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ABSTRACT: Two Vibrio species identif ied as V. damsela and a new sucrose-posit ive Vibrio sp., V. 
carchariae sp. nov., were s imul taneously  isolated from a brown shark  which died whi le  be ing  held  
in captivity at a large aquarium. Pathogenici ty  s tudies were  subsequent ly  conducted us ing  a variety 
of elasmobranchs,  including smooth dogfish and  lemon sharks. Both bacter ial  strains proved 
pathogenic,  causing dea th  in near ly  all of the e lasmobranch  hosts chal lenged.  Virulence studies 
revealed that  both bacterial  strains were cytotoxic for Y-I mouse adrenal  cells. The V. damsela 
strain was highly cytotoxic, causing Y-1 cellular d a m a g e  at culture superna tan t  di lut ions up to 
1 : 128. Both strains were hemolytic, but  ne i ther  exhibi ted  the  Kanagawa phenomenon .  They were  
both capable  of urea hydrolysis, an  in teres t ing trait, cons ider ing  that  e lasmobranchs  re ta in  large (ca 
300 milliosmolal) urea concentrat ion in their  tissue. 

I N T R O D U C T I O N  

I n t e r a c t i o n s  a m o n g  Vibrio s p e c i e s  a n d  a q u a t i c  a n i m a l s ,  b o t h  v e r t e b r a t e  a n d  i n v e r t e -  

b ra t e ,  h a v e  b e e n  of i n t e r e s t  to m a r i n e  b i o l o g i s t s  for m a n y  y e a r s .  Of  t h e  s t u d i e s  p u b l i s h e d  

to da te ,  t h e  m i c r o b i a l  i n t e r a c t i o n s  i n c l u d e  c r u s t a c e a n s  (Kran tz  e t  al., 1969),  s h e l l f i s h  

(Co lwe l l  & Lis ton,  1960, 1962; T u b i a s h  e t  al., 1970; H a d a  e t  al., 1984), c o p e p o d s  ( H u q  e t  

al., 1983; K a n e k o  & C o l w e l l ,  1978),  s e a  u r c h i n s  ( G u e r i n o t  e t  al., 1982),  a n d  f in  f i sh  

(To ranzo  e t  al., 1983).  In m a n y  cases ,  a m u t u a l i s m  h a s  b e e n  h y p o t h e s i z e d ,  e . g . V .  

diazotrophicus a n d  s e a  u r c h i n s  ( G u e r i n o t  e t  al., 1982),  a n d  Vibrio spp .  a n d  s h e l l f i s h  

(Co lwe l l  & Lis ton,  1960, 1962). In o t h e r  cases ,  t h e  i n t e r a c t i o n s  a r e  c l e a r l y  p a t h o g e n i c ,  

e . g . V ,  anguillarum a n d  s a l m o n i d s  ( C o l w e l l  & G r i m e s ,  1984).  W e  h a v e  r e c e n t l y  

d o c u m e n t e d  a n e w  Vibrio-marine a n i m a l  i n t e r a c t i o n  i n v o l v i n g  s h a r k s  ( G r i m e s  e t  al., 

1984) a n d  a d e s c r i p t i o n  of v i b r i o s  i n v o l v e d  a n d  t h e  r e l a t i o n s h i p  is  p r o v i d e d  h e r e .  

E X P E R I M E N T A L  P R O C E D U R E S  

T w o  b a c t e r i a  w e r e  i s o l a t e d  d u r i n g  n e c r o p s y  of a b r o w n  s h a r k  (Carcharhinus plum- 
beus) t h a t  d i e d  in  c a p t i v i t y  a t  t h e  N a t i o n a l  A q u a r i u m  i n  B a l t i m o r e ,  B a l t i m o r e ,  MD.  
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Isolate 1116a was cul tured from the l iver and  1116b from the kidney.  Detai led descrip- 
tions of the isolat ion procedure  and  disease characteristics have b e e n  publ i shed  else- 
where  (May et al., 1983; Grimes et al., 1984). Briefly, the disease was characterized by 
lethargy, inappe tence ,  d isor ientat ion and  subdermal  cysts with necrosis, prior to death of 
the shark. At necropsy, notable  features were  vasculitis,  meningi t i s ,  encephali t is ,  
marked  k idney  necrosis, and  invo lvemen t  of the spleen,  liver, and  kidney.  Both vibrios 
were isolated from thioglycollate  broths into which necropsied specimens had been  
placed. 

Tests conducted  on the two isolates inc luded  cel lular  and  cultural  morphology 
observations,  b iochemica l  tests, G + C ratios, DNA-DNA hybridizat ion,  v i rulence tests, 
urea  metabol i sm studies, and  p lasmid  analysis.  Details of the procedures are provided 
by Grimes et al. (1984). 

DESCRIPTION OF ISOLATES 

Isolate 1116a is a g ram-nega t ive  coccobacil lus (ave. size 1.0 x 0.7 gm), motile by 
means  of a polar  f lage l lum (1 to 2 per  cell). Isolate 1116b is also gram-negat ive ,  but  is 
longer  (ave. size 1.6 x 0.5 gin) and  forms both polar  and  lateral  flagella. Cultural  and 
morphological  features for both isolates are shown in Table  1. 

Biochemical  at tr ibutes of isolates 1116a and  1116b are shown in Table  2. Notable 
traits for 1116a are: oxidase positive, sensi t ive to 0/129 (both 10- and  1504tg concentra-  
tions); deamina t ion  and  decarboxyla t ion of a rg in ine ;  product ion of gas from glucose; 
hydrolysis of urea, ge la t in  and  chitin; and  posit ive methyl  red and  Voges-Proskauer 
reactions. Isolate 1116b is oxidase positive; sensi t ive to 150 ~g of 0/129; decarboxylates 
lysine and  orni thine;  reduces  ni t rate  to a non-gaseous  product  more reduced than 
nitrate;  produces  indole  (plates typical ly  have a strong indole  odor); hydrolyzes urea, 
ge la t in  and  chitin; produces acid from sucrose and  salicin; and  grows in 8 %, but  not 
10 % NaC1. These reactions, a long with others l isted in  Table  2, place both isolates in 
the genus  V i b r i o  (Pacini). 

Table 1. Morphological and cultural features of Vibrio damsela 1116a and Vibrio carchariae 1116b 

Test V. damse]a V. carchariae 

Form coccobacillus bacillus 
Arrangement single, pairs, chains single, pairs, chains, clusters 
Gram reaction negative negative 
Flagellation 

liquid media polar polar 
solid media polar polar and lateral 

PHB granules" + + 

Anaerobic growth + + 
Growth range 10-41 °C 11-40°C 

* PHB = poly-~-hydroxybutyrate; visualized as phase-bright intracellular granules and as black 
granules when stained with Sudan black B 
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T a b l e  2~ B i o c h e m i c a l  cha rac te r i s t i c s*  of Vibr io  d a m s e l a  1116a a n d  Vibr io  carchar iae  1116b 

T e s t  V. d a m s e l a  V. carchar iae  

O x i d a s e  + + 

0 /129  sens i t i v i t y*"  

10 ~g S R 

150 ~tg S S 
D e c a r b o x y l a s e  (Mel ler) :  

a r g i n i n e  + -- 

l y s ine  -- + 
o rn i t h ine  -- + 

t y r e s i n e  -- -- 

Arginine d i h y d r o l a s e  + -- 

P h e n y l a l a n i n e  d e a m i n a s e  -- -- 
N i t r a t e  r e d u c t i o n  4- + 
Den i t r i f i c a t i on  -- -- 
Growth  in  0 % NaC1 - - 

3 %  + + 
6 %  -- + 
8 %  - -  + 

10% -- - 
Indo le  - 4- 
M e t h y l  r ed  + (pH 4.8) + (pH 5.0) 
V o g e s - P r o s k a u e r  + -- 

Ci t ra te  - - 
E n z y m e  p roduc t ion :  

a l g i n a s e  
a m y l a s e  
c a s e i n a s e  
c a t a l a s e  
c e l l u l a s e  
c h i t i n a s e  
g e l a t i n a s e  
l e c i t h i n a s e  
l i p a s e  
p e c t i n a s e  
u r e a s e  

F e r m e n t a t i o n  of: 
a r a b i n o s e  
g l u c o s e  
inos i to l  
l ac tose  
m a n n o s e  
sa l i c in  
sucrose  

O/F reac t ion :  
a r a b i n o s e  
a r b u t i n  
c e l l o b i o s e  
g l u c o s e  
inos i to l  
l ac tose  
m a n n i t o l  

- -  + 

+ + 

- -  4 .  

+ + 

+ + 
+ + 
- -  + 

- -  + 

+ 4. 

AG A 

AG A 
A A 
- -  A 

N C / N C  
K / N C  
A / A  
A / A  
K/NC 
K/NC 
K / N C  

K / N C  
K / N C  
K / N C  
A/A  
K / N C  
K / N C  
A / A  
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Tab le  2 (continued) 

Test V. damsela V. carchariae 

O/F reaction: 
m a n n o s e  A/A A/A 
saticin K/NC A/A 
sucrose  K/NC A/A 
t reha lose  A/A A/A 

ONPG . . . .  
Malona te  -- -- 
H2S produc t ion  - - 
Util ization of: 

a r ab inose  -- + 
¥ -aminobu ty ra te  -- + 
e thanol  -- + 
glycine - + 
a -ke tog lu ta ra te  -- + 
1-propanol -- + 
p rop iona te  -- -- 
urea -- + 

xanthine + + 

yeast extract + + 

Swarming - + 

Bioluminescence - - 

Hemolys i s  13 a 
K a n a g a w a  NG -- 
VFA in g lucose  broth** a, f, s a, l, s 
Moles  % G + C (Tin)*** 42.4 46.3 

* S = sensit ive;  R = resistant;  A = acid; AG = acid + gas; K = alkaline;  NC = no change;  
NG = no growth;  a = acetic acid; f = formic acid; 1 = lactic acid; s = succinic acid 

• * 0/129 = 2,4°diamino-6,  7 d i isopropyl-pter id ine;  ONPG = O-n i t rophenyl -~-D-ga lac topyra-  
noside;  O /F  = oxidat ive  reac t ion / fe rmenta t ive  reaction; VFA = volati le fatty acid 

* * * Average  of 6 different  de te rmina t ions  each  wi th  a different  DNA prepa ra t ion  

M O L E C U L A R  G E N E T I C  S T U D I E S  

Vibrio 1116a  a n d  Vibrio l l 1 6 b  w e r e  o b s e r v e d  to  p o s s e s s  g u a n i n e  + c y t o s i n e  

(G + C) b a s e  r a t i o s  of 42.4 % ( s t a n d a r d  e r r o r  = 0.5 %)  a n d  46.3  % (s.e. = 0.8 %), 

r e s p e c t i v e l y .  T h e s e  a l s o  a r e  c o n s i s t e n t  w i t h  a t t r i b u t e s  p r e v i o u s l y  d e t e r m i n e d  for  m e m -  

b e r s  of  t h e  g e n u s  Vibrio ( M i n u t e s ,  S u b c o m m i t t e e  o n  V i b r i o n a c e a e ,  I n t e r n a t i o n a l  J u d i -  

c i a l  C o m m i s s i o n ,  I n t e r n a t i o n a l  A s s o c i a t i o n  of  M i c r o b i o l o g i c a l  S o c i e t i e s ,  1972).  W h e n  

D N A  p r e p a r e d  f r o m  v i b r i o s  1116a  a n d  1 1 1 6 b  w a s  c o m p a r e d  w i t h  D N A  f r o m  o the r ,  

s i m i l a r  Vibrio s p p . ,  b y  m e a n s  of  D N A  h y b r i d i z a t i o n ,  i s o l a t e  1 1 1 6 a  w a s  f o u n d  to h a v e  a 

h i g h  d e g r e e  of  s i m i l a r i t y  to V. damsela C D C - 2 5 8 8 - 8 0  ( T a b l e  3). T h e r e f o r e ,  b a s e d  o n  

b i o c h e m i c a l  a t t r i b u t e s  a n d  D N A  h o m o l o g y ,  i s o l a t e  1116a  w a s  d e t e r m i n e d  to b e  V. 

damsela a n d ,  s u b s e q u e n t l y ,  w a s  a c c e s s i o n e d  b y  t h e  A m e r i c a n  T y p e  C u l t u r e  C o l l e c t i o n ,  

A T C C  35083 .  I s o l a t e  1 1 1 6 b  i s  b i o c h e m i c a l l y  s i m i l a r ,  i n  m a n y  r e s p e c t s ,  to  V. para- 
haernolyticus, V. alginolFticus, a n d  V. tubiashii. H o w e v e r ,  D N A  p r e p a r e d  f r o m  1116b  
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Test organism Hybridization with 32p-DNA from 

V. damsella 1116a V. carchariae 1116b 

Vibrio damsela 1116a 
V. carchariae 1116b 
V. alginolyticus ATCC 17749 
V. anguillarum ATCC 19264 
1,'. damsela CDC-2588-80 
V. fischeri ATCC 25918 
1/. [umissii VL 2386" * 
V. gazogenes ATCC 29988 
V. parahaemolyticus ATCC 17802 
17. tubiashii ATCC 19109 
Escherichia coli ATCC 11775 
Control 

' nd = not done 
"" formerly V. fluviafis biotype II 

100.0 nd 
4.7 100.0 
nd" 28.6 
3.8 8.2 

88.0 9.5 
20.7 20.6 
5.7 nd 
1.5 nd 
n d  42.6 
3.8 10.9 
3.9 4.2 
0.0 2.0 

was not sufficiently homologous  wi th  DNA p repa red  from these,  or any other  Vibr io  sp. 

tested, to warrant  classif ication as a p rev ious ly  r e c o g n i z e d  species  (Table 3). It was, 
therefore, conc luded  that  isolate  1116b represents  a n e w  species  of the genus  Vibrio,  V. 

carchariae,  "vibr io  of sharks"  (Grimes et al., 1984), and access ioned  by the Amer i can  

Type Culture  Col lec t ion  as A T C C  35084. 

Both V. damse la  l l 1 6 a  and V. carchariae  l l 1 6 b  were  e x a m i n e d  for plasmids,  us ing  

the a lka l ine  extract ion me thod  of Kado & Liu (1981), modi f ied  as p rev ious ly  desc r ibed  

(Grimes et al., 1984). V. d a m s e l a  1116a was found to conta in  four distinct p l a smid  bands  

with masses of 3.3, 4.3, 10.5 and ca 30 megada l tons  (Mdal). V. c a r c h a r i a e d i d  not conta in  

detec table  plasmids.  Interest ingly,  V. d a m s e l a  did conta in  one  p lasmid  band,  the 30 
Mdal  band, that  was  ident ica l  to that  de t ec t ed  in the type strain of V. d a m s e l a  (strain 

CDC-2588-80, Love et  al., 1981). We are  current ly  e x a m i n i n g  other  V. d a m s e l a  strains for 
p lasmid content,  us ing  both who le  p la smid  analysis  and restr ict ion e n d o n u c l e a se  
analysis. 

VIRULENCE STUDIES 

Vibrio  damse la  and Vibrio  carchar iae  were  in jec ted  in t raper i tonea l ly  (IP), into spiny 

dogfish (Squa lus  acanthias)  and l emon  sharks ( N e g a p r i o n  brevirostris).  T h e  infected 
dogfish d ied  wi th in  18 hours, post inject ion.  Both V. d a m s e l a  and V. carchar iae  were  

recovered  from the dead  dogfish sharks. Lemon sharks a p p e a r e d  to be  more  resistant  to 

infection. That  hea l thy  l emon  sharks could  not be  infec ted  wi th  V. d a m s e l a  was 

concluded,  based on the observat ion  that  46 h after IP in jec t ion  wi th  5 X 10 ~ total cells, 
17. damse la  could not be  recovered  from the  t issue of a sacr i f iced shark. V. carchariae,  on 

the other hand, could be  recovered  from a l emon  shark in jec ted  with  V. carchar iae  at a 

concentrat ion of 5 x 10 T cells. Whi le  V. carchariae  did not kill  the  l emon  shark, it d id  

cause abnormal  h is topathology of the kidney,  liver, and sp leen  (Grimes et al., unpubl .  
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data). In progress  is a survey of hea l thy  sharks to de t e rmine  whe the r  Vibrio spp. 
comprise  a componen t  of the normal  flora of sharks. To date, V. damsela has been  

isolated from the s tomach of a hea l thy  l emon shark, V. carchariae from a whi te-colored  

skin les ion on a capt ive  l emon shark, and V. carchariae from t rematodes  (Derrnoph- 
thirius sp.) infes t ing the skin of l emon  sharks (Grimes et al., unpubl ,  data). 

Previously,  V. damsela was repor ted  by Love et al. (1981) to have  a narrow host 

range,  infec t ing  only the b lacksmi th  (Chromis punct ipinnis)  and the gar iba ld i  (Hypsy- 

pops  rubicunda). Thus, this report  ex tends  the host r ange  for V. damsela to include the 
spiny dogfish and  brown shark, and l emon  shark. The  fact that V. damsela is a potent ia l  

human  pa thogen  (Love et al., 1981) ex tends  its host r ange  to inc lude  both warm and 

co ld-b looded  animals.  

Vi ru lence  of V. carchariae and V. damsela was inves t iga ted  us ing the Y-1 adrenal  
cell  assay (Maneval  et al., 1980). V. carchariae was found to be sl ightly cytotoxic, with 

less than 25 % of the monolayer  cells be ing  affected by und i lu ted  cul ture supernatant .  V. 

damsela, on the other  hand, was h igh ly  cytotoxic. Whi le  no toxicity was noted dur ing the 
first 4 h of incubat ion,  1 : 16 di lut ions of cul ture superna tan t  caused comple te  destruc- 
tion of the monolayer  after 18 h. A toxic effect for V. damsela was also obta ined  at a 

d i lu t ion of 1 : 128. Kreger  et al. (1984) have  observed  V. damsela to be strongly cytotoxic. 
Using a mouse  red blood cell  system, crude toxin from five strains of V. damsela was 

found to be  more  cytotoxic than s imilar  prepara t ions  from V. vulnif icus (Kreger et al., 
1984). These  studies,  combined  wi th  Y-1 assay data, support  the hypothesis  that  V. 

damsela produces  a toxin(s). 

UREA METABOLISM 

Both Vibrio carchariae and Vibrio damsela were  found to be capab le  of hydrolyzing 
urea  (Table 2), a trait not common to Vibrio spp. (West et al., in prep.). V. carchariae 

ut i l ized urea  as a sole source of carbon and ni t rogen,  a l though such use was s t imulated 
by addi t ion  of 0.01 to 0 . 1 %  yeast  extract. V. damsela was also able  to ut i l ize urea as a 

carbon and n i t rogen  source, but  only  in the p resence  of yeast  extract  ( 0 . 0 1 % - 0 . 1 % ) .  
Both vibrios, upon growth  in 2 % urea  broth, ra ised the pH of the m e d i u m  from the initial 

7.0 to a final  pH 9.2 (Grimes et al., 1984), a s ignif icant  observa t ion  in v i e w  of the fact that 

sharks main ta in  a h igh  urea  concentra t ion  in their  p lasma and tissue fluids (approx. 330 

mi l l iosmola l  or 2 %). 

Acknowledgements. Presented, in part, at the International Helgoland Symposium "Diseases of 
Marine Organisms", held in September, 1983, Helgoland, Federal Republic of Germany. The 
authors are grateful to S. H. Gruber for supplying the lemon sharks used in the reinfectivity studies. 
This study was supported, in part, by the National Science Foundation (DEB-82-08418), National 
Institutes of Health (5R22-Al-14242), World Health Organization (6/181/70), and National Sea 
Grant (NA8AAA-D-00040). 

LITERATURE CITED 

Colwell, R. R. & Grimes, D. J., 1984. Vibrio diseases of marine fish populations.. - Helgolander 
Meeresunters. 37, 265-287. 

Colwell, R. R. & Liston, J., 1960. Microbiology of shellfish. Bacteriological study of the natural flora 
of Pacific oysters (Crassostrea gigas]. - Appl. Microbiol. 8, 104-109. 



Vibr io  s p e c i e s  a s  a g e n t s  o f  e l a s m o b r a n c h  d i s e a s e  3 1 5  

Colwel l ,  R. R. & Liston, J., 1962. T h e  n a t u r a l  flora of ce r t a in  m a r i n e  i nve r t eb r a t e s .  - J .  Insec t  Pathol .  
4, 23-33.  

Gr imes ,  D. J., S t e m m l e r ,  J., H a d a ,  H., M a y ,  E. B., M a n e v a l ,  D., Het r ick ,  F. M., Jones ,  R. T., Stoskopf ,  
M. & Colwel l ,  R. R., 1984. Vibrio s p e c i e s  a s s o c i a t e d  w i th  mor t a l i t y  of s h a r k s  h e l d  in capt iv i ty .  - 
Microb.  Ecol. 10, (In press) .  

Guer inot ,  M. L., West ,  P. A., Lee, J. V. & Colwel l ,  R. R., 1982. Yibrio diazotrophicus sp. nov.,  a 
m a r i n e  n i t r o g e n - f i x i n g  b a c t e r i u m .  - Int. J. Syst. Bact. 32, 350-357 .  

Hada ,  H. S., West ,  P. A., Lee, J. V., S t e m m l e r ,  J. & Colwel l ,  R. R., 1984. Vibrio tobiashii sp. nov.,  a 
p a t h o g e n  of b i v a l v e  m o l l u s k s .  - Int. J. Syst.  Bact. 34, 1-4. 

Huq,  A., Small ,  E. B., West ,  P. A., H u q ,  M. I., R a h m a n ,  R. & Colwel l ,  R. R., 1983. Eco log ica l  
r e l a t i onsh ips  b e t w e e n  Vibrio cholerae a n d  p l a n k t o n i c  c r u s t a c e a n  copepods .  - Appl .  env i ron .  
Microbiol .  45, 275-283 .  

In t e rna t iona l  A s s o c i a t i o n  of Mic rob io log i ca l  Socie t ies ,  S u b c o m m i t t e e  on  t he  T a x o n o m y  of Vibrios .  
1972. Report  of m e e t i n g s ,  1966-1970.  - Int. J. Syst. Bact. 22, 123. 

Kado,  C. I. & Liu, S. T., 1981. Rap id  p r o c e d u r e  for de t ec t i on  a n d  i so la t ion  of l a rge  a n d  s m a l l  
p l a s m i d s . -  J. Bact. 145, 1365-1373.  

Kaneko ,  T. & Colwel l ,  R. R., 1978. T h e  a n n u a l  cyc le  of Vibrio parahaemolyticus in  C h e s a p e a k e  
Bay. - Microb.  Ecol. 4, 135-155.  

Kaper ,  J. B., Lockman ,  H., R e m m e r s ,  E. F., K r i s t e n sen ,  K. & Colwel l ,  R. R., 1983. N u m e r i c a l  
t a x o n o m y  of v ibr ios  i so la ted  f rom e s t u a r i n e  e n v i r o n m e n t s .  - Int. J. Syst. Bact. 33, 229-255 .  

Krantz,  G. E., Colwel l ,  R. R. & Lovelace ,  E., 1969. Vibrio parahaemolyticus f rom the  b l u e  c rab  
Callinectes sapidus in C h e s a p e a k e  Bay. - Sc ience ,  N.Y. 164, 1286-1287.  

Kreger ,  A. S., 1984. Cyto ly t ic  ac t iv i ty  a n d  v i r u l e n c e  of Vibrio damsela. - Infect.  I m m u n .  44, 326-331 .  
Love, M., T e e b k e n - F i s h e r ,  D., Hose,  J. E., Fa rmer ,  J. J., H i c k m a n ,  F. W. & F a n n i n g ,  G. R., 1981. 

Vibrio damsela, a ma, / ine  b a c t e r i u m ,  c a u s e s  s k i n  u l ce r s  on  t he  d a m s e l f i s h ,  Chromis punctipin- 
n i s . -  Science ,  N.Y. 214, 1139-1140.  

M a n e v a l ,  D., Colwel l ,  R. R., J o s e p h ,  S. W., Grays ,  R. & Donta ,  S. T., 1980. A t i s sue  cu l tu re  m e t h o d  for 
the  de tec t ion  of bac te r i a l  en te ro tox ins .  - J. Tiss.  Cult .  Me th .  6, 85-90 .  

May,  E. G., Gr imes ,  D. J., Jones ,  R. T., S t e m m l e r ,  J., Het r ick ,  F. M. & Colwel l ,  R. R., 1983. A Vibrio 
in fec t ion  in b r o w n  s h a r k s  (Carcharhinusplumbeus): b i o c h e m i c a l  c h a r a c t e r i z a t i o n  of two u n i q u e  
Vibrio spec ies .  - 14th A n n u a l  S y m p o s i u m  of t h e  I n t e rna t i ona l  A s s o c i a t i o n  for A q u a r i u m  A n i m a l  
Med ic ine ,  Long  Beach,  CA. 

Toranzo,  A. E., Barja,  J. L., Potter, S. A., Colwel l ,  R. R., Het r iek ,  F. M. & Crosa ,  J. H., 1983. M o l e c u l a r  
factors a s s o c i a t e d  w i t h  v i r u l e n c e  of m a r i n e  v ibr ios  i so la t ed  f rom s t r iped  b a s s  in C h e s a p e a k e  
Bay. - Infect. I m m u n .  39, 1220-1227.  

T u b i a s h ,  H. S., Colwel l ,  R. R. & Sakazak i ,  R., 1970. M a r i n e  v ibr ios  a s s o c i a t e d  w i th  bac i l l a ry  
necros is ,  a d i s e a s e  of larval  a n d  j u v e n i l e  b i v a l v e  m o l lu sks .  - J. Bact. 103, 272-273 .  


