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SUMMARY 

Viab le   coun t   bac t e r i a l  numbers i n   s u r f a c e  water samples   co l lec ted   dur ing  
June  1980  ranged  from a maximum of  190x103 MPN (most probable  number) m 1 - l  a t  
t h e  Bay mouth t o  a minimum o f   7 . 9 ~ 1 0 3  MPN d-' o f f s h o r e .   S i m i l a r l y ,   d i r e c t  
c o u n t   d e n s i t i e s   r a n g e d   f r o m   1 8 0 0 ~ 1 0 ~  BU ( b a c t e r i a l   u n i t s )  I&-1 t o  24x103 BIJ 
m1- l .  H e t e r o t r o p h i c   p o t e n t i a l  (Vmax) w a s  l a r g e s t  a t  t h e  B a  mouth (0.770 pg 
glucose  1-lh-l)   and  lowest  offshore  (0.057  pg  glucose 1- 1 1  h- 1. Biomass  and 
Vma, va lues   usua l ly   decreased   wi th   depth   a l though  subsur face  maxima were 
occasional ly   observed a t  i n s h o r e   s t a t i o n s .  

Cor re l a t ion   o f   b iomass   and   he t e ro t roph ic   po ten t i a l   da t a   w i th   s e l ec t ed  
hydrographic   var iab les  w a s  de te rmined   wi th  a non-parametric s t a t i s t i c  (Kendall 
Tau). R e s u l t s  i nd ica t ed   v i ab le   coun t s  were p o s i t i v e l y  and s i g n i f i c a n t l y   c o r -  
r e l a t e d   w i t h   t o t a l   c h l o r o p h y l l ,   t e m p e r a t u r e ,   d i r e c t   c o u n t  and Vmax dur ing   June  
1980; s i g n i f i c a n t   n e g a t i v e   c o r r e l a t i o n s  were obta ined   wi th   sa l in i ty   and   depth ;  
no c o r r e l a t i o n  w a s  observed   for   suspended   par t icu la tes .   Calcu la t ions  of 
bac t e r i a l   s t and ing   c rop  are d iscussed .  

INTRODUCTION 

Bacterial popula t ions   in   Chesapeake  Bay and  contiguous  shelf  waters are 
s i g n i f i c a n t   t o   s u c h   e s s e n t i a l   p r o c e s s e s  as m i n e r a l i z a t i o n ,   n u t r i e n t   r e c y c l i n g ,  
degrada t ion  of pol lutants   and  biomass  product ion.  However, our   understanding 
o f   t h e  dynamic r e l a t i o n s h i p s  of p h y s i c a l   a n d   c h e m i c a l   f a c t o r s   t o   b a c t e r i a l  
biomass  and a c t i v i t i e s   i n   C h e s a p e a k e  Bay plume waters i s  l i m i t e d .  T h e  ava i l -  
ab i l i ty   o f   synopt ic   hydrographic   (and   remote ly   sensed   phys ica l -chemica l )   da ta  
obtained  s imultaneously  with  measurements   of   microbial   b iomass and a c t i v i t y  
presented   an   oppor tuni ty   to   examine   such   re la t ionships .  

Spec i f i c   ob jec t ives   o f   t h i s   s tudy  were: ( 1 )   t o   c o m p i l e   s e a s o n a l   b a s e l i n e  
da ta   on   bac te r ia l   b iomass   and   he te ro t rophic   up take   in   the   Chesapeake  Bay plume 
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and  contiguous At lan t ic  Ocean s h e l f  waters, (2) t o  relate b a c t e r i a l   d a t a  t o  
r e l e v a n t   p h y s i c a l - c h e m i c a l   v a r i a b l e s   a l s o   p o t e n t i a l l y   m e a s u r a b l e  by  remote 
sensing  techniques,   and (.3) t o   fu r the r   eva lua te   and   de f ine   me thodo logy   cu r ren t ly  
u t i l i z e d   f o r   t h e  measu remen t   o f   bac t e r i a l   b iomass   and   he t e ro t roph ic   ac t iv i ty  
a t  sea. 

METHODS 

Sample  C o l l e c t i o n  

Water s a m p l e s   f o r   t h e   d e t e r m i n a t i o n s   o f   b a c t e r i a l   d e n s i t y   a n d   a c t i v i t y  
( h e t e r o t r o p h i c   p o t e n t i a l )  were c o l l e c t e d  by  hydrocast   us ing  Niskin s ter i le  bag 
samplers a t  appropr ia te   depths .   Samples  w e r e  p rocessed   immedia te ly   a f te r   co l -  
l ec t ion   u s inn ,  asep t ic  techniques.  

B a c t e r i a l   V i a b l e  Count  Determinations 

Estimates of v i a b l e   h e t e r o t r o p h i c   b a c t e r i a   i n  Bay and  plume waters were 
obta ined   us ing  a f i v e   t u b e  MPN (most  probable number) technique  employing a 
h e t e r o t r o p h i c  seawater medium. Th i s  medium c o n s i s t e d  of a 1.0 g 1-l peptone, 
0.5 g 1-1 y e a s t  extract ,  0.01 g 1-l f e r r i c  c i t ra te ,  0 .1  g 1-l sodium g l y c e r o l  
phospha te   i n  1000 me of  aged seawater a d j u s t e d   t o  the p r o p e r   s a l i n i t y   p r i o r   t o  
au toc lav ing  (121OC f o r  15 min) .   Inocula   f rom  appropriate  ser ia l  d i l u t i o n s   o f  
two subsamples  from  each water sample  c o l l e c t e d  were p lan ted  i n  appropr i a t e  
tubes   and   the   tubes   incubated  a t  ca. 20°C f o r  two w e e k s .  MPN va lues  w e r e  ca l -  
c u l a t e d   u s i n g   s t a n d a r d   t a b l e s  (1) and   t he   va lues   exp res sed  as MPN m 1 - I  sea- 
water. 

Direct Bac te r i a l   Coun t  

Twenty-m1 a l iquo t s   o f   each  water sample were a s e p t i c a l l y   t r a n s f e r r e d   t o  
s teri le tubes  to   which 2 rnl of a 5% g lu ta ra ldehyde  seawater s o l u t i o n  were added 
as a f ixa t ive .   Tubes  were sea l ed   and   immedia t e ly   r e f r ige ra t ed   du r ing   t he  
p e r i o d   p r i o r   t o   f i l t r a t i o n .  

D i rec t   coun t s  were p rocessed   u s ing   t he   bas i c   t echn ique  of  Hobbie et a l .  
(2)  w i th  some mod i f i ca t ions .   F ive -o r   t en -ml   a l iquo t s   o f  water samples w e r e  
f i l t e r ed   t h rough   s t a ined   ( I rga l an   B lack )   Nuc leporeR  f i l t e rs  (0.2 pm, 25 nun dia.); 
a t  reduced  pressure (100 rmn Hg). Cells were then  washed by f i l t r a t i o n   w i t h  10  
d of a 0 .2%  so lu t ion  of   sodium  metabisulf i te   (a ldehyde  block)  in d i s t i l l e d  
water. Seve ra l  d of steri le d i s t i l l e d  water were t h e n   p l a c e d   o n   t h e   f i l t e r  
followed by 200 ~1 of t h e   f l u o r e s c e n t   d y e   p r o f l a v i n  ((5.033% i n  d i s t i l l e d   w a t e r ) .  
S t a i n i n g  w a s  f o r  5 min followed by a 10-d wash w i t h  d i s t i l l e d  water. F i l t e r s  
were removed  upon dryness ,   c leared  with  non-f luorescing  immersion o i l  on a 
s tandard   microscope   s l ide ,   covered   wi th  a ill1 c o v e r s l i p   a n d   s t o r e d   u n d e r   r e f r i g -  
e ra t ion   pending   examinat ion  by ep i f luorescence .   Us ing   th i s   methodology,  
r e l a t i v e l y   s t a b l e   h i g h   c o n t r a s t   i m a g e s   w i t h o u t   r a p i d   b l e a c h i n g  were r o u t i n e l y  
obta ined .  A l l  s o l u t i o n s   a n d  washes were f i l t e r e d   t h r o u g h  0.2-pm membrane 
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f i l t e r s   i w e d i a t e l y   p r i o r   t o   p r o c e s s i n g .  

Cells were counted  using a Zeiss Standard  microscope  equipped  with  an  epi-  
f l u o r e s c e n c e   i l l u m i n a t o r   f o r  FITC f luorescence  (exciter f i l t e r  KP 490, beam 
s p l i t t e r  FT 510  and b a r r i e r  LP 520). Only r e c o g n i z a b l e   b a c t e r i a l  cells were 
counted,  from  49  randomly  chosen  f ields  within a known area of   an   ocular -   g r id .  
Count va lues  were c o r r e c t e d   f o r  area, sample  volume, d i l u t i o n   f a c t o r s  and 
expressed as b a c t e r i a l  units (BU) &-I. Replicate  counts  of  randomly  chosen 
samples  as w e l l  as procedura l   b lanks  were performed. 

H e t e r o t r o p h i c   P o t e n t i a l  

H e t e r o t r o p h i c   p o t e n t i a l   o r  V,,:(glucose) w a s  determined by incubat ing  
replicate  10 mi!--aliquots o f   each  water sample  wi th   un i formly   labe led  14C- 
g lucose (250-360 m C i  m o l e - l )  a t  f i n a l   c o n c e n t r a t i o n s  of 37.5,  75 .O, 187.5  and 
370.5 pg 1-l- i n   t h e   d a r k  a t  ambient water t empera tu res   fo r  3 h.  Control  and 
incubated  samples were i n a c t i v a t e d  by t h e   a d d i t i o n  of 0 .1  m l  of 2% buffered  
formal in .   14C- labe led   par t icu la te   f rac t ions  were c o l l e c t e d   o n   c e l l u l o s e  
acetate f i l t e r s   ( M i l l i p o r e R  E W  0.5 pm) , t h e   f i l t e r s   p l a c e d  in  4.0-m1 mini- 
v i a l s  (Wheaton) t o  which  3.5 d of  Aquasol I1 ( N e w  England  Nuclear) w a s  added. 
Counting w a s  ca r r i ed   ou t  a t  88-91% e f f i c i ency   u s ing  a l i q u f d   s c i n t i l l a t i o n  
coun te r   w i th   ex t e rna l   s t anda rd iza t ion  (Beckman LS-150). The   ca lcu la t ion  of 
Vmax (g lucose )   u s ing   l i nea r   r eg res s ion   ana lys i s  had an r va lue  of 0.9 o r  
g r e a t e r   f o r  a t  least  3 of t h e  4 subs t ra te   concent ra tTons   used .  No provis ion  
w a s  made t o   t r a p  and  measure  respired 14C-C02 dur ing   the   incubat ion   per iod .  
Therefore ,   ca lcu la ted  V,, v a l u e s   r e p r e s e n t   o n l y   t h a t   p o r t i o n  of labeled  sub-  
strate i n  p a r t i c u l a t e  form  and are minimum estimates of   subs t ra te   up take .  

RESULTS 

Data f o r   v i a b l e ,   d i r e c t   b a c t e r i a l   c o u n t s ,  Vmax (glucose)  and r e l e v a n t  
physical-chemical  measurements are compiled i n   T a b l e s  1 and  2.  Locations of 
s t a t i o n s  are shown i n   F i g u r e  1. 

V i a b l e   b a c t e r i a l   c o u n t   d e n s i t i e s  were c o n s i s t e n t l y  smaller than  correspond- 
i n g   d i r e c t   c o u n t   d e n s i t i e s .   V i a b l e   c o u n t s   i n   s u r f a c e  waters ranged  from a 
maximum of 1 9 0 ~ 1 0 ~  MPN d-l a t  t h e  Bay mouth t o  a minimum of 7 . 9 ~ 1 0 ~  MPN 
i n   o f f s h o r e  waters. S i m i l a r l y ,   d i r e c t   c o u n t   d e n s i t i e s   r a n g e d  from  1800x103 BU me-' t o  a minimum of  24x103 BU d-l of f shore .  Mean v i a b l e   c o u n t   d e n s i t i e s  were 
approximately  lox smaller than   d i r ec t   coun t   dens i t i e s   (Tab le  2 ) .  Such a 
r e l a t i o n s h i p  is cons idered   usua l   s ince   d i rec t   count ing   techniques   enumera te  a l l  
cel ls  p resen t ,   i nc lud ing  active,  dead, and  dormant ce l l s  and cel ls  meta- 
bo l i ca l ly   i ncapab le   o f  a p o s i t i v e   r e s p o n s e   i n   t h e   h e t e r o t r o p h  medium 
employed. Fu r the rmore ,   co r rec t ion   fo r   pos i t i ve   b i a s   i nhe ren t   i n   t he  MPN 
technique would r educe   t he   v i ab le   coun t s  and t h u s   i n c r e a s e   t h e   d i f f e r e n t i a l  
between d i r e c t  and v i a b l e  FfPN counts .  

Although a d e t a i l e d   q u a n t i t a t i v e   a n a l y s i s  w a s  n o t  made, t he   ma jo r i ty   o f  
b a c t e r i a  (80-90%) appeared as f r e e - l i v i n g  cells  and were n o t   a t t a c h e d   t o  
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p a r t i c u l a t e s .   A n a l y s i s   o f   d i r e c t   c o u n t   s a m p l e s   r e v e a l e d   p o s s i b i l i t i e s   f o r  
enumera t ion   and   i den t i f i ca t ion   o f   he t e ro t roph ic  and p h o t o s y n t h e t i c   f l a g e l l a t e s  
and  a lgae  and  the  presence  of   sometimes  abundant   coccoid cells somewhat l a r g e r  
t h a n   b a c t e r i a .  Cells r e sembl ing   t he  l a t te r  have   been   repor ted   to   be   coccoid  
cyanobacter ia  ( 3 ) ;  however ,   the   decay   of   na tura l   f luorescence  in stored  samples  
p r e v e n t e d   d e f i n i t i v e   i d e n t i f i c a t i o n .   T h e r e f o r e ,  the  d i r e c t   c o u n t i n g   e p i f l u o r e s -  
cence  procedure will b e   m o s t   u s e f u l   f o r   t h e   i d e n t i f i c a t i o n   a n d   q u a n t i f i c a t i o n  
of   microorganisms  (o ther   than   bac te r ia )   i f   p repara t ions  are processed  and 
examined   on   sh ipboard   before   the   na tura l ly   f luoresc ing   photopigments   decay .  

Bacterial numbers  and V,, were g e n e r a l l y   l a r g e s t   i n   s u r f a c e  waters and a t  
a l l  d e p t h s   i n   t h e  water column f o r   s t a t i o n s   c l o s e s t   t o  the Bay mouth. V,,, 
values  ranged  from a maximum of 0.770 Pg g lucose  1-lh-l a t  t h e  Bay mouth t o  a 
minimum of 0.057 pg   g lucose   1 - lh- l   o f f   shore .   F igure  1 shows t h e   s p a t i a l   d i s -  
t r i b u t i o n   o f   b a c t e r i a l   c o u n t   a n d  VmX v a l u e s   c o n t o u r e d   f o r   s u r f a c e  (1 m) water. 
Smaller v a l u e s  were l o c a t e d   o u t s i d e   t h e  r'plume"  and were g e n e r a l l y   f a r t h e s t  
o f f s h o r e .   T h e s e   s p a t i a l   d i s t r i b u t i o n s  are "quas i - synop t i c "   s ince   t he   da t a  
were c o l l e c t e d   o v e r  a r ange   o f   t i da l   and   me teo ro log ica l   cond i t ions   du r ing  a 
seven day c r u i s e   i n t e r v a l .  

Biomass  and V,, v a l u e s   g e n e r a l l y   d e c r e a s e d   w i t h   d e p t h   a l t h o u g h   s u b s u r -  
f a c e  maxima were occas iona l ly   observed  a t  i n s h o r e   s t a t i o n s .   S u c h   v a l u e s  
t ended   t o   co r re spond   t o   e l eva ted   l eve l s  of  p a r t i c u l a t e s   ( T a b l e   1 ) .  However, 
i t  w a s  n o t   c l e a r   i f   t h e s e   e l e v a t e d  levels were d u e   t o   s u s p e n s i o n  of sediment 
t h rough   bo t toming   o f   t he   s ample r   o r   cab le   we igh t   du r ing   ro l l i ng ,   t u rbu lence  
generated by t h e   v e s s e l ,   o r   t o   a n   a c t u a l   s u b s u r f a c e   t u r b i d i t y  maximum. 

Non-parametr ic   correlat ion  analyses  ( 4 )  o f   m i c r o b i a l   d a t a   w i t h   s e l e c t e d  
hydrographic  measurements were performed  (Table 3 ) .  Viable   count   da ta  were 
s i g n i f i c a n t l y   c o r r e l a t e d   w i t h   d i r e c t   c o u n t s   a n d  Vma,. Vmx was s i g n i f i c a n t l y  
c o r r e l a t e d  w i t h  b o t h   v i a b l e   a n d   d i r e c t   c o u n t s .   V i a b l e   c o u n t s  were p o s i t i v e l y  
a n d   s i g n i f i c a n t l y   c o r r e l a t e d   w i t h   c h l o r o p h y l l   c o n c e n t r a t i o n s   a n d   t e m p e r a t u r e ,  
n e g a t i v e l y   a n d   s i g n i f i c a n t l y   c o r r e l a t e d   w i t h   s a l i n i t y   a n d   d e p t h ,   b u t   n o t  
co r re l a t ed   w i th   suspended   pa r t i cu la t e s .   Abso lu te   va lues  of the Kendal l  Tau 
s t a t i s t i c  are n o t   d i r e c t l y   c o m p a r a b l e   w i t h   c o r r e l a t i o n   c o e f f i c i e n t s   d e r i v e d  
u s i n g   o t h e r   s t a t i s t i c s   a n d   i n d i c a t e   o n l y   r e l a t i v e   d e g r e e s   o f   c o r r e l a t i o n   o r  
correspondence. 

Table 4 i n d i c a t e s   t h e   r e l a t i o n s h i p  of s a m p l i n g   d e p t h   t o   a r i t h m e t i c  m e a n s  
o f   microbio logica l   da ta   for   each   depth .   Both  mean numbers  of v i a b l e   s a p r o -  
p h y t i c   b a c t e r i a  and d i r ec t   coun t s   dec reased   w i th   dep th .   P ropor t iona te ly ,   t he  
d e c r e a s e   i n  mean V,, a t  t h e   g r e a t e s t   d e p t h  was c l o s e r   t o   t h e   d e c r e a s e  i n  mean 
d i r e c t   c o u n t   t h a n   t o  mean v iab le   count .   Thus ,   va lues   o f  V,, and   d i rec t   count  
a t  dep ths   g rea t e r   t han  15 m were approximately 50% o f   t h e   s u r f a c e   v a l u e s   w h i l e  
mean v i ab le   coun t  was 19% of t h e   s u r f a c e .  

DISCUSSION 

D e s p i t e   i n h e r e n t   l i m i t a t i o n s   a s s o c i a t e d   w i t h   q u a s i - s y n o p t i c   c h e m i c a l  and 
b io log ica l   s ampl ing  o f  a large  and  dynamical ly   complex  es tuar ine-shelf   system 
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such as t h e  Chesapeake Bay plume,  non-parametric  correlation  analyses  of  micro- 
b i a l   a n d   s e l e c t e d   h y d r o g r a p h i c   v a r i a b l e s   r e v e a l e d   s t a t i s t i c a l l y   s i g n i f i c a n t  
r e l a t ionsh ips .   Fu r the rmore ,   t he   s ign i f i can t   co r re spondence  of mic rob ia l  vari- 
a b l e s   w i t h  plume hydrographic   charac te r i s t ics   p rovided  (at  least d u r i n g   t h i s  
c r u i s e )  a means f o r   d e t e c t i o n   a n d   s p a t i a l   l o c a t i o n   o f  plume waters using  micro- 
biological  measurements.  

Highly significant va lues  of  Tau (a 5 0.001) were o b t a i n e d   f o r   v i a b l e  
b a c t e r i a l   c o u n t s  w i t h  d i r e c t  bacterial counts  and Vmx. S i g n i f i c a n t   n e g a t i v e  
c o r r e l a t i o n s  of  t hese   mic rob ia l   pa rame te r s  with s a l i n i t y   a n d   d e p t h   i n d i c a t e d  
s u r f a c e   o r   l o w e r   s a l i n i t y  plume water contained the l a r g e s t   b a c t e r t a l  biomass 
and  the  most active cells. Th i s   a s soc ia t ion   a l so   appea red  as a s i g n i f i c a n t  
p o s i t i v e   c o r r e l a t i o n  of microbia l   parameters   wi th  water temperature .  A s i g n i f -  
i c a n t   n e g a t i v e   c o r r e l a t i o n   o f   s a l i n i t y   w i t h   t e m p e r a t u r e   s u g g e s t e d  a s t r a t i f i e d  
hydrographic   reg ime  typ ica l   o f   the  summer per iod .  Lack o f   s ign i f i can t   co r re -  
l a t i o n   o f   m i c r o b i a l   d a t a   w i t h   s u s p e n d e d   p a r t i c u l a t e s  may have   been   r e l a t ed   t o  
the  presence  of   subsurface  suspended  sol ids  maxima o r   t o   t h e   r e l a t i v e l y  small 
v a r i a t i o n   i n   t h e   s u s p e n d e d   s o l i d s   d a t a  set. 

Microbial   analyses  of  Chesapeake Bay plume waters r evea led  a h igh ly  active 
p o p u l a t i o n   o f   s a p r o p h y t i c   b a c t e r i a .   B o t h   b a c t e r i a l   s t a n d i n g   c r o p   ( . d i r e c t   o r  
viable   count)   and Vmax a c t i v i t y  measurements were s i g n i f i c a n t l y   g r e a t e r   i n  
s u r f a c e  plume waters compared w i t h  the c o l d e r   s h e l f  water. Saprophyt ic   bacte-  
r i a l  popula t ions  are known t o   r e q u i r e   r e l a t i v e l y   h i g h   l e v e l s  of n a t u r a l   o r  
pol lutant-der ived  organic   solutes   which  must   be  present  i n  Bay plume waters. 

Actua l   bac te r ia l   b iomass  may be  approximated  on a weight basis from d i r e c t  
count   da ta   us ing   an   average  c e l l  volume  of 0.06 pm3 (5) and  assuming a s p e c i f i c  
g r a v i t y  of  1.0.  Values shown i n  Table 5 f o r  mean b a c t e r i a l   d e n s i t i e s   c o r r e -  ' 

spond to   d i r ec t   coun t   dens i ty   con tour s  shown i n   F i g u r e  1. T h e  d i s t r i h u t i o n   o f  
biomass  (and V-) w i t h   r e s p e c t   t o   p r o x i m i t y   t o   t h e  Bay mouth was q u a l i t a t i v e l y  
s i m i l a r   t o   t h a t   m e a s u r e d   i n  Kiel Fjord  and  Bight waters in Germany (6). Mean 
s u r f a c e   b a c t e r i a l   b i o m a s s   c o r r e s p o n d e d   t o  0.8% of t h e  mean to t a l   suspended  
p a r t i c u l a t e   l o a d   w i t h i n   t h e   c o n t o u r  of maximum d i r ec t   coun t   dens i ty .  By  com- 
p a r i s o n ,   i f   o n e  assumes that ch lo rophy l l   concen t r a t ion  may be  converted  to  
ce l lu l a r   ca rbon   u s ing   an   ave rage   we igh t   r a t io   o f   60 : l   fo r   ca rbon :ch lo rophy l l  
(51, t h e  same mean b a c t e r i a l  biomass w a s  approximate ly   equiva len t   to  4% of t h e  
phytoplankton  standing  crop.  Although  these estimates are extremely  rough, 
they do sugges t   the   ins tan taneous   s tanding   c rop   of   bac te r ia l   b iomass   in  plume 
waters w a s  n o t   i n s u b s t a n t i a l  as a food  source  for  pot&ntial   consumers  such as 
h e t e r o t r o p h i c   f l a g e l l a t e s .  An estimate of t h e   t r u e   f l u x   o f   b a c t e r i a l   p r o t o -  
plasm as a carbon  and  enerdy  source  to   shelf  waters is  n o t   p o s s i b l e  owing t o  
t h e   u n a v a i l a b i l i t y   o f   i n f o r m a t i o n  on t h e   n e t   f l u x  of b a c t e r i a l  biomass  from 
t h e  Bay o r   s easona l   bac t e r i a l   g rowth  rates dur ing   t r ans i t i on   f rom Bay t o  
s h e l f  waters. F i n a l l y ,   a l t h o u g h   t h e   e f f e c t  of  streamflow  volume  into  the 
Bay on b a c t e r i a l   p r o d u c t i v i t y   a n d   n e t   t r a n s p o r t  i s  unknown, i t  is probable  
tha t   s ign i f i can t ly   l ower   s t r eamf low  vo lumes   such  as those   encountered   in   1980 
would reduce   bac te r ia l   b iomass   p roduct ion .  
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I n  summary, Chesapeake Bay plume waters suppor ted   h igh  levels o f   a c t i v e  
sap rophy t i c   mar ine   bac t e r i a .   These   bac t e r i a   no t   on ly   conve r t   nu t r i en t s   and  
o rgan ic  matter i n t o   b a c t e r i a l   p r o t o p l a s m ,   b u t   a p p e a r   t o   b e  a s i g n i f i c a n t   f o o d  
source  of  unknown dimension  for  microorganisms  such as h e t e r o t r o p h i c   f l a g e l -  
lates and  others .  
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Table 1. Biomass  and V,, da ta   and   se lec ted   phys ica l -chemica l   parameters   used   for   Kendal l  Tau 
calculat ions.   Chesapeake Bay Plume Experiment 11. 

NOAA Viab le   D i rec t  vmax Total  Suspended 
Stat ion  Depth Count  Count  pg g lucose   Sa l in i ty   Tempera ture  

No. m MPNxlO3 m P 1  BUx103 m P 1  1-lh-I 0100 “ C  

800 

801 

69 

8 02 

803 

8 04 

8 05 

1 
7 

1 
5 

10  
1 3  

1 
5 

10 

1 
5 

10  
15 
17 

1 
5 

10 

1 
5 

10 
15 

1 
5 

10 

190 
120 

16 0 
80  
56 

100 

140 
110 

60 

150 
23 
23 
20 
25 

150 
82 
57 

31 
51  
48 
33 

190 
23 
56 

1800 
1900 

1100 
1500 
1300 

540 

870 
700 
38 0 

1000 
180 
110 
2 10 
2 00 

27 0 
5  60 
390 

320 
17 0 
17 0 
170 

980 
120 
29 0 

0.681 
0.663 

0.590 
0.425 

0.535 

0.691 
0.612 
0.980 

0.737 

0.192 

0.256 

0.351 

0.245 

0.207 

0.221 
0.305 

0.770 

0.851 

- 

- 

- 

- 

- 

21.63 
21.98 

26.0 
27.73 
30.48 
31.09 

27.48 
28.05 
31.38 

25.49 
28.38 
31.96 
31.92 
32.18 

29.02 
31.50 
32.19 

32.15 
32.15 
32.15 
32.26 

25.97 
28.06 
33.97 

22.30 
22.00 

20.20 
20.20 
19.50 
19.20 

20.50 
19.70 
18.20 

20.80 
18.30 
17.80 
17.40 
16.80 

20.40 
19.80 
18.90 

18.70 
18.60 
18.60 
18.50 

21.00 
18.20 
16.80 

3.. 41 
2.08 

2.73 
2 .21  
2.57 
2.89 

7.62 
7.75 
2.41 

4.32 
2.22 
1.91 
1.84 
1.52 

1.62 
1.68 
1.57 

1.44 
1.55 
1.32 
2.86 

2.57 
2.57 
2.25 

1.3 
2.0 

3.8 
1.3 
1.4 
1.6 

2.0 
3.2 
5.0 

1.3 
0.7 
2.7 
3.7 
1.4 

2.2 
0.1 
0.8 

0.3 
0.5 
0.5 
0.7 

1.4 
1.2 
2.0 

W 
W 
4 



Table 1 (continued) 

N O M  Viable  Direct V T o t a l  Suspended 
S t a t i o n  Depth Count  Count 1-lg ggEose   Sa l in i ty   Tempera tu re  

No. m MPNx103 m k l  B U i L O 3  m t l  l?lh-l 0100 O C  

70 

806 

807 

808 

1 809 

810 

811 

1 
5 

10 
13 

1 
5 

10 
15 

1 
5 

10 
1 5  

1 
5 

10 

1 
5 

10 
15  

1 
6 

12 
18 

1 
7 

1 4  
2 1  

36 
23 

7.2 
6.4 

23 
28 
12 
33 

7.9 
1 9  

7.7 
9 

28 
40 
36 

4 1  
56 

14 
9.5 

9.5 
27 
64 
18 

9.5 
18 

6 
8 

200 
240 
130 
220 

130 
79 

12 0 
180 

24 
44 
57 

4 00 

460 
500 
390 

480 
140 

98 
2  60 

57 
77 

180 
220 

140 
74 
76 

160 

0.404 

0.209 
0.222 

0.189 

0.103 
0.077 

0.057 
0.043 

0.723* 

0.365 

0.710 

0.484 

- 

- 

- 

- 

- 
0.211 

0.164 

0.240 
0.203 

- 

- 
- 
- 
- 

26.55 
27.16 
31.69 
32.21 

29.58 
30.72 
32.16 
32.26 

31.60 
31.60 
32.03 
32.40 

29.44 
29.41 
31.96 

27.34 
27.36 
30.77 
31.71 

30.08 
30.09 
31.28 
32.78 

31.87 
31.92 
32.31 
33.12 

21.40 
17.50 
15.40 
14.80 

20.00 
18.80 
17.50 
17.40 

19.40 
19.35 
19.00 
14.40 

20.00 
18.30 
14.45 

21.00 
20.80 
15.00 
13.80 

20.20 
20.20 
14.50 
13.30 

20.10 
19.20 
15.10 
12.80 

1.75 
1.85 
1.65 
1.51 

0.66 
0.51 
0.68 
1.97 

0.51 
0.51 
0.58 
1.3 

1.57 
1.53 
5.27 

1.46 
1.18 
2.29 
2.29 

0.80 
0.80 
1.22 
3.62 

0.71 
0.40 
0.72 
2.07 

0.4 
1.2 
1.8 
0.4 

1.2 
0.6 
1.0 
2.8 

0.4 
0.2 
0.2 
0.4 

0.8 
1.0 
1.2 

0.6 
0.4 
2.0 
0.8 

1.4 
0.8 
0.4 
0.2 

1.6 
. 2.2 

3.8 
6.4 



Table 1 (concluded) 

NOAA Viable   Direct  Vmax T o t a l  S usp ended 
Station  Depth  Count  count pg g lucose   Sa l in i ty   Tempera ture  

No. m MPNx103 m 1 - l ’  BUx103 m 1 - l  1-lh-I o / o o  O C  

813 1 
6 

12 
18 

812 1 
5 

10 
15 
20 

7 1  1 
6 

12 

814 1 
5 

10 

15 
9 
6.4 
3.3 

41 
40 
20 

4.9 - 
25 
46 
46 

42 
110 

95 

83 
130 
85  
2 1  

110 
96 
72 

340 
270 

76 
300 
290 

5 10 
460 
780 

- 
- 
- 
- 

0.294 

0.164 

0.146 

0.189 
0.189 
0.252 

0.219 
0.465 
0.714 

- 

- 

30.42 
30.69 
31.92 
32.97 

28.68 
28.90 
29.65 
31.75 
32.54 

29.75 
29.83 
30.30 

29.80 
29.82 
30.87 

20.20 
19.90 
19.00 
12.20 

22.00 
20.75 
19.30 
13.60 
13.20 

21.00 
20.35 
19.40 

21.20 
21.00 
.16.40 

0.42 
0.35 
0.46 
0.86 

0.63 
0.87 
0.87 
2.03 
2.88 

0.70 
0.78 
0.98 

0.68 
0.68 
0.92 

1.2 
1.8 
0.2 
2.2 

1.4 
6.2 
2.0 
4.0 
0.6 

0.4 
0.2 
0.4 

0.8 
3.2 
0.8 

*sand i n  sample, value  discounted 

W 
W 
W 



0 
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T a b l e  2 .  S t a t i s t i c a l  ana lys i s  of h y d r o g r a p h i c  and m i c r o b i o l o g i c a l   p a r a m e t e r s .  

1 

1 

I 

I 

VARI ABLE N MEAN STD DEV MEDIAN MINIMUM WIW 

IEPTH, M 

t7IAJ3LE  COUNT, 
MPN m 1 - l  

IIRECT COUNT, 
BU n-~l-~ 

S A L I N I T Y ,  
0 / o o  

TEMPERATURE, 
I 

i 
O C  

! 

CHLOROPHYLL , 
pg 1-J- 

SUSPENDED 
SOLIDS, mg 1-l 

66 

65 

66 

42 

66 

66 

66 

66 

7 .65  

46901.54 

366333.33 

0.37 

30.22 . 

18.42 

1 .80  

1.53 

5.66 

47107.42 

407183.92 

0.24 

2.47 

2 .55  

1 .44  

1.38 

6.00 

28000.00 

1.0 

3300.0 

21.0 

1 9  0000.0 
8 

210000.00  24000.0  1900000.0 

0.25 0.0 1.0 

30.82  21.6  34.0 

19.10 12.2 22.3 

1 .54  0.3 7 .8  

1 .20  0.1 6.4 



T a b l e  3. Values of non-parametric  Kendall Tau c o r r e l a t i o n   c o e f f i c i e n t   c a l c u l a t e d   f o r   b i o m a s s  
and V,, d a t a   a g a i n s t  selected physical   and  chemical   parameters .  

DEPTH VIABLE DIRECT VMAX S A L  TEMP CHLOR ss 1 
/DEPTH 
I 

I 
I 

1. OOOOOa -0.30595  -0.05199  -0.11746  0.57184  -0.63975  0.12728 0.0:973 
O.OOOOb 0.0008 0.5646 0.3106 0.0001 0.0001 0.1580 0.51511 

66c 65 66 42 66 66 66 66 
1 

‘VIABLE I -0.30595 1,00000 0.48273 0.58477 -0.39748 0.38225 0.28488 0.01240 
’ COUNT 1 0.0008 0.0000 0.0000 0.0000 0.0000 0,0000 0.0009 0.8871 

I 65 65 65 41 65 65 65 65,  
! 

,DIRECT 
, COUNT 

I 

[SALINITY 

1 

TEMPERATURE 
I 
I 

-0.05199  0.48273  1.00000  0.57494  -0.20094  0.08253  0.43076  0.07243 
0.5646 0.0000 0.0000 0.0000 0.0178  0.3324 0.0000 0.4019 

66  65 66 42 66  66  66 66: 

-0.11746  0.58477  0.57494  1.00000  -0.31389  0.19472  0.41521  0.30512 
0.3106 0.0000 0.0000 0.0000 0.0035  0.0717 .0.0001 0.0055, 

42 4 1  42  42 42 .42 42  42 

0.57194 -0.39748 -0.20094  -0.31389 1.00000 -0.59488 -0.08206 -0.05836 
0.0001 0.0000 0.0178  0.0035 0.0000 0.0001 0.3326 0.4983 

66 64 66 42 66 66 66 66 

-0.63975  0.38225  0.08253  0.19472  -0.59488 1.00000 -0.12718  -0.03315 
0.0001 0.0000 0.3324 0.0717 0.0001 0.0000 0.1348 0.7016 

66 65 66 42 66 66 66 66 
I i 
CHLOROPHYLL 0.12728  0.28488  0.43076  0.41521 4 . 0 8 2 0 6  -0.12718  1.00000  0.17632 

0.1580 0.0009 0.0000 0.0001 0.3326 0.1348 0.0000 0.0411 
66 65 66 42 66 66 66 66 

SUSPENDED 

66 65 66 42 66 66 66 66 
0.5151  0.8871  0.4019  0.0055  0.4983  0.7016  0.0411 0.0000 SOLIDS 

0.05973  0.01240  0.07243  0.30512  -0.05836  -0.03315 0.17632 1.00000 

aKendall Tau c o r r e l a t i o n   c o e f f i c i e n t  
b p r o b a b i l i t y  of obtaining  value  randomly 
Csample s i z e  



T a b l e  4. Mean values of s e l e c t e d   m i c r o b i o l o g i c a l   a n d   h y d r o g r a p h i c  
v a r i a b l e s  for d e p t h s   i n d i c a t e d .  

V i a b l e  
Count, MPN m P 1  

Direct 
Count, BU m P 1  

Vmax p g l u c o s e  
1- i l  h- 

Chlorophyl l ,  
lJg 1-l 

Suspended 
S o l i d s ,  mg 1-l 

1 5 10 1 5  
m m m m ~- - 'I5 m 1 - 

I 
71605  52692  37492 2 6083  13575 ~ 

! 
I 

1 478333  368384  329769  245916  212000: 
I 

0.40  0.39  0.44  0.26  0.20; 
I 
i 

1 .87  1 .93  1 .87  1 .67  2 .19!  

I 1.25  1.52  1.65  1.60  2.16 

T a b l e  5. E s t i m a t e d   b a c t e r i a l   b i o m a s s   c a l c u l a t e d   f r o m   d i r e c t   c o u n t  
d e n s i t i e s  of the s u r f a c e  waters (1 m) as  shown i n   F i g u r e  1. 

E s t i m a t e d  Mean Es t imated  Mean 
Dens i ty  Mean Direct Count, Biomass, Wet, B iomas s , Dry, 
Contour ~ ~ ~ 1 0 3  rnx-1 pg m1-1 pg me-1 

6.0-6.5 

5.5-5.9 

5.0-5.4 

4.5-4.9 

4.0-4.4 

1300 

5 00 

160 

79 

25 

0.078 

0.030 

0.0096 

0.0047 

0.0015 

~ 

0.016 

0.006 

0.0019 

0.0009 

0.0003 

4 02 



STATION LOCATION FOR 
CHESAPEAKE PLUME STUDY 
17-27 JUNE 1980 r <APE CHARLES 

ALBEMARLE 

LOG DIRECT  BACTERIAL COUNT 
(CFU/ml) IN SURFACE ( I  m 1 
SAMPLES 

LOG VIABLE  BACTERIAL COUNT 
(MPN/ml)  IN SURFACE ( I m 
SAMPLES 

4.5-4.9 

3.5- 3.9 

Vm0,  (pg qlucorr I' h-') IN 
SURFACE SAMPLES ( I m)  

300- .499 

*.e19 .ooO- ,099 
,100- .299 

Figure 1. Location  charts for ohserved parameters in  the  surface  waters during Chesapeake Bay 
Plume Study, 17-27 June 1980. Station  Locations/Direct  Bacterial Count/Log Yiahle 
Bacterial Count/V- (glucose). 
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