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PREFACE 

Th is  species p r o f i l e  i s  one o f  a  s e r i e s  on coas ta l  aqua t i c  organisms, 
p r i n c i p a l  l y  f i s h ,  o f  spor t ,  commercial, o r  eco log i ca l  importance. The p r o f i l e s  
a re  designed t o  p rov ide  coas ta l  managers, engineers,  and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  t he  b i o l o g i c a l  c h a r a c t e r i s t i c s  and environmental 
requi rements o f  the  species and t o  descr ibe  how popu la t i ons  o f  t h e  species may be 
expected t o  r e a c t  t o  environmental changes caused by coas ta l  development. Each 
p r o f i l e  has sec t ions  on taxonomy, 1 i f e  h i s t o r y ,  e c o l o g i c a l  r o l e ,  environmental 
requi rements,  and economic importance, i f  appl i c a b l  e. A t h r e e - r i n g  b inde r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as they a re  prepared. 
Th is  p r o j e c t  i s  j o i n t l y  planned and f inanced by t h e  U. S. Army Corps o f  Engineers 
and t h e  U.S. F i s h  and W i l d l i f e  Serv ice.  

Suggest ions o r  quest ions rega rd ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
t he  f o l  1  owing addresses. 
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CONVERSION TABLE 

M e t r i c  t o  U.S. Customary 

Mu1 t i p l y  

m i l l i m e t e r s  (mm) 
cen t ime te rs  (cm) 
meters (m) 
meters (m) 
k i  1  ometers ( km) 
k i  1  ometers ( km) 

square meters (m2) 10.76 
square k i  lometers  (km2) 0.3861 
hectares (ha) 2 .471 

l i t e r s  (1 )  
cub ic  meters (m3) 
cub ic  meters (m3)  

m i l l i g r a m s  (mg) 
grams (g )  
k i  1  ograms (kg)  
m e t r i c  tons  (t) 
m e t r i c  tons (t) 

k i  1  oca l  o r i e s  ( k c a l  ) 
Cel s i  us degrees ( O C )  

inches 
inches 
f e e t  ( f t )  
fathoms 
s t a t u t e  m i l e s  ( m i )  
n a u t i c a l  m i l e s  (nmi) 

square f e e t  ( f t2)  
square m i l e s  (m i2 )  
acres 

g a l l o n s  ( g a l )  
cub ic  f e e t  ( f t3) 
a c r e - f e e t  

ounces (oz)  
ounces (oz)  
pounds ( l b )  
pounds ( l b )  
s h o r t  tons ( t o n )  

B r i t i s h  thermal u n i t s  (B tu )  
Fahrenhe i t  degrees (OF) 

U.S. Customary t o  M e t r i c  

25.40 
2.54 
0.3048 
1.829 
1.609 
1.852 

To Obta in  

i nches 
inches 
f e e t  
fathoms 
s t a t u t e  m i l e s  
n a u t i c a l  m i  l e s  

square f e e t  
square m i l e s  
acres 

g a l  l o n s  
c u b i c  f e e t  
a c r e - f e e t  

ounces 
ounces 
pounds 
pounds 
s h o r t  tons 

B r i t i s h  thermal  u n i t s  
Fahrenhe i t  degrees 

m i l l i m e t e r s  
cen t ime te rs  
meters 
meters 
k i  1  ometers 
k i  1  ometers 

square meters 
square k i  1  ometers 
hectares 

1  i t e r s  
cub ic  meters 
cub ic  meters 

m i l l i g r a m s  
grams 
k i  1  ograms 
m e t r i c  tons 
m e t r i c  tons 

k i l o c a l o r i e s  
C e l s i u s  degrees 



CONTENTS 

Page 
PREFACE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iii 
CONVERSION TABLE . . . . . . . . . . . . . . . . . . . . . . . . . . .  i v  
ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v i 

NOMENCLATUREITAXOf iOWRANGE . . . . . . . . . . . . . . . . . . . . . .  1 
MORPHOLOGYIIDENTIFICATION . . . . . . . . . . . . . . . . . . . . . . .  1 

A d u l t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
E g g s a n d L a r v a e  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

REASON FOR INCLUSION I N  SERIES . . . . . . . . . . . . . . . . . . . . .  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LIFE HISTORY 3 
Reproduc t i ve  Fea tu res  . . . . . . . . . . . . . . . . . . . . . . . .  3 
Spawning and M i g r a t i o n  Routes . . . . . . . . . . . . . . . . . . . .  4 

GROWTH CHARACTERISTICS . . . . . . . . . . . . . . . . . . . . . . . . .  7 
F i r s t  Year . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Subsequent Years . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

FISHERIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
R e c r e a t i o n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
Commercial . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
P o p u l a t i o n  Dynamics . . . . . . . . . . . . . . . . . . . . . . . . .  12 
R e g u l a t i o n  and Management . . . . . . . . . . . . . . . . . . . . . .  12 

ECOLOGICALROLE . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
Food and Feeding . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
Preda t ion .  P a r a s i t i s m .  and c o m p e t i t i o n  . . . . . . . : . . . . . . .  13 
P h y s i o l o g i c a l  Ecology . . . . . . . . . . . . . . . . . . . . . . . .  14 

ENVIRONMENTAL REQUIREMENTS AND STRESS . . . . . . . . . . . . . . . . .  1 4  
Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
Pho toper iod  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
S a l i n i t y  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
Oxygen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
Contaminants . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  REFERENCES 17 



ACKNOWLEDGMENTS 

The au thors  g r a t e f u l l y  acknowledge t h e  a i d  o f  Sandra Landes f o r  he r  research  
e f f o r t s .  Unpubl i shed  f i s h e r y  d a t a  were p rov i ded  by Joan Palmer, U. S. Na t i ona l  
Marine F i s h e r i e s  Serv ice,  F ishery  S t a t i s t i c s  and Economics Branch. I n f o r m a t i o n  on 
c u r r e n t  b l u e f i s h  research  and management a c t i v i t i e s  was p rov i ded  by David K e i f e r ,  
mid-At1 a n t i c  F i she ry  Management Counci l  , and Steve Berkeley , South A t l a n t i c  F ishe-  
r y  Management Counc i l .  Reviews by J e f f  Ross, No r t h  C a r o l i n a  D i v i s i o n  o f  Mar ine  
F i s h e r i e s ,  and S t u a r t  Wi l k ,  U.S. Na t i ona l  Mar ine F i s h e r i e s  Serv ice ,  a r e  much 
apprec ia ted .  

Th i s  work was conducted by members o f  t h e  No r t h  C a r o l i n a  Coopera t i ve  F i she ry  
Research U n i t  which i s  suppor ted by Nor th  C a r o l i n a  S t a t e  U n i v e r s i t y ,  Nor th  Caro- 
l i n a  W i l d l i f e  Resources Commission, and U. S. F i s h  and W i l d l i f e  Serv ice .  



F i g u r e  1. B l u e f i s h  ( f r om  Jordan and Evermann 1896-1900). 

BLUEFISH 

NOMENCLATURE1 TAXONOMY I RANGE 

S c i e n t i f i c  name..............Pomatomus 
s a l  t a t r  i x  (L innaeus)  

P re fe r r ed  common name.. ...... B l u e f i s h  
( F i g u r e  1 )  

Other  common names.. .... .blue, t a i l o r ,  
e l f ,  f a t b a c k ,  snapper, snap mack- 
e r e l ,  s k i p j a c k ,  s k i p  mackerel ,  ho rse  
mackerel ,  g reen f i sh ,  chopper. 

Class.. .................. .Os te ich thyes  
D i v i s i o n  ..................... T e l e o s t e i  
Order ...................... Perc i fo rmes  
Fami ly  ..................... Pomatomidae 

The b l u e f i s h  i s  t h e  o n l y  l i v i n g  
s p e c i e s  i n  t h e  f a m i l y  Pomatomidae, 
whose c l o s e s t  r e l a t i v e s  a r e  t h e  j acks  
and pompanos, f a m i l y  Carangidae. Sev- 
e r a l  g e o g r a p h i c a l  r a c e s  o f  P. 
s a l  t a t r  i x  a r e  recogn ized  (Lund 1961T. 

Geographic range: B l u e f i s h  occur  i n  
t e m p e r a t e  and t r o p i c a l  wa te rs  on 
t h e  c o n t i n e n t a l  s h e l f  a n d  i n  
e s t u a r i n e  h a b i t a t s  around much o f  
t h e  wor ld .  I n  Nor th  America they  
l i v e  a l o n g  mos t  o f  t h e  A t l a n t i c  
seaboa rd  f r o m  Nova S c o t i a  south, 
a round  t h e  t i p  o f  F l o r i d a ,  and 
a l o n g  t h e  G u l f  coas t  t o  n o r t h e r n  

Mexico. T h e i r  wor ldwide range a l s o  
i nc l udes  Bermuda, t h e  Bahamas, t h e  
n o r t h e r n  coas t  o f  Cuba, Venezuela, 
s o u t h e a s t e r n  B r a z i l  , Uruguay, t h e  
Azores, t h e  Med i te r ranean  Sea, t h e  
Black Sea, nor thwes t  A f r i c a ,  south-  
e r n  A f r i c a ,  Madagascar, t h e  Malay 
Peninsula,  and t h e  e n t i r e  coas t  o f  
A u s t r a l i a  (W i l  k  1977).  

MORPHOLOGYIIDENTIFICATION 

A d u l t  

The a d u l t  b l u e f i s h  ( F i g u r e  1 )  i s  
a n  ob long,  l a t e r a l l y  compressed ,  
s t r eam l i ned  f i s h  up t o  1 m t o t a l  
l e n g t h  (TL ) ,  w i t h  a  l a r g e  compressed 
h e a d ,  1  a r g e  o b l i q u e  mouth ,  b e l l y  
compressed t o  a  b l u n t  edge, and f o r ked  
caudal f i n .  C o l o r a t i o n  i s  b l u i s h  t o  
g r e e n i s h  d o r s a l l y ,  fad ing  t o  s i l v e r  
v e n t r a l l y ;  a  d a r k  b l o t c h  a t  each  
p e c t o r a l  f i n  base i s  t h e  o n l y  d i s t i n c t  
marking. Body, cheeks, and ope rc l es  
a r e  c o v e r e d  w i t h  w e a k l y  c t e n o i d  
sca les,  95 a long  l a t e r a l  l i n e ,  b u t  t h e  
t o p  o f  t h e  head and t h e  r i d g e  above 
t h e  cheeks a r e  unscaled. The a n t e r i o r  



sp iny  d o r s a l  f i n ,  w i t h  8  t o  9  spines, 
i s  separa te  f rom and lower  than  t h e  
p o s t e r i o r  s o f t  d o r s a l ,  w i t h  24 t o  25 
rays .  The anal  f i n ,  w i t h  2  t o  3  very  
s m a l l  sp ines  and 26 t o  28 rays ,  i s  
s l i g h t l y  b e h i n d  and about equal  i n  
l e n g t h  t o  t h e  s o f t  d o r s a l  f i n .  Pec- 
t o r a l  f i n s  a r e  r a t h e r  low se t ,  and t h e  
p e l v i c  f i n s  a t t a c h  d i r e c t q y  beneath 
them. M a x i l l a e  extend t o  t h e  r e a r  o f  
t h e  eyes, t h e  p r e n a x i l  l a e  a r e  p r o t r a c -  
t i l e ,  and t h e  lower  jaw p r o j e c t s  f o r -  
ward o f  t h e  mouth. The jaws each have 
a  row o f  l ong ,  unequal,  w i d e l y  spaced 
t e e t h ;  t h e  vomer, tongue, and pa la -  
t i n e s  have severa l  bands o f  v i l  1  i f o r m  
t e e t h .  Ve r t eb rae  number 24 t o  26. 
( C o m p i l e d  f r o m  J o r d a n  and Evermann 
1896-1900; B i g e l  ow and Schroeder 1953; 
M i  11 e r  and Jorgenson 1973).  

Eggs and Larvae 

B l u e f i s h  eggs ( F i g u r e  2a) a r e  
s i m i l a r  t o  those  o f  many o t h e r  p e l a g i c  
spawning f i s h e s .  They a r e  buoyant,  
s p h e r i c a l ,  0.9 t o  1.2 mm i n  d iamete r ,  
w i t h  a  smooth t r a n s p a r e n t  membrane, 
p a l e  amber y o l k ,  and a  s i n g l e  d a r k e r  
amber o i l  g l o b u l e  0.2 t o  0.3 mm i n  
d i a m e t e r .  The b o d i e s  o f  advanced 
embryos ( F i g u r e  2b) have 24 myomeres 
and  d o  n o t  c o m p l e t e l y  e n c i r c l e  t h e  
y o l k .  ( F r o m  Deue l  e t  a l .  1966;  
L ippson and Moran 1974).  

B l u e f i s h  l a r v a e  a r e  2.0 t o  2.4 mm 
TL a t  ha t ch i ng  ( F i g u r e  2c ) .  The y o l k  
sac i s  mo re  t h a n  h a l f  o f  t h e  body 
l e n g t h ,  an o i l  g l o b u l e  l i e s  a t  t h e  
p o s t e r i o r  e n d  o f  t h e  y o l k ,  a n d  
s t e l  l a t e  melanophores a r e  s c a t t e r e d  on 
t h e  head and a long  t h e  back. Four 
days  p o s t - h a t c h i n g  ( F i g u r e  2d) , t h e  
y o l k  i s  m o s t l y  absorbed, t h e  mouth i s  
developed, and d i s t i n c t  m id -dorsa l  and 
m id - ven t r a l  pigment bands a r e  ev iden t .  
F i n  r a y s  a r e  p e r c e p t i b l e  a t  6.0 mm TL 
( F i g u r e  2e) , and f i n s  a r e  f u l l y  deve l -  
oped a t  13 t o  14 mm TL, a t  which s i z e  
t h e y  r e s e m b l e  a d u l t s  b u t  w i t h  
p r o p o r t i o n a t e l y  l a r g e r  heads ( F i g u r e  
2 f ) .  (From N o r c r o s s  e t  a l .  1974; 
L ippson and Moran 1974.) 

REASON FOR INCLUSION I N  SERIES 

B l u e f i s h  c m p r i s e  l e s s  t han  1% o f  
t h e  U.S. A t l a n t i c  c o a s t  commercial 
f i s h e r y  l a n d i n g s ,  i n  terms o f  b o t h  
w e i g h t  and  d o l l a r  v a l u e ;  b u t  t h e  
c m m e r c i a l  ca t ch  has t r i p l e d  over  t h e  
pas t  two decades (Wi l  k  1977; Thompson 
1986),  and r e c e n t  t r e n d s  i n  U.S. f i s h  
Consumption i n d i c a t e  economic incen-  
t i v e s  f o r  much g r e a t e r  catches:  Per 
c a p i t a  consumption o f  e d i b l e  f i s h  and 
s h e l l f i s h  i n  t h e  Un i t ed  S ta tes  d u r i n g  
1985 was 20% g rea te r  than  d u r i n g  1975, 
and 50% g r e a t e r  t h a n  d u r i n g  1965. 
" N u t r i t i o n a l  demands o f  consumers, as 
w e l l  as improv ing  methods o f  ca t ch i ng ,  
hand1 i n g  , and p rocess ing  seafoods may 
r e a s o n a b l y  b e  e x p e c t e d  t o  l e a d  t o  
g r e a t e r  consumption 1  eve l s  i n  f u t u r e  
yea rs "  (Thompson 1986).  

I n  c o n t r a s t  t o  i t s  commerc ia l  
importance, t h e  r e c r e a t i o n a l  va l ue  o f  
t h i s  spec ies  i s  enormous. B l u e f i s h  
c o m p r i s e  a b o u t  15% by numbers and 
n e a r l y  t w i c e  as  much b y  we igh t  o f  
A t l a n t i c  c o a s t  s p o r t  f i s h  land ings .  
About 90% o f  t h e  average 55 m i l l i o n  kg 
o f  b l u e f i s h  t aken  annua l l y  ove r  t h e  
p a s t  7  yea rs  (abou t  8  t imes  more t han  
t h e  commercial ca tch )  were hooked by 
a n g l e r s  i n  t h e  m i d - A t 1  a n t i c  r e g i o n  
( H o l l  i d a y  1984, 1985a, 1985b, 1986).  

Because b l u e f i s h  a r e  a b u n d a n t  
a long  most o f  t h e  e a s t  coas t ,  easy t o  
c a t c h ,  good  t o  ea t ,  and p r o v i d e  an 
u n u s u a l l y  1  ong f i s h i n g  season, t hey  
h a v e  r e m a i n e d  p o p u l a r  w i t h  s p o r t  
f i shermen s i n c e  t he  1800's.  "No o t h e r  
spec ies  i s  as impo r t an t  t o  a l l  s o r t s  
o f  ang le r s  .... It i s  u n l i k e l y  t h a t  any 
o t h e r  spec ies cou ld  comp le te ly  rep1  ace 
i t, were i t  t o  d isappear "  ( W i l k  1977).  

P e r i o d i c  d isease  ou tb reaks  over  
t h e  p a s t  20 y e a r s  (Mahoney e t  a l .  
1973 )  s u g g e s t  t h a t  t h e  s p e c i e s  i s  
s e n s i t i v e  t o  c o a s t a l  w a t e r  q u a l i t y  
d e g r a d a t i o n ,  and t h e r e f o r e  c o a s t a l  
l a n d  u s e  p l a n n e r s  and  d e v e l o p e r s  
should cons ider  t h e  e f f e c t s  o f  t h e i r  
a c t i v i t i e s  upon b l u e f i s h  popu la t i ons .  



c. newly hatched larva, 
2.2 mm total length (TL) 

f. Juvenile, 16 mm TL 
L 

F igu re  2. Developmental s tages o f  t h e  b l u e f i s h .  Drawings a, b ,  c ,  and d f rom 
Deuel e t  a1 . 1966; e and f redrawn f rom Norcross e t  a l .  ( 1974) . 

LIFE HISTORY 

Reproduct ive Features 

second year  a t  about 35 cm f o r k  l e n g t h  
(FL) . Males mature s l i g h t l y  e a r l i e r  
than  females, b u t  n e i t h e r  g rowth  r a t e  
n o r  u l t i m a t e  a d u l t  s i z e  i s  sexua l l v  

B l u e f i s h  a r e  h e t e r o s e x u a l  and d i m o r p h i c  ( W i l k  1977; W i l k  e t  al: 
r e a c h  s e x u a l  m a t u r i t y  d u r i n g  t h e i r  1 9 7 8 ) .  T h e  s e x e s  c a n n o t  b e  



d i s t i n g u i s h e d  by e x t e r n a l  f ea tu res .  
L a s s i t e r  ( 1 9 6 2 )  r e p o r t e d  a  2 - t o - 1  
f e m a l e  t o  m a l e  r a t i o  i n  N o r t h  
Caro l ina ,  b u t  W i l k  (1977) r epo r t ed  a  
1 - t o -1  sex r a t i o  among schools  o f  a l l  
ages a long t h e  e n t i r e  A t l a n t i c  coast .  
Fecundi ty  o f  3- t o  4 -year -o ld  females 
ranged from 0.6 t o  1.4 m i l l i o n  eggs i n  
a  s m a l l  sample  f r o m  Nor th  C a r o l i n a  
( L a s s i  t e r  1 9 6 2 ) .  F e r t i l i z a t i o n  i s  
ex te rna l ;  eggs and sperm a r e  shed i n t o  
t h e  open sea b y  m i g r a t i n g  schools ,  
w i t h o u t  f u r t h e r  p a r e n t a l  care. Larvae 
d r i f t  and  f e e d  among t h e  s u r f a c e  
p l ank ton  u n t i l  they metamorphose and 
beg in  t h e i r  m i g r a t i o n s  e i t h e r  sou th  o r  
t o w a r d  t h e  c o a s t a l  n u r s e r y  a r e a s  
(Kenda l l  and Wal fo rd  1979) .  

Spawning and M i g r a t i o n  Routes 

F i s h e r i e s  da ta  suggest t h a t  most 
Nor th  American b l u e f i s h  a r e  m i g r a t o r y ,  
s p e n d i n g  t h e i r  summers f r o m  New 
Eng land  t o  Cape Hat te ras ,  N.C., and 
t h e i r  w i n t e r s  around F l o r i d a  and t h e  
G u l f  S t r e a m .  S m a l l e r  b l u e f i s h  
g e n e r a l l y  t r a v e l  c l ose  t o  shore d u r i n g  
b o t h  t h e  s p r i n g  and f a l l  m i g r a t i o n s ,  
e x c e p t  d u r i n g  spawning. Older  f i s h  
t r a v e l  near shore i n  t h e i r  n o r t h e r n  
range ,  b u t  appa ren t l y  s h i f t  f a r t h e r  
o f f s h o r e  i n  t h e  sou th  w i t h  p e r i o d i c  
f o r a y s  toward t h e  coast ,  s i n c e  they 
a p p e a r  i n f r e q u e n t l y  b u t  i n  l a r g e  
schools  sou th  o f  V i r g i n i a ,  espec ia l  l y  
d u r i n g  t h e  f a l l  m i g r a t i o n  (Lund and 
Ma1 tezos 1970; W i l  k  1977).  There a l s o  
appear t o  be smal l  non-migratory  ( o r  
l e s s  m i g r a t o r y )  p o p u l a t i o n s  i n  t h e  
sou th  F l o r i d a  and G u l f  o f  Mexico 
reg ions  (Barger  e t  a l .  1978; Kendal l  
and Wal fo rd  1979). The degree o f  
r e p r o d u c t i v e  i s o l a t i o n  o f  t h e  va r i ous  
A t l a n t i c  and g u l f  coas t  popu la t i ons  
( i n c l u d i n g  those t h a t  a r e  m i g r a t o r y  
and those t h a t  appear t o  be non- 
m ig ra to r y )  i s  unc lear .  W i  1  k  (1977) 
and Mat1 ezos (1970), however, recog- 
n i z e  ve ry  smal l  b u t  c o n s i s t e n t  morpho- 
l o g i c a l  - d i f fe rences  (see ~ o ~ u l a t i o n  
Dynamics) between t h e  two ma jo r  
spawning aggrega t ions  t h a t  comprise 
t h e  . m i d - A t l a n t i c  f i s h e r y :  a  south- 

A t l a n t i c  spr ing-spawning s tock  and a 
m i d - A t l a n t i c  summer-spawning s tock.  

F i g u r e s  3a a n d  3 b  map t h e  
m i g r a t i o n  r o u t e s  o f  spr ing-spawning 
a n d  s u m m e r - s p a w n  i n g  b l u e f i s h ,  
r e s p e c t i v e l y ,  d u r i n g  t h e i r  f i r s t  year  
of l i f e .  F igures  4a and 4b map t h e  
m i g r a t i o n  r o u t e s  o f  b l u e f i s h  o f  t hese  
two  p o p u l a t i o n s  o l d e r  t han  1 year .  
The f i g u r e s  a r e  presented i n  o r d e r  o f  
age ,  b u t  o u r  d i s c u s s i o n  o f  t h i s  
c  m p l  ex and i n c o m p l e t e l y  understood 
m i g r a t i o n  n e c e s s a r i l y  beg ins  w i t h  t h e  
spawning adu l t s .  

The spr  ing-spawn i ng  s tock  a r r i v e  
a t  t h e  c o n t i n e n t a l  s l  ope/Gul f Stream 
i n t e r f a c e  between n o r t h  F l o r i d a  and 
Cape Hat te ras ,  N.C., m a i n l y  i n  A p r i l  
and May, f rom t h e i r  w i n t e r i n g  areas i n  
south F l o r i d a  o r  o f f shore  i n  t h e  south 
At1 a n t i c  ( F i g u r e  4a) .  Spawning occurs 
i n  p u l s e s  a s  t h e  s c h o o l s  t r a v e l  
nor thward.  Nor th  o f  Cape Ha t t e ras  t h e  
s p e n t  a d u l t s  b e g i n  h e a d i n g  t o w a r d  
shore f o r  t h e  remainder o f  t h e  warm 
season. Smal l e r  ones genera l  l y  t u r n  
west sooner and f i n d  t h e i r  way i n t o  
A1 bana r l e  Sound, Chesapeake Bay, and 
De lawa re  Bay, whereas  1  a r g e r  ones  
f o l l o w  t h e  c o n t i n e n t a l  s lope  f a r t h e r  
n o r t h  and t u r n  west i n t o  Long I s l a n d  
S o u n d  a n d  N a r r a g a n s e t t  Bay ,  o r  
con t i nue  around Cape Cod t o  t h e  n o r t h  
A t l a n t i c  reg ion .  As tempera tu re  and 
p h o t o p e r i o d  d e c l i n e  i n  autumn, t h e  
schools  o r i e n t  southward again,  young 
ones c l o s e  t o  shore and o l d e r  ones 
f a r t h e r  o f f s h o r e  (W i l  k  1977; Kenda l l  
and Wal ford 1979). 

Summer-spawning b l u e f i s h  a r r i v e  
over  t h e  ou te r  h a l f  o f  t h e  c o n t i n e n t a l  
s h e l f  (about  50 t o  150 km o f f s h o r e )  
be tween Cape Cod and Cape Ha t t e ras  
f r o m  June  t h r o u g h  Augus t ,  p robab ly  
f rom t h e  same w i n t e r i n g  areas as t h e  
s p r i n g  spawners ( F i g u r e  4b ) .  A f t e r  
spawn i n g  , a d u l t s  m i g r a t e  toward t h e  
m i d - A t 1  a n t i c  a n d  n o r t h  A t 1  a n t i c  
coasts ,  e s p e c i a l l y  Long I s l a n d  Sound 
(Lund and Maltezos 1970). They depa r t  
i n  a u t u m n  a l o n g  w i t h  t h e  s p r i n g  
spawners. 



spawning area - 1-2 months, summer 

spawning area 

c---- 2-4 months, fall 

c---- 5-6 months, fall 4. . 9-11 months, spring 

4.. . .. . .. 12-13 months, spring 

Figure 3. Migration rou te s  of b l u e f i s h  from hatching u n t i l  1 yea r  old.  



spawning area 

4- 1 + years, fall ----- 2 2 years, spring 

spawning area 

rcll l +  years, fall 

,,,,, 1 2  years, spring 
and summer *........ ~2 years, fall .. . . . . .. . ) 2 years, fall 

Figure 4. M i g r a t i o n  rou tes  o f  b l u e f i s h  over 1 year o ld .  



J u v e n i l e s  f r o m  t h e  s p r i n g  
spawning d r i f t  no r thward  w i t h  t h e  G u l f  
S t r eam pas t  Cape Ha t t e ras  and a long  
t h e  c o n t i n e n t a l  s l o p e  ( F i g u r e  3a) .  
When c o n t i n e n t a l  s h e l f  wa te rs  warm 
s u f f i c i e n t l y  by  e a r l y  summer, t hey  
c ross  t h e  s h e l f  and m i g r a t e  i n t o  t h e  
m i d - A t l a n t i c  bays and es tua r i es .  Here 
t h e y  f e e d  h e a v i l y  and grow r a p i d l y  
u n t i l  f a l l ,  t hen  m i g r a t e  sou th  a long  
t h e  c o a s t  t o  t h e i r  s o u t h  F l o r i d a  
w i n t e r i n g  areas.  The f o l l o w i n g  s p r i n g  
t h e  y e a r l i n g s  t r a v e l  back up  t h e  
c o a s t ,  r e t u r n i n g  ma in l y  t o  t h e  mid-  
A t l a n t i c  b a y s ,  t h o u g h  some s t o p  
e a r l i e r  and spend t h e i r  second summer 
i n  Nor th  C a r o l i n a  (W i l k  1977; Kenda l l  
and Wal fo rd  1979).  

J u v e n i l e s  f rom t h e  m i d - A t l a n t i c  
summer spawning remain o f f s h o r e  over  
t h e  c o n t i n e n t a l  s h e l f  f o r  t h e  
remainder o f  t h e  warm season ( F i g u r e  
3b )  . Some v i s i t  t h e  coas ta l  areas 
b r i e f l y  i n  e a r l y  f a l l ,  b u t  t h e n  r e t u r n  
seaward f o r  t h e i r  sou thern  m i g r a t i o n .  
Most young-of - the-year  b l u e f i s h  caught 
d u r i n g  w i n t e r  i n  F l o r i d a  appear t o  be  
f rom t h e  s p r i n g  spawning, so summer- 
spawned young p robab ly  remain f a r t h e r  
o f f s h o r e  th rough  t h e  w i n t e r ,  and make 
t h e i r  f i r s t  ma jo r  c o a s t a l  appearance 
t h e  f o l l o w i n g  sp r i ng ,  mos t l y  i n  t h e  
sou th  A t l a n t i c  and i n  t h e  sounds o f  
No r t h  C a r o l i n a  ( W i l k  1977; Kenda l l  and 
Wal fo rd  1979).  

GROWTH CHARACTERISTICS 

F i r s t  Year 

B l u e f i s h  l a r v a e  b e g i n  f e e d i n g  
when t h e  y o l k  supp ly  i s  exhausted, a t  
3  t o  4  mrn TL (Norcross e t  a l .  1974).  
When t h e  spring-spawned young a r r i v e  
i n  mid-June i n  t h e  m i d - A t l a n t i c  bays 
they  a r e  1 t o  2  months o l d  and 25 t o  
5 0  mm s t a n d a r d  l e n g t h  ( S L ) ;  by  
m i g r a t i o n  t ime  i n  l a t e  September these  
f i s h  have achieved l eng ths  o f  175 t o  
200 mm SL. The f o l l o w i n g  s p r i n g  t hey  
r e t u r n  f rom sou th  F l o r i d a  a t  about 260 
mm SL, when t h e i r  f i r s t  s c a l e  annulus 

forms i n  May ( L a s s i t e r  1962; Kenda l l  
and Wal fo rd  1979).  

Summer-spawned young l a g  behind 
i n  g r o w t h  because  t hey  a r e  hatched 
l a t e r  i n  t h e  season and because most 
do n o t  u t i l i z e  t h e  f e r t i l e  bays and 
e s t u a r i e s  u n t i l  t hey  a r e  n e a r l y  a  y e a r  
o l d .  T h o s e  t h a t  v i s i t  t h e  m i d -  
A t 1  a n t i c  c o a s t  b r i e f l y  i n  September 
a r e  40 t o  70 mn SL j u s t  p r i o r  t o  t h e i r  
s o u t h w a r d  m i g r a t i o n .  When t h e y  
reappear i n  No r t h  C a r o l i n a  i n  s p r i n g  
and develop t h e i r  f i r s t  s c a l e  annulus, 
t h e y  a r e  a b o u t  120 mm SL. Growth 
r a t e s  o f  t h e s e  summer-spawned f i s h  
appa ren t l y  exceed t hose  o f  t h e  s p r i n g -  
spawned f i s h  d u r i n g  t h e  second year ,  
s i n c e  a t  a g e  2  o r  3  t h e  s i z e  
d i f f e r e n c e  between t h e  two s t ocks  i s  
much l e s s  pronounced t han  a t  age 1. 
(From L a s s i t e r  1962; Norcross e t  a l .  
1974; Kenda l l  and Wal fo rd  1979.) 

Subsequent Years 

Beyond y e a r 1  i n g s ,  1  e n g t h s  a r e  
u s u a l l y  expressed as f o r k  l e n g t h  (FL) ,  
which approx imate ly  equa ls  1.1 x  SL. 
W i l k  ( 1 9 7 7 )  summarizes age, l eng th ,  
and weight  d a t a  f o r  7,500 b l u e f i s h  up 
t o  14 yea rs  o l d  taken  between Rhode 
I s l a n d  and F l o r i d a  o v e r  a  6  y e a r  
p e r i o d .  Richards (1976) measured a  
sample o f  64 b l u e f i s h  up t o  7  yea rs  
o l d  from Long I s l a n d  Sound. H i s  d a t a  
a g r e e  c l o s e l y  w i t h  t h o s e  o f  W i l k  
(1977),  b u t  he remarks t h a t  growth i s  
h i g h l y  v a r i a b l e  i n  t h e  f i r s t  f e w  
y e a r s ,  w i t h  much o v e r l a p  i n  s i z e  
between age c lasses .  

L a s s i t e r  (1962) p resen ts  t h e  o n l y  
s t u d y  t o  d a t e  i n  w h i c h  t h e  s p r i n g  
spawning and summer spawning popul a- 
t i o n s  a r e  modeled sepa ra te l y ,  based on 
severa l  hundred b l u e f i s h  up t o  812 mrn 
FL c o l l e c t e d  o f f  t h e  No r t h  C a r o l i n a  
coast .  He es t ima tes  t h e  r e l a t i o n s h i p s  
o f  age ( t  = yea rs )  versus f o r k  l e n g t h  
(mm) and age ( y e a r s )  versus we igh t  
(grams) f o r  b l u e f i s h  o l d e r  than  1 yea r  
as f o l l o w s :  



Spr ing  spawners: 
FL = 1,285 [1 - e-0.103(t  + 1 .366) l  

i t  = 28,943 [1 - e-0.103(t  + 1.366)]3 

Summer spawners: 
700- 

FL = 675 [I  - e-0.342(t  + 0.249)] 

w t  = 4,244 [I - e-0.342(t  + 0.249)13 - 
E 600. 
E 

L a s s i t e r ' s  ( 1 9 6 2 )  and W i l k ' s  - 
(1977) age versus 1  ength r e 1  a t ionsh  i p s  5 O, summer spawners 
a r e  p l o t t e d  i n  F i g u r e  5, and t h e i r  age c 500 

versus weight  r e l a t i o n s h i p s  a r e  1 

p l o t t e d  i n  F i g u r e  6. No te  t h a t  f 
LL 

L a s s i t e r ' s  equa t ions  suggest a  s lower  
g r o w t h  r a t e  beyond 3  y e a r s  and a  
sma l l e r  u l  t i m a t e  asymptot ic  s i z e  f o r  
t h e  summer spawners t h a n  f o r  t h e  
s p r i n g  spawners. Subsequent au thors  
h a v e  n o t  i n v e s t i g a t e d  t h i s  
d iscrepancy,  and i t  may be an a r t i f a c t  
o f  h i s  r e g i o n a l  l y  r e s t r i c t e d  data.  
A l l o m e t r i c  f o r k  l e n g t h  (mm) versus Age (years) 

weight  (grams) r e l a t i o n s h i p s  f o r  t h e  F igu re  5. Age versus f o r k  l e n g t h  
pooled popu la t i ons  have been presented o f  b l u e f i s h  over  1 y e a r  o ld .  
by L a s s i t e r  (1962) based on 646 No r th  
Ca ro l i na  specimens, and by Wi lk  e t  a l .  
( 1978 )  based on 343 New York B igh t  Lasslter (I 962).-,/ I 
specimens: 7000. spring spawners 

l o g  W t  = 2.903 l o g  FL - 4.611 
6000. ( Lass i  t e r  1962) - 

l o g  W t  = 3.036 l o g  FL - 4.953 L 01 

' 5000. (W i l k  e t  a l .  1978) - 
c 
(7, .- 

FISHERIES 
r" 

4000, 

Recrea t iona l  
3000. 

The b l u e f i s h  h a s  r a n k e d  f i r s t  
among s p o r t  f i s h  i n  t h e  m i d - A t l a n t i c  
r e g i o n  a n d  i n  t h e  U n i t e d  S t a t e s  20004 

o v e r a l l  i n  terms o f  bo th  number and 
w e i g h t  n e a r l y  e v e r y  y e a r  s i n c e  i t  
f i r s t  a c h i e v e d  t h a t  d i s t i n c t i o n  i n  1000. 

1970. Tab1 e  1 summarizes r e c r e a t i o n a l  
f i s h e r y  d a t a  c o m p i l e d  f r om va r i ous  
U.S. Nat iona l  Mar ine F i s h e r i e s  Serv ice  
(NMFS) pub1 i c a t i o n s .  Dur ing  r e c e n t  O 6 1 2 3 4 5 6 7 8 9 1 0  

years,  b l u e f i s h  have comprised about Age (years) 

15% by numbers and n e a r l y  30% by F igu re  6. Age versus weight 
we igh t  o f  a l l  spec ies i n  t h e  A t l a n t i c  b l u e f i s h  over  1 Year o l d .  
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c o a s t  ( M a i n e  t o  F l o r i d a  K e y s )  
r e c r e a t i o n a l  f i s h e r y  . The mid-At1 an- 
t i c  S ta tes  ( l ~ l a s s a c h u s e t t s  t o  No r t h  
C a r o l  i na )  c o n t r i b u t i o n  has inc reased  
from about 70% d u r i n g  t h e  1960 's  t o  
about 90% o f  t h e  t o t a l  U.S. r ec rea -  
t i o n a l  b l u e f i s h  c a t c h  d u r i n g  t h e  
1 9 8 0 ' s .  Average we igh t  o f  b l u e f i s h  
caught has v a r i e d  between 1.0 and 1.8 
kg over  t h e  pas t  25 years ,  depending 
o n  t h e  r e l a t i v e  c o n t r i b u t i o n s  o f  
n o r t h e r n  and sou thern  f ishermen t o  t h e  
t o t a l  c a t c h ,  b u t  t h e r e  has been no 
apparent  o v e r a l l  change i n  t h e  average 
s i z e  of a v a i l a b l e  b l u e f i s h .  The s i z e  
d i s t r i b u t i o n  o f  b l u e f i s h  caught f rom 
1983 t o  1985 i s  b imodal :  f i s h  i n  t h e  
250 t o  400 mm FL s i z e  c l a s s  make up 

t h e  b u l k  o f  t h e  r e c r e a t i o n a l  catch,  
w i t h  a  sma l l e r  peak a t  750 t o  850 mm 
FL. I n l a n d  wate rs  (bays, sounds, 
e s t u a r i e s )  have c o n t r i b u t e d  s l i g h t l y  
l e s s  t h a n  h a l f  o f  t h e  t o t a l  ca t ch  
d u r i n g  t h e  p a s t  7  years.  About one- 
t h i r d  a r e  t a k e n  f rom shore o r  f r om  
man-made s t r u c t u r e s  a long  t h e  shore, 
and t h e  rema in ing  t w o - t h i r d s  a r e  taken  
f r o m  b o a t s .  T r o l l i n g ,  chumming, 
c a s t i n g ,  l i v e - b a i t  f i s h i n g ,  j i g g i n g ,  
s t i l l  f i s h i n g ,  and  d r i f t  f i s h i n g  
techn iques  a r e  used by v a r i o u s  ang le r s  
t o  ca tch  b l u e f i s h .  

S p r i n g ,  summer, and e s p e c i a l l y  
f a l l  y i e l d  most o f  t h e  r e c r e a t i o n a l  
ca t ch  i n  t h e  m i d - A t l a n t i c ,  b u t  l a r g e  

Table 1. Rec rea t i ona l  b l u e f i s h  f i s h e r y  s t a t i s t i c s ,  1960-85. 

Year Number (mi l l ions)  Weight ( m i l l i o n  kg) X  o f  t o t a l  Area o f  f i s h i n g  (X) Mode o f  f i s h i n g  (X) 

M A t o  NC ME t o T X  ME t o  TX A t l a n t i c  catcha 1nlandb OceanC shored Boate 

aNumber o f  b l u e f i s h  expressed as % o f  t o t a l  f i n f i s h  taken  by r e c r e a t i o n a l  
f i shermen between ME and t h e  FL Keys. 

b ~ e r c e n t  (by  number) o f  ME t o  TX r e c r e a t i o n a l  b l u e f i s h  ca t ch  taken  f rom bays, 
sounds, and e s t u a r i e s .  

CPercent (by  number) o f  ilE t o  TX r e c r e a t i o n a l  b l u e f i s h  ca t ch  taken  f rom open 
ocean waters  . 

d ~ e r c e n t  (by number) o f  ME t o  TX r e c r e a t i o n a l  b l u e f i s h  ca t ch  t aken  f rom shore, 
p i e r s ,  and j e t t i e s .  

ePercent (by number) o f  ME t o  TX r e c r e a t i o n a l  b l u e f i s h  ca t ch  taken  f rom p r i v a t e ,  
ren ted ,  and cha r t e red  boa ts .  

--Data n o t  a v a i l  ab l e  

Compiled f rom t h e  1960, 1965, and 1970 Sa l twa te r  Ang l i ng  Surveys (C la r k  1962; 
Deuel and C la r k  1968; Deuel 1973) and f rom t h e  1979-85 Ma r i ne  R e c r e a t i o n a l  
F i she ry  S t a t i s t i c s  Surveys ( H o l l i d a y  1984, 1985a, 1985b, 1986).  



f i s h  a r e  a v a i l a b l e  year- round i n  t h e  
s o u t h e r n m o s t  m i d - A t l a n t i c  and  t h e  
sou th  A t l a n t i c  f o r  ang le r s  v e n t u r i n g  
o f f s h o r e  t o  t h e  G u l f  S t ream ( W i l k  
1977)  . Spring-spawned young-of - the-  
y e a r  caught d u r i n g  t h e  f a l l  m ig ra t i on ,  
and  y e a r l i n g s  o f  b o t h  s tocks  caught 
d u r i n g  sp r i ng ,  a r e  e s p e c i a l l y  popu la r  
w i t h  n o v i c e  a n g l e r s  s i n c e  they  a r e  
p l e n t i f u l  i n  i nsho re  waters. 

Commercial 

B l u e f i s h  a r e  harves ted  f o r  human 
consump t i on  as  f r e s h  whole f i s h  o r  
f i l l e t s ;  t h e r e  i s  l i t t l e  o r  no indus-  
t r i a l  use o f  t h i s  species. Dur ing  t h e  
peak y e a r s  1980-83, when an average 
7.4 m i l l i o n  kg o f  b l u e f i s h  were caught 
annua l l y ,  t h i s  species comprised o n l y  
a b o u t  0 .5% o f  t h e  A t l a n t i c  c o a s t  
c o m m e r c i a l  f i n f i s h  and s h e l l f i s h  
i n d u s t r y  l a n d i n g s  (Thompson 1981, 
1982, 1983, 1984a). The s o f t ,  dark 
meat o f  b l u e f i s h  does n o t  f r eeze  w e l l ,  
so f ishermen and seafood d i s t r i b u t o r s  
a r e  a t  t h e  mercy o f  sho r t - t e rm  l o c a l -  
i z e d  market demand. Th i s  f e a t u r e  has 
d iscouraged l a r g e - s c a l e  development o f  
t h e  b l u e f i s h  f i s h e r y  and  k e p t  t h e  
p r i c e  l o w  i n  t h e  p a s t ,  b u t  r e c e n t  
a d v a n c e s  i n  f i s h e r y  m e t h o d s  and 
f r e e z i n g  and p rocess ing  technology may 
soon inc rease  t h e  domestic market and 
c r e a t e  s u b s t a n t i a l  new e x p o r t  markets  
as w e l l  (W i l k  and Brown 1980). 

B l u e f i s h  land ings  by U.S. commer- 
c i a l  f ishermen a t  p o r t s  i n  t h e  mid- 
A t l a n t i c  s t a tes ,  compi led f rom va r i ous  
NMFS s t a t i s t i c a l  p u b l i c a t i o n s ,  a r e  
summar ized i n  Table 2. Dur ing  t h e  
1  a s t  decade ( 1976-85) , Nor th  Caro l  i na 
h a s  b e e n  t h e  l a r g e s t  s u p p l i e r ,  
averaging about 28% o f  t h e  t o t a l  U.S. 
b l u e f i s h  catch,  o r  n e a r l y  1.8 m i l l i o n  
k g  a n n u a l l y .  V i r g i n i a  i s  r a n k e d  
second, w i t h  18% o f  t h e  U.S. catch.  
New York  and New J e r s e y  each have 
landed about  10%-12% o f  t h e  U.S. 
t o t a l  ; Massachusetts, Maryland and 
Rhode I s l a n d  each about  3%-5% and 
Connec t i cu t  and Delaware each about 1% 
o r  l e s s .  A l l  t o t a l l e d ,  t h e  m i d -  

A t l a n t i c  r e g i o n  a c c o u n t s  f o r  
app rox ima te l y  83% o f  t h e  t o t a l  U.S. 
b l u e f i s h  c a t c h .  Abou t  90% o f  t h e  
c o m b i n e d  c a t c h  o f  M a r y l a n d  a n d  
V i r g i n i a ,  o r  about o n e - f i f t h  o f  t h e  
U.S. c a t c h ,  i s  t a k e n  i n  Chesapeake 
Bay. U n t i l  t h e  l a t e  19701s, n e a r l y  
90% o f  t h e  U.S. commercial b l u e f i s h  
ca tch  was taken  l e s s  t han  3  mi o f f -  
s h o r e ;  i n  m o r e  r e c e n t  y e a r s  t h e  
i nsho re  ca t ch  has dropped t o  about 70% 
o f  t h e  t o t d l ,  as o f f s h o r e  ca tch  e f f o r t  
i n  t h e  U.S. F i she ry  Conservat ion Zone 
has i n c r e a s e d ,  e s p e c i a l l y  o f f  No r t h  
Caro l ina .  

The commerc ia l  f i s h i n g  season 
f rom Cape Cod, MA t o  Delaware Bay i s  
p r  i m a r  i l y  May though November, w i t h  
peak catches f rom J u l y  t o  September. 
I n  Maryland and V i r g i n i a ,  b l u e f i s h  a r e  
caught year-round, w i t h  peak catches 
e a r l i e r  i n  t h e  summer. I n  N o r t h  
C a r o l i n a ,  t h e  b l u e f i s h  f i s h e r y  i s  
y e a r - r o u n d  w i t h  peak catches i n  t h e  
w i n t e r :  sma l l  f i s h  a r e  taken  i n  t h e  
sounds and nearshore waters f rom A p r i l  
th rough December, and r e c e n t l y ,  g r e a t  
q u a n t i t i e s  o f  l a r g e r  f i s h  have been 
t a k e n  o f f s h o r e  d u r i n g  w i n t e r  (W i l k  
1977; M i d - A t l a n t i c  FMC 1984). F i s h i n g  
gear  employed v a r i e s  w i d e l y  f rom s t a t e  
t o  s t a t e ,  as p resen ted  i n  Table 3  f o r  
t h e  years  1975 t o  1977. Hand l i n e s  
a re  used i n  Hew England when schools  
o f  l a r g e  f i s h  a r e  feed ing ;  pound n e t s  
a r e  common i n  Chesapeake Bay; t r a p s  
a n d  s e i n e s  a r e  g e n e r a l l y  used  i n  
inshore  waters;  t r a w l s  and g i l l  n e t s  
a r e  used bo th  i nsho re  and o f f s h o r e  i n  
many s ta tes .  Dur ing  t h e  l a s t  decade, 
o t t e r  t r a w l s ,  g i l l  ne ts ,  and pound 
n e t s  have y i e l d e d  about t h r e e - f o u r t h s  
o f  t h e  m i d - A t l a n t i c  commercial catch,  
w i t h  s e i n e s  a n d  h a n d  l i n e s  
c o n t r i b u t i n g  mos t  o f  t h e  remainder 
(M id -A t l an t  i c  FMC 1984). 

There i s  no app rec iab le  f o r e i g n  
ca tch  o r  j o i n t  ven tu re  ca t ch  o f  b l ue -  
f i s h  i n  U.S. waters,  and no use r  con- 
fl i c t s  have occur red  y e t ,  b u t  f i s h e r y  
s t o c k  assessments  by  Anderson  and  
A lme ida  (1979 )  and Anderson (1980) 
sugges t  t h a t  any "major  inc rease  i n  



Tab le  2. U.S. commercial b l u e f i s h  l and ings  i n  t h e  m i d - A t l a n t i c  s t a t es ,  1950-85. 

Year Thousands o f  k i  1 ograms M i l l i o n s o f  M i l l i o n s o f  k i  1 ograms do1 1 ars 

lo-year x of  
U.S. t o t a l  4.7 4.3 0.5 10.7 12.0 1.2 2.9 18.0 28.3 82.7 100.0 

aTen y e a r  t o t a l  b l u e f i s h  l and ings  i n  each s t a t e ,  expressed as % o f  U.S. t o t a l  
b l u e f i s h  l and ings  f o r  t h e  p e r i o d  1976-85. 
* 

Less t han  500 kg r epo r t ed .  

Compiled from W i l k  (1977); P i l e g g i  and Thompson (1978, 1979, 1980) ;  Thompson 
(1981, 1982, 1983, 1984a, 1984b, 1985, 1986);  M i d - A t l a n t i c  FMC ( 1 9 8 4 ) ;  and 
unpubl ished NfrlFS data. 

Tab le  3. Percent  o f  commercial b l u e f i s h  l and ings  i n  t h e  M i d - A t l a n t i c  s t a t e s  
taken  by va r i ous  t ypes  o f  f i s h i n g  gear. 

Weight X o f  s t a t e  ca tch  by gear 

Statea Seines Trawl s Pound net ,  G i l l  nets  ( d r i f t ,  Hand Long l i n e ,  
(purse, hau l )  ( o t t e r ,  midwater) f l o a t i n g  t r a p  anchor, runaround) 1 i n e  t r o l l  1 i n e  

aBased on 3-year  (1975-77) commercial 1 andings data.  

b ~ a s e d  on 8-year  (1975-82) commercial 1 andings data.  
* 

Less t han  0.5% repo r t ed .  

Comp i l ed  f r o m  P i l e g g i  and Thompson (1978, 1980) ; Thompson (1984b) ; and Mid- 
A t l a n t i c  F i she ry  Management Counc i 1 (1984).  



f i s h e r y  p r e s s u r e "  would 1  i k e l y  push 
t h e  h a r v e s t  beyond  t h e  t a k i n g  o f  
" s u r p l u s  p r o d u c t i o n . "  I f  so, they  
contend, r e c r e a t i o n a l  f i shermen would 
p robab ly  s u f f e r  f i r s t .  

Popu la t i on  Dynamics 

The m i g r a t o r y  n a t u r e  o f  b l u e f i s h  
popu la t i ons  and t h e  d i f f e r e n t i a l  d i s -  
t r i b u t i o n  o f  age c lasses  make popula-  
t i o n  s t u d i e s  o f  t h i s  spec ies ex t reme ly  
d i f f i c u l t .  Schools a r e  segregated by 
s i z e ,  and sampl i n g  techn iques  
t y p i c a l  l y  r e f  1  e c t  t h a t  seg rega t i on  
( W i  1  k,  1977). Tagging s t u d i e s ,  such 
as those  by Lund and Mal tezos (1970) 
and Sandy Hook Mar ine Labora to ry  
(W i l k  1977) d u r i n g  t h e  1960is ,  and 
i ch thyop lank ton  surveys by  C l a r k  e t  
a l .  (1969), Norcross e t  a l .  (1974), 
and Kenda l l  and Wal fo rd  (1979) have 
e s t a b l  i shed  spawning areas, m i g r a t i o n  
r ou tes ,  and t h e  ex i s t ence  o f  d i s t i n c t  
s p r i n g  spawning and summer spawning 
popu la t i ons .  

Year1 i ngs  o f  t h e  summer spawning 
s tock  a r e  d i s t i n g u i s h e d  by a  s l i g h t l y  
l a r g e r  head, l onge r  m a x i l l a e ,  l a r g e r  
eyes, sma l l e r  p e l v i c  f i n s ,  l a r g e r  pec- 
t o r a l  f i n s ,  s m a l l e r  s o f t  d o r s a l  and 
anal  f i n s ,  and a  l a r g e r  gap between 
t h e  sp iny  and s o f t  d o r s a l  f i n s  t han  
t h e  s p r i n g  spawners. Older  f i s h  o f  
t h e  summer spawning s tock  can some- 
t i m e s  be  d i s t i n g u i s h e d  f rom s p r i n g  
s p a w n e r s  b y  t h e  smal l e r  d i s t a n c e  
between t h e  cen te r  o f  a  s c a l e  and i t s  
f i r s t  annulus (W i l k  1977).  

Es t imates  o f  p o p u l a t i o n  d e n s i t y ,  
m o r t a l i t y ,  n a t a l i t y  and r ec ru i tmen t ,  
a n d  age  s t r u c t u r e  a r e  a t  p r e s e n t  
w e a k l y  based  and i n c o m p l e t e .  The 
r e c r e a t i o n a l  f i s h e r y ,  o u r  l a r g e s t  
a v a i l a b l e  d a t a  source, demonstrates a  
f requency peak o f  1 - to -2  yea r  o l d s  and 
a  sma l l e r  peak o f  8-  t o  12-year-o lds 
d u r i n g  t h e  y e a r s  1 9 8 3  t o  1 9 8 5  
(Hol  l i d a y  1985b, 1986). W i l k  (1977) 
r e p o r t s  t h a t  1- t o  4 -year -o ld  b l u e f i s h  
c o m p r i s e d  t h e  b u l k  o f  t h e  samples 
d u r i n g  t h e  mid-19601s, and t h a t  a l l  
yea r  c lasses  between 1962 through 1965 

we re  o f  e q u a l  s t r e n g t h .  R e l a t i v e  
abundance o f  m i d - A t l a n t i c  b l u e f i s h  has 
appa ren t l y  inc reased  s i n c e  t h e  19601s, 
based  o n  NMFS o f f s h o r e  and i nsho re  
t r a w l  surveys, b u t  f l u c t u a t i o n s  f rom 
yea r  t o  y e a r  a r e  l a r g e .  T o t a l  annual 
m o r t a l i t y  i s  es t imated  a t  69% t o  75% 
o v e r  a1 1  ages;  annua l  f i s h i n g  mor- 
t a l i t y  i s  es t imated  a t  27% f o r  l a r g e  
f i s h  and up t o  70% f o r  sma l l  f i s h  (due 
t o  t h e i r  g r e a t e r  v u l n e r a b i l i t y  t o  
i n sho re  f ishermen)  ; and annual n a t u r a l  
m o r t a l i t y  i s  es t imated  a t  59% t o  63% 
f o r  l a r g e  f i s h  and 18% t o  50% f o r  
sma l l  f i s h  ( M i d - A t l a n t i c  FMC 1984) .  

The t w o  m a j o r  spawn ing  s t ocks  
have n o t  y e t  been s t u d i e d  sepa ra te l y  
w i t h  r e s p e c t  t o  p o p u l a t i o n  dynamics 
and aye s t r u c t u r e ;  i f  they  a r e  indeed 
r e p r o d u c t i v e l y  i s o l a t e d ,  t hen  s t a t i s -  
t i c s  based  on pooled d a t a  f rom a l l  
b l u e f i s h  s t ocks  a r e  n o t  ve ry  u s e f u l  
f o r  purposes o f  s tock  management. 

Regu la t i on  and Management 

Recrea t iona l  and commercial f i s h -  
i n g  r e g u l a t i o n s  f o r  b l u e f i s h  i n  t h e  
m i d - A t l a n t i c  e x i s t  i n  seve ra l  s t a t e s ,  
b u t  l a c k  o f  enforcement and i ncons i s -  
tency  f rom s t a t e  t o  s t a t e  l i m i t  t h e i r  
e f f ec t i veness  (W i l k  1977).  The ob jec -  
t i v e  o f  s t a t e s  t h a t  do r e g u l a t e  t h e  
f i s h e r y  i s  g e n e r a l l y  t o  1  i m i t  t h e  
c a t c h  of young-of - the-year  b l u e f i s h ,  
which i s  though t  t o  promote success fu l  
r e c r u i t m e n t  i n t o  l a r g e r ,  m o r e  
d e s i r a b l e  age c lasses .  The tvlagnuson 
F i she ry  Conservat ion Management Ac t  o f  
1976 c r e a t e d  a  s e r i e s  o f  r e g i o n a l  
F i she ry  Management Counc i l s  t o  develop 
o v e r a l l  management p l ans  f o r  impo r t an t  
spec ies and t o  coo rd i na te  t h e  s t a t e s '  
management e f f o r t s .  The M i d - A t l a n t i c  
(New Y o r k  t o  V i r g i n i a )  F i s h e r y  
M a n a g e m e n t  C o u n c i l  c o m p l e t e d  a  
proposed F i she ry  Management P lan  f o r  
b l u e f i s h  i n  1984 i n  coope ra t i on  w i t h  
t h e  New England FbIC and South A t l a n t i c  
FMC.  T h e  c o u n c i l  a d o p t e d  a  
p r o v i s i o n a l  maximum sus ta i ned  y i e l d  
(MSY) o f  95 m i l  l i o n  kg annua l l y  based 
upon i4SY es t imates  by Boreman (1983) 
and NMFS (1983) and upon t h e  ev idence 



f o r  i n c r e a s i n g  r e c r u i t m e n t  f rom t h e i r  
t r a w l  surveys.  The p l a n  proposed an 
a l l o c a t i o n  o f  20% o f  t h e  t o t a l  U. S. 
b l u e f i s h  ca t ch  f o r  commercial f i s h e r -  
men, m o s t l y  i n  t h e  m i d - A t l a n t i c  
r e g i o n ;  t h e  r e m a i n d e r  w o u l d  b e  
a1 l o c a t e d  t o  r e c r e a t i o n a l  f i shermen 
( M i d - A t l a n t i c  FMC 1984) .  But t h e  p l a n  
was d isapproved by Congress t h a t  same 
yea r  because t h e  b l u e f i s h  ca t ch  i n  t h e  
f e d e r a l l y  r e g u l a t e d  F i s h e r y  
Conservat ion Zone ( 3  t o  200 m i l e s )  i s  
o n l y  a  sma l l  f r a c t i o n  o f  t h e  ca t ch  i n  
nea rsho re  ( l e s s  t han  3 m i l e s )  s t a t e  
r e g u l a t e d  w a t e r s ,  s o  F e d e r a l  
r e g u l  a t  i o n  was deemed i n a p p r o p r i a t e  
(David K e i f e r ,  M i d - A t l a n t i c  FMC, pers .  
comm.) . C u r r e n t l y ,  t h e  t h r e e  F i she ry  
Management Counc i l s  a r e  wo rk i ng  w i t h  
t h e  A t l a n t i c  S ta tes  Mar ine  F i s h e r i e s  
Commission, a  c o a l i t i o n  o f  s t a t e  agen- 
c i es ,  t o  develop a  coast -wide p l a n  t o  
be adopted by a l l  s t a t e s  i n  l i e u  o f  a  
f e d e r a l  management p lan .  

ECOLOGICAL ROLE 

Food and Feeding 

B l u e f i s h  a r e  vo rac ious  p reda to r s  
t h r o u g h o u t  t h e i r  1  i v e s ,  r e l y i n g  
p r i m a r i l y  on v i s i o n  t o  d e t e c t  prey,  
a l though  t h e i r  o l f a c t o r y  sense i s  a l s o  
we l l -deve loped  ( O l l a  e t  a l .  1970; W i l k  
1 9 7 7 ) .  Food h a b i t s  o f  l a r v a e  and 
e a r l y  j u v e n i l e s  have n o t  been w e l l  
s t u d i e d ,  b u t  t hey  presumably s e l e c t  
va r i ous  zooplankton,  i n c l u d i n g  l a r v a e  
o f  o t h e r  pe lag ic-spawning f i s h e s  (Nor- 
c ross  e t  a l .  1974; Kenda l l  and Wal fo rd  
1979).  Young-of- the-year a r r i v i n g  i n  
t h e  c o a s t a l  n u r s e r y  a r e a s  f e e d  on 
s m a l l  s h r i m p ,  anchovies,  k i l l i f i s h ,  
s i l v e r s i d e s ,  and many o t h e r  a v a i l a b l e  
prey;  t hose  rema in ing  a t  sea p robab ly  
f i n d  s m a l l  p e l a g i c  f i s h e s  a n d  
crustaceans as fo rage .  As t h e i r  s i z e  
inc reases ,  so does t h e  l i s t  o f  poten-  
t i a l  p rey .  A  wide v a r i e t y  o f  f i s h  and 
i n v e r t e b r a t e s  have been recovered f rom 
b l u e f i s h  s tomachs ,  i n c l u d i n g  such  
u n l i k e l y  i t e m s  as  t h e  sand  d o l l a r  
( ~ c h i n a r a c h n i u s  p a r m a ) ,  t h e  sea  
lamprey (Petromyzon mar inus) ,  va r i ous  

s h a r k s  and r a y s ,  and  t h e  n o r t h e r n  
p u f f e r  (S hoero-ides macu la tus ) .  More 
t v ~ i c a l  h d u l t s  i n c l udes  t h e  
common squ id  ( L o l i g o  pea l  i )  , va r i ous  
s h r i m p  and c r a b s ,  a l e w i v e s  ( A l o s a  
pseudoharengus) ,  and o t h e r  s h a m  
h e r r i n g s ,  A t l a n t i c  m e n h a d e n  
( B r e v o o r t i a  t r a n n u s )  , s i l v e r  hake 
( M e r l u c c i u s  %- b i  i n e a r i s ) ,  p i n f i s h  
(Lagodon rhomboides),  spo t  (Leiostomus 
x a n t h u r u s ) ,  b u t t e r f  i s h  (Pe  r i l u s  
t r i a c a n t h u s )  , s m a l l e r  b l u e f b  
many  o t h e r  s p e c i e s  ( W i l k  1 9 7 7 ;  
Richards 1976) . 

L a s s i t e r  ( 1 9 6 2 )  n o t e d  t h e  
e l i m i n a t i o n  o f  i n v e r t e b r a t e s  f rom t h e  
d i e t  as  b l u e f i s h  i n c r e a s e  i n  s i ze .  
Among y o u n g  a d u l t s  t h e  s t o m a c h  
con ten t s  t y p i c a l l y  i n c l u d e  10% t o  20% 
i n v e r t e b r a t e s  by volume, b u t  l a r g e r  
f i s h  a r e  a lmost  e x c l u s i v e l y  p i s c i v o r -  
ous. Young f i s h  a l s o  chop t h e i r  food  
i n t o  s m a l l e r  p i e c e s ,  m a k i n g  d i e t  
a n a l y s i s  more d i f f i c u l t ;  l a r g e  a d u l t s  
t y p i c a l l y  swal low t h e i r  p rey  whole. 

Feeding a c t i v i t y  peaks i n  e a r l y  
morning and con t i nues  th roughou t  day- 
1  i g h t  hours (Lund and Ma1 tezos  1970) . 
I n  s t u d i e s  o f  c a p t i v e  b l u e f i s h ,  t h e  
normal l y  c l o s e - k n i t  school  breaks up 
d u r i n g  f e e d i n g  as i n d i v i d u a l s  break 
away t o  chase p a r t i c u l a r  prey. The 
f i s h  r eg roup  a  few minutes a f t e r  t h e  
p r e y  h a v e  b e e n  consumed .  F i s h  
s a t i a t e d  on sma l l  p rey  resume f e e d i n g  
when l a r g e r  p rey  o f  t h e  same spec ies  
a r e  o f f e r e d ,  sugges t ing  t h a t  f e e d i n g  
m o t i v a t i o n  i s  i n f l u e n c e d  by p rey  s i z e  
( O l l a  e t  a l .  1970).  

P reda t ion ,  Paras i t i sm,  and Compet i t i on  

P r e d a t i o n  upon  t h e  p l a n k t o n i c  
eggs and l a r v a e  o f  b l u e f i s h  has n o t  
been documented. J u v e n i l e s  a r e  preyed 
upon by a d u l t s  o f  t h e i r  own spec ies 
and p r o b a b l y  by o t h e r  l a r g e  coas ta l  
and e s t u a r i n e  p reda to rs .  Adu l t s  a r e  
p r o b a b l y  ea ten  by sharks, tuna, and 
swo rd f i sh  (Wi l k  1977; M i d - A t l a n t i c  FMC 
1984).  



Anderson (1970) p resen ts  an anno- 
t a t e d  l i s t  o f  p a r a s i t i c  crustacea,  
a c a n t h o c e p h a l a ,  ces toda ,  trematoda, 
nematoda, and a  d i n o f l  age1 l a t e  p r o t o -  
zoan t h a t  have been taken f rom b l ue -  
f i s h ;  t h e  l i s t  i s  a l s o  pub l i shed  i n  
W i l k  ( 1 9 7 7 ) .  Meyers e t  a l .  (1977) 
desc r i be  a  sporozoan t h a t  invades t h e  
h e a r t  muscle o f  b l u e f i s h .  Newman e t  
a l .  ( 1972 )  r e p o r t  on t h e  b a c t e r i a l  
f l o r a  o f  t h e  b l u e f i s h  i n t e s t i n e .  

O t h e r  f i s h  spec ies  sha r i ng  t h e  
same p r e y  r e s o u r c e s  w i t h  b l u e f i s h  
i n c l u d e  s t r i p e d  b a s s  ( M o r o n e  
s a x a t i l i s ) ,  spo t t ed  sea t r o u t  (Cyno- 
s c i o n  n e b u l o s u s ) ,  w e a k f i s h  ( C .  
r e g a l i s ) ,  and va r i ous  Carangidae aTib 
Scombridae (Manooch 1984; Fay e t  a l .  
1 9 8 3 ) ,  b u t  d i r e c t  e v i d e n c e  o f  
i n t e r s p e c i f i c  compe t i t i on  has n o t  been 
d e m o n s t r a t e d ,  s i n c e  b l u e f i s h  a r e  
h i g h l y  o p p o r t u n i s t i c  and t r a n s i e n t  
f e e d e r s .  Be ing  a  t o p  p reda to r  and 
seasona l l y  ve ry  numerous, i t  i s  l i k e l y  
t h a t  b l u e f i s h  p l a y  a  r o l e  i n  
s t r u c t u r i n g  communit ies o f  p rey  spe- 
c i es .  

P h y s i o l o g i c a l  Ecology 

B l u e f i s h  have one o f  t h e  f a s t e s t  
a i r  b l adde r  s e c r e t i o n / r e s o r p t i o n  r a t e s  
known among P e r c i f o r m  f i s h e s ,  a l l o w i n g  
r a p i d  buoyancy ad justment  (Ben t l ey  and 
W i l e y  1 9 8 2 ) .  S t u d i e s  o f  swimming 
ene rge t i c s  show t h a t  b l u e f i s h  s w i t c h  
f rom a c t i v e  opercu l  a r  pumping o f  t h e  
g i l l s  t o  ram (pass i ve )  v e n t i l a t i o n  o f  
t h e  g i l l s  a t  speeds o f  4.0 t o  4.6 
body lengths pe r  sec (Freadman 1979).  
L i k e  c e r t a i n  o t h e r  l a r g e  p e l a g i c  
p reda to rs ,  b l u e f i s h  can m a i n t a i n  t h e i r  
body t e m p e r a t u r e  up  t o  4  OC above 
ambient ( M i d - A t l a n t i c  FMC 1984).  

ENVIRONMENTAL REQUIREMENTS AND STRESS 

Temperature 

T e m p e r a t u r e  i s  p r o b a b l y  t h e  
s i n g l e  m o s t  i m p o r t a n t  env i ronmenta l  
p a r a m e t e r  d e t e r m i n i n g  b l u e f i s h  
d i s t r i b u t i o n ,  m i g r a t i o n ,  f e e d i n g ,  

s p a w n i n g ,  and r e c r u i t m e n t  success  
(Lund and Mal tezos 1970). O l l a  and 
S t u d h o l m e  ( 1 9 7 5 )  and O l l a  e t  a l .  
(1975) examined responses o f  b l u e f i s h  
t o  t h e r m a l  changes  i n  a  120,000-1 
a q u a r i u m .  A t  t h e  a c c l i m a t i o n  
t e m p e r a t u r e  o f  20 O C ,  t h e i r  s m a l l  
group o f  a d u l t  b l u e f i s h  (45 t o  55 cm 
TL) swam con t i nuous l y  day and n i g h t ,  
t y p i c a l l y  i n  a  c l o s e  school  d u r i n g  t h e  
day a t  a  speed o f  about  50 cmlsec, and 
i n d i v i d u a l l y  d u r i n g  t h e  n i g h t  a t  
speeds o f  a b o u t  15 cm lsec .  These 
s p e e d s  a n d  d a i l y  r h y t h m s  w e r e  
ma in ta ined  over  a  tempera tu re  range o f  
18 t o  22 OC. When tempera tu re  was 
inc reased  o r  decreased s l o w l y  beyond 
t h i s  r a n g e ,  t h e  f i s h  r e s p o n d e d  t o  
e i t h e r  t r e a t m e n t  w i t h  inc reased  day 
and n i g h t  c r u i s i n g  speeds. A t  t h e  
upper and lower  " s t r e s s "  temperatures 
(abou t  30 OC and 12 OC, r e s p e c t i v e l y ) ,  
t h e  d a i l y  r h y t h m  was r e p l a c e d  b y  
n e a r l y  cons tan t  h i g h  speed swimming, 
more  t h a n  t r i p l e  t h e  a c c l i m a t i o n  
speeds; a l so ,  t h e  school d i d  n o t  break 
up a t  n i g h t ,  and t h e  f i s h  showed 
l i t t l e  i n t e r e s t  i n  food. A t  35 OC, 
l o s s  o f  e q u i l i b r i u m  was noted.  The 
a u t h o r s  i n t e r p r e t  t h e  o b s e r v e d  
i n c r e a s e s  i n  c r u i s i n g  speed as an 
avoidance s t r a t e g y .  S ince t h e  f i s h  
a r e  h i g h l y  t r a n s i e n t ,  w i t h  l i t t l e  
i n c e n t i v e  t o  r e m a i n  i n  a  l o c a l i z e d  
area, r a p i d  swimming i s  an a p p r o p r i a t e  
s t r a t e g y  t o  t r a n s p o r t  t h e  f i s h  away 
f rom l o c a l  i zed  patches o f  un favo rab le  
c o n d i t i o n s .  

The 18 t o  22 OC tempera tu re  range 
f o r  minimum c r u i s i n g  speed corresponds 
w e l l  w i t h  t h e  t h e r m a l  regimes f rom 
which t h e  m a j o r i t y  o f  commercial and 
r e c r e a t i o n a l  b l u e f i s h  c a t c h e s  a r e  
taken, and a l s o  w i t h  c o n d i t i o n s  i n  t h e  
m i d - A t l a n t i c  b i g h t  where sunimer spawn- 
i n g  o c c u r s  ( N o r c r o s s  e t  a l .  1974).  
The south A t l a n t i c  wa te rs  between t h e  
c o n t i n e n t a l  she l f  and t h e  G u l f  Stream, 
where s p r i n g  spawning occurs, average 
s l i g h t l y  h i ghe r ,  20 t o  26 OC. Juve- 
n i l e s  d r i f t i n g  n o r t h  o f  Cape H a t t e r a s  
congregate a t  t h e  G u l f  S t r eam lcon t i -  
n e n t a l  s h e l f  i n t e r f a c e  i n  t h e  mid- 
A t l a n t i c  w h i l e  s h e l f  wa te rs  a r e  s t i l l  



much coo le r .  As t h e  season advances, 
t h e  s h e l f  waters  warm, and t h e  young 
b l u e f i s h  make t h e i r  voyage ac ross  t h e  
s h e l f  t o  t h e  e s t u a r i e s  when s h e l f  
temperatures reach 18 t o  20 OC. These 
t h e r m a l  edges a p p a r e n t l y  s e r v e  as  
impo r t an t  cues t o  j u v e n i l e  m i g r a t i o n ,  
i n s u r i n g  t h a t  t h e  young  a r r i v e  i n  
s u i t a b l y  warm nu rse r y  h a b i t a t s  
(Kendal 1  and Wal f o r d  1979). 

Photoper i o d  

I n  a  s tudy  o f  d a i l y  and seasonal 
r h y t h m s  o f  b l u e f i s h ,  O l l a  and Stud- 
holme (1972, 1978) found t h a t  a c t i v i t y  
inc reased  sha rp l y ,  immed ia te ly  a t  
daybreak, compared t o  t h e  s low n i g h t -  
t i m e  c r u i s i n g  speed, con t i nued  t o  
i n c r e a s e  g r a d u a l l y  u n t i l  noon, and 
then decreased s t e a d i l y  th roughou t  t h e  
a f t e r n o o n  u n t i l  1 t o  2  h r s  a f t e r  da rk ,  
when t h e  n i g h t t i m e  swimming speed 
resumed. Th i s  d a i l y  rhythm i s  main- 
t a i n e d  d u r i n g  a l l  seasons, independent 
of pho toper iod .  However, i n c r e a s i n g  
p h o t o p e r i o d  causes  s i g n i f i c a n t  i n -  
creases i n  bo th  dayt ime and n i g h t t i m e  
speeds. A  pho tope r i od  o f  10.3 l i g h t  
hours (co r respond ing  t o  w i n t e r  months) 
induces an average swimming speed 17% 
l e s s  t han  a  12-hr  day ( s p r i n g  and f a 1  1  
months) and 50% l e s s  t han  a  14-h r  day 
(summer m o n t h s ) .  P h o t o p e r i o d  t hus  
appea rs  t o  b e  t h e  cue  t h a t  keeps  
b l u e f i s h  moving d u r i n g  t h e  warm months 
and keeps them r e l a t i v e l y  s t a t i o n a r y  
i n  w i n t e r ,  whereas tempera tu re  p ro -  
v i des  a  more p rox ima l  cue t o  d i s t i n -  
g u i s h  f a v o r a b l e  f r o m  u n f a v o r a b l e  
patches o f  h a b i t a t .  

S a l i n i t y  

J u v e n i l e  and a d u l t  b l u e f i s h  a r e  
m o d e r a t e l y  e u r y h a l  i n e ,  o c c a s i o n a l l y  
a s c e n d i n g  w e l l  i n t o  e s t u a r i e s  where 
s a l i n i t i e s  may be l e s s  t han  10 p p t  
(L ippson  and L ippson  1984).  Eggs and 
1  a r v a e  a r e  p robab l y  1  ess adaptable:  
K e n d a l l  and W a l f o r d  ( 1 9 7 9 )  r e p o r t  
s a l i n i t i e s  between 35 and 38 p p t  i n  
t h e  sou th  A t l a n t i c  c o n t i n e n t a l  s l ope  
w a t e r s  w h e r e  t h e  s p r i n g  spawners  
o r i g i n a t e ,  and 30 t o  32 p p t  i n  t h e  

m i d - A t l a n t i c  summer spawning waters .  
Whether s a l i n i t y  g r a d i e n t s  can a c t  as 
b a r r i e r s  t o  m i g r a t i o n ,  as  t h e r m a l  
g r a d i e n t s  can, has n o t  been determ- 
ined.  

Oxygen 

P e l a g i c  open-ocean  f i s h e s  a r e  
u s u a l l y  n o t  w e l l  a d a p t e d  f o r  l o w  
oxygen c o n d i t i o n s .  Swanson and S i  nd- 
e r m a n  ( 1 9 7 9 )  n o t e d  a  c o n s p i c u o u s  
a b s e n c e  o f  b l u e f i s h ,  among o t h e r  
spec ies,  i n  a  l a r g e  low-oxygen mass o f  
wa te r  t h a t  developed d u r i n g  t h e  summer 
o f  1976 a  few k i l o m e t e r s  o f f  t h e  coas t  
o f  n o r t h e r n  New Jersey,  where ex ten-  
s i v e  k i l l s  o f  s u r f  clams, ocean qua- 
hogs,  and some f i s h  were r epo r t ed .  
Small b l u e f i s h  t h a t  m i g r a t e  c l o s e  t o  
shore and very  l a r g e  f i s h  t h a t  m i g r a t e  
f a r  o f f s h o r e  appeared as usua l  a long  
Connec t i cu t  and Long I s l a n d  t h a t  sum- 
mer, b u t  m id - s i ze  f i s h  (1.5 t o  5.5 kg)  
were stopped by t h e  f o u l  wa te r  mass 
and reversed  d i r e c t i o n ,  r e t u r n i r l g  t o  
sou thern  New Jersey and Delaware f o r  
t h e  r e m a i n d e r  o f  t h e  warm season. 
A l o n g  c e r t a i n  New J e r s e y  beaches ,  
w i n d s  a n d  c u r r e n t s  p e r i o d i c a l l y  
b r o u g h t  t h e  l ow -oxygen  w a t e r  mass 
aga ins t  t h e  shore; b l u e f i s h ,  s t r i p e d  
bass, and o t h e r  spec ies  were observed 
swimming l e t h a r g i c a l  l y  and gasping a t  
t h e  wa te r  s u r f a c e  ( a  t y p i c a l  oxygen- 
s t r e s s  response) . 
Contaminants 

Mahoney e t  a l .  (1973)  found a  
h i g h  i nc i dence  o f  f i n  r o t  d i sease  i n  
b l ue f i sh ,  f l ounde r ,  and o t h e r  f i s h e s  
f o r  some p e r i o d  d u r i n g  t h e  summers o f  
every  y e a r  f rom 1967 th rough  1973 i n  
t h e  New York B i g h t .  B a c t e r i a  o f  t h e  
genera ~e romona r ,  V i  b r i o ,  and Pseudo- 
monas were i s o l a t e d  f rom f i s h  showing 
c h r o n i c  f i n  nec ros i s ,  s k i n  hemorrhage 
and u l c e r s ,  and b l i n d n e s s .  ~ h e i e  
a u t h o r s  s u g g e s t  t h a t  heavy  m e t a l  
contaminants  (copper,  z i n c ,  chromium, 
and l ead  were measured i n  h i g h  concen- 
t r a t i o n s  i n  t h e  a r e a )  weakened t h e  
f i s h e s '  immune r e s p o n s e  t o  t h e s e  
f a c u l t a t i v e  pathogenic  b a c t e r i a ,  which 



were  a l s o  p resen t  i n  unusua l l y  h i g h  
c o n c e n t r a t i o n s  because  o f  p o o r l y  
t r e a t e d  mun i c i pa l  and i n d u s t r i a l  sew- 
age d ischarge.  Labora to ry  exper iments  
us i ng  mun i c i pa l  sewage w i t h o u t  heavy 
meta ls  d i d  n o t  induce  t h e  d isease.  

Mears and E i s l e r  (1977) examined 
concen t ra t i ons  o f  meta ls  i n  t h e  l i v e r  
o f  b l u e f i s h ,  and found i t  p o s i t i v e l y  
c o r r e l a t e d  w i t h  body s i ze .  Cross e t  
a l .  (1973) ' found a  s i m i l a r  r e l a t i o n -  
s h i p  f o r  meta l  accumula t ion  i n  w h i t e  
muscle o f  b l u e f i s h .  New York and New 
Jersey S t a t e  governments have i ssued  
w a r n i n g s  i n  r e c e n t  y e a r s  a g a i n s t  
e a t i n g  b l u e f i s h  and o t h e r  p reda to r y  
f i s h e s  because o f  h i g h  concen t ra t i ons  
o f  PCBs i n  t h e i r  muscles ( M i d - A t l a n t i c  

FMC 1984) .  C u r r e n t l y ,  t h e  N a t i o n a l  
Mar ine F i s h e r i e s  Se rv i ce  i s  conduc t ing  
a  body-burden s tudy  o f  t o x i c  chemical  
a c c u m u l a t i o n  i n  b l u e f i s h  ( D a v i d  
K e i f e r ,  pers .  comm.). 

O l l a  and Studholme (1975) s t a t e  
t h a t  t h e  b e h a v i o r a l  r e p e r t o i r e  o f  
b l u e f i s h  i s  w e l l  adapted f o r  avo idance 
o f  u n f a v o r a b l e  c o n d i t i o n s ,  b u t  such 
a v o i d a n c e  depends upon  t h e  f i s h e s '  
a b i l  i t y  t o  d e t e c t  con tam inan t s  and 
recogn ize  them as hazardous, and a l s o  
upon t h e  m o t i v a t i o n  o f  t h e  f i s h e s  t o  
be  i n  t h a t  a r e a .  I f  spawn ing  o r  
n u r s e r y  w a t e r s  a r e  contaminated, o r  
m i g r a t i o n  r o u t e s  a r e  t h e r m a l l y  o r  
c h e m i c a l  l y  "blocked," o r  i f  contam- 
i n a t i o n  i s  p resen t  i n  t h e  food supply ,  
t hen  avoidance becomes imposs ib le .  
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S ta tes ,  espec ia l  l y  i n  t h e  m i d - A t l a n t i c  reg ion.  The canmercia l  c a t c h  i s  smal l e r  
b u t  has increased d u r i n g  recen t  years. One p o p u l a t i o n  spawns o f f s h o r e  d u r i n g  
s p r i n g  f r a n  n o r t h e r n  F l o r i d a  t o  Nor th  Caro l i na ,  and these young m ig ra te  i n t o  
m i d - A t l a n t i c  coasta l  waters  t o  spend t h e i r  summer and f a l l .  A  second p o p u l a t i o n  
spawns o f f s h o r e  d u r i n g  summer f rom North Caro l i na  t o  h s s a c h u s e t t s ,  b u t  most o f  
these young remain o f f s h o r e  f o r  t h e  remainder o f  t h e  season. I n  l a t e  fa1 1  , young 
and a d u l t s  o f  b o t h  popu la t i ons  m ig ra te  sou th  u n t i l  t h e  f o l l o w i n g  spr ing .  B l u e f i s h  
a r e  m i g r a t o r y ,  o p p o r t u n i s t i c ,  p e l a g i c  p r e d a t o r s  th roughout  1  i fe ,  and t h e i r  seasonal 
abundance may have pro found canmuni t y  s t r u c t u r i n g  e f f e c t s .  Schools o f  j u v e n i l e  
b l u e f i s h  may be i m p o r t a n t  f o rage  f o r  many p e l a g i c  p reda to rs ,  i n c l u d i n g  a d u l t s  of  
t h e i r  own species. Photoper iod  appa ren t l y  t r i g g e r s  long-range migra t ion l ,  and 
tempera ture  serves as a  proximal  cue t o  shor t - range m ig ra t i on .  B l u e f i s h  a r e  
s e n s i t i v e  t o  b a c t e r i a l  i n f e c t i o n  i n  p o l l u t e d  water  and have l i t t l e  t o l e r a n c e  f o r  
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As the Nation's principal conservation agency, the Department of 
the Interior has responsibility for most of our nationally owned 
public lands and natural resources. This includes fostering the 
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administration. 
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