t a t i o n s  808-809  where 
v a l u e s   i n   e x c e s s  of 3 mg/m were   measured   near   the   bo t tom  and  a n e a r s h o r e - t o -  
o f f s h o r e   d e c r e a s i n g   g r a d i e n t  w a s  p r e s e n t .  

3 

8 ,  - 

3 5 -  

3 

R e s p i r a t i o n  

TPR ra tes  i n  March w i t h i n   t h 5  area d e f i n e d   b y   t h e   d e n s i t y   p l u m e  (a < 24) 
ranged  f rom  0.47  to   13.36 m l  0 /m /h ( X  = 7.27 k2 .94)   consumed  ( f ig .31($)x .   In  
t h e  waters s u r r o u n d i n g   t h e   p l u m e   t h e  range w a s  1 . 0 1   t o   1 1 . 5 3  m l  0 2 / m  /h (x = 

2 
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5.23 22.18).  Thus,  the waters w i t h i n   t h e  plume e x h i b i t e d   g r e a t e r  TPR rates than  
ad jacent  waters. Rates g r e a t e r   t h a n   1 0  m l  02/m3/h were found a t  s t a t i o n  805 
from su r face   t o   bo t tom,  a t  s t a t i o n  70 i n   t h e   u p p e r  5 m y  and a t  s t a t i o n  800 a t  
5 m. TPR rates decreased  south of s t a t i o n  805 t o  less than  5 m l  02/m3/h. 

I n  June TPR rates w i t h i n   t h e  plume (Ot 5 22)  ranged  between  1.46 and 30.99 
ml O3/m3/h (x = 11.29  24.63) a.nd o u t s i d e  of i t  from  2.88 t o  22.21 m l  02/m3/h (x 
= 10.24  k4.87)  (fig.  2(d)).  Highest rates occur red   w i th in   o r   j u s t   benea th   t he  
plume,  with rates decreasing  southward  of   t ransect  69-804  and  from s u r f a c e   t o  
bottom. Rates excedded  10 m l  02/m3/h i n   t h e   u p p e r  Water column  from t r a n s e c t  
808-811 nor thward   ( f igs .   4 (d) ,   5 (d) ,   and   6(d) ) .  

TPR rates in   October ,   a l though  no t  as high as i n   J u n e ,  were s t i l l  e l eva ted .  
TPR rates ranged  from  6.15 t o  18.02 m l  O2/m3/h (x = 10.18 t 4.32)   wi th in   the  
plume  (0, < 22)  and  from QO.0 t o   1 5 . 0 1  m l  02/m3/h (R = 6.19  24.69) in   sur rounding  
waters ( f i s .   3 ( d ) ) .  TPR rates were h ighes t   w i th in   t he  Bav mouth ( s t a t i o n   8 0 1 ) ;  
proceeding  southward,  elevated rates were found  approximately 1 2  t o  1 7  km o f f -  
shore  and  in   the  upper  water column.  These rates decreased  southward t o   s t a t i o n  
805  and  then  increased  to  station  809,  where  they  exceeded 1 2  m l  02/m3/h. 
Fu r the r   sou th   ( s t a t ion  812)  they  exceeded 1 4  m l  02/m3/h.  These  higher rates 
d id   no t   appea r   t o   be   r e l a t ed   t o   t he  plume. TPR rates in   bo t tom water ('8 m) 
a l o n 5   t r a n s e c t s  805-807 and a t  s t a t i o n  810 were too  low to   de t ec t   (<0 .02  m l  
02/m /h ) by t h e  method  used.  These were the  lowest  TPR rates measured  during 
t h e   t h r e e   s t u d i e s .  

DISCUSSION 

Few measurements  of TPR have  been made a long   t he   A t l an t i c   coas t  of t h e  
United  States   (Table  I and r e f s .  6 to   15) .   For   comparat ive  purposes   our  mean 
rates f o r  March, June,  and  October were 6.25,  10.86,  and  6.42 m l  02/m3/h, res- 
pect ively.   These rates were of t h e  same magni tude ,   for  similar time per iods ,  
as v a l u e s   g i v e n   f o r   t h e  Hudson River plume ( re f .   9 )   and   the   she l f   south  of 
Cape Hatteras ( r e f .   12 ) .   Bo th   t he  Hudson River plume  and  Chesapeake Bay plume 
are r eg ions   r ep resen ta t ive  of e s tua r ine   ou twe l l ings  and thus  one would poss ib ly  
expec t   the  rates t o   b e  similar. However, t h e  Hudson plume is repor ted   to   be  
more h i g h l y   e u t r o p h i c   ( r e f .   9 ) ,  and  thus i t  would be   expec ted   t o   exh ib i t   h ighe r  
r e s p i r a t i o n  rates than   t he  Chesapeake  plume.  This may indeed  be  the  case,   but  
due t o   t h e   l a c k  of   suppor t ing   da ta   for   o ther   per iods   o f   the   year   in   the  
Chesapeake Bay plume  no clear conclusions  can  be made.  Barlow e t  a l .  ( r e f .  6 ) ,  
S i r o i s   ( r e f .   7 ) ,  and T a f t  e t  a l .  ( r e f .   8 )  a l l  r epor t ed  rates i n   e x c e s s  of  ours.  
Thei r  rates are higher   based on the i r   s ampl ing   fu r the r  up e s t u a r i e s  where  con- 
d i t i o n s  are more eu t roph ic   due   t o   i nc reased   o rgan ic   l oad ing .  Rates presented 
by  Pomeroy and  Johannes  ( refs .  1 2  and  13) are genera l ly   lower   than   the   ones  
p r e s e n t e d   i n   t h i s   s t u d y ,   a n d   t h e i r  rates are more r e p r e s e n t a t i v e  of she l f  and 
oceanic   condi t ions.   Georges Bank ( r e f s .   1 4  and  15)   appears   to   be  an  enr iched 
system  near ly   comparable   to   the  es tuar ine  plumes.  

Eleva ted   ch l  a and  phaeo a concentrat ions  and TPR rates are as soc ia t ed  
wi th   t he   dens i ty  plume emanating from t h e  Bay f o r   t h e   t h r e e   p e r i o d s  examined. 
This  would t e n d   t o   s u g g e s t   t h a t   t h e  Bay plume s t imulates   phytoplankton  growth 
and   metabol ic   ac t iv i ty .  
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Marshall  (ref. 16) cites  higher  phytoplankton  cell  numbers  within  the  plume 
waters,  and  Kator  and  Zubkoff  (ref.  17)  found  elevated  bacterial  biomass  and 
heterotrophic  uptake  rates  for  the  same  area. In order  to  support  this  elevated 
biological  activity,  the  Bay  plume  has  to  be  an  area  of  increased  organic  supply 
to  the  ecosystem  either  from  autochthonous  or  allochthonous  sources.  For  October 
1980, dissolved  organic  carbon  concentrations  ranged  from 0.8 to 3 . 3  mg/l. 
These  concentrations  are  similar  to  those  for  the  Hudson  plume  (ref. 9). Addi- 
tional  evidence  for  allochthonous  inputs  is  shown  in  the  data  presented in 
references 18 and 19 for  increased  coprostadol  and  hydrocarbon  concentrations 
found  within  the  plume. However,  without  primary  productivity  data  (including 
released  dissolved  fractions) it is  difficult  to  determine  which  source  is 
responsible  for  providing  the  bulk  of  the  energy  necessary  to  support  TPR. 

During  both  the  March  and  June  samplings,  elevated  chl  a  and  phaeo 
concentrations  and  TPR  rates  were  found  within  the  plume  waters  north  of  station 
808 (figs.  4(b),  4(c),  4(d) , 5(b) , 5(c) , and  5(d)) , but  by  station 808 there  is 
the  indication of a  decoupling  of  the  particulates  from  the  plume  (figs. 6(b), 
6(c),  7(b), and 7(c)) as  shown  by  increased  concentrations  of  particulates in 
bottom  waters.  TPR  rates  are  still  higher  in  the  plume,  but  there  is  also 
increased  activity  in  bottom  waters  probably due to  the  "raining  out"  of  organic 
material  from  the  plume.  Brown  and  Wade  (ref. 18) also  found  increasing  con- 
centrations  of  coprostanol  in  bottom  waters.  This.  settling  of  particulate 
materials  to  the  benthos  down  the  length of the  plume  may  be  a  method  of  trans- 
porting  contaminants  as  well  as  food  to  the  seabed  and  ultimately  into  the 
benthic  food  web. 

CONCLUSIONS 

Total  plankton  respiration  rates  were  elevated  in  the  Chesapeake  Bay  plume 
over  those  in  surrounding  waters,  and  thus  the  Bay  plume  represents  a  source 
of labile  organic  material  to  the  adjacent  shelf  waters  an6  seabed.  This  is 
supported  by  the  increased  biomass  concentrations  of  chlorophyll a,  phaeopigment 

with  plume  waters.  This  initial  look  also  suggests  that  TPR  rates  found  within 
the  Bay  plume  may  be  nearly  comparable  to  those  in  the  supposedly  more  heavily 
eutrophic  Hudson  River  plume.  Based  on  the  results  of  this  study, it appears 
that  the  plume  exiting  the  Chesapeake  Bay  acts  to  stimulate  biological  activity 
over  the  contiguous  shelf. 

- a, phytoplankton  cell  numbers,  and  bacterial  cell  numbers  also  found  associated 

379 



REFERENCES 

1. Thomas,  James P.: Superflux I, 11, and I11 Experiment  Designs:  Water 
Sampling  and  Analyses.  Chesapeake  Bay  Plume  Study - Superflux 1980, 
NASA  CP-2188, 1981 (Paper  no.  5  of  this  compilation). 

2. Strickland, 3. D. H.; and  Parsons,  T.  R.:  A  Practical  Handbook of 
Seawater  Analysis.  Fish.  Res.  Bd.  Canada,  Bulletin 167, Ottawa,  1972. 

$ 
3 .  Kroner, R.  C.; Longbottom, J. E.;  and Gorman, R.: A  Comparison  of  Various 

Reagents  Proposed  for  Use  in  the  Winkler  Procedure  for  Dissolved 
Oxygen.  PHS  Water  Pollut.  Surveillance  System  Appl.  Develop.  Rep. 12, 
Public  Health  Service, 1964. 

4. U.S. Environmental  Protection  Agency:  Methods  for  Chemical  Analysis  of 
Water  and  Wastes.  Methods  Develop.  Qual.  Assurance  Res.  Lab.  NERC  EPA- 
625/6-74-003,  1974. 

5.  Hargis,  William  J.,  Jr.:  A  Benchmark  Multi-Disciplinary  Study of the 
Interaction  Between  the  Chesapeake  Bay  and  Adjacent  Waters  of  the 
Virginian  Sea.  Chesapeake  Bay  Plume  Study - Superflux  1980,  NASA  CP- 
2188, 1981 (Paper  no. 1 of this  compilation). 

6. Barlow,  J.  P.;  Loranzen,  C.  J.;  and  Myren,  R.  T.:  Eutrophication  of  a 
Tidal  Estuary.  Limnol.  Oceanogr.,  vol. 8, no. 2, 1963, pp.  251-262. 

7. Sirois,  D.  L.:  Community  Metabolism  and  Water  Quality  in  the  Lower 
Hudson  River  Estuary.  Third  Symposium of Hudson  River  Ecology, G. P. 
Howells  and G .  J. Lauer, eds.,  Hudson  River  Environmental  Society,  Inc., 
.New York, 1974. 

8. Taft, J.  L.;  Taylor,  W.  R.;  Hartwig,  E. 0 . ;  and Loftus, R.: Seasonal 
Oxygen  Depletion  in  Chesapeake  Bay.  Estuaries,  vol. 3, no. 4, 1980, 
pp. 242-247. 

9. Thomas,  James  P.;  O'Reilly,  J.  E.;  and  Robertson,  Craig  N.:  Synoptic 
Invesitgations  in  Nutrient  Cycling.  Report  No.  SHL  79-05,  National 
Marine  Fisheries  Service,  Sandy  Hook  Laboratory,  1979. 

10. Thomas,  James P.; Phoel, W.  C.; Steimle,  W. F.; O'Reilly,  J.  E.;  and 
Evans, C.  A.:  Seabed  Oxygen  Consumption  in  the  New  York  Bight  Apex. 
her. S O C .  Limnol.  Oceanogy.  Spec.  Symp.,  vol. 2, 1976, pp. 354-369. 

11. Thomas,  James P.; O'Reilly,  J.  E.; Draxler, A.; Babinchak, J. A.; 
Robertson,  Craig  N.;  Phoel,  W. C.; Waldhauer,  R.;  Evans,  C.  A.;  Matte, 
A.; Cohn, M.; Nitowski,  M.;  and  Dudley, S.:  Biological  Processes: 
Productivity  and  Respiration.  Chapter 10, Oxygen  Depletion  and 
Associated  Benthic  Mortalities  in  New  York  Bight,  R.  L.  Swanson  and 
C. J. Sindermann,  eds., N O M  Professional  Paper  No. 11, 1976. 

12.  Pomeroy,  L.  R.;  and  Johannes,  R. E.: Total  Plankton  Respiration.  Deep- 
Sea  Res., vol. 13, 1966, pp.  971-973. 

3 80 



13.  Pomeroy,  L.  R.;  and  Johannes, R. E.: Occurrence  and  Respiration  of 
Ultraplar?.kton  in  the  Upper 500 Meters  of  the  Ocean.  Deep-sea Res-, 
V O ~ .  15, 1968, pp.  381-391. 

14. Thomas,  James P.; O'Reilly, J. E.;  Robertson,  Craig  N.;  and Phoel, 
W.  C.: Primary  Productivity  and  Respiration  Over  Georges  Bank  During 
March  and  July  1977.  C. M. 1978/L:37,  International  Council for 
the  Exploration  of  the  Sea,  1978. 

15.  Riley,  G. A.: Plankton  Studies.  IV.  Georges  Bank.  Bull.  Bingham 
Oceanogr.  Coll.,  vol. 7,  1941, pp.  1-73. 

16. Marshall,  Harold G.: Phytoplankton  Assemblages  Within  the  Chesapeake 
Bay  Plume  and  Adjacent  Waters  of  the  Continental  Shelf.  Chesapeake 
Bay  Plume  Study - Superflux 1980, NASA  CP-2188, 1981 (Paper no. 32 of 
this  compilation). 

17,  Kator,  Howard I.; and  Zubkoff,  Paul L.: Bacterial  Biomass  and  Hetero- 
trophic  Potential  in  the  Waters  of  the  Chesapeake  Bay  Plume  and 
Contiguous  Continental  Shelf.  Chesapeake  Bay  Plume  Study - Superflux 
1980,  NASA  CP-2188, 1981 (Paper no. 28 of  this  compilation). 

18. Brown,  Robert  C.;  and Wade,  Terry L.: Coprostanol as a  Potential 
Tracer  of  Particulate  Sewage  Effluent  to  Shelf  Waters  Adjacent  to 
the  Chesapeake  Bay.  Chesapeake  Bay  Plume  Study - Superflux  1980, 
NASA  CP-2188, 1981 (Paper  no. 18 of  this  com3ilation). 

19. Wade,  Terry L . ;  and  Oertel,  George F.: Concentration of Hydrocarbons 
Associated  with  Particles  in  the  Shelf  Waters  Adjacent  to  the 
Entrance  of  Chesapeake  Bay.  Chesapeake  Bay  Plume  Study - Superflux 
1980,  NASA  CP-2188, 1981 (Paper no. 17 of  this  compilation). 

3 81 



TABLE 1.- A COMPARISON  OF  RESPIRATION  RATES  FROM  COASTAL  WATERS  NEAR V I R G I N I A  
WITH VALUES  FROM OTHER AREAS ALONG THE NORTHEAST  COAST OF THE UNITED STATES 

Mean 
Reapi ra t ion  

Rates 
m l  02/m3/h Authors Area Month 

272.0 

44.0 
24.0 

72.0 
53 .O 

9.6-37.1 
10.8-56.3 
22.5-79.6 

6.25 
10.86 
6.42 

6.2 
9.5 

13.5 
4.4 

35.1 

7.0* 

0.6 

9.5 

0.1 

Barlow e t  a l .  ( r e f .  6) Forge River estuary  June-September 

S i r o i s   ( r e f .  7 )  Hudson River  (upper)  Ju 1 y 
September 

Hudson River   ( lower)   Ju ly  
September 

T a f t  e t  a l .  ( r e f .  8) Chesapeake Bay (upper)   February 
A p r i l  
August 

P resen t   s tudy  Chesapeake Bay mouth - March 
Virginia-North  Carol ina  June 
border   October  

Thomas e t  a1 
( r e f .  9)  

Hudson River plume  March 
May 
J u l y  
November 

New York Bight  apex Augu s t Thomas et a1 
( r e f .  10) 

Thomas e t  a l .  
( r e f .  11) 

New York Bight  apex  August - 
September 

Pomeroy and  Johannes 
( r e f .  1 2 )  

Cape Hatteras s h e l f  
(no r th )   Ju ly  
Cape Hatteras s h e l f  
( south)  J u l y  

Cape Hatteras s l o p e  May 

Pomeroy and  Johannes 
( r e f .  13) 

Cape Hatteras s l o p e  
(uppe r  10  m) A p r i l  1.3 

4.1 
3.5 

rhomas e t  a1 . 
( r e f .  14 )  

Georges Bank March-April 
J u l y  

* Rate measured  during an anox ic   ep i sode   i n  1976. 
- 
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TABLE I.- Concluded 

Mean 
Respiration 

Authors  Area Month m l  02/m Rate3 /h 

~Riley  (ref. 15) Georges Bank January 0 . 2  
March 4.0 
A p r i l  8.4 
May 5 . 1  
June 8 . 3  
September 6 . 5  
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3758 

56-30 

/a-'&;PE CHARLES 

(b) Total  chlorophyll (mg chl a/m3). - 

(c) Total  phaeopigment (mg phaeo a/m ).  3 
- ( d l  Total plankton respiration 

(ml 02/m3/h). 

Figure 1.- Surface views (1 m> of Ot, total chlorophyll,  total  phaeopigment, 
and total plankton  respiration for  March 1980. 
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J' /CAPE CHARLES 

(c) Total phaeopigment (mg phaeo g/m ).  3 

(b) Total chlorophyll (mg chl - a/m3). 

(d) Total plankton  respiration 
(ml 02im3 /h) . 

Figure 2.- Surface views (1 m) of ot, total chlorophyll,  total  phaeopigment, 
and total plankton  respiration for June 1980. 
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37'C 

(c)  Total   phaeopigment (mg phaeo a/m 3 ) .  

31t  

36'3 

s a  

(b) T o t a l   c h l o r o p h y l l  (mg c h l  - a/m3). 

( d )   T o t a l   p l a n k t o n   r e s p i r a t i o n  

(ml 0 , / ~ 3 / h ) .  

F igure  3 . -  Surface  views (1 m) of ot ,  t o t a l   c h l o r o p h y l l ,   t o t a l   p h a e o p i g m e n t ,  
and t o t a l   p l a n k t o n   r e s p i r a t i o n   f o r   O c t o b e r  1980. 
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STATIONS 
803 

69 802 003 804 

804 

Figure 4 . -  Lengthwise section (stations 69-804) of the Chesapeake Bay 
plume for ut, total chlorophyll, total phaeopigment, and 
total plankton respiration for June 1980. 
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STATIONS 
807 

0 
805 70 
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Figure 5.- Lenthwise section (stations 805-807) of the Chesapeake Bay 
plume  for ut, total chlorophyll, total phaeopigment, and 
total plankton respiration for June 1980. 

3 88 



STATIONS 
810 811 

O1 

Figure 6 . -  Lengthwise section (stations 808-811) of the Chesapeake Bay 
plume for ot, total chlorophyll, total phaeopigment, and 
total plankton respiration f o r  June 1980. 
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Figure 7.- Lengthwise  section (stations 71-813) of the Chesapeake Bay 
plume f o r  ot, total  chlorophyll,  total  phaeopigment, and 
total plankton respiration f o r  June 1980. 
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