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ABSTRACT 

D e n s i t i e s  of  Aeromonas h y d r o p h i l a ,  f e c a l  and t o t a l  c o l i f o r m s  were 
measured i n  c o n j u n c t i o n  w i t h  1 8  p h y s i c a l  and chemical  pa ramete r s  a t  29 
s t a t i o n s  l o c a t e d  i n  Albemarle Sound and v a r i o u s  t r i b u t a r i e s  i n c l u d i n g  
tile Chowan, Roanoke, A l l i g a t o r ,  Pasquotank,  North ,  Scuppernong and 
Perquimans R i v e r s .  Data were c o l l e c t e d  monthly a t  most s t a t i o n s  begin-  
n ing  A p r i l ,  1977,  and c o n t i n u i n g  th rough  J u l y ,  1979.  D e n s i t i e s  o f  
A.  h y d r o p h i l a  were c o r r e l a t e d  w i t h  f e c a l  and t o t a l  c o l i f o r m s ,  d i s s o l v e d  - 
oxygen, t u r b i d i t y ,  c h l o r o p h y l l  a ( t r i c h r o m a t i c ) ,  pheophyt in  a ,  s u l f a t e ,  
ammonia, t o t a l  K j e h l d a h l  n i t r o g e n ,  t o t a l  phosphorus ,  phospha tes  and 
t o t a l  o r g a n i c  ca rbon .  S t r o n g e s t  c o r r e l a t i o n  c o e f f i c i e n t s  were between 
A .  h y d r o p h i l a  d e n s i t y  and phosphorus and phospha tes .  Data  showed t h a t  - 
87;; of  t h e  w a t e r  samples  had t o t a l  phosphorus c o n c e n t r a t i o n s  which 
exceeded 50 ug 1-1, i n d i c a t i n g  e u t r o p h i c  c o n d i t i o n s .  

During most months, a t  most s t a t i o n s ,  d e n s i t i e s  o f  Aeromonas 
h y d r o p h i l a  d i d  n o t  exceed 40 c f u  m l - l .  However, i n  J u l y ,  1979,  d e n s i t i e s  
of 4. h y d r o p h i l a  exceeded 1 ,000  c f u  m l - l  a t  f i v e  o f  1 3  sampl ing s t a t i o n s  
u s e d  as r e p r e s e n t a t i v e  f o r  Albemarle Sound and i t s  t r i b u t a r i e s .  These  
high d e n s i t i e s  corresponded w i t h  a  mass ive  o u t b r e a k  o f  r ed -sore  d i s e a s e  
Liinong s e v e r a l  s p e c i e s  o f  c o m e r c i a l  and g a m e ' f i s h  i n  t h e  Sound. The 
r i . l a t i o n s i ~ i p  between red-sore  d i s e a s e  and d c n s i t y  o f  A .  h y d r o p h i l a  i s  
tllus r e m i n i s c e i ~ t  o f  a s i m i l a r  s i t u a t i o n  observed f o r  A. h y d r o p h i l a  
d e n s i t y  and p r c v a l e n c e  o f  r ed -sore  d i s e a s e  aniong a  of  l a r g e -  
iriouth b a s s  (Microp te rus  scllmoides) s t u d i e d  i n  Par  Pond, a 1 ,012  h a  
c o o l i n g  r e s e r v o i r  l o c a t e d  on t h e  Savannah River  P l a n t  n e a r  Aiken, Sou th  
C a r o l i n a .  

3ased on a  s e r i e s  of h e n x t o l o g i c a l  p ~ r a m e t e r s  measured i n  largemouth 
oass from t h e  Pdr Pond sys tem,  e v i d e n c e  s u g g e s t s  t h a t  s t r e s s ,  produced 
by e l s v a t e d  t e r q e r a t i i r e  i n  t h e  r e s e r v o i r ,  rnay p l a y  a s i g n i f i c a n t  r o l e  i n  
rhc  red-sore  d isedsc:  syr;droiie. I n  Aibemarle Sound, i t  i s  proposed t h a t  , 

I a c o n b i n a t i o n  of f a c t o r s ,  i n c l u d i n g  v a r i o u s  forms of  n i t r o g e n ,  p h o s p h a t e ,  
t o t a l  phosphords and c o t a l  o r g a n i c  ca rbon ,  a r e  i n v o l v e d  i n  c r e a t i n g  
c a n d i t i o n s  conducive  t o  i n c r e a s i n g  abundance of  L. h y d r o p h i l a .  The same 
wate r  q u a l i t y  f a c t o r s  a f f e c t i n g  A. h y d r o p h i l a  d e n s i t y  may s i m u l t a n e o u s l y  
l e a d  t o  c o n d i t i o n s  which promote s t r e s s  i n  l o c a l  f i s h  p o p u l a t i o n s .  The 
c o ~ ~ b i n a t i o n  o f  e x c e s s i v e  n u t r i e n t  l o a d i n g ,  i n c r e a s e d  d e n s i t y  of  A. hydro- 
p h i l a  and i lost  s t r e s s  would t h e n  l e a d  t o  o u t b r e a k s  of  r e d - s o r e  d i s e a s e  
and  f i s h  m o r t a l i t y .  
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SUXNARY AND CONCLUSIONS 

The aim of  t h e  p r e s e n t  s t u d y  was t o  i d e n t i f y  t h o s e  w a t e r  q u a l i t y  
p a r a m e t e r s  which may b e  i n v o l v e d  i n  promot ing  t h e  o u t b r e a k s  o f  r e d - s o r e  
d i s e a s e  i n  Albemar le  Sound. bdsed on  d a t a  g i v e n  i n  t h i s  r e p o r t ,  and  
upon p r e v i o u s  s t u d i e s  by Esch and Hazen (1978) and Hazen (1978,  1979), 
i t  a p p e a r s  l i k e l y  t h a t  a s i n g l e  f a c t o r  i s  n o t  r e s p o n s i b l e  f o r  i n c r e a s i n g  
d e n s i t i e s  o f  A. h y d r o p h i l a .  R a t h e r ,  i t  seems most  p r o b a b l e  t h a t  a 
combinat  i o n  o f  f a c t o r s ,  i n c l u d i n g  t o t a l  o r g a n i c  c a r b o n ,  v a r i o u s  fo rms  o f  
n i t r o g e n ,  p h o s p h a t e  and  t o t a l  phosphorus ,  a r e  i n v o l v e d  i n  p r o v i d i n g  
c o n d i t i o n s  c o n d u c i v e  t o  i n c r e a s i n g  abundance  o f  A. h y d r o p h i l a .  Such a 
c o n c l u s i o n  must b e  viewed c a u t i o u s l y  however,  s i n c e  i t  i s  a l s o  r e a s o n -  
a b l e  t h a t  a combina t ion  o f  m e t e o r o l o g i c a l  and  o t h e r  p h y s i c o c h e m i c a l  
f e a t u r e s  o f  t h e  Sound may a f f e c t  t h e  p r o b a b i l i t y  o f  r e d - s o r e  d i s e a s e  
o u t b r e a k s .  For example ,  low r a i n f a l l  and w a t e r  f l o w  i n  t r i b u t a r i e s ,  un- 
u s u a l  wind d i r e c t i o n s  and  s p e e d s ,  e x c e p t i o n a l l y  h i g h  o r  low summer 
t e m p e r a t u r e s  may a l l  change  b i o t i c  o r  a b i o t i c  c o n d i t i o n s  i n  t h e  Sound 
s u c h  t h a t  t h e  p r o b a b i l i t y  o f  i n c r e a s i n g  o r  d e c r e a s i n g  A .  h y d r o p h i l a  
d e n s i t i e s  i s  enhanced o r  d i m i n i s h e d ,  even  w i t h  c o n t i n u e d  h i g h  n u t r i e n t  
l o a d i n g .  C o m p l i c a t i n g  t h e  p i c t u r e  i s  s t r o n g  e v i d e n c e  (Hazen and Esch ,  
u n p u b l i s h e d  o b s e r v a t i o n s )  i n d i c a t i n g  t h e  e x i s t e n c e  o f  more t h a n  a s i n g l e  
s t r a i n  o f  - A .  h y d r o p h i l a .  T h i s  r a i s e s  t h e  p o s s i b i l i t y  o f  d i f f e r e n t i a l  
v i r u l e n c e  among t h e s e  s t r a i n s  a s  w e l l  a s  t h e  d i s t i n c t  p o s s i b i l i t y  t h a t  
growth  c h a r a c t e r i s t i c s  may v a r y  among t h e  s t r a i n s .  Such a  s c e n a r i o  
would g r e a t l y  a f f e c t  any  p r o g n o s i s  f o r  s u c c e s s f u l  c o n t r o l  o f  r e d - s o r e  
d i s e a s e  w i t h i n  t h e  Sound. 

D e s p i t e  t h e  r e m a i n i n g  s e r i o u s  q u e s t i o n s  r e g a r d i n g  f a c t o r s  a f f e c t i n g  
t h e  abundance  o i  - .I. h y d r o p h i l a ,  i t  seems c l e a r  t o  u s  t h a t  t h e r e  a r e  
e f f e c t i v e  rnens,lres which may be  employed f o r  r e d u c i n g  t h e  p r o b a b i l i t y  o f  
r e d - s o r e  e p i z o o t i c s .  The b e s t  a p p r o a c h  wodld be  t o  r e d u c e  n u t r i e n t  
i n p u t  i n t o  t h e  S o u ~ d .  T h i s  would n o t  o n l y  r e d u c e  t h e  abundance  o f  - A. 
h ; ~ d r o p h i l z i  and r e d u c e  r e d - s o r c  d i s e a s e ,  i t  w(3uld a l s o  min imize  t h e  
number and extc! i t  o f  n u i s a n c e  algal blooms.  I t  must  b e  emphas ized  t h a t  
s u c h  3 p r o g r m  ~ ~ , o i i l d  r e q u i r e  i .npLemi?ntation t h r o u g h o u t  t h e  Sound - and i t s  
t r i b u t d r y  r i v e r s .  J u s t  a s  a  s i n y l e  w a t e r  q u a l i t y  p a r a m e t e r  c a n n o t  b e  
a s s o c i a t e d  wit!) i n c r e a s i n g  d e n s i t y  o f  - A .  Q d r o p h i l a ,  a s i n g l e  community, 
i n d u s t r y ,  or a g r i ~ - u l t u r a l  a r e ' i  c~11lnot be  i d e n t i f i e d  as  t h e  p r i m a r y  
q o u r c e  of n u t r i e n t  e f f l u e n t  f o r  t h e  Sound. 

I n  summary, abundance  o f  A. h y d r o p h i l a  and r e d - s o r e  d i s e a s e  a p p e a r  
r e l a t e d  t o  a nuxher  o f  w a t e r  q i u l i t y  paramerrers ,  b u t  p r i m a r i l y  p h o s p h a t e  
.lutl t o t a l  phosl~l ior-us.  A tu t ' l l  of 877 of  t h e  s a m p l e s  t a k e n  f rom t h e  
Sound i n d i c a t e  t h e  s o u r c e  'is b e i n g  e i t h e r  e u t r o p h i c  o r  h y p e r e u t r o p h i c .  
The same w a t e r  q u a l i t y  f a c t o r s  a f f e c t i n g  A. h y d r o p h i l a  d e n s i t y  may 
s i n i u l t a n e o u s l y  l e a d  t o  c o n d i t i o n s  c o n d u c i v e  f o r  c a u s i n g  stress i n  l o c a l  
f i s h  p o p u l a t i o n s .  The combina t ion  of  u n d e s i r a b l e  n u t r i e n t  l o a d i n g ,  i n -  
c r e a s e d  abundance  o f  - A .  h y d r o p h i l a  and h o s t  s t r e s s  may, i t  i s  p r o p o s e d ,  
l e a d  t o  a d i s e , . ~ s e  syndrome c h a r a c t e r i z e d  by f u l m i n a t i n g  r e d - s o r e  and 
m a s s i v e  f i s h  m o r t a l i t y .  D e s p i t e  t h e  u r g e n t  need f o r  f u r t h e r  s t u d y ,  i t  
i s  b e l i e v e d  t h a t  a  c o o r d i n a t e d  and c o n c e r t e d  e f f o r t  by l o c a l  and s t a t e  



a g e n c i e s  c a n  l e a d  t o  an  e f f e c t i v e  r e s o l u t i o n  of  t h e  problem. The b e s t  
approach ,  f o r  a l l  concerned ,  is  t o  s i g n i f i c a n t l y  r e d u c e  n u t r i e n t  i n p u t  
throughout  t h e  Sound and i t s  t r i b u t a r i e s .  Such a  measure would unques- - 
t i o n a b l y  a l t e r  what w i l l  o t h e r w i s e  be  a n  u n d e s i r a b l e  p r o g n o s i s  f o r  t h e  
Sound i n  terms of r e d - s o r e  d i s e a s e  and o t h e r  problems hav ing  s i m i l a r  
e t i o i b g i e s .  

INTRODUCTION 

Red-sore d i s e a s e  is a  r e c e n t  and now r a t h e r  widespread problem 
a s s o c i a t e d  w i t h  game and commercial  s p e c i e s  o f  f i s h  w i t h i n  a v a r i e t y  o f  
a q u a t i c  h a b i t a t s  i n  t h e  s o u t h e a s t e r n  Uni ted  S t a t e s .  Beginning w i t h  
s c a l e  e r o s i o n  and t h e  development of  p u r u l e n t  and hemorrhagic  s u r f a c e  
l e s i o n s ,  t h e r e  is  f r e q u e n t l y  secondary  involvement  of  i n t e r n a l  o r g a n s ,  
fo l lowed by hemorrhagic  s e p t i c e m i a  and d e a t h .  

The o c c u r r e n c e  of t h e  d i s e a s e  i n  e p i z o o t i c  p r o p o r t i o n s  i s  s u c h  
t h a t  mass ive  f i s h  k i l l s  have become more common, and c e r t a i n l y  u n d e s i r -  
a b l e .  For example, i n  1971 approx imate ly  120 ,000  f i s h  o f  s e v e r a l  
s p e c i e s  i n  Lake Apopkn, F l o r i d a ,  were k i l l e d  by r e d - s o r e  d i s e a s e  ( S h o t t s  . 
e t  a l .  1971) ;  i n  t h e  same o u t b r e a k ,  s e v e r a l  s p e c i e s  of r e p t i l e s ,  i n c l u d -  ,' 
i n g  s n a k e s ,  t u r t l e s  and a l l i g a t o r s ,  were  a l s o  r e p o r t e d  t o  have d i e d  a s  a  
consequence of  r ed -sore  d i s e a s e .  I n  North  C a r o l i n a  i n  1973,  37,500 f i s h  
were k i l 1 e d . b ~  red-sore  d i s e a s e  i n  Badin Lake d u r i n g  a  s i n g l e  1 3  day 
p e r i o d  ( M i l l e r  and Chapman 1976) .  Esch e t  a l .  (1976) r e p o r t e d  t h a t  p re -  
v a l e n c e  of  r ed -sore  d i s e a s e  reached 75% i n  t h e  s p r i n g  of  1976 among a 
largemouth b a s s  (Microp te rus  sa lmoides )  p o p u l a t i o n  i n  P a r  Pond, a  South  
C a r o l i n a  c o o l i n g  r e s e r v o i r  on t h e  Savannah River  P l a n t  n e a r  Aiken,  South  - 

C a r o l i n a .  During t h e  f a l l  of  1976,  a p p r o x i m a t e l y  95% of  t h e  w h i t e  pe rch  
p o p u l a t i o n  was k i l l e d  i n  ALbemarle Sound, North  C a r o l i n a ,  due  t o  a n  e p i -  
z o o t i c  r e d - s o r e  d i s e a s e ;  d u r i n g  t h e  same o u t b r e a k ,  a p p r o x i m a t e l y  50% of  
t h e  commercial  c a t c h  o f  a l l  f i s h  s p e c i e s  was d i s c a r d e d  b e c a u s e  o f  t h e  
p resence  o f  u n s i g h t l y  s u r f a c e  l e s i o n s  a s s o c i a t e d  w i t h  r e d - s o r e  (Grover 
Cook, D i v i s i o n  of Environmental  Planagement, North C a r o l i n a  Department 
of  N a t u r a l  Resources  and Community Development). 

I n i t i a l l y ,  t h e  c a u s a t i v e  a g e n t  f o r  r e d - s o r e  d i s e a s e  was d e s c r i b e d  
a s  a  combina t ion  of  t h e  c o l o n i a l ,  p e r i t r i c h  c i l i a t e ,  E p i s t y l i s  s p ,  and 
t h e  gram-negative b a c t e r i u m ,  Aeromonas h y d r o p h i l a  (Rogers 1971) .  
E p i s t y l i s  s p .  was i d e n t i f i e d  a s  t h e  p r imary  e t i o l o g i c a l  a g e n t  f o r  r ed -  
s o r e  d i s e a s e  among a  v a r i e t y  of f i s h  s p e c i e s  i n  v a r i o u s  a q u a t i c  sys tems  
th roughout  t h e  s o u t h e a s t e r n  Uni ted  S t a t e s .  The d i s e a s e  s c e n a r i o  h e l d  
t h a t  a m o t i l e  t e l o t r o c h  s t a g e  of  t h e  p r o t o z o a n  s e t t l e d  upon t h e  s u r f a c e  
o f  a  f i s h ,  produced a  s t a l k  and f e e d i n g  b o d i e s ,  and t h e n  caused  s c a l e  
e r o s i o n .  V i a  t h e s e  s u r f a c e  l e s i o n s ,  A. h y d r o p h i l a  was s a i d  t o  e n t e r  t h e  
t i s s u e s  o f  t h e  f i s h ,  induce  hemorrhagic  s e p t i c e m i a  and ,  u l t i m a t e l y ,  
d e a t h .  

Subsequen t ly ,  however, Lom (1973) s u g g e s t e d  t h e r e  was no e v i d e n c e  
t h a t  E p i s t y l i s  was c a p a b l e  bf producing h i s t o l y t i c  enzymes r e q u i r e d  t o  
c a u s e  s c a l e  e r o s i o n .  Using a  combinat ion of  e l e c t r o n  microscopy,  immu- 



no f l u o r e s c e n t  and c u l t u r i n g  t e c h n i q u e s ,  Hazen e t  a l .  (1978) were  a b l e  
t o  c o n f i r m  Lom's (1973) h y p o t h e s i s .  They were a b l e  t o  show t h a t  t h e  
s t a l k  o f  E p i s t y l i s  s p .  does  n o t  p o s s e s s  t h e  i n t e r n a l  o r g a n e l l e s  neces-  
s a r y  t o  produce h i s t o l y t i c  enzymes, n o r  was t h e r e  ev idence  t o  s u g g e s t  
t h a t  pa tho logy  was induced a t  t h e  i n t e r f a c e  o f  t h e  c i l i a t e  and t h e  s u r -  
f a c e  of t h e  f i s h  s c a l e .  I n  a d d i t i o n ,  h i s t o p a t h o l o g y  a s s o c i a t e d  w i t h  t h e  
l e s i o n  d i d  n o t  s u g g e s t  t h a t  t h e  p r o t o z o a n  was d i r e c t l y  i n v o l v e d  i n  pro- 
ducing s c a l e  e r o s i o n .  Moreover, of  some 100 l e s i o n s  c r i t i c a l l y  examined,  
A. h y d r o p h i l a  was i s o l a t e d  by d i r e c t  c u l t u r e  i n  95 c a s e s ,  w h i l e  Epis-  - 
t y l i s  was observed l e s s  t h a n  30% of  t h e  t ime.  Fur thermore ,  by e x p e r i -  
- 

mental  p r o c e d u r e s ,  b a s s  could  b e  i n f e c t e d  i n  t h e  l a b o r a t o r y  t h r o u g h  
d i r e c t  exposure  t o  A. h y d r o p h i l a  i n  t h e  w a t e r  and i n  t h e  comple te  a b s e n c e  
of E p i s t y l i s  sp .  ~ e c e n t l ~ ,  Gorden e t  a l .  (1979) r e p o r t e d  t h a t  r e d - s o r e  
d i s e a s e  cou ld  a l s o  b e  induced i n  t h e  American a l l i g a t o r ,  A l l i g a t o r  m i s s -  
i s s i p i e n s i s ,  w i t h o u t  t h e  p resence  o f  E p i s t y l i s  s p .  

Huiz inga e t  a l .  (1979) d e s c r i b e d  t h e  h i s t o p a t h o l o g y  a s s o c i a t e d  w i t h  
red-sore  d i s e a s e  among largemouth b a s s .  They i n d i c a t e d  t h a t  t h e  e p i d e r -  
m i s  which normal ly  c o v e r s  b a s s  s c a l e s  i s  reduced t o  a  t h i n  membrane o r  i s  
comple te ly  e l i m i n a t e d  i n  s u r f a c e  Lesions .  They r e p o r t e d  t h a t  t h e  a d j a -  
c e n t  e p i d e r m i s  became h y p e r p l a s t i c  and was accompanied by a n  i n t e n s e  
mononi~clenr i n f i l t r a t i o n ,  hemorrhage and n e c r o s i s  of dermal  t i s s u e s .  
Under lying muscles became edematous,  w i t h  inf lammation and n e c r o s i s  a l s o  
a p p a r e n t .  I n  many o f  t h e , m o r e  s e v e r e  i n f e c t i o n s  a s s o c i a t e d  w i t h  t h e  
d o r s a l  f i n s  and t a i l ,  n e c r o s i s  was s o  s e v e r e  t h a t  t h e  t i s s u e  became de- 
nuded down t o  t h e  bony s u b s t r u c t u r e ;  i n  t h e s e  c a s e s ,  t h e  f u n c t i o n a l  
i n t e g r i t y  was most l i k e l y  d e s t r o y e d  beyond r e p a i r .  I n t e r n a l l y ,  t h e  
l i v e r ,  s p l e e n ,  h e a r t  and ,  p r i m a r i l y ,  t h e  k idney  were  invo lved .  I n  a l l  
t i s s u e s  examined, t h e r e  was v a r i a b l e  pa tho logy ,  r a n g i n g  from mi ld  t o  
s e v e r e  n e c r o s i s .  I n  many o f  t h e  more s e v e r e  c a s e s ,  t h e - t i s s u e s  had be- 
come u n r e c o g n i z a b l e ;  i n  t h e  p o s t e r i o r - k i d n e y s  of  some b a s s ,  f o r  example,  
t h e   owm man's c a p s u l e s  and r e n a l  t u b u l e s  were comple te ly  d e s t r o y e d .  The 
scBp t icemi3 and s e v e r e  n e c r o s i s  of  i n t e r n a l  o r g a n s  is  h i g h l y  s u g g e s t i v e  
of toxemia due t o  a  m e t a b o l i t e  such a s  might b e  produced by A.  hydro- 
n h i l n .  I n  t h i s  r e g a r d ,  i t  should  be  no ted  t h a t  L i u  (1961) ,  2nd o t h e r s ,  
i-- 

have  r e p o r t e d  t h a t  A. h y d r o p h i l a  p roduces  a  number of  p o t e n t  e x o t o x i n s  
c; lpable o f  i n d ~ ~ c i n g  e x t e r n a l  l e s i o n  and i n t e r n a l  t i s s u e  damage which a r e  
t y p i c a l l y  nssoc  i n  t e d  w i t h  red-sore  d i s e a s e .  

Death of Fish  i s  p robab ly  caused by f a i l u r e  o f  major  o r g a n s  ( l i v e r ,  
k idney  and s p l e e n ) .  I t  i s  a l s o  p o s s i b l e  t h a t  anemia r e s u l t i n g  from 
hemorrhage and  h e m o l y s i s ,  i n  combina t ion  w i t h  r e s p i r a t o r y  i n s u f f i c i e n c y  
due  t o  g i l l  n e c r o s i s ,  a r e  major f a c t o r s  t h a t  may c o n t r i b u t e  t o  morta- 
l i t y .  It must be  n o t e d ,  however, t h a t  g i l l  involvement i n  n a t u r a l  
i n f e c t i o n s  was no t  observed among b a s s  i n  P a r  Pond, South  C a r o l i n a ,  a l -  
though i t  cannot  b e  r u l e d  o u t  a s  a  p o s s i b l e  f a c t o r  i n  c a u s i n g  major f i s h  
k i l l s  i n  o t h e r  r e s e r v o i r s .  Moreover, t h e  d i s e a s e  p r o c e s s  may w e l l  v a r y  
among d i f f e r e n t  f i s h  s p e c i e s .  Thus ,  among b l u e g i l l s ,  s u r f a c e  l e s i o n s  
a r e  p r i m a r i l y  a s s o c i a t e d  w i t h  d o r s a l  and a n a l  f i n s  and t o  a  l e s s e r  ex- 
t e n t ,  t h e  body s u r f a c e  a l o n g  t h e  l a t e r a l  l i n e  (Esch e t  a1 .1976) .  Among 
largemouth b a s s ,  l e s i o n s  a r e  more f r e q u e n t l y  observed on t h e  l a t e r a l  



s u r f a c e  r a n g i n g  from t h e  g i l l  p l a t e s  t o  t h e  t a i l ,  w i t h  l e s s  i nvo lvemen t  
o f  t h e  f i n s ;  t h e  l o c a t i o n  o f  l e s i o n s  on s t r i p e d  b a s s  more c l o s e l y  ap- 
p r o x i m a t e s  t h a t  o f  l a rgemouth  b a s s  t h a n  o f  b l u e g i l l s .  I n  c h a n n e l  c a t -  
f i s h ,  l e s i o n s  a r e  f r e q u e n t l y  o b s e r v e d  on  t h e  head  and mouth; i n  many 
c a s e s ,  s u c h  l e s i o n s  p r o g r e s s  t o  t h e  p o i n t  t h a t  t h c  c r a n i a l  c a v i t y  i t s e l f  
i s  p e n e t r a t e d ,  e x p o s i n g  t h e  b r a i n  t o  p o t e n t i a l .  i n v a s i o n  by  A .  h y d r o p h i l a .  - 

While Aeromonas b d r o p h i l a  h a s  been  c l e a r l y  i d e n t i f i e d  as t h e  e t i o -  
l o g i c a l  a g e n t  f o r  r e d - s o r e  d i s e a s e ,  t h e  e c o l o g y  o f  t h e  b a c t e r i u m  h a s  
been  l i t t l e  s t u d i e d  u n t i l  r e c e n t l y  (Hazen 1978 ,  Hazen e t  a l .  1978 ,  Hazen 
and F l i e r m a n s  1979,  H a ~ e n  1979) .  I n  a  s u p e r f i c i a l  s u r v e y  o f  147 l o t i c  
and l e n t i c  h a b i t a t s  i n  30 d i f f e r e n t  s t a t e s ,  Hazen e t  a l .  (1978) were  
a b l e  t o  i s o l a t e  - A. h y d r o p h i l a  i n  a l l  b u t  1 2  s i t es  i n  f i v e  s t a t e s .  T h e s e  
s i t e s  were  d e s c r i b e d  a s  e x t r e m e ,  e . g .  h y p e r s a l i n e  l a k e s ,  g e o t h e r m a l  
s p r i n g s  o r  h i g h l y  p o l l u t e d  r i v e r s  ( p r i m a r i l y  i n d u s t r i a l  w a s t e ) .  H i g h e s t  
d e n s i t i e s  o f  - .  A. h y d r o p h i l , ~  wcrc  rc ,por ted  i n  s a l t  w a t e r  h a b i t a t s .  Re- -- 
g r e s s i o n  a n a l y s e s  showcd s i g n i  E i c a n t  r e l a t i o n s h i p s  be tween A. h y d r o p h i l a  - 
d e n s i t i e s  and c o n d u c t i v i ~ y  o f  w a t e r ,  b u t  n o t  f o r  t e m p e r a t u r e ,  s a l i n i t y ,  
pH o r  t u r b i d i t y .  They s t a t e d ,  tlowcver, t h a t  c o n d u c t i v i t y  a l o n e  was n o t  
b e 1  ieved t o  a f  i e c t  d  i s t r i h u t  i o n  and  bunda dance o f  4. h y d r o p h i l a ,  b u t  t h a t  
I t  

- 
some unmeasured w a t e r  q u a l i t y  pa r , lme te r ( s )  v a r i e s  p r o p o r t i o n a t e l y  w i t h  ,' 

c o n t l t l c t i v i t y  and t h ~ t  i t  a f f e c t s  t h e  d e n s i t y  o f  t h e  b a c t e r i u m . "  They 
went  on  t o  n o t e  t h a t  c o n d u c t i v i t y  may p r o v e  t o  b e  a u s e f u l  i n d i c a t o r  o f  
t h o s c  h a b i t a f s  i n  which h i g h  d e n s i t i e s  o f  A .  h y d r o p h i l a  may o c c u r .  - 

P r i o r  to  t h e  presenL r e p o r t ,  t h e  most e x t e n s i v e  s t u d i e s  o n  t h e  eco-  
l o g y  o f  - A .  h y d r o p h i l a  a r e  b y  Hazen (1973,  1 9 7 9 ) .  Beg inn ing  i n  December, 
1 9 7  3 ,  and c o n t  inuin:: throrigh December, 1977 ,  t i le  d e n s  i t  i e s  o f  A .  hydro- - 
p l i i l a  --- were  measured a t  a  number o f  s e l e c t e d  s i t e s  i n  t h e  ambien t  
t e m p e r a t u r e  and t h e r m a l l y  a l t e r e d  a r e a s  o f  P a r  Pond, a  1012 h a  c o o l i n g  
r e s c r v o  i r  l o t : ' ~ t ed  on t h c  Savannah R i v c r  P l a n t  n e a r  A iken ,  Sou th  C a r o l i n a  
(Hazm 1978 ,  1979 ) .  S i m u l t a n e o u s l y ,  t e m p e r a t u r e ,  d i s s o l v e d  oxygen,  pH, 
(*onduc t  i v i t y ,  r cdox  potthnr i n 1  , t o t < l l  o r g a n i c  c a r b o n ,  i n o r g a n i c  c a r b o n ,  
p a r t i c u l a t e  o r g a n i c  c a r b o n ,  ,lild d i s s o l v e d  o r g a n i c  c a r b o n  were  a l s o  mea- 
s u r e d  a t  t h e  same s i t e s .  D e n s i t i e s  oE - A .  h y d r o p h i l a  were  h i g h e r  i n  
a r e a s  o f  t h e  r e s e r v o i r  r e c e i v i n g  t h e r m a l  e r f l u e n t  from t h e  n u c l e a r  
r e a c t o r .  D e n s i t i e s  g e n e r a l l y  v a r i e d  w i t h i n  t h e  w a t e r  column d u r i n g  
p e r i o d s  of  t h e r m a l  s t r a t i f i c a t i o n  i n  t h e  r e s e r v o i r .  The sed imen t -wa te r  
i n t e r f a c e  liad v e r y  l o w  d e n s  i t  i e s  o f  t h e  b a c t e r i u m  and 4. h y d r o p h i l a  
c o u l d  n o t  b e  i s o l a t e d  i n  s e d i m e n t s  a t  d e p t h s  g r e a t e r  t h a n  1 cm f r o m  t h e  
w a t e r  i n t e r f a c e .  The h i g h e s t  d e n s i t i e s  o f  A .  h y d r o p h i l a  w e r e  found  t o  
o c c u r  i n  t h e  s u r f a c e  m i c r o l a y e r  ( u s u a l l y  i n a s s o c i a t i o n  w i t h  o r g a n i c  
s l i c k s  d e s c r i h c d  and discussed by Lewis ( 1 9 7 4 ) )  and i n  ma t s  o f  decom- 
p o s i n g  As ian  m i l f o i l  ( a r i o p h y l l u m  s p i c a t u m ) .  S e a s o n a l l y ,  t h e  h i g h e s t  
d e n s i t i e s  o f  - A.  - h y d r o p h i l a  -- o c c u r r e d  d u r i n g  t h e  s p r i n g  months o f  March, 
A p r i l  and May, w i t h  a  second p e a k  i n  t h e  f a l l ,  c o r r e s p o n d i n g  t o  t h e  
t i m e  o f  Fall t u r n o v e r .  

Wi th in  P a r  Pond, t e m p e r a t u r e ,  r e d o x  p o t e n t i a l  and  pH were  a l l  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 ' e n s i t i e s  o f  - A .  - h y d r o p h i l a ;  h i g h e r  d e n s i t i e s  



cor responded  w i t h  lower redox p o t e n t i a l s  and pH. I t  was s p e c u l a t e d ,  how- 
e v e r ,  t h a t  t h e  r e d u c t i o n  i n  pH and redox p o t e n t i a l  were caused by i n c r e a s -  
i n g  d e n s i t i e s  of i\. h y d r o p h i l a ,  o r  i n  combinat ion w i t h  o t h e r  r e d u c i n g  
b a c t e r i a ,  such  a s  d e s c r i b e d  by Kuznetzov (1970).  There  was no c o r r e l a t i o n  
between TOC, POC,  DOC and - A .  h y d r o p h i l a  a t  any p o i n t  i n  t h e  water column 
d u r i n g  any t ime of  t h e  s t u d y .  T h i s  i s  i n t e r e s t i n g  s i n c e  o t h e r  i n v e s t i -  
g a t o r s  (Rogers 1971, Vezina and Des roche t s  1971,  S h o t t s  e t  a l .  1971,  
f ialey c t  a l .  1967, Sn ieszko  1974) had p r e v i o u s l y  s u g g e s t e d  a r e l a t i o n s h i p  
between d i s s o l v e d  oxygen, o r g a n i c  l o a d i n g  and red-sore  d i s e a s e .  

Of t h e  wa te r  q u a l i t y  pa ramete r s  measured by Hazen (1978, 1 9 7 9 ) ,  
t e m p e r a t u r e  was t h e  o n l y  one  found t o  c o n s i s t e n t l y  a f f e c t  d e n s i t y  of  A. 
h y d r o p h i l a .  Thus, a t  any p o i n t  i n  t i m e ,  h igh t e m p e r a t u r e s  i n  t h e r m a l l y -  
a l t e r e d  a r e a s  o f  t h e  r e s e r v o i r  were p o s i t i v e l y  c o r r e l a t e d  w i t h  h i g h e r  
d e n s i t i e s  o f  - A. h y d r o p h i l a .  

The s i g n i f i c a n c e  o f  s e a s o n a l  changes  i n  d e n s i t i e s  of - A .  h y d r o p h i l a  
assumes added meaning when compared w i t h  s e a s o n a l  p e r i o d i c i t y  of  red-  
s o r e  d i s e a s e  i n  t h e  Par  Pond largemouth b a s s  populHt ion ( ~ s c h  and Hazen 
1978).  Retween h g r ~ s t ,  1975 and Yzy, 1977,  d a t a  r e v e a l  a  s t r i k i n g  
c o r r e l a t i o n  between p r e v a l e n c e  of r ed -sore  and t h e  abundance o f  A. 
h y d r o p h i l a .  Such an o b s e r v a t i o n  s t r o n g l y  i n d i c a t e s  t h a t  d e n s i t y  o f  
A .  h y d r o p h i l a  may be used a s  an  i n d i c a t o r  of r ed -sore  d i s e a s e  o u t b r e a k ,  - - 
c s p q c i a l l y  s i n c e  s h a r p  i n c r e a s e s  i n  abundance o f  t h e  b a c t e r i u m  preceded ,  
o r  c o i n c i d e d  w i t h ,  i n c r e a s e s  i n  p r e v a l e n c e  of t h e  d i s e a s e .  

Wi th in  t h e  Par Pond sys tem,  t h e r e  a r e  o t h e r  f a c t o r s  w h i c h m a p p e a r ,  
Ilowcver, t o  be of  importance  w i t h  r e s p e c t  t o  t h e  e p i z o o t i o l o g y  o f  red-  
sore  d i s e a s e .  For example,  Esch c t  n l .  (1976) r e p o r t e d  t h a t  p r e v a l e n c e  
of  t h e  d i s e a s e  v a r i e d  among s e v e r a l  s p e c i e s  o f  c e n t r a r c h i d  f i s h ,  rang- 
i n g  from z e r o  among b l a c k  c r a p p i e  (Poinoxis n ig romacu la tus )  t o  as h i g h  a s  
75% among largemouth b a s s .  The same s t u d y  a l s o  r e v e a l e d  t h a t  t h e r e  was 

I a  s t rong,  c o r r e l a t i o n  between s i z e  and p r e v a l e n c e  of  t h e  d i s e a s e ,  w i t h  
inc idcncc  of  i n f e c t i o n  i n c r e a s i n g  w i t h  i n c r e a s i n g  s i z e .  A s i m i l a r  p a t -  
t e r n  o f  i n f e c t  ion  was a p p a r e n t  i n  t h e  r e d - s o r e  e p i z o o t i c  o u t b r e a k  which 
o c c u r r e d  d u r i n g  the  summer o f  1979 i n  Albemarle Sound (Mr. Tony M u l l i s ,  
p e r s o n a l  communica t  i o n )  . 

Between 1965 and 1977, more than  10 ,000  largemouth b a s s  were  cap- 
t ( ~ r c d  i n  Par Pond (Gibbons e t  a l .  1978) .  The we igh t - l eng th  r e l a t i o n s h i p  
o f  e a c h  b a s s  was recorded  and t h e  body c o n d i t i o n ,  o r  K- fac to r ,  o f  e a c h  
ind iv id r ln l  was computed; body c o n d i t i o n  i s  a  measure of i n d i v i d u a l  ' f i t -  
n e s s '  o r  ' p h y s i c a l  we l l -be ing '  ( C a r l a n d e r  1969) .  When p r o p e r l y  used ,  i t  
can be a  u s e f u l  method f o r  e v a l u a t i o n  o f  c e r t a i n  p o p u l a t i o n  c h a r a c t e r i s -  
t i c s .  Reforc  c o n s i d e r i n g  body c o n d i t i o n ,  the rmal  f a c t o r s  and red-sore  
d i s e a s e  among P a r  Pond b a s s ,  i t  i s  i m p o r t a n t  t o  n o t e  t h a t  mark- recap tu re  
s t u d i e s ,  u s i n g  many of  t h e  same b a s s  i n  t h e  Gibbons e t  a l .  (1978) r e -  
p o r t ,  i n d i c a t e  t h a t  t h e  v a s t  m a j o r i t y  a p p e a r  t o  remain l o c a l l y  w i t h i n  
d i s c r e t e  home ranges  of  t h e  r e s e r v o i r  and ,  c o n s e q u e n t l y ,  do n o t  move 
l o n g  d i s t a n c e s  ( ~ u i n n  e t  a l .  1978,  Hazen and ~ s c h  1978) .  When K- fac to r s  
f o r  a l l  b a s s  were examined s e a s o n a l l y ,  a  c l e a r  p a t t e r n  emerged. Geaer- 



a l l y ,  maximum body c o n d i t i o n s  occur red  i n  w i n t e r ,  w i t h  a  s l i g h t  d e c l i n e  
i n  s p r i n g ,  f a l l i n g  t o  a n  annua l  minimum i n  summer; i n  some y e a r s ,  low- 
e s t  l e v e l s  were  observed i n  f a l l .  The d e c r e a s e  from s p r i n g  t o  summer 
was u n q u e s t i o n a b l y  due ,  i n  p a r t ,  t o  normal post-spawn d e c l i n e .  However, 
Esch and Hazen (1978) a l s o  p o s t u l a t e d  t h a t  the rmal  e f f l u e n t  from a  
n u c l e a r  p roduc t ion  r e a c t o r  was a l s o  a n  i m p o r t a n t  f a c t o r .  

When body c o n d i t i o n s  of b a s s  i n  ambient  and t h e r m a l l y - a l t e r e d  l o c a -  
t i o n s  were compared, i n d i v i d u a l s  from t h e r m a l l y - a l t e r e d  a r e a s  were ,  i n  
g e n e r a l ,  l e s s  ' f i t '  t han  b a s s  from ambient  l o c a t i o n s .  Because of  w i t h i n  
season  v a r i a b i l i t y  i n  body c o n d i t i o n  and p r e v a l e n c e  of  t h e  d i s e a s e ,  i t  
was surmised t h a t  t h e r e  could  be  a  r e l a t i o n s h i p  between body c o n d i t i o n  
and t h e  p r o b a b i l i t y  of a  g iven  b a s s  b e i n g  i n f e c t e d  w i t h  A .  h y d r o p h i l a .  
Chen i n f e c t i o n  p e r c e n t a g e s  f o r  each 0.2 u n i t  K-factor  s u ~ c l a s s  between 
1 . 0  and 3.0 were compared, t h e  d a t a  c l e a r l y  showed t h a t  b a s s  w i t h  t h e  
lowest  ( p o o r e s t )  body c o n d i t i o n  were t h e  most l i k e l y  t o  b e  i n f e c t e d .  
There  appeared t o  be n  r a t h e r  a b r u p t  s h i f t  i n  t h e  p a t t e r n  w i t h  preva-  
l e n c e  of  d i s e a s e  r a p i d l y  d e c l i n i n g  i n  b a s s  w i t h  K - f a c t o r s  g r e a t e r  t h a n  
2 .0 .  Gibbons e t  a1 .  (1978) a l s o  r e p o r t e d  t h a t  b a s s  w i t h  body c o n d i t i o n s  
l e s s  t h a n  2.0 were w i t h o u t  d i s s e c t a b l e  body f a t ,  c o i n c i d i n g  w i t h  r e l a -  I 

t i v e l y  poor f i t n e s s  of b a s s  i n  t h e  same group.  I 

P r e v a l e n c e  of r e d - s o r e  d i s e a s e  was then  compared between e a c h  0 . 2  
u n i t  K-factor  s u b c l a s s  f o r  b a s s  from ambient  and t h e r m a l  l o c a t i o n s .  I n  
the rmal  a r e a s ,  p r e v a l e n c e  was h i g h e r  when R - f a c t o r s  were  1 . 8  and l e s s .  
The p a t t e r n  f o r  b a s s  from ambient l o c a t i o n s  was c l e a r l y  d e f i n e d ,  w i t h  a 
d e c l i n e  i n  p r e v a l e n c e  b e g i n n i n g  a t  1 . 8  and c o n t i n u i n g  t o  d e c r e a s e  w i t h  
improving body c o n d i t i o n .  

These o b s e r v a t i o n s  l e d  t o  s e v e r a l  c o n c l u s i o n s  (Esch and Hazen 1978) .  
F i r s t ,  a  c l e a r  r e l a t i o n s h i p  was e s t a b l i s h e d  between body c o n d i t i o n ,  o r  
' F i t n e s s ' ,  and t h e  p r o b a b i l i t y  o f  a  g iven  b a s s  b e i n g  i n f e c t e d  w i t h  - A .  
Ilvdrophi In  i n  Par Pond ; morcwver, t h e  r e l a t i o n s h i p  was c o n s i s  t e n t  f o r  
--A - 
b a s s  i n  bo th  thermal  and ambient l o c a t i o n s .  Second, body c o n d i t i o n  and 
i n f c c t i o n  p r o b a b i l i t y  were e s t a b l i s h e d  a s  dependent  v a r i a b l e s ,  e x c e p t  
t h a t  t h e  r e l a t i o n s h i p  was muted among b a s s  i n  t h e r m a l l y - a l t e r e d  l o c a -  
t i o n s .  The muted e f f e c t  was sugges ted  a s  hav ing  been produced by t h e  
h i g h e r  mean a n n u a l  temperat i t re  i n  t h e  h e a t e d  a r e a s  of  P a r  Pond. 

Based on t h e s e  o b s e r v a t i o n s ,  Esch and Hazen (1978) developed a n  
h y p o t h e s i s  t o  e x p l a i n  t h e  r e l a t i o n s h i p s  between r e d - s o r e  d i s e a s e ,  tem- 
p e r a t u r e ,  body c o n d i t i o n  and s t r e s s .  They proposed t h a t  a s  w a t e r  
t e m p e r a t u r e  i n c r e a s e s  i n  Par  Pond, me tabo l i c  r a t e s  of  b a s s  i n c r e a s e .  
With a n  i n c r e a s e  i n  metabol ism,  t h e r e  i s  a l s o  a n  i n c r e a s e  i n  c a t a b o l i c  
p r o c e s s e s ,  i n i t i a l l y  i n v o l v i n g  body f a t  b u t  u l t i m a t e l y  i n v o l v i n g  body 
p r o t e i n  a s  w e l l  (Gibbons e t  a l .  1978) .  The body c o n d i t i o n ,  o r  K- fac to r ,  
o f  b a s s  a f f e c t c d  by e l e v a t e d  t empera tu re  will, a c c o r d i n g l y ,  d e c l i n e  o v e r  
t ime (assuming t h a t  c a l o r i c  i n t a k e  is  exceeded by metabo l i c  demand). 
Lowered body c o n d i t i o n s  i n c r e a s e  t h e  p r o b a b i l i t y  of i n f e c t i o n  by A. 
h y d r o p h i l a .  Esch and Hazcn (1978) sugges ted  t h a t  a pr imary mechanism 
f o r  i n c r e a s i n g  t h e  p r o b a b i l i t y  of i n f e c t i o n  was s t r e s s .  S t r e s s ,  t h e y  



a s s e r t e d ,  n e c e s s a r i l y  i m p l i e s  t h e  p r o d u c t i o n  and r e l e a s e  of e x c e s s  
l e v e l s  of a d r e n o c o r t i c o s t e r o i d s ,  some o f  which have a  s t r i k i n g  a n t i -  
inf lammatory a c t i o n  t h a t  promotes i n c r e a s e d  s u s c e p t i b i l i t y  t o  i n v a s i o n  
by pa thogen ic  a g e n t s  such  a s  A. h y d r o p h i l a  (Esch e t  a l .  1975) .  

The s t r e s s  concep t  a s  developed by S e l y e  (1950, 1956) h a s  ga ined  
wide a c c e p t a n c e  o v e r  t h e  y e a r s .  Among f i s h e r i e s  b i o l o g i s t s ,  t h e  con- 
c e p t  h a s  become one of  c e n t r a l  impor tance  f o r  t h e  u n d e r s t a n d i n g  and 
i n t e r p r e t a t i o n  of a v a r i e t y  of  o r g a n i c  d i s e a s e s  a s  w e l l  as t h o s e  a s s o -  
c i a t e d  w i t h  a  wide range  of  p a r a s i t e s ,  b a c t e r i a  and v i r u s e s .  The 
unique f e a t u r e  of t h e  s t r e s s  h y p o t h e s i s  i n  t h e  r e d - s o r e  d i s e a s e  problem 
i s  t h a t  t h o s e  wa te r  q u a l i t y  c o n d i t i o n s  which g i v e  r i s e  t o  s t r e s s  i n  
v a r i o u s  f i s h  s p e c i e s  may a l s o  s i m u l t a n e o u s l y  i n c r e a s e  t h e  d e n s i t y  o f  A .  
hydroph i l a  i n  t h e  w a t e r  column. Thus,  i n  P a r  Pond, e l e v a t e d  t e m p e r a t i r e  
s t i m u l a t e s  i n c r e a s e d  d e n s i t i e s  of - A .  h y d r o p h i l a  w h i l e  a l s o  r e d u c i n g  body 
c o n d i t i o n  of  b a s s  l e a d i n g ,  i t  i s  proposed ,  t o  s t r e s s ;  a consequence of  
s t r e s s  i s  a n  i n c r e a s e  i n  l e v e l s  of c i r c u l a t i n g  c o r t i c o s t e r o i d s ,  l euco-  
~ e n i a  and t h e n ,  i n c r e a s e d  s u s c e p t i b i l i t y  t o  i n f e c t i o n  by A .  h y d r o p h i l a .  
In  o t h e r  a q u a t i c  sys tems ,  however, t h e  f a c t o r  ( s )  l e a d i n g  t o  i n c r e a s e d  
d e n s i t y  o f  t h e  e t i o l o g i c  agen t  f o r  r e d - s o r e  d i s e a s e  and s t r e s s  w i t h i n  a  
popu la t ion  o f  f i s h  i s  not  n e c e s s a r i l y  e l e v a t e d  t empera tu re .  It may, as 
i n  t h e  c a s e  of Albemarle Sound, b e  o n e  o r  more of s e v e r a l  w a t e r  q u a l i t y  
c h a r a c t e r i s t i c s  which c r e a t e  c o n d i t i o n s  conducive  t o  a n  o u t b r e a k  o f  r ed -  
s o r e  d i s e a s e .  I t  t h u s  becones  n e c e s s a r y  :o i d e n t i f y  t h e  w a t e r  q u a l i t y  
p a r a m e t e r ( s )  which promote i n c r e a s e s  i n  d e n s i t i e s  of A .  h y d r o p h i l a  and 
de te rmine  i f  such c o n d i t i o n s  may l e a d  s i m u l t a n e o u s l y  t o  s t r e s s  w i t h  a  
f i s h  p o p u l a t i o n .  

The purpose  of  t h e  p r e s e n t  s t u d y  was, t h e r e f o r e ,  twofold .  F i r s t ,  
an e f f o r t  was made t o  q u a n t i f y  a  s e r i e s  of  p o t e n t i a l l y  s i g n i f i c a n t  w a t e r  
q u a l i t y  c h a r a c t e r i s t i c s  w h i l e  s i m u l t a n e o u s l y  moni to r ing  d e n s i t i e s  o f  A .  
h y d r o p h i l a  from a s e r i e s  of s t u d y  s i t e s  i n  Albemarle Sound and s e l e c t e d  
t r i b u t ~ r y  s t re l tms.  During t h e  c o u r s e  of  t h e  s t u d y ,  ev idence  s u g g e s t e d  
t h a t  knowledge of  t h e  abundance o f  t o t a l  and f e c a l  c o l i f o r m s  might a l s o  
be  of some s i g n i f i c a n c e  and ,  a c c o r d i n g l y ,  e f f o r t s  were made t o  g e n e r a t e  
such i n f o r m a t i o n .  A second major t h r u s t  of  t h e  i n v e s t i g a t i o n  was t o  
f u r t h e r  a s s e s s  t h e  body c o n d i t i o n - s t r e s s  h y p o t h e s i s  u s i n g  d a t a  genera ted  
f r o m  f i e l d  s t u d i e s  on t h e  largemouth b a s s  p o p u l a t i o n  i n  P a r  Pond. 

MATERIALS AND METHODS 

D e s c r i p t i o n  of  S tudy  S i t e s  
~ l b e m a r z  Sound - A t o t a l  of 32 sampl ing s t a t i o n s  were  e s t a b l i s h e d  

i n  Albemarle Sound and s e l e c t e d  t r i b u t a r y  r i v e r s  and s t r e a m s  (Tab le  1; 
Fig .  1 ) .  Some s t a t i o n s  were sampled c o n t i n u o u s l y  from J a n u a r y ,  1977 t o  
J u l y ,  1979. O t h e r s  were  sampled b e g i n n i n g  i n  February  o r  March, 1977,  
and c o n t i n u e d  th rough  J u l y ,  1979. Because of some sampl ing problems and 



r e d i r e c t i o n  o f  emphas is  d u r i n g  t h e  c o u r s e  o f  t h e  i n v e s t i g a t i o n ,  s a m p l i n g  
was d i s c o n t i n u e d  a t  s t a t i o n s  4 ,  5 ,  6 ,  8 ,  1 9 ,  23  and 24 i n  l a t e  1 9 7 7 ;  
s t a t i o n s  25-32 were  added  i n  O c t o b e r ,  November o r  December, 1977.  For  
p u r p o s e s  o f  t h e  p r e s e n t  r e p o r t ,  d a t a  from a l l  32 s t a t i o n s  a r e  n o t  i n -  
c l u d e d .  Da ta  n o t  i n c l u d e d  h e r e  a r e  a v a i l a b l e  upon r e q u e s t  t o :  D r .  
Ge ra ld  W. Esch ,  Department  o f  B io logy ,  Wake F o r e s t  U n i v e r s i t y ,  Winston- 
Salem, NC 27109. 

T a b l e  1 

L o c a t i o n s  and s a m p l i n g  d a t e s  f o r  a l l  
s t a t i o n s  i n  Albemar le  Sound and t r i b u t a r i e s .  

S t a t i o n  
number 

1 Highway 641'264 b r i d g e ;  
Roanoke Sound 

2 Highway 158 b r i d g e ;  
C u r r i t u c k  Sound 

3  Highway 641264 b r i d g e ;  
C r o a t a n  Sound 

4 Marker "MG"; 5  s t a t u t e  m i l e s  
s o u t h  o f  Powel l  P o i n t  

5 Marker "17L"; mouth o f  North R i v e r  

h Marker "AS"; a l o n g  i n t r n c o a s t a l  
waterway;  6 .6  s t a t u t e  m i l e s  
n o r t h  o f  Albernarle  Soclnd 

7  Highway 64 b r i d g e ;  A l l i g a t o r  R i v e r  

8 Marker "1"; mouth of  Pasquo tank  
R i v e r  

9  Highway 158 b r i d g e ;  i 'asquo tnilk 
R i v e r  

1 2  Highway 17 b r i d g e ;  Perquimans  R i v e r  

1 3  Highway 64 b r i d g e ;  Scuppernong 
R i v e r  

1 5  Highway 37 b r i d g e ;  A lbemar l e  Sound 

1 6  Albemar l e  Sound; n e a r  r a i l r o a d  
b r i d g e ,  n o r t h  o f  d r i w  

Sampl ing  Sampl ing  
b  egunfc t e r m i n a t e d *  

A p r . ,  1977 J u l . ,  1979 

F e b . ,  1977 J u l . ,  1979  

I 

A p r . ,  1977 J u l . ,  1977 

A p r . ,  1977 S e p t . ,  1977 

Feb. , 1977 J u l .  , 1979 

F e b . ,  1 9 7 7  J u l . ,  1979  

F e b . ,  1977 J u l . ,  1979 

F e b . ,  1977  J u l . ,  1979 

F e b . ,  1977 J u l . ,  1979  

F e b . ,  1977 J u l . ,  1979  

Apr. , 1977 J u l . ,  1979 



17 Marker "2"; Edenton Bay 

1 8  Marker "1"; Swan Bay 

19  Highway 45 b r i d g e ;  Cash ie ,  Middle 
and Roanoke R i v e r s  

Highway 17 b r i d g e ;  Chowan River  

Highway 13/158 b r i d g e ;  Chowan 
River  

Highway 17/13 b r i d g e ;  Roanoke 
River  

Highway 12 b r i d g e ;  west  of Oregon 
I n l e t  

Highway 17 b u s i n e s s  b r i d g e ;  
Pembroke Creek 

C u r r i t u c k  Sound; 1 s t a t u t e  m i l e  
s o u t h e a s t  Walnut Cove 

Marker "132"; North River  

Mouth of F r y i n g  Pan; A l l i g a t o r  
River  

Roanoke R i v e r ;  Plymouth 

Marker "28"; Chowan R i v e r ;  5  
s t a t u t e  m i l e s  s o u t h  oE Highway 
158 b r i d g e  

Welch Creek; p o i n t  o f  e n t r y  of 
e E f l u e n t  from Weyerhaeuser Paper  
Company 

Welch Creek;  0 . 5  s t a t u t e  m i l e s  
above S t a t i o n  30 

Roanoke R i v e r ;  Roanoke Rapids  

Feb., 1977 

Apr. ,  1977 

Apr. ,  1977 

J a n . ,  1977 

Feb. ,  1977 

J a n . ,  1977 

Apr . ,  1977 

J u n . ,  1977 

O c t . ,  1977 

Oct .  , 1977 

Nov., 1977 

O c t . ,  1977 

O c t . ,  1977 

Dec., 1977 

Dec., 1977 

Dec. ,  1977 

J u l . ,  1979 

J u l . ,  1979 

Nov., 1977 

J u l .  , 1979 

J u l . ,  1979 

J u l . ,  1979 

S e p t . ,  1977 

J u l . ,  1977 

J u l .  , 1979 

J u l .  , 1979 

J u l . ,  1979 

J u l . ,  1979 

J u l .  , 1979 

J u l .  , 1979 

J u l . ,  1979 

J u l . ,  1979 

"Note t h a t  some d a t a  were  n o t  c o l l e c t e d  i n  December, 1978 o r  i n  
J a n u a r y ,  1979. 

The s t a t i o n s  i n c l u d e d  f o r  purposes  of  t h e  p r e s e n t  r e p o r t  i n c l u d e  
numbers 1, 9 ,  1 2 ,  1 3 ,  1 5 ,  1 7 ,  1 8 ,  20,  22,  28,  29 and 30. T h e s e - w e r e  
s e l e c t e d  f o r  examina t ion  because  t h e y  r e p r e s e n t  p o i n t  s o u r c e s  f o r  
e f f l u e n t s  from major i n d u s t r i a l  f a c i l i t i e s  such a s  Weyerhaeuser P a p e r  



Co. and C .  F. I n d u s t r i e s ,  u rban  c e n t e r s  such a s  E l i z a b e t h  C i t y ,  H e r t - '  
ford  and Edenton,  major a g r i c u l t u r a l  a r e a s ,  major t r i b u t a r i e s  such  a s  
t h e  Roanoke and t h e  Chowan R i v e r s ,  and s t a t i o n s  i n  t h e  open p o r t i o n  o f  
Albemarle Sound such a s  Highway 37 b r i d g e .  Based on o b s e r v a t i o n s  t o  b e  
s u b s e q u e n t l y  p r e s e n t e d ,  we b e l i e v e  t h a t  t h e s e  1 3  s t a t i o n s  e f f e c t i v e l y  
r e p r e S e n t  t h e  b r o a d e s t  o o s s i b l e  spec t rum of  w a t e r  q u a l i t y  w i t h i n  Albe- 
marle Sound and i t s  main t r i b u t a r i e s .  

Par  Pond - Some d a t a ,  s p e c i f i c a l l y  t h o s e  r e f e r r i n g  t o  hematology,  -- 
body c o n d i t i o n  and c o r t i s o l  from largemouth b a s s ,  were  c o l l e c t e d  from 
Par Pond, n e a r  Aiken,  South C a r o l i n a .  I t  is  n e c e s s a r y ,  t h e r e f o r e ,  t h a t  
;I b r  i c f  d e s c r i p t  ion  of t h i s  r e s e r v o i r  b e  inc luded  h e r e i n .  Complete 
r e f e r e n c e s  t o  t h e  b i o t i c  and a b i o t i c  c h a r a c t e r i s t i c s  o f  Par Pond a r e  
g iven  by Lewis (1974) ,  Pa rker  e t  n l .  (1973) and Hazen (1978).  

B r i e f l y ,  Par Pond is a  1012 ha c o o l i n g  r e s e r v o i r  l o c a t e d  on t h e  
Savannah River P l a n t  nea r  Aiken,  South C a r o l i n a  ( F i g .  2 ) .  It h a s  a  
mean d e p t h  of  6 . 2  m, a  maxFmum de  t h  oE 17 m y  a  s h o r e l i n e  l e n g t h  of  53 P 3 km and a  to t ' t l  volume of 6 . 2  x  10 m ; t h e  volume replacement  t ime  is 
s i x  months. The r e s e r v o i r  i s  hea ted  bv e f f l u e n t  From a  n u c l e a r  produc- 
t i o n  r e a c t o r .  Most of t h e  f i s h  c o l l e c t e d  i n  t h e  t h e r m a l l y - a l t e r e d  t 

n r e n s  of t h e  r e s e r v o i r  were t aken  w i t h i n  1 km o f  t h e  p o i n t  of  e n t r y  o f  
thermal  e f f l u e n t .  T r m p e r a t i ~ r e s  i n  t h i s  a r e a  v a r i e d  s e a s o n a l l y  and be- 
cause o f  v n r  i;lh i l i t y  in rc3ai. t o r  ;lc t i v i  t y ,  b u t  g e n e r a l l y  averaged 
between 5  and L O O C  above ' lmhient ,  depending on t h e  d i s t a n c e  from t h e  
p o i n t  o f  e n t i y  of t h ~ r m a l  e f f l u e n t  i n t o  t h e  r e s e r v o i r .  During t h e  
sumner months, i t  was not  uncommon t o  o b s e r v e  maximum t e m p e r a t u r e s  of  
4 0 ° C .  I n  w i n t e r ,  minimum t e m p e r a t u r e s  ranged between 14  and 18°C. 

The  ambient p a r t s  of t h e  r e s e r v o i r  were c h a r a c t e r i s t i c  of a warm, 
monomictic sys tem,  w i t h  a s i n g l e  f a l l  t u r n o v e r  f o l l o w i n g  summer s t r a t i -  
r i c a t  ion .  Hypolimnet i c  a n o x i a  was c h a r a c t e r i s t i c  by mid-July i n  b o t h  
t h e  hea ted  a n d  ambient t empera tu re  l o c a t i o n s .  

M i c r o b i o l o g i c a l  P rocedures  
D e n s i t y  of Aeromonas h y d r o p h i l a  was e s t i m a t e d  by v i a b l e  c e l l  coun t  

(Wolochow 1 9 5 8 ) ,  u s i n g  Rimler-Shot ts  (R-S) medium ( S h o t t s  and Rimler 
1973) which is  94% presumpt ive  (IIazen 1978) .  A s p e c i f i c  volume of  
w ; ~ t e r  was f i l t e r e d  through a s t e r i l e ,  g r i d d e d ,  47 mm membrane f i l t e r  
w i t h  a  p o r e  d i a m e t e r  of 0 . 4 5  p. The f i l t e r  was then  ? l a c e d  on a paper  
d i s c  which had absorbed 2 . 0  m l  of R-S medium. The f i l t e r  and paper  
d i s c  were removed t o  a  t i g h t - f i t t i n g ,  and s t e r i l e ,  P e t r i  d i s h .  The 
t m i t  was t h e n  i n v e r t e d  and i n c u b a t e d  a t  35OC f o r  20-24 h. Fo l lowing  
i n c u b a t i o n ,  yel low co lon ic \ s  were counted w i t h  t h e  a i d  of a magni fy ing  
l e n s .  Each ye l low co lony  which appeared was assumed t o  r e p r e s e n t  a t  
l e a s t  one  v i a b l e  A. h y d r o p h i l a  c e l l  from t h e  o r i g i n a l  sample;  b e c a u s e  
more t h a n  one v i a b l e  c e l l  cou ld  g i v e  r i s e  t o  a  s i n g l e  co lony ,  t h e  t e r m ,  
colony-forming u n i t s  ( c f u ) ,  w i l l  b e  used i n  subsequen t  r e f e r e n c e  t o  
c e l l  c o u n t s ,  d e n s i t y ,  e t c .  

S t e r i f i l  a s e p t i c  sys tems  and Swinnex f i l t e r  h o l d e r s  ( M i l l i p o r e  



Gorp., Bedford ,  Hass.)  were used f o r  f i l t r a t i o n .  Vacuum p r e s s u r e  n e v e r  
exceeded 1.1 kg cm-2 i n  any f i l t r a t i o n .  HA t y p e ,  S-pak k i t s  ( M i l l i p o r e  
Corp. ,  Bedford ,  Mass.) o f  prewrapped s t e r i l e  f i l t e r s  and pad d i s p e n s e r s ,  
were used e x c l u s i v e l y  d u r i n g  t h e  c o u r s e  o f  t h e  s t u d y .  F i l t e r  h o l d e r s  
were b o i l e d  i n  w a t e r  f o r  4  minu tes  o r  a u t o c l a v e d  between samples .  When 
d i l u t i o n s  were n e c e s s a r y ,  f i l t e r - s t e r i l i z e d  w a t e r  was used a s  d i l u e n t .  

D e n s i t i e s  of  f e c a l  c o l i f o r m  b a c t e r i a  were a l s o  e s t i m a t e d  u s i n g  t h e  
v i a b l e  c e l l  count  method (Rand 1975) .  Water samples  were f i l t e r e d  
t h r o u g l ~  membrane f i l t e r s  a s  d e s c r i b e d  f o r  A. h y d r o p h i l a .  Membrane- 
f i l t e r e d ,  f e c a l  c o l i f o r m  (3-FC) b r o t h ,  w i t %  1 0  m l  1 X  r o s o l i c  a c i d  p e r  
l i t e r ,  was used f o r  c u l t u r e  (Rand 1975) .  P e t r i  d i s h e s  were  i n v e r t e d  
and i n c u b a t e d  f o r  24 h  a t  44.5OC. Numbers of b l u e  c o l o n i e s  were  
counted w i t h  t h e  a i d  of  a  m a p i f y i n g  l e n s .  Each co lony  w a s  presumed 
t o  r e p r e s e n t  a t  l e a s t  a  s i n g l e  f e c a l  c o l i f o r m  b a c t e r i u m  i n  t h e  o r i g i n a l  
wa te r  sample.  T o t a l  numbers of c o l i f o r n l  b a c t e r i a  were de te rmined  u s i n g  
t r y p t o n e  g l u c o s e  e x t r a c t  b r o t h ,  TGE ( F i i l l i p o r e ,  Bedford ,  Mass . ) .  
F i l t e r e d  samples  were  incuba ted  a t  35OC f o r  24 h  and t h e  c o l o n i e s  were  
coun ted .  Again,  cach  colony was presumed t o  r e p r e s e n t  a t  l e a s t  a 
s i n g l e  bac te r ium i n  t h e  o r i g i n a l  w a t e r  sample (Rand 1975) .  T o t a l  and 
f e c a l  col iEorm c o u n t s  were e s t i m a t e d  from t h e  w a t e r  sample used f o r  
t lctermin ing A .  hyd r o p h i l a  d e n s i t i e s .  - - - 

Water samplcs  were c o l l e c t e d  u s i n g  a one l i t e r ,  v e r t i c a l ,  l u c i t e  
Kcmmerer sampl ing b o t t l e  ( W i l d l i f e  Supply Co., Saginaw, Mich.) .  The 
b o t t l e  was washed w i t h  70% e t h a n o l  a f t e r  each sample was t a k e n  ( P a e r l  
1 9 7 4 ) .  Each wntcr  samp1.c was p laced  i n  n s t e r i l e ,  180 m l  whir l -pak 
bag (NASCO) and kep t  on i c e  f o r  t r a n s p o r t  t o  t h e  l a b ;  t h e  t ime  from 
c o l l e c t i o n  t o  t h e  l a b  g e n e r a l l y  d i d  n o t  exceed 4  h .  V i a b l e  c f u  c o u n t s  
wcre then  made a s  d e s c r i b e d  above;  each d e n s i t y  e s t i m a t e  was based on 
a  minimum of t h r e e  samples .  

Abundance and d i s t r i b u t i o n  o f  A.  h y d r o p h i l a ,  and t o t a l  and f e c a l  
c o l i f o r m s ,  w r c  nicasurcd monthly a t  each s i t e  a c c o r d i n g  t o  t h e  s c h e d u l e  
:;ivcn i n  'Table I .  A l l  d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  r e p r e s e n t  s u r f a c e  
c o u n t s .  V e r t i c a l  p r o t i l e s  were measured a t  s e v e r a l  s i t e s  th roughout  
tllc two y e a r s  o r  s t u d y ,  bu t  d e n s i t i e s  d i d  n o t  v a r y  s i g n i f i c a n t l y  from 
s u r  r:lcc' nw,wurc7tncn ts made a t  t h c  same t ime.  

I'ilys icoc11cmic:~l Procedures_ 
A t o t a l  o f  18 w a t e r  q u a l i t y  pa ramete r s  were measured monthly a t  

cacll s i t e .  D i s s ~ l v e d  oxygen, p l i ,  c o n d u c t i v i t y ,  t e m p e r a t u r e  and redox 
p o t e n t i d  were moni tored i n  s i t u  u s i n g  a  Hydrolab s u r v e y o r  Model 5901 -- 
(Hydrolab Corp . ,  A u s t i n ,  Texas) .  T u r b i d i t y  was a l s o  measured i n  s i t u  -- 
u s i n g  a Mini-Spcctrophotometcr 20.  Ch lorophy l l  a ( t r i c h r o m a t i c ) ,  
c h l o r o p h y l l  a ( c o r r e c t e d ) ,  pheophyt in  a ,  s u l f a t e ,  s u l f i d e ,  ammonia, 
t o t a l  K j e l d a h l  n i t r o g e n ,  n i t r a t e  and n i t r i t e - n i t r o g e n ,  o r t h o p h o s p h a t e ,  
t o t a l  phosphorus ,  t o t a l  o r g a n i c  ca rbon  and mercury were  measured i n  
w a t e r  samples  c o l l e c t e d  i n  t h e  f i e l d  and t r a n s p o r t e d  t o  t h e  Environ- 
menta l  Management Labora to ry  i n  R a l e i g h ,  North C a r o l i n a .  S p e c i f i c  
t e c h n i q u e s  employed were:  



T o t a l  phosphorus and o r t h o p h o s p h a t e  - Standard  methods (Rand 1975) 
were used e x c e p t  t h a t  samples were d i a l y z e d  r a t h e r  t h a n  f i l t e r e d .  

T o t a l  K j e l d a h l  n i t r o g e n ,  n i t r i t e  and n i t r a t e - n i t r o g e n  and arnmonia- 
n i t rogen-S tandard  methods (Rand 1975) were  used e x c e p t  t h a t  samples  were  
d i a l y z e d  r a t h e r  t h a n  F i l t e r e d .  

Ch lorophy l l  a  ( t r i c h r o m a t i c ) ,  c h l o r o p h y l l  a  ( c o r r e c t e d )  and 
pheophyt in  a - Standard  methods (Rand 1975) were used .  A t u r b i d i m e t r i c  
p rocedure  w a s  Eollowed f o r  s u l f a t e  w h i l e  t h e  methylene b l u e  method was 
used f o r  s u l f i d e .  

Mercury - Standard  methods (Rand 1975) were fo l lowed  i n  t h e  mea- 
surement of mercury.  

T o t a l  o r g a n i c  ca rbon  - An Oceanographic I n t e r n a t i o n a l  C o r p o r a t i o n  
Model 524B, T o t a l  Organic  Carbon I n s t r u m e n t ,  equipped w i t h  a L i r a  303 
I K  d e t e c t o r ,  was used t o  measure t o t a l  o r g a n i c  ca rbon .  

Hematological  P rocedures  
p-- 

A 1 1  b a s s  wcre t aken  by a combinat ion of a n g l i n g  and e l e c t r o f i s h i n g .  r 

A l l  were g r e a t c r  than  20 cm i n  t o t a l  l e n g t h  ( t h e  m a j o r i t y  between 30-40 
cm) and most wcrc tnlccn between 1200 and 1800 h o u r s .  Blood was removed 
by c a r d i a c  punc tu re  u s i n g  h e p a r i n i z e d ,  5  m l  v a c u t a i n e r s .  Blood was 
p laced  on i c e  and r e t u r n e d  t o  t h e  l a b o r a t o r y  where h e n a t o c r i t ,  hemo- 
g l o b i n ,  t o t a l  r ed  blood c e l l s  and t o t a l  w h i t e  b lood c e l l s  were measured 
by s t a n d a r d  methods ( s e e  Iiazen e t  a l .  1978 f o r  more d e t a i l e d  d e s c r i p -  
t i o n ) .  C o r t i s o l  was measured u s i n g  Amersham C o r t i p a c  CPB k i t s  which 
employ t h e  c o m p e t i t i v e  p r o t e i n  b i n d i n g  a s s a y  of c o r t i s o l  i n  serum o r  
plasma ( k i r l m  e t  a l .  1 9 7 4 ) .  

The body c o n d i t i o n  (K-factor)  was computed f o r  each  b a s s .  Body 
c o n d i t i o n  ( K )  is established by t h e  r e l a t i o n s h i p  K = 105  w / L ~ ,  where 
W = body weight  (g)  and I, = s t a n d a r d  l e n g t h  ( m m ) .  Examinat ion of  K- 
f a c t o r s  f o r  more than  10 ,000  largemouth b a s s  o v e r  a  1 0  y e a r  p e r i o d  i n  
Par Pond c l e a r l y  e s t a b l i s h e d  t h e  e f f i c a c y  of u s i n g  body c o n d i t i o n  a s  
a n  i n d i c a t o r  oE stress (Cibbons  e t  a l .  1978) .  Esch and Hazen ( l 9 7 8 ) ,  
i n  a r e l a t e d  s t u d y  of  more than  5 ,000 Par  Pond b a s s ,  r e p o r t e d  t h a t  t h e  
p r o b a b i l i t y  of  b a s s  w i t h  K- fac to r s  l e s s  than  2 .0  hav ing  r e d - s o r e  
d i s e a s e  was s i g n i f i c a n t l y  g r e a t e r  t h a n  f o r  b a s s  w i t h  body c o n d i t i o n s  
g r e a t e r  t h a n  2 . 0 .  Because of t h i s  d i s t i n c t i o n ,  a n a l y s i s  o f  d a t a  i n  t h e  
p r e s e n t  r e p o r t  w i l l  b e  made For t h e s e  two p o p u l a t i o n  s u b c l a s s e s .  

Data A n a l y s i s  
A Hewlct t -Packard,  3000 s e r i e s ,  o r  a n  I B M  370-148 computer was 

used f o r  a l l  s t a t i s t i c a l  a n a l y s i s .  Some d a t a  were ana lyzed  u s i n g  I D A  
( I n t e r a c t i v e  Data  A n a l y s i s ,  U n i v e r s i t y  of Chicago) ,  and m o d i f i c a t i o n s  
of  programs by Davies  (1975) .  F a c t o r i a l  a n a l y s i s  of v a r i a n c e  and 
p a i r e d  and u n p a i r e d  S t u d e n t ' s  t - t e s t s  were used t o  t e s t  f o r  d i f f e r e n c e s  
between s i t e s  and s e a s o n s .  , M u l t i p l e  r e g r e s s i o n s  were used t o  d e t e r m i n e  
c o r r e l a t i o n s  of  A .  &drc 'p l~ i ln  d e n s i t i e s  wi th  wa te r  q u a l i t y  p a r a m e t e r s .  - . - .- - 



Some d a t a  were found t o  be h e t e r o s c e d a s t i c  by d e t e r m i n i n g  skewness 
and k u r t o s i s  a g a i n s t  a normal p r o b a b i l i t y  p l o t .  T h i s  h e t e r o s c e d a s t i -  
c i t y  was reduced by t r a n s f o r m i n g  each qf t h e s e  measurements w i t h  
l o g l o  ( X  + I ) ,  p r i o r  t o  a n a l y s i s .  Any s t a t i s t i c a l  p r o b a b i l i t y  e q u a l  
t o ,  o r  l e s s  t h a n ,  0 .05 ,  was c o n s i d e r e d  s i g n i f i c a n t .  

RESULTS AND DISCUSSION 

D i s t r i b u t i o n  and Abundance o f  heromonas h y d r o p h i l a  
Evidence p r e s e n t e d  by G z e n  e t  a l .  (1978) ,  Huizinga e t  a l .  

(1979) and Gorden e t  a l .  (1379) ,  h a s  c l e a r l y  demonstra ted t h a t  t h e  
c a u s a t i v e  a g e n t  f o r  red-sore  d i s e a s e  i s  t h e  gram-negative b a c t e r i u m ,  
Aeromonas h y d r o p h i l a ,  and n o t  t h e  p e r i t r i c h  c i l i a t e ,  E p i s t y l i s  s p .  
I f  A. h y d r o p h i l a  i s  t h e  e t i o l o g i c  a g e n t  f o r  t h e  d i s e a s e ,  t h e n  i t  
should f o l l o w  t h a t  r e l a t i v e  d e n s i t i e s  of A. h y d r o p h i l a  i n c r e a s e  and 
d e c r e a s e  i n  approximate  synchrony w i t h  t h e  temporal  p r e v a l e n c e  o f  
t h e  d i s e a s e  i n  s u s c e p t i b l e  f i s h  s p e c i e s  w i t h i n  a g iven  a q u a t i c  sys tem.  
If such an  h y p o t h e s i s  can be suppor ted  by f i e l d  s t u d i e s  a n d / o r  l a b -  
o r a t o r y  e x p e r i m e n t a t i o n ,  then i t  i s  e s s e n t i a l  t h a t  s u b s t a n t i a l  e f f o r t  
bc given  t o  unders tand ing  t h e  n a t u r e  of those  f a c t o r s  which may con- 
t r i b u t e  t o  i n c r e a s i n g  and d e c r e a s i n g  d e n s i t i e s  o f  A .  hydroPhil ; .  I n  
Albemarle Sound, red-sore  e p i z o o t i c s  were n o t  r e p o r t e d  a f t e r  t h e  f a l l  
of 1976 u n t i l  a massive  ou tbreak  occur red  i n  ~ u l ;  o f  1979. A s  a 
consequence,  f i e l d  d a t a  from Albemarle Sound cou ld  n o t ,  u n t i l  J u l y ,  
1979, b e  d i r e c t l y  employed t o  conf i rm o r  r e j e c t  t h e  h y p o t h e s i s  r e l a t -  
i n g  A .  hydropl l i la  d e n s i t y  and p r e v a l e n c e  of red-sore  d i s e a s e .  However, 
subs t , ?n t i a l  d a t a  were a v a i l a b l e  f o r  A.  h y d r o p h i l a  d e n s i t y  and p r e v a l -  
ence o f  t h e  d i s e a s e  w i t h i n  t h e  largemouth b a s s  p o p u l a t i o n  i n  P a r  Pond; 
t h e s e  d a t a  c l e a r l y  s u p p o r t  t h e  b a s i c  h y p o t h e s i s .  

From October ,  1974,  and c o n t i n u i n g  through October ,  1978,  monthly 
collections oE Largemouth b a s s ,  t o t a l i n g  approx imate ly  8 ,000  i n d i v i d -  
u a l s ,  were made i n  P a r  Pond ( F i g .  3 ) .  During t h e  same p e r i o d  of  t i m e ,  
d e n s i t i e s  of A .  & d r o p h i l a  were measured th roughout  t h e  r e s e r v o i r .  
There was a  s i g n i f i c a n t  c o r r e l a t i o n  between A. h y d r o p h i l a  d e n s i t i e s  
and p r e v a l e n c e  of red-sore  d i s e a s e  w i t h i n  t h e  b a s s  p o p u l a t i o n  ( F i g .  3;  
r = 0.5008;  d . f .  = 2 7 ;  p  < . 0 1 ) .  I n  Albemarle Sound, r e d - s o r e  d i s e a s e  
was v i r ~ u a l l y  n o n - e x i s t e n t  between October ,  1976 and J u l y ,  1979. During 
t11c same p e r i o d  o f  t i m e ,  d e n s i t i e s  o f  A. h y d r o p h i l a ,  a t  most c o l l e c t i n g  
s t a t i o n s ,  wcrc c o n s i s t e n t l y  low ( F i g s .  4 - 1 6 ) ;  t h e  pr imary e x c e p t i o n  
t o  tllis p a t t e r n  was i n  Welch Creek ( F i g .  16)  where d e n s i t i e s  of 
A. I lydrophi la  f r e q u e n t l y  exceeded 1 ,000  c f u  m l d l  o f  w a t e r .  However, t h e  - 
pattern of c o n s i s t e n t l y  low d e n s i t i e s  o f  A. h y d r o p h i l a  a t  t h e  o t h e r  
s t a t i o n s  was broken i n  J u l y ,  1979 when d e n s i t i e s  exceeded 1000 c f u  ml- l ,  
a t  l i v e  o f  1 3  c o l l e c t i n g  s i t e s  Eor which complete d a t a  a r e  g i v e n  i n  
t h e  p r e s e n t  r e p o r t .  'These d e n s i t i e s  were t h e  h i g h e s t  f o r  any g i v e n  
month of t h e  s t u d y  a t  t h e s e  s t a t i o n s ,  exceeding by two o r d e r s  of  magni- 
tude  t h o s e  normal ly  observed .  Most s i g n i f i c a n t l y ,  however, t h e s e  h i g h  
d e n s i t i e s  of - A .  h y d r o p h i l a  co inc ided  wi th  a  massive  r e d - s o r e  e p i z o o t i c  
among s e v e r a l  s p e c i e s  o f  game, and commercially i m p o r t a n t ,  f i s h .  

Evidence from P a r  Pond ( F i g .  3 )  and Albemarle Sound ( F i g s .  4 - 16) 
12 



c l e a r l y  t h u s  s u p p o r t s  t h e  h y p o t h e s i s  which a s s e r t s  t h a t  h i g h  d e n s i t i e s  
of  A. h y d r o p h i l a  s h o u l d  p recede  a n d / o r  accompany i n c r e a s e d  p r e v a l e n c e  
of r e d - s o r e  d i s e a s e .  T h e r e f o r e ,  emphasis  p l a c e d  on a n a l y s i s  o f  w a t e r  
q u a l i t y  pa ramete r s  and abundance of  A. h y d r o p h i l a  is  c l e a r l y  w a r r a n t e d .  

s e a s o n a l  changes  i n  abundance o f  A. h y d r o p h i l a  a r e  d i f f i c u l t  t o  
d i s c e r n  by examina t ion  o f  d a t a  p r e s e n t e d  i n  F i g s .  4 - 16 f o r  most o f  t h e  
1 3  s t a t i o n s  i n  Albemarle Sound o r  i t s  t r i b u t a r i e s .  To o b t a i n - a  c l e a r e r  
p i c t u r e  of  t h e  s e a s o n a l  p a t t e r n ,  t h e  d a t a  were  summarized and examined 
a c c o r d i n g  t o  s t a t ion-month  peaks ;  a s t a t ion-month  i s  d e f i n e d  a s  any month 
d u r i n g  which - A. h y d r o p h i l a  d e n s i t y  exceeds  a n  a r b i t r a r i l y i , e s t a b l i s h e d  
l e v e l  a t  a  g iven  s t a t i o n .  Sta t ion-month peaks  were  computed f o r  A. 
h y d r o p h i l a  d e n s i t i e s  > 10 c f u  m l ' l ,  20 c f u  m l - I  and 40 c f u  &-I. The 
p a t t e r n s  r e p r e s e n t e d  i n  F i g s .  1 7 ,  18 ,  and 19 show 12 month compos i t e s  
For 2 4  c o n s e c u t i v e  months b e g i n n i n g  A p r i l ,  1977, and c o n t i n u i n g  t h r o u g h  
March, 1979, and f o r  24 c o n s e c u t i v e  months b e g i n n i n g  ~ u ~ ~ s t :  1977,  and 
c o n t i n u i n g  through J u l y ,  1979.  These d a t a  c l e a r l y  show t h a t  peak d e n s i -  
t i e s  a t  most s t a t i o n s  o c c u r  d u r i n g  w i n t e r  and a g a i n  i n  e a r l y  s p r i n g .  
The d i f f e r e n c e  between t h e  24 month p e r i o d  b e g i n n i n g  Narch,  1977,  and i n  
August ,  1977,  i s  due t o  a  d i s t i n c t  change which o c c u r r e d  d u r i n g  t h e  

t 
s p r i n g  and summer ( e s p e c i a l l y  J u l y )  of  1979.  Thus,  d u r i n g  J u l y ,  1979,  
seven  of  20 s t a t i o n s  i n  t h e  Sound o r  i t s  t r i b u t a r i e s  had d e n s i t i e s  which 
exceeded 40 c f u  m l - I .  

There  a r e  few dL3ta i n  t h e  l i t e r a t u r e  w i t h  which t h e  Albemarle  Sound 
o b s e r v a t i o n s  can b e  compared. The o n l y  similar s t u d y  r e v e a l e d  peak den- 
s i t i e s  i n  Pa r  Pond a s  o c c u r r i n g  i n  s p r i n g  and,  t o  a  l e s s e r  e x t e n t ,  d u r i n g  
t h e  f a l l  months (Hazen 1978,  1979) .  , The Par  Pond and Albemarle Sound 
sys tems a r e  n o t ,  t h e r e f o r e ,  s i m i l a r  e x c e p t  t h a t  when d e n s i t i e s  o f  A. 
h y d r o p h i l a  were h i g h ,  p r e v a l e n c e  o f  r e d - s o r e  d i s e a s e  i n c r e a s e d .  I t  
shou ld  a l s o  he  noted t h a t  when a  r e d - s o r e  o u t b r e a k  was no ted  among s t r i p e d  
b a s s  i n  Lake Norman d u r i n g  December, 1978,  d e n s i t i e s  o f  A. h y d r o p h i l a  
were > 1 ,000  c f u  m l - l .  ~ b r e o v e r ,  when p r e v a l e n c e  of the-disease  d e c l i n e d  
t o  z e r o  i n  J a n u a r y ,  1979,  d e n s i t i e s  of  A.  h y d r o p h i l a  a l s o  dropped t o  
< 1 0  c f u  m l - I  (Esch and Hazen, unpub l i shed  o b s e r v a t i o n s ) .  

The 1 3  s t a t i o n s  i n  t h e  p r e s e n t  r e p o r t  r e p r e s e n t  a wide r a n g e  f o r  
monthly d e n s i t i e s  of  A .  h y d r o p h i l a .  Thus, a t  s t a t i o n  1, d e n s i t i e s  d i d  
n o t  exceed 1 0  c f u  ml", e x c e p t  d u r i n g  May and J u l y ,  1979.  On t h e  o t h e r  
hand,  s t a t i o n  9  a t  E l i z a b e t h  C i t y  and s t a t i o n  22 on t h e  Roanoke R i v e r  
b o t h  e x h i b i t e d  r e l a t i v e l y  h i g h  and c o n s i s t e n t  l e v e l s  of  A .  h y d r o p h i l a  
throughout  t h e  s t u d y .  The h i g h e s t  d e n s i t i e s  of A. hydroDhi la  were ,  how- 
e v e r ,  observed a t  s t a t i o n  30 on Welch Creek,  t h e  p o i n t  a t  which e f f l u e n t  
e n t e r s  from t h e  Weyerhaeuser Paper  Co. p l a n t ;  a t  s t a t i o n  30,  - A .  h y d r o p h i l a  
d e n s i t i e s  f r e q u e n t l y  exceeded 100 c f u  m l - l .  

D i s t r i b u t i o n  - and Abundance of  F e c a l  and T o t a l  Co l i fo rms  ---- 
D e n s i t y  measurements f o r  f e c a l  and t o t a l  c o l i f o r m s  were n o t  begun 

u n t i l  Oc tober ,  1978.  A s  f o r  A .  h y d r o p h i l a ,  t h e  d e n s i t i e s  of  t o t a l  and 
f e c a l  c o l i f o r m s  were q u i t e  v>Tiab le  ( F i g s .  20 - 3 2 ) .  Thus,  a t  s t a t i o n s  1, 
15 ,  17 ,  18 and 20, l e v e l s  o f  f e c a l  and t o t a l  c o l i f o r m s  were  c o n s i s t e n t l y  C 
low a s  compared w i t h  o t h e r  sampl ing s i t e s .  S t a t i o n s  w i t h  c o n s i s t e n t l y  j 



i \ ig \ \ c r  d c n s i t i c s  i n c l u d e d  t h o s e  on t h e  L'ascluotank, Perquimans,  
Scuppcrnong, Ctiowan and Roanoke R i v e r s ,  and Welch Creek.  Somewhat 
s u r p r i s i n g l y ,  s t a t i o n  20 on t l ~ e  lowcr Cliowm River  f a v o r a b l y  com- 
pared w i t h  low d e n s i t i e s  of f e c a l  and t b t a l  c o l i f o r m s  i n  t h e  open 
p a r t  of t h e  Sound ( s t a t i o n  15)  and w i t h  s t a t i o n  1 i n  Roanoke Sound, 
o f f  Uodie I s l a n d  n e a r  Manteo. By f a r ,  t h e  h i g h e s t  d e n s i t i e s  o f  
f e c a l  and t o t a l  c o l i f o r m s  were observed a t  s t a t i o n  30 on Welch 
Creek; d e n s i t i e s  o f  f e c a l  c o l i f o r m s  were n e a r ,  o r  exceeded,  
100 c f u  m l - 1  i n  8 o f  1 8  months i n  which measurements were made and,  
i n  two of  t h e s e  8 months, d e n s i t i e s  exceeded 1000 cfu .  m l - l .  Den- 
s i t i e s  of t o t a l  co l i fo r rns  were > l o 6  c f u  m 1 - l  i n  e i g h t  o f  1 8  months. 

The s e a s o n a l  p a t t e r n s  f o r  f e c a l  c o l i f o r m s  are a p p a r e n t  when 
d a t a  i n  F igs .  33 and 34 a r e  examined. Peak d e n s i t i e s  o c c u r r e d  i n  
January and ,  a g a i n ,  i n  J u l y .  The mid-winter peak i n  f e c a l  c o l i -  
forms t h u s  c o i n c i d e d  w i t h  a  peak i n  d e n s i t i e s  o f  A. h y d r o p h i l a .  
The second peaks f o r  - A.  h y d r o p h i l a  and f e c a l  c o l i f o r m s  were ,  how- 
e v e r ,  asynchronous.  There a l s o  appeared  t o  be two peaks  f o r  t o t a l  
c o l i f o r m s  ( F i g s .  35 and 3 6 ) ,  one i n  February ,  a month a f t e r  t h a t  f o r  
A .  I lydrophila and Eccal col iEorms,  and a  second peak i n  November, 
t o t a l l y  asynchronous from t h a t  f o r  A. h y d r o p h i l a  o r  f e c a l  c o l i f o r m s .  
' l h s e  o b s e r v a t i o n s  would tend t o  s u g g e s t  t h a t  b i o t i c  o r  a b i o t i c  
Cactors  r e g u l a t i n g  s e a s o n a l  d e n s i t i e s  of A. h y d r o p h i l a ,  f e c a l  c o l i -  
forms and t o t a l  c o l i f o r m s  a r e  n o t  n e c e s s a r i l y  s i m i l a r  and,  i n d e e d ,  
may be t o  t a l l y  d i f  f c r e n t  from one a n o t h e r .  

Tlie d a t a  i n  'Table 2  compare t h e  number of months a t  each s t a t i o n  
i n  which A .  h y d r o p h i l a  d e n s i t i e s  exceed 1 0  c f u  m l - l ,  20 c f u  m l - 1 ,  and 
40 c f u  ~ 1 1 ~ .  At s i x  s t a t i o n s ,  A .  h y d r o p h i l a  d e n s i t i e s  exceeded 
1 0  c f u  n i l - 1  Tor Eive o r  more months of t h e  s t u d y ;  a t  t h r e e  s t a t i o n s ,  
d c n s i t i c s  were > 20 c f u  m l - I  f o r  f i v e  o r  more months w h i l e  o n l y  a 
s i n g l e  s t a t i o n  (number 3 0 ) ,  exceeded 40 c f u  m l - 1  f o r  f i v e  o r  more 
months. I f  t h e s e  d a t a  a r e  i n d i c a t i v e  o f  r e l a t i v e l y  poor  w a t e r  q u a l i t y ,  
then  c e r t a i n l y  t h e  Roanoke and Pasquotank Rivers  and Welch Creek a r e  
i n  poor c o n d i t i o n  as compared w i t h  t h e  Chowan. The d a t a  f o r  f e c a l  
c o l i f o r m s  (Table  3) a r e  s i m i l a r  t o  t h o s e  f o r  A .  h y d r o p h i l a  e x c e p t  a t  
s t a t i o n  29 (below t h e  C .  I?. I n d u s t r i e s  plant)-on t h e  Chowan; a t  
s t a t i o n  2 9 ,  f e c a l  c o l i f o r m s  a r e  more dense  t h a n  a t  s t a t i o n  28 on t h e  
ltoanolce River .  The p a t t e r n s  f o r  t o t a l  c o l i f o r m s  a t  t h e  1 3  s t a t i o n s  
a r c  s i m i l a r  t o  t h o s e  f o r  f e c a l  c o l i f o r m s  (Table  3 ) .  These d a t a  
(Tab les  2  and 3) t end  t o  h i g h l i g h t  t h e  r e l a t i v e l y  poor  water q u a l i t y  
i n  s c v e r c ~ l  t r i b l ~ t a r i c ? ~ ,  b u t  no t  i n  t h e  open p a r t s  o f  t h e  Sound. 

Water q u a l i t y  Paramete rs  
Temperature - h o n g  a l l  20 sampling s i t e s  (where a d e q u a t e  d a t a  

a r e  a v a i l a b l e )  mean w a t e r  t empera tu res  v a r i e d  s i g n i f i c a n t l y  by s e a s o n  
( p  < .0001) b u t  n o t  by s i t e  ( F  = 1 . 5 5 ;  df = 20, 120 ;  .5  > p  > .2)  The 
two s i tes  w i t h  l o w e s t  mean monthly t empera tu res  were s t a t i o n  - .  

22 (X = 15.01'  C) and s t a t i o n  15 (X = 16 .O5' C )  ; h i g h e s t  mean monthly 
t cmpera tu res  were a t  s t a t i o n  30 (17.59' C) and 27 (17.71' C ) .  The 
h i g h e s t  t empera tu re  recorded  a t  any s i t e  was 32' C a t  s t a t i o n  1 3  
d u r i n g  June  and August ,  1978. 



.. 

Station 
number 

Station 
number 

1 
9 
12 
13 
15 
17 
18 
20 
2 1 
2 2 
2 8 
2 9 
3 0 

Table 2 

Numbers of months in 
which densities of Aeromonas 

hydrophila exceeded-10, 20 and 
40 cfu ml-l. 

Table 3 

Numbers of months 
in which densities of fecal 
and total coliforms exceeded 

lo0 and lo1 cfu ml'l and 
10) or lo4 cfu ml-l, respectively. 

40 cfu ml-I 

0 
3 
1 
2 
1 
1 
0 
0 
0 
3 
1 
0 
6 

Total coliforms 

3 
10 cfu 
ml 

3 
5 
4 
6 
5 
2 
1 
1 
2 
6 
5 
6 
11 

10-I cfu 
ml-I. 

2 
9 
6 

10 
2 
3 
1 
3 
11 
11 
10 
10 
12 

15 

Fecal coliforms 

lo0 cfu 
ml-1 

1 
5 
3 
2 
0 
0 
1 
1 
6 
8 
4 
9 

10 



A s  would be  e x p e c t e d ,  peak t e m p e r a t u r e s  were recorded  a t  a l l  
s t a t i o n s  d u r i n g  J u n e ,  J u l y  and August ( F i g s .  37 - 49) .  I n  b o t h  1977 and 
1978,  an c n r l y  h i g h  i n  June  was Eollowcd by a  s l i g h t  d rop  i n  J u l y  and + 

a n o t h e r  r i s e  i n  August. Because of t h e  r e l a t i v e l y  s h a l l o w  d e p t h  o f  e a c h  
s t a t i o n ,  t h e r e  was no ev idence  of  the rmal  s t r a t i f i c a t i o n  d u r i n g  summer 
months. Such a  c o n d i t i o n  may w e l l  c o n t r i b u t e  t o  t h e  r e d - s o r e  problem, 
a s  w i l l  be  s u b s e q u e n t l y  no ted .  

Disso lved  oxygen - Mean c o n c e n t r a t i o n s  of  d i s s o l v e d  oxygen v a r i e d  
s i g n i f i c a n t l y  by s i t e  (F = 11.88;  df  = 20,  120;  p  < .0001) and by  
s e a s o n ( F =  44.02;  df  = 6 ,  146;  p  < ,0001) among t h e  20 sites where  d a t a  
a r e  a a e q u a t e  f o r  a n a l y s i s .  The l o w e s t  mean monthly c o n c e n t r a t i o n s  
(3.87 mg ml-1) were  recorded  f o r  s t a t i o n  30 ,  t h e  p o i n t  a t  which Weyer- 
h a e u s e r  e f f l u e n t  e n t e r s  Welch Creek.  Other ,  r e l a t i v e l y  low, mean 
monthly c o n c e n t r a t i o n s  (< 8.0 mg rnl'l) were obse rved  a t  s t a t i o n s  9 ,  13, 
27 and 31. Each of  t h e s e  sampl ing s i t e s  r e p r e s e n t s  a n  a r e a  which i s  
known t o  be  s u b j e c t e d  t o  t h e  i n f l u e n c e  of  domes t i c  o r  i n d u s t r i a l  e f f l u e n t  
o r  t o  a g r i c u l t u r a l  r u n - o f f .  S t a t i o n  9  is  l o c a t e d  on t h e  Pasquotank R i v e r  
a t  E l i z a b e t h  C i t y  and s t a t i o n  1 3  on t h e  Scuppernong River  a t  Columbia. 
S t a t i o n  27 is  l o c a t e d  a t  t h e  mouth of t h e  F r y i n g  Pan i n  t h e  A l l i g a t o r  
R i v e r ,  w h i l e  31  is approx imate ly  one-hal f  m i l e  above s t a t i o n  30 on Welch 
Crcck and i s  u n q u e s t i o n a b l y  i n f l u e n c e d  by Weyerhaeuser e f f l u e n t .  

I n  most c a s e s ,  lowes t  c o n c e n t r a t i o n s  of d i s s o l v e d  oxygen o c c u r  dur- 
i n g  t h e  summer months (F igs .  50 - 6 2 ) .  There  were  s e v e r a l  e x c e p t i o n s ,  
most n o t a b l y  i n  November, 1977,  when s h a r p l y  d e p r e s s e d  d i s s o l v e d  oxygen 
c o n c e n t r a t i o n s  were  a p p a r e n t  a t  s t a t i o n s  9 ,  1 2 ,  1 3  and 22. A s u i t a b l e  
e x p l a n a t i o n  f o r  t h e  v a r i a t i o n  a t  t h e s e  f o u r  s i t e s  i s  n o t ,  a t  p r e s e n t ,  
a v a i l a b l e .  Complete a n o x i a  was n o t  observed a t  any s t a t i o n ,  e x c e p t  
number 30 on 'ir'elch Creek;  such a n  o v e r a l l  p a t t e r n  would b e  expec ted  i n  
t h e  absence  oE the rmal  s t r a t i E i c a t i o n  a t  any s i t e .  A t  s t a t i o n  30, exceed- 
i n g l y  h igh  c o n c c n t r a t i o n s  of TOC, t o t a l  phosphorus ,  phospha te  and v a r i o u s  
forms of n i t r o g e n ,  r e l a t i v e  t o  low r a t e s  of w a t e r  f l o w ,  were unques t ion-  
a b l y  r c s p o n s i b l e  f o r  s t i m u l a t i n g  b a c t e r i a l  r e s p i r a t i o n  and concommitant 
r c d u c t i o n  of  d i s s o l v e d  oxygen t o  unaccep tab ly  low l e v e l s .  

C o n d u c t i v i t y  - ( s p e c i f i c  conductance)  - C o n d u c t i v i t y  v a r i e d  s i g n i f i -  
c,lntLy by s i t e  ( F  = 1 2 . 7 3 ;  df  = 20 ,  1 2 0 ;  p  < ,0001) and by s e a s o n  (F = 
3.91  ; d f  = 6 ,  L46; .02 > p \ . O l )  . Tlic! h i g h e s t  mean c o n d u c t i v i t y  v a l u e s  
werc n~casurcd  a t  s t a t i o n s  l o c a t e d  n e a r  t h e  e a s t e r n  end of  Albemarle Sound 
and c l o s e s t  t o  t h e  i n f l u e n c e  of s a l t w a t e r  from t h e  ocean ;  t h e s e  s t a t i o n s  
i n c l u d c  s i t e s  i n  C u r r i t u c k ,  Croatnn and Roanoke Sounds and t h e  A l l i g a t o r  
River .  The lowes t  c o n d u c t i v i t i e s  were  recorded  i n  Swan Bay and i n  t h e  
Chowan R i v e r .  

While s e a s o n a l  v a r i a t i o n  was s i g n i f i c a n t ,  monthly means i n  conduct-  
i v i t y  do n o t  i n d i c a t e  a  r e g u l a r  p a t t e r n  among s i t e s  ( F i g s .  63 - 7 5 ) .  Thus, 
c o n d u c t i v i t y  was r e l a t i v e l y  h igh  i n  t h e  summer of 1977,  b u t  n o t  i n  1978.  
C o n d u c t i v i t y  was h i g h  i n  t h e  w i n t e r s  of b o t h  1977 and 1978 ,  Such 
v a r i a t i o n  i s  p robab ly  due t o  c l i m a t i c  v a g a r i e s  between y e a r s  and t h e  d i r -  
e c t i o n  of  winds and c u r r e n t s  immediate ly  p r e c e d i n g  o r  d u r i n g  t h e  t ime  a t  
which measurements were t aken .  



Redox p o t e n t i a l  and pH - Redox p o t e n t i a l  v a r i e d  s i g n i f i c a n t l y  b y  
s i t e  ( F  = 4 .57 ;  df  = 20,  120; . O 1  > p  > .005) and by s e a s o n  (F  = 3.31; 
df = 6 ,146 ;  .05  > p  > . 0 2 5 ) .  While s e a s o n a l  changes  i n  r edox  p o t e n t i a l  
were s i g n i E i c n n t ,  monthly p a t t e r n s  were n o t  c o n s i s t e n t  Erom y e a r  t o  
y e a r .  Thus, i n  1978,  redox p o t e n t i a l s  were h i g h e s t  i n  J a n u a r y ,  Feb- 
r u a r y . a n d  March and a g a i n  i n  J u l y ,  August and September ( F i g s .  76 - 8 8 ) .  
I n  1979,  h i g h e s t  v a l u e s  were recorded  i n  January  and a g a i n  i n  A p r i l  and 
May 

According t a  Hutchinson (1957) and Wetzel  (1975) ,  r edox  p o t e n t i a l  
and pH a r e  i n v e r s e l y  p r o p o r t i o n a l .  I n  Albemarle Sound, pH v a r i e d  
s i g n i f i c a n t l y  by s i t e  ( F  = 6 .05 ;  df = 20,  120 ;  .002 > p  > .001) ,  b u t  
no t  by s e a s o n  (F = 2.57;  df = 6 ,146 ;  . 2  > p  > . I ) .  While n o t  s i g n i f i c a n t ,  
a t r e n d  which predominated a t  a l l  s i t e s ,  excep t  1 and 30 ,  was a p e r c e p t -  
i b l e  d e c l i n e  i n  pH th roughout  t h e  s t u d y  ( F i g s .  76 - 8 8 ) .  At n e a r l y  a l l  
s t a t i o n s ,  t h e  pH a t  t h e  o u t s e t  was > 7.5 ,  b u t  had d e c l i n e d  t o  a p p r o x i -  
mate ly  6 .5  by t h e  c o n c l u s i o n  of t h e  i n v e s t i g a t i o n .  While t h e r e  were 
s e v e r a l  p c r i o d s  of  s u b s t a n t i a l  f l u c t u a t i o n  i n  pH, t h e  p a t t e r n  of 
d e c l i n e  was n o n e t h e l e s s  a p p a r e n t .  Although changes  i n  redox p o t e n t i a l  
were no t  n e a r l y  a s  a p p a r e n t ,  t h e r e  was n o n e t h e l e s s  a n  i n c r e a s e  a t  most 
s i t e s ,  c o r r e s p o n d i n g  t o  t h e  d e c l i n e  i n  pH. 

T u r b i d i t y  - T u r b i d i t y ,  a s  measured by p e r c e n t  t r a n s m i t t a n c e ,  was 
not  c o n s i s t e n t l y  r e c o r d 4  a t  each s t a t i o n  d u r i n g  t h e  s t u d y .  T u r b i d i t y ,  
f o r  t h o s e  s t u t i o n s  where d a t a  a r e  a v a i l a b l e ,  was n o t  s i g n i f i c a n t l y  d i f -  
Eerent  by s i t e  ( F  = 252; df  = 20, 120;  . 2  > p > . l )  even when d a t a  were 
t r ans fo rmed  by l o g l o  (X + 1 )  (F = 1 . 5 8 ;  d f  = 20, 120 ;  .2  > p  > . I ) .  
T u r b i d i t y  d i d ,  however, v a r y  s i g n i f i c a n t l y  by season  (F = 61.01;  df  = 
6 , 1 4 6 ;  p < .0001) .  Although t h e s e  d a t a  a r e  incomple te  i n  many r e s p e c t s ,  
they  a r e  n o t  r egarded  a s  s p u r i o u s .  I n  many c a s e s ,  v a r i a b i l i t y  i n  t u r b i d -  
i t y  is  a consequence o f  r a i n ,  wind,  wave and c u r r e n t  a c t i o n .  Turbu lence  
caused by sudden,  o r  p ro longed ,  s to rms  o r  winds would u n q u e s t i o n a b l y  
d i s t u r b  sed iments  and ,  a s . a  r e s u l t ,  c r e a t e  unusua l  t u r b i d i t y  c o n d i t i o n s  
d u r i n g  a  g iven  sampl ing p e r i o d .  High t u r b i d i t y  a t  most s t a t i o n s  d u r i n g  
J a n u a r y ,  February  and March of 1978 may, t h e r e f o r e ,  be  t h e  r e s u l t  o f  
m e t e o r o l o g i c a l  c o n d i t i o n s  and n o t  because  of b i o l o g i c a l l y  r e l a t e d  phenomena, 
such a s  a l g a l  blooms. On t h e  o t h e r  hand,  t h e  c o n s i s t e n t l y  h i g h  t u r b i d i t y  
a t  s t a t i o n  30 is most l i k e l y  a  consequence of e f f l u e n t  produced by Weyer- 
h a c u s c r ,  i n  combirlat ion w i t h  t h e  h igh  d e n s i t y  of  a l g a e  and b a c t e r i a  i n  t h e  
n u t r i e n t - r i c h  Welch Creek.  

C h l o r o p h y l l  a  ( t r i c h r o m a t i c )  = C a t ,  Ch lo rophy l l  a  ( c o r r e c t e d )  = Cac, 
Pheophyt in  a  = Pheo - The d a t a  p r e s e n t e d  i n  Tab le  4 c l e a r l y  show t h a t  Cat, 
Cac and Pheo v a r y  s i g n i f i c a n t l y  by s e a s o n .  Only Pheo v a r i e s  s i g n i f i c a n t l y  
by s i t e .  The h i g h e s t  mean monthly v a l u e s  of  Cat and Cat a r e  a t  s t a t i o n  
20,  l o c a t e d  a t  Highway 17  b r i d g e  on t h e  Chowan R i v e r ;  t h e  l a r g e  q u a n t i t i e s  
of c h l o r o p h y l l o u s  p igments  a t  t h i s  s t a t i o n  are u n q u e s t i o n a b l y  r e l a t e d  t o  
t h e  f r e q u e n t  a l g a l  blooms known t o  have o c c u r r e d  d u r i n g  t h e  p e r i o d  of t h e  
p r e s e n t  s t u d y .  R e l a t i v e l y  h i g h  mean v a l u e s  a t  s t a t i o n s  30 and 3 1  a r e ,  
u n q u e s t i o n a b l y ,  r e l a t e d  t o  t h e  n u t r i e n t - r i c h  e f f l u e n t  produced by Weyer- 
h a e u s e r  . 



Table 4 

Analysis of variance for chlorophyll a 
(trichromatic), chlorophyll a (corrected) 
and pheophytin a, comparing variability 

among sites and seasons. 

Chlorophyll a (trichromatic) = Cat - - 
Source of Sum of Degrees of Mean 
variance squares freedom square 

I 

Sites 0.537E + 04 20 0.269 + 03 
Seasons 0.604E + 04 6 0.101 + 04 
Error 0.129E + 05 120 0.107 + 03 
Total 0.242E + 05 146 

Chlorophyll 5 (corrected) = Cac - 
Sites 0.323E + 04 2 0 O.l62E + 03 
Seasons 0.388E + 04 6 O.646E + 03 
Error 0.981E + 04 120 0.818E + 02 
Total 0.169E + 05 146 

Pheophytin a = Pheo - - 
Sites 0.178E + 04 2 0 0.892E + 02 
Seasons 0.404E + 04 6 0.673E + 03 
Error 0.251E + 04 120 0.209E + 02 
Total 0.833E + 04 146 

F 
value Probability 

The seasonal variation in Cat, Cac and Pheo is adequately exhi- 
bited by examination of Figs. 89 - 101. At some stations (12, 17 and 
20), peaks of chloropi~yllous and phaeopigments (pheophytin a) occur- 
red in mid to late s u n n i c r ,  or early spring, during 1977, 1978 and 
1979. At otlwr stations (1, 9, 13, 15, 21, 22, 28 and 29), peak 
values of these pigments were observed at the same time as the prev- 
ious three stations, but only once or twice over the same three year 
period. At station 18, there was not a distinct peak during any 
month while at station 30, peaks occurred without seasonal regularity. 
Mean values of Cat, Cac and Pheo were all significantly correlated, 
as measured by rank correlation (Table 5). 

Table 5 

Comparison of rank correlations 
for mean monthly concentrations (pg 1-I) 
of Cat, Cac and Pheo at various sites 
in Albemarle Sound and its tributaries. 

Station Cat - Cac - Pheo - 



l 3 . 1 9 ( 4 )  
12.29 (5 )  
11.95(7)  
LO. 2 l ( 8 )  
9 .00(9)  
6 .48(21)  
6.86 (20) 
8.83(10) 
7.45 (12)  
7.36 (14) 
7 .14(16)  
7.38 (13) 
7 .31 (15)  
7.62(11) 
5.31(17) 
4 .81 (18) 
4.62 (19) 

Cat v s  Cac Cat v s  Pheo 
rs = .812 rs = .648 

p  < .0001 p  < .0005 

"Numbers i n  p a r e n t h e s e s  r e f e r  t o  rank from h i g h e s t  c o n c e n t r a t i o n  
t o  l o w e s t .  - 

S u l f a t e  and s u l f i d e  - S u l f i d e  l e v e l s  were a lways  low and a r e  r e -  
p o r t e d  o n l y  a s  < . O 1  mg ml- '  a t  a l l  s i t e s  i n  Albemarle Sound. S u l f a t e  
l e v e l s  d i d  n o t  va ry  s i g n i f i c a n t l y  by s i t e  ( F  = 1 . 0 1 ;  d f  = 20, 120; 
p > . 5 ) ,  e x c e p t  when d a t a  were t r ans fo rmed  by l o g l o  (X + 1 )  (F  = 7.51; 
df  = 20, 120; p  < . 0 0 1 ) .  S u l f a t e  c o n c e n t r a t i o n s  d i d  v a r y  s i g n i f i c a n t l y  
by season  ( F  = 91.33;  d f  = 6,146;  p  < . 0001) .  

There  was a  c o n s i s t e n t '  p a t t e r n  i n  s e a s o n a l  change o f  s u l f a t e  con- 
c e n t r a t i o n s  throughout  t h e  Sound. Peak l e v e l s  o c c u r r e d  d u r i n g  l a t e  
summer and f a l l ,  w i t h  l o w e s t  v a l u e s  i n  s p r i n g .  H i g h e s t  c o n c e n t r a t i o n s  
of  s u l f a t e  were a t  s t a t i o n  1, probab ly  a s  a consequence o f  t i d a l  b o r e ,  
and a t  s t a t i o n  30, undoubtedly  a s  a  consequence o f  Weyerhaeuser e f f l u -  
e n t .  

Ammonia-nitrogen (NH3-N) , t o t a l  K j e l d a h l  n i t r o g e n  (TKN) , n i t r a t e  
and n i t r i t e - n i t r o g e n  (N03-NO21 - Ammonia v a r i e d  s i g n i f i c a n t l y  by s i t e  
th roughout  Albemarle Sound and i t s  t r i b u t a r i e s  (F = 8.98;  df  = 20, 120 ;  
p < .0001) ,  b u t  n o t  by s i t e ,  even when t r ans fo rmed  by loglO (X + 1 ) .  
TKN v a r i e d  s i g n i f i c a n t l y  by s i t e  ( F  = 12.06;  df  = 20, 120 ;  p < .0001) 
and by s e a s o n  ( F  = 8.44;  d f  = 6 ,  146; p  < .001) .  N i t r a t e  and n i t r i t e -  
n i t r o g e n  d i d  n o t  v a r y  by s i t e ,  even when t r ans fo rmed  by loglO (X + I), 
b u t  d i d  va ry  by season  ( F  = 314.54; df  = 6 ,146 ;  p  < ,00001) .  

The h i g h e s t  mean monthly c o n c e n t r a t i o n s  o f  TKN and NH3-N were a t  
s t a t i o n  30, t h e  s i t e  o f  Wcyertiaeuser e f f l u e n t  c o n f l u e n c e  w i t h  Welch 
Creek (Tab le  6 ) ;  NO3-NO2 n i t r o g e n  c o n c e n t r a t i o n s  do n o t  conform t o  t h e  



pattern for TKN and NH3-N. Thus, highest values for NO3-NO2 were at 
stations 30, 9, 18 and 22. Mean monthly concentrations of TKN and NH3-N 
are related (though barely) when compared by rank correlation (rs = 0.437; 
d f  = 19; p < .05); mean monthly values of NO3-NO2 are not related to 
either TKN or NH3-N. 

Table 6 

Mean monthly concentrations (mg ml-l) of 
total Kjehldahl nitrogen, ammonia, 
nitrate-nitrite, and total organic 
carbon at various sites in Albemarle 

Sound and its tributaries. 

Site 
Total Kjehdahl 
nitrogen Ammonia Nitrate-nitrite 

TKN vs NH3 
rs = 0.437 
p < .05 

Total organic 
carbon 

167.67 (1) 
47.98 (2) 
25.29 (7) 
21.93 (8) 
37.38(4) 
20.43 (9) 
27.02 (6) 
30.12 (5) 
15.52 (12) 
11.40 (16) 
15.64 (10) 
15.64 (11) 
13.26 ( 1 4 )  

- 15.05(13) 
11.43 (1.5) 
42.26 (3) 
11.00 (17) 
10 .O5(l9) 
10.98 (18) 
7.67(21) 
9.52 (20) 

TKN vs TOC 
rs = .842 
p < .0005 

Peak concentrations of TKN varied seasonally, but were highest in 
different months at various stations throughout the Sound (Figs. 102 - 
114). A t  station 9, for example, highest levels were during June and 
July of 1978 and 1979 while lowest values were in August and September. 
At station 20, on the other hand, highest concentrations were in July 
(1977), August (1978) and July (1979). At still other stations (21 and 
22) concentrations were relatively consistent throughout the study 
period. While mean monthly concentrations of TKN and NH3-N were not 
correlated between sites, the seasonal changes in TKN and NH3-N at some 



stations were parallel. At several stations, concentration of TKN and 
E03-NO nitrogen appeared to be reciprocal. Thus, as one increased the 
other $ell, suggesting the presence of nitrogen-fixing bacteria or blue- 
green algae. Such a pattern is quite apparent at station 20 on the 
lower Cliowan River, the site of several blue-green algal blooms in re- 
cent .  .years. 

Total phosphorus and phosphate - Neither total phosphorus nor 
phosphate varied significantly by site, even when transformed by loglo 
(X + 1). Both total phosphorus (F = 315.74; df = 20, 120; p < .0001) 
and phosphate (F = 232.79; d f  = 6,146; p < .0001) varied significantly 
by season. Even with significant variation by season, distinct monthly 
patterns were not always apparent at all sampling stations (Figs. 115 - 
127), nor were monthly peaks or lows in one year necessarily repeated 
in the next year at the same station. Relative to other sites, for 
example, station 1 exhibited relatively low concentrations of both 
total phosphorus and phosphate throughout the study and did not show 
monthly repetitions in peak concentrations from one year to the next. 
On the other hand, at station 9, maximum concentrations of total phos- 
phorus occurred in late spring and early to mid-summer during all three 
years while lowest levels were recorded in August of both 1977 and 
1978. By comparison, peak concentrations of total phosphorus at station 
12 occurred in 'Iugust of 1977 and 1978 while lowest values were observed 
in October of both years. These patterns were equally variable for 
phosphate concentrations at various sites. Highest levels of total phos- 
phorus and phosphate were consistently observed at station 30 on Welch 
Creek. 

Total organic carbon (TOC) - Total organic carbon was found to vary 
significantly by site (F = 22.08; df = 5,120; p < .00001). TOC did not 
vary by season (F = 1.64; df = 6,146; . 5  > p > . 2 )  unless transformed by 
logl0 (X + 1) (F = 4.94; df = 6,146; .O1 > p > .005). By far, the high- 
est concentrations were at station 30 on Welch Creek (Table 6). There 
w a s  also a significant rank correlation (rs = .842; df = 19, p < .0005) 
between total organic carbon and total Kjeldahl nitrogen at various sites 
within the Sound. 

While seasonal differences were significant for TOC, monthly patterns 
throughout the study period were not consistent (Figs. 128-140). For 
example, low levels of TOC at station 9 were observed during June and 
July of 1979 while during the same two months of 1978, concentrations of 
TOC were at their maximum for the year. 

Correlation analysis 
At the outset, it must be emphasized that the following discussion is 

based on data which have been analyzed to provide correlations. Any con- 
clusions reached, thereEore, cannot carry the weight of cause and effect 
relationships. The analysis is useful, however, in the sense that it does 
permit the generation of critical hypotheses regarding the biology of red- 
sore disease in Albemarle Sgund. 

The correlation matrix provided in Table 7, indicates that the 



d e n s i t y  of A. h y d r o p h i l a  i n  Albemarle Sound and i t s  t r i b u t a r i e s  i s  
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 s s o l v e d  oxygen, t u r b i d i t y ,  c h l o r o -  
p h y l l  a  ( t r i c h r o m a t i c ) ,  pheophyt in  a ,  s u l f a t e ,  ammonia-nitrogen, t o t a l  
K j e l d a h l  n i t r o g e n ,  phosphate ,  t o t a l  phosphorus,  t o t a l  o r g a n i c  ca rbon  
and f e c a l  and t o t a l  c o l i f o r m  b a c t e r i a .  Pased  on t h e s e  and s e v e r a l  
o t h e r  r e l a t i o n s h i p s ,  a  number of f a c t o r s  a r e  impor tan t  f o r  unders tand-  
i n g  t h e  ecology of - A. h y d r o p h i l a  i n  t h e  Sound. 

STATION 
MONTH 
AERO 
FECAL 
TOTAL 
TEMP 
COND 
DO 
P H 
REDOX 
T U R B  
C".T 
Cl iC  
1'11 
SULFAT 
SULFID 
NH3 
' K N  
 NO^ + NO 
PO4 
TOTP 
'roc 
it(; 

STATION 

1.000 
-.237 

.343 

.309 

.228 
-. 167 
-. 240 
-. 155 
-. 163 
-. 2 4 1  
-. 2 5 8  

.056 

.057 

.239 
- . I 5 1  
.006 
.224 
.258 

-. 111 
.222 
. 3  34 
.056 
.090 

W h d e r l i n e d  v a l u e s  

Tab le  7  

C o r r e l a t i o n  c o e f f i c i e n t s  
f o r  b a c t e r i a ,  l o c a t i o n ,  
t ime  and physicochemical  

c h a r a c t e r i s t i c s  i n  
Albemarle Sound and 

i t s  t r i b u t a r i e s .  

MONTH AERO* FECAL TOTAL 

1.00000 
-. 57117 
-. 10153 

. I9591  
-.00877 
- .04856 
-.58795 
- .I1604 - 
-. 11795 

.28040 

.08259 

. I3635 

.27021 

.12006 

.28641 

.36452 

.37926 

. lo908  
-. 06612 

a r e  s i g n i f i c a n t  (p < . 0 5 ) .  



Table 7 (contd.) 

COND 
DO 
PH 
REDOX 
TURB 
CAT 
CAT 
PA 
SULFAT 
SULFID 
NH3 
TKN 
NO3 + NO 
PO4 
TOT P 
TOC 
HG 

CAC 
PA 
SULFAT 
SULFID 
NH3 
TKN 
~ 0 3  + NO 
1'04 
TOT P 
TOC 

COND 

1.000 
-. 062 
.316 

-. 175 
-.036 
.I53 
.lo2 
.I18 
.899 

-.038 
.036 
.lo2 

-. 218 
.. 016 
.032 
.lo7 
.493 

CAC 

1.000 
.507 
.I64 

-. 064 
.288 
.I70 

-. 113 
.I62 
,286 
.255 

Correlation coefficients 
for bacteria, location, 
time and physicochemical 

characteristics in 
Albemarle Sound and 
its tributaries. 

P H 

1.00000 
-. 40737 
-. 13895 
.27083 
.I6614 
.21011 
.31318 

-.00445 
-. 03629 
-. 09590 
-. 45650 
-. 07762 
-. 00934 
-. 00908 
.06330 

SULFAT 

1.00000 
-. 01622 
.I5256 
.20989 

-. 17843 
.27416 
.31294 
.23783 
.45701 

REDOX 

1.00000 
.07103 -. 23910 -. 19230 

-.25359 -. 11194 
-. 06803 -. 20853 
-. 17269 
.39940 

-.I4722 
-. 20745 
-. 25647 
-. 18714 
SULFID 

1.00000 
-. 03173 
-. 05292 
.02113 

-. 03115 
-. 03124 -. 05109 -. 03582 

TURB CAT 



Table  7  ( c o n t d . )  

C o r r e l a t i o n  c o e f f i c i e n t s  
f o r  b a c t e r i a ,  l o c a t i o n ,  
t ime and physicochemical  

c h a r a c t e r i s t i c s  i n  
Albemarle Sound and 

i t s  t r i b u t a r i e s  

NO3 + NO PO4 TOTP TOC HG 

NO3 + NO 1 .000  

Po4 -. 045 1.00000 
TOTP -. 065 .85762 1.00000 
TOC -.046 .40485 .50480 1.00000 
HG -. 174 -. 02615 .04067 ,08997 1.00000 

High d e n s i t i e s  o f  A.  h y d r o p h i l a  a r e  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 p e c i f i c  sampl ing s t a t i o n s .  The h i g h e s t  d e n s i t i e s  were c o n s i s t e n t l y  
observed a t  s t a t i o n  30 on Welch Creek.  It can  b e  r e a s o n a b l y  concluded 
t h a t  t h e  e f f l u e n t  from Welch Creek is  h i g h l y  e f f e c t i v e  i n  s u p p o r t i n g  
growth of A. h y d r o p h i l a  and ,  f u r t h e r ,  t h a t  , t h e  n u t r i e n t  q u a l i t y  of  t h e  
e f f  l u e n t  is d e r i v e d  from t h e  h i g h  c o n c e n t r a t i o n s  of v a r i o u s  forms of  
n i t r o g e n ,  ca rbon  and phosphorus .  I t  must be n o t e d ,  however, t h a t  t h e  
b u l k  of  t h e s e  n u t r i e n t s  a r e  p rocessed  by t h e  t ime  w a t e r  f lowing  i n t o  
t h e  Roanoke River  from Welch Creek r e a c h e s  Plymouth,  t h e  s i t e  o f  
s t a t i o n  28. A t  Plymouth, a l l  w a t e r  q u a l i t y  pa ramete r s  a r e  w i t h i n  
ranges  e x h i b i t e d  by o t h e r  s t a t i o n s  i n  Albemarle Sound and i t s  t r i b u -  
t a r i e s .  Such a c o n c l u s i o n  is  r e i n f o r c e d  by comparison of  s t a t i o n  28 
and t h o s e  of number 22,  l o c a t e d  s e v e r a l  m i l e s  above Welch Creek on 
the Roanoke Kiver,  bo th  of which have wa te r  q u a l i t y  c h a r a c t e r i s t i c s  
which a r e  s i m i l a r .  

Mean monthly d e n s i t i e s  o f  A.  h y d r o p h i l a  were r e l a t i v e l y  h i g h  a t  
three o t h e r  s t a t i o n s  i n  AlbemaFlc Sound. These i n c l u d e  number 9 ,  a t  
t h c  Highway 158 b r i d g e  o v e r  t h e  Pasquotank River  n e a r  ~ l i z a b e t h  C i t y ,  
s t a t i o n  1 3  a t  t h e  Highway 64  b r i d g e  over  t h e  Scuppernong R i v e r  a t  
Columbia and s t a t i o n  22 a t  t h e  Highway 17 /13  b r i d g e  o v e r  t h e  Roanoke 
River .  C a r e f u l  examina t ion  of t h e  w a t e r  q u a l i t y  p a r a m e t e r s  a s s o c i a t e d  
w i t h  h i g h  - A .  h y d r o p h i l a  d e n s i t i e s  d e f i n i t e l y  i n d i c a t e s  t h a t  a combina- 
t i o n  of two o r  more i s  a lways  h i g h e r  ( o r  lower a s  t h e  c a s e  may be )  a t  
t h e s e  s t a t i o n s  t h a n  a t  any s t a t i o n s  which do n o t  c o n s i s t e n t l y  have h i g h  
mean monthly d e n s i t i e s  of  - A. h y d r o p h i l a .  

It d o e s  n o t  a p p e a r  t h a t  any s i n g l e  w a t e r  q u a l i t y  pa ramete r  i s  more 
c l o s e l y  r e l a t e d  t o  d e n s i t y  of  A .  h y d r o p h i l a  t h a n  phospha te  and t o t a l  
phosphorus.  According t o  ~ e t z e l  (1975) ,  most u n p o l l u t e d  s u r f a c e  w a t e r s  
have t o t a l  phosphorus  c o n c e n t r a t i o n s  which r a n g e  between 1 0  and 50 ug 
1-I. A t  1 3  c o l l e c t i n g  s t a t i o n s  i n  Albemarle Sound, a  t o t a l  o f  292 
samples  were t a k e n  between A p r i l ,  1977 and J u l y ,  1979.  Of t h i s  number, 
t o t a l  phosphorus c o n c e n t r a t i o n s  exceeded 50 ug 1-I 254 t i m e s .  Thus, 
87% of  t h e  samples  measured c a r r i e d  t o t a l  phosphorus c o n c e n t r a t i o n s  



which were h i g h e r  t h a n  what would b e  expected i n  u n p o l l u t e d  w a t e r .  A t  
s t a t i o n s  9 ,  1 3  and 20 ( s t a t i o n s  w i t h  t h e  h i g h e s t  mean monthly d e n s i t i e s  
of A .  h y d r o p h i l a ,  exc lud ing  number 3 0 ) ,  c o n c e n t r a t i o n s  of t o t a l  phos- 
phorus  exceeded 100 ug 1-I 35 t imes  o u t  of a  t o t a l  p o s s i b l e  of 7 2 .  
According t o  Vol lenweider  (1968) ,  such c o n c e n t r a t i o n s  a r e  c o n s i d e r e d  as 
being c h a r a c t e r i s t i c  of h y p e r e u t r o p h i c  c o n d i t i o n s ;  t h e  remaining s t a t i o n s  
a r e  cons idered  a s  e u t r o p h i c  a c c o r d i n g  t o  t h e  same c l a s s i f i c a t i o n  scheme. 

D e s p i t e  t h e  s t r i k i n g  r e l a t i o n s h i p  between A.  h y d r o p h i l a  d e n s i t y  and 
t o t a l  phosphorus and phosphate ,  i t  must b e  emphzsized t h a t  t h e s e  two 
wate r  q u a l i t y  pa ramete rs  may no t  be  t h e  o n l y  ones  r e s p o n s i b l e  f o r  i n c r e a s -  
i n g  t h e  d e n s i t y  o f  A.  h y d r o p h i l a  i n  t h e  Sound. The b a s i s  f o r  c a u t i o n  i s  
a p p a r e n t  when d a t a  f o r  s t a t i o n  1 2  a r e  examined and compared w i t h  t h o s e  
f o r  13.  A t  s t a t i o n  1 2 ,  l e v e l s  of t o t a l  phosphorus and phosphate  resemble  
t h o s e  a t  1 3 ,  y e t  A. h y d r o p h i l a  d e n s i t i e s  were n o t  i n o r d i n a t e l y  h i g h  a t  
any t ime d u r i n g  t h e  s t u d y .  Moreover, a t  s t a t i o n  20, d e n s i t i e s  o f  A. 
hydrophi la  were h i g h ,  y e t  c o n c e n t r a t i o n s  of t o t a l  phosphorus and phospha te  
were no t  e x c e p t i o n a l l y  h i g h  a s  a t  9  and 13.  

I n  J u l y ,  1979, A. h  d r o  h i l a  d e n s i t i e s  reached  exceed ing ly  h i g h  
l c v e l s  ( > 1,000 cfu-ml-t of t h e  sampl ing s t a t i o n s  i n  t h e  Sound. 
S ince  t h e s e  h igh  d e n s i t i e s  c o i n c i d e d  w i t h  a  s e v e r e  o u t b r e a k  of red-sore  
d i s e a s e ,  an  e f f o r t  was made t o  a n a l y z e  s e v e r a l  key w a t e r  q u a l i t y  pa ramete rs  
i n  J u l y  and s e v e r a l  months e a r l i e r  i n  1979, and t o  compare them w i t h  
t h e  same paramete rs  d u r i n g  t h e  same months of 1977 and 1978,  i n  hopes t h a t  
one o r  more might be s i g n i f i c a n t l y  d i f f e r e n t  between t h e  sampl ing p e r i o d s .  
U n f o r t u n a t e l y ,  t h e r e  was n o t  a  c l e a r  and d i s t i n c t  d i f f e r e n c e  between 1979 
and t h e  o t h e r  two y e a r s .  

S t r e s s  and Red-sore Disease  --- 
A consequence of s t r e s s  f o r  v e r t e b r a t e  an imals  is  t h e  p r o d u c t i o n  and 

r e l e a s e  of e x c e s s  q u a n t i t i e s  of c o r t i c o s t e r o i d s .  I n  p a r t ,  t h e s e  hormones 
f u n c t i o n  t o  m i t i g a t e  damage t o  cell .membranes d u r i n g  t h e  p e r i o d  of s t r e s -  
s o r  i n p u t .  An i n s i d i o u s ,  and c e r t a i n l y  u n d e s i r a b l e ,  s i d e  e f f e c t  of 
e l e v a t e d  c o r t i c o s t e r o i d  p r o d u c t i o n  i s  t h e  concomitant  r e d u c t i o n  i n  t h e  
l e v e l s  oE c i r c u l a t i n g  l e u c o c y t e s  ( l e u c o p e n i a )  which t h e n  r e s u l t s  i n  
i n c r e a s e d  v u l n e r a b i l i t y  t o  i n f e c t i o n  by pathogenic a g e n t s .  T h i s  sequence  
of  e v e n t s  h a s  been thoroughly  reviewed and ,  a t  l e a s t  i n  p a r t ,  documented 
i n  l i t e r a t u r e  d e a l i n g  w i t h  a v a r i e t y  of f i s h  s p e c i e s  (Love 1970,  Wedemeyer 
1970, Mazeaud e t  a l .  1977) .  However, a c a r e f u l  examinat ion o f  t h i s  
l i t e r a t u r e  a l s o  shows t h a t  r e l a t i o n s h i p s  between s t r e s s ,  l e u c o p e n i a ,  
c o r t i c o s t e r o i d  p r o d u c t i o n  and d i s e a s e  a r e  f r e q u e n t l y  o n l y  i m p l i e d  and ,  
u n f o r t u n a t e l y ,  n o t  s u b s t a n t i a t e d  by d a t a .  Thus, i n  some c a s e s ,  a r e l a t i o n -  
s h i p  between s t r e s s  and l e u c o p e n i a  was c l e a r l y  d e f i n e d  ( P i c k f o r d  e t  a l .  
1971, B a l l  and S l i c h e r  1 9 6 2 ) ,  b u t  n o t  s i m u l t a n e o u s l y  r e l a t e d  t o  i n c r e a s e d  
s u s c e p t i b i l i t y  t o  i n f e c t i o n .  I n  o t h e r  s t u d i e s ,  (Roth 1972,  Esch and Hazen 
1 9 7 5 ) ,  r e l a t i o n s h i p s  between s t r e s s  and d i s e a s e  were w e l l  d e s c r i b e d ,  b u t  
n o t  s i m u l t a n e o u s l y  r e l a t e d  t o  l e u c o p e n i a  o r  c o r t i c o s t e r o i d  p r o d u c t i o n .  
Moreover, i n  most i n v e s t i g a t i o n s ,  changes  i n  l e v e l s  of c i r c u l a t i n g  c o r t i s o l  
i n  r e s p o n s e  t o  s t r e s s o r . i n p u t ,  d i s e a s e  and l e u c o p e n i a ,  were n o t  de te rmined .  
Perhaps  most s i g n i f i c a n t l y ,  t h e  l i t e r a t u r e  i s  devoid of s t u d i e s  which 
a t t e m p t  t o  e s t a b l i s h  a  r e l a t i o n s h i p  between s t r e s s ,  l e u c o p e n i a ,  



c o r t i c o s t e r o i d  p r o d u c t i o n  and d i s e a s e  i n  n a t u r a l  p o p u l a t i o n s  o f  f i s h .  
I n  e f f e c t ,  w e  a r e  a s s e r t i n g  t h a t  t h e  l i t e r a t u r e  f r e q u e n t l y  i m p l i e s  such  
r e l a t i o n s h i p s  e x i s t ,  o r  have t h e  p o t e n t i a l  t o  e x i s t ,  w i t h i n  n a t u r a l  
p o p u l a t i o n s ,  b u t  t h e r e  is  a n  absence  of s u b s t a n t i v e  e v i d e n c e  t o  s u p p o r t  
such  i m p l i c a t i o n s .  

Esch and Hazen (1978) proposed t h a t  r ed -sore  d i s e a s e  was r e l a t e d  
t o  s t r e s s  w i t h i n  a largemouth b a s s  p o p u l a t i o n  l o c a t e d  i n  Par  Pond, a 
l a r g e  c o o l i n g  r e s e r v o i r  l o c a t e d  on t h e  Savannah River  P l a n t  near 
Aiken,  SC. T h e i r  s t u d y ,  and t h a t  of  Gibbons e t  a l .  (1978), conc luded  
t h a t  the rmal  e f f l u e n t  from a  n u c l e a r  p r o d u c t i o n  r e a c t o r  s e r v e d  t o  
s t i m u l a t e  e x c e s s  metabol ism w i t h i n  b a s s  which,  i n  t u r n ,  produced 
s i g n i f i c a n t  changes  i n  body c o n d i t i o n ,  o r  f i t n e s s ,  o f  b a s s  r e s i d i n g  
i n  t h e r m a l l y  a l t e r e d  a r e a s  of t h e  r e s e r v o i r .  These i n v e s t i g a t i o n s  
a l s o  c l e a r l y  demons t ra ted  t h a t  body c o n d i t i o n  and t h e  p r o b a b i l i t y  o f  
a g i v e n  b a s s  a c q u i r i n g  t h e  d i s e a s e  a r e  c o r r e l a t e d .  Esch and Hazen 
(1978) h y p o t h e s i z e d  t h a t  lowered body c o n d i t i o n  i n  t h e  P a r  Pond b a s s  
p o p u l a t i o n  r e s u l t e d  i n  s t r e s s ,  l e a d i n g  t o  i n c r e a s e d  p r o d u c t i o n  of  
c o r t i c o s t e r o i d s ,  l e u c o p e n i a  and g r e a t e r  s u s c e p t i b i l i t y  t o  i n f e c t i o n  
by A .  h y d r o p h i l a .  I n  t h e  absence  o f  a  r e d - s o r e  e p i z o o t i c  i n  Albemarle  
sound u n t i l  J u l y ,  1979 (and t o o  l a t e  f o r  d a t a  t o  b e  c o l l e c t e d  f o r  t h e  
p r e s e n t  r e p o r t ) ,  a n  e f f o r t  was made t o  g e n e r a t e  d a t a  which migh t  b e  
used t o  r e f u t e  o r  s u p p o r t  t h e  s t r e s s  h y p o t h e s i s .  

Body c o n d i t i o n s  and p r e v a l e n c e  o f  r ed -sore  d i s e a s e  were  computed 
f o r  465 largemouth b a s s  t a k e n  i n  Par  Pond on a  s e a s o n a l  b a s i s  begin-  
n i n g  i n  sumner,  1.97G and e s t e n d i n g  th rough  w i n t e r ,  1978.  The d a t a  
show (Tab le  a ) ,  t h a t  b a s s  w i t h  K- fac to r s  < 2 . 0  have a  s i g n i f i c a n t l y  
h i g h e r  p r o b a b i l i t y  o f  hav ing  r e d - s o r e  d i s e n s e  t h a n  i n d i v i d u a l s  w i t h  
!<-E,~ctors  '. 2.0.  T h i s  o b s e r v a t i o n  conforms t o  o b s e r v a t i o n s  on 
> 8 ,000  largemouth b a s s  t a k e n  i n  t h e  same r e s e r v o i r  between t h e  f a l l  
oE 1974 and s p r i n g ,  1979 ( F i g .  1 4 1 ) .  It is  c l e a r  t h a t  t h e  d i v i s i o n  i n  
tlic p o p u l a t i o n ,  as r e g a r d s  p r e v a l e n c e  of t h e  d i s e a s e ,  o c c u r s  when 
K- fac to r s  i n c r e a s e  beyond 2 . 0 .  

Tab le  8  

PIean (S . E .  ) K-f ac t o r s  and i n £  e c t i o n  
p e r c e n t a g e s  f o r  largemouth 

b a s s  w i t h  body c o n d i t i o n s  
< 2.00 and > 2.00 

God y  c o n d i t i o n  
s u b c l a s s  

I n f  e c  t i o n  
p e r c e n t a g e  



The mean value of each blood parameter (except cortisol) for bass 
with K-factors < 2.0 was significantly less than for bass with K- 
factors > 2.0 (Table 9). Most importantly, however, cortisol levels 
were significantly elevated among bass in poor body condition while in 
the same group, total white blood cell counts were also significantly 
reduced. To preclude any possibility that division of these bass 
into two subclasses has produced a 'quantitative' artifact, data for 
all bass were pooled and assessed using multiple regression analysis 
(Table 10) with K as the dependent variable Y. The correlation matrix 
shows that there were significant correlations between each blood 
parameter and body condition, affirming observations and conclusions 
based on analysis of data for bass divided into the two subclasses. 

Table 9 

Comparison of hematological 
parameters (X + S.E.) of largemouth bass 
with body conditions < 2.00 and > 2.00 

Blood Parameters 

Body condition 
subclass Hematocrit Hemoglobin Total RBC Total WBC Cortisol 

,kFor bass (2.00, N = 143, except cortisol where N = 121 
?<*For bass >2.00, N = 322, except cortisol where N = 276 
Hematocrit = % cell vo ume; Hemoglobin = g/dl-l; b Total R6C = cells x' 10 /ml; Total WBC = cells x lo4/ml; 
Cortisol = pg/dl. 

Table 10 

Correlation matrix for five 
blood parameters and body conditions 
of largemouth bass from Par Pond 

Hematocrit Hemoglobin LC3 C RBC Cort is01 

Hematocrit 1.00000 
Hemoglobin -.52225 1.00000 
WBC .05831 -. 29144 1.00000 
RB C -. 28364 .I2823 -. 14236 1.00000 
Cortisol -. 01309 ,02180 .lo100 .05172 1.00000 
K-factor -. 56532 -. 19176 -.I3179 -.I6786 -.34377 ' 

All values underlined are significant at < 0.05 level of confidence; N = 395 



These d a t a  appear  t o  conf i rm t h e  s t r e s s  h y p o t h e s i s  o f  Esch and 
Hazen (1978) ;  s e e  a l s o  F ig .  142. Thus,  a s  s t o r e d  energy  reserves are 
d e p l e t e d ,  body c o n d i t i o n ,  o r  f i t n e s s ,  i s  reduced.  Concomitant ly ,  
h e m a t o c r i t ,  hemoglobin and t o t a l  r e d  blood c e l l  c o u n t s  f a l l .  Most 
s i g n i f i c a n t l y ,  however, c o r t i s o l  l e v e l s  r i s e  and t o t a l  w h i t e  b l o o d  
c e l l  c o u n t s  d e c r e a s e .  Presumably, l e u c o p e n i a  i n c r e a s e s  v u l n e r a b i l i t y  
t o  i n f e c t i o n  by A ,  h y d r o p h i l a .  I t  cannot  y e t  be s t a t e d  whether  t h e  
r e l a t i o n s h i p  between v u l n e r a b i l i t y  t o  d i s e a s e  and l e u c o p e n i a  i s  due 
t o  s u p p r e s s i o n  of a n t i b o d y  produc t ion ,  o r  i f  i t  is  a consequence of 
a  r e d u c t i o n  i n  t h e  h o s t ' s  c a p a c i t y  t o  respond t o  t h e  pathogen because  
of l y s i s  of p o t e n t i a l  phagocytes .  

Disease  Process  i n  Albemarle Sound and Par  Pond ---- 
I n  P a r  ~ o n d T t h e  d i s e a s e  p r o c e s s  f o l l o w s  what i s  b e s t  d e s c r i b e d  a s  

a c h r o n i c  p a t t e r n ,  induced by t h e  long-term e f f e c t s  o f  e l e v a t e d  tempera- 
t u r e  produced by the rmal  e f f l u e n t  from a  n u c l e a r  p r o d u c t i o n  r e a c t o r .  
Within  P a r  Pond, t h e r e  i s  a c l e a r ,  and s i g n i f i c a n t ,  c o r r e l a t i o n  between 
body c o n d i t i o n  and t h e  p r o b a b i l i t y  o f  a g iven  b a s s  e x h i b i t i n g  red-sore  
d i s e a s e .  E leva ted  t empera tu re  a l s o  i n d u c e s  stress and concomi tan t  
d e c r e a s e s  i n  h e m a t o c r i t ,  hemoglobin and t o t a l  r e d  blood c e l l  c o u n t s .  
Host s i g n i f i c a n t l y ,  however, c o r t i s o l  l e v e l s  a r e  e l e v a t e d  and l e u c o p e n i a  
deve lops .  It i s  b e l i e v e d ,  a l though  e v i d e n c e  is as y e t  o n l y  i n d i r e c t ,  
t h a t  l e u c o p e n i a  a l t e r s  s u s c e p t i b i l i t y  t o  i n f e c t i o n  by A .  h y d r o p h i l a .  
The r e s u l t  i s  t h a t  s t r e s s e d  b a s s ,  and most c e r t a i n l y  t h o s e  w i t h  lower  
body c o n d i t i o n s ,  a r e  more l i k e l y  t o  deve lop  red-sore  d i s e a s e ,  It 
shou ld  be emphasized t h a t  f i s h  p o p u l a t i o n s  e x h i b i t i n g  a c h r o n i c  d i s e a s e  
p a t t e r n ,  such 3s i n  Par  Pond, a r e  n o t  s u b j e c t  t o  sudden and mass ive  
m o r t a l i t y .  Over an  e l e v e n  y e a r  p e r i o d  i n  which b a s s  have been c l o s e l y  
s t u d i e d  i n  Par  Pond, t h e r e  has  not  been a  massive f i s h  k i l l  a t t r i b u t a b l e  
t o  red-sore  d i s e a s e .  

I n  a number of o t h e r  sys tems,  r ed-sore  d i s e a s e  i s  c h a r a c t e r i z e d  by 
sudden, and massive ,  m o r t a l i t y  ( S h o t t s  e t  a l .  1972, M i l l e r  and Chapman 
1976,  Nr. Grover Cook, p e r s o n a l  communication). Other  t h a n  d u r i n g  t h e  
p e r i o d s  of f i s h  m o r t a l i t y ,  p reva lence  o f  t h e  d i s e a s e  was a p p a r e n t l y  
n e g l i g i b l e  a n d / o r  l e s i o n s  were so  s m a l l  a s  t o  go unnot iced  by t h e  
c a s u a l  o b s e r v e r .  I n  t h e s e  c a s e s ,  i t  i s  proposed t h a t  s t r e s s  was o f  a n  
a c u t e  n a t u r e ,  a f E e c t i n g  a popula t ion  of s u s c e p t i b l e  h o s t s  which may 
have a l s o  been c a r r y i n g  low- leve l ,  and sub-pa ten t ,  i n f e c t i o n s  such  as 
sugges ted  r e c e n t l y  by Gorden e t  a l .  (1979) .  

An impor tan t  f e a t u r e  of red-sore  d i s e a s e  is t h a t  d a t a  g e n e r a t e d  by 
t h e  p r e s e n t  s t u d y  c l e a r l y  show t h a t  s e v e r a l  wa te r  q u a l i t y  pa ramete rs  can  
be c o r r e l a t e d  w i t h  d e n s i t i e s  of A .  h y d r o p h i l a  which,  i n  t u r n ,  c a n  be  
c o r r e l a t e d  w i t h  a n  e p i z o o t i c  ou tbreak  of red-sore  d i s e a s e  among s e v e r a l  
Lish s p e c i e s  ( F i g .  1 4 3 ) .  Perhaps a s  s i g n i f i c a n t ,  however, s e v e r a l  o f  
t h e s e  same wate r  q u a l i t y  pa ramete rs  may a l s o ,  when changed s u b s t a n t i a l l y ,  
promote s t r e s s  i n  f i s h .  It i s  t h u s  w e l l  known t h a t  i n c r e a s e d  n i t r o g e n ,  
o r g a n i c  ca rbon  a n d / o r  phosphorus l o a d i n g ,  i n  c o n c e r t  w i t h  h i g h  summer 
t e m p e r a t u r e s ,  may l e a d  t o  lower l e v e l s  o f  d i s s o l v e d  oxygen which,  i n  
t u r n ,  have t h e  c a p a c i t y  t o  a c u t e l y  s t r e s s  f i s h .  With d i r e c t  knowledge 
of t h e  p o t e n t i a l l y  h i g h l y  f u l m i n a t i n g  n a t u r e  of r e d - s o r e  d i s e a s e  



(Huizinga et al. 1979, Hazen 1978, Gorden et al. 1979), it seems reason- 
able that massive and abrupt epizootics of red-sore disease leading to 
high mortality, may then occur. It thus is most interesting that 
conditions which are known to promote high densities of A. hydrophila - 
will also simultaneously cause stress and, as a consequence, may lead to 
a fulminating disease syndrome resulting in sudden and massive fish 
mortality. 
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