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PREFACE 

T h i s  spec ies  p r o f i l e  i s  one o f  a  s e r i e s  on c o a s t a l  a q u a t i c  organisms, 
p r i n c i p a l  l y  f i s h ,  o f  s p o r t ,  com~nerc ia l  , o r  e c o l o g i c a l  importance. The p r o f i l e s  
a r e  designed t o  p r o v i d e  c o a s t a l  managers, eng ineers ,  and b i o l o g i s t s  w i t h  a  b r i e f  
comprehensive ske tch  o f  t h e  b i  01 o g i c a l  c h a r a c t e r i s t i c s  and env i ronmenta l  r e q u i  r e -  
ments o f  t h e  spec ies  and t o  d e s c r i b e  how 'popu la t ions  o f  t h e  spec ies  may be 
expected t o  r e a c t  t o  e n v i  ron~uen ta l  changes caused by c o a s t a l  devel  opinent. Each 
p r o f  i 1 e has s e c t i o n s  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, e n v i  r o n ~ ~ e n t a l  
r e q u i  rements, and economic importance, i f  appl  i c a b l  e. A t h r e e - r i n g  b i n d e 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 t h e y  a r e  prepared.  
T h i s  p r o j e c t  i s  j o i n t l y  p lanned and f i n a n c e d  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  q u e s t i o n s  r e g a r d i n g  t h i s  r e p o r t  should  be d i r e c t e d  t o :  

~ n f o r m a t i o n  T r a n s f e r  Spec ia l  i s t  
N a t i o n a l  Coasta l  Ecosysterns Team 
U.S. F i s h  and W i l d l i f e  S e r v i c e  
NASA-Sl i d e l  1  Computer Compl ex 
1010 Gause Boulevard 
S l i d e 1  1, LA 70458 

U.S. Army Engineer  Waterways Exper iment S t a t i o n  
A t t e n t i o n :  WESER 
Pos t  O f f i c e  Box 631 
V icksburg,  MS 39180 

T h i s  s e r i e s  should  be re fe renced  as f o l l o w s :  

U.S. F i s h  and W i l d l i f e  Serv ice .  1983. Species p r o f i l e s :  l i f e  h i s t o r i e s  and 
env i  ronmental  r e q u i  rernents o f  c o a s t a l  f i s h e s  and i n v e r t e b r a t e s .  U. S. F i s h  
and W i l d l i f e  Serv ice ,  D i v i s i o n  o f  B i o l o g i c a l  Serv i ces ,  FWS/OBS-82/11. 
U.S. Army Corps o f  Engineers,  TR EL-82-4. 

Th is  p r o f i l e  shou ld  be c i t e d  as f o l l o w s :  

Rob ine t te ,  H.R. 1983. Species p r o f i l e s :  1  i f e  h i s t o r i e s  and env i ronmenta l  
requ i rements  o f  c o a s t a l  f i s h e s  and i n v e r t e b r a t e s  ( G u l f  o f  Mexico) -- bay 
anchovy and s t r i p e d  anchovy. L1.S. F i s h  and r J i l d l i f e  Serv ice ,  D i v i s i o n  o f  
B i o l o g i c a l  Serv i ces ,  FWS/OBS-82/11.14. U. S. Army Corps o f  Engineers,  
TR EL-82-4. 1 5  pp. 
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F i g u r e  1. 2ay anchovy ( t o p )  and s t r - i p e d  anchovy ( b o t t o m ) .  

S A Y  ANCHOVY AND STRIPED ANCHOVY 

S c i e n t i f i c  name . . . Anchoa m i t c h i l  li - --- - - - - - - - - -- - - - 
(Va lenc iennes)  

P r e f e r r e d  common name . . Ray anchovy 
( F i g u r e  1 )  

Other  corrllnon names . Common anchovy, 
M i  t c b i l  1 ' s  anchovy, w h i t e b a i t ,  
1 i ttl e anchovy 

S c i e n t i f i c  name . . - Anchoa - - - - - - - hepsetus - - - .- -. - 
( L i n n a e ~ i s )  

P r e f e r r e d  common name . . . . S t r i p e d  
anchovy ( F i g u r e  1 )  

C lass  . . . . . . . . . . Os te ich thyes  
Order . . . . . . . . . . Clupei formes 
Fami l y  . . . . . . . . . Engraul  i d a e  

Geographic range: The range o f  t h e  
bay anchovy extends from 
Massachusetts t o  Yucatan, Mexico,  
e x c l u d i n g  t h e  West I n d i e s  
( H i l d e b r a n d  1343, as c i t e d  by 
Da ly  1970). The bay anchovy has 
n o t  been found i n  t h e  F l o r i d a  
Keys, b u t  i t  i s  common on b o t h  
c o a s t s  of  F l o r i d a  (Da ly  1970). 
The s t r i p e d  anchovy ranges i n  
t h e  western  A t l a n t i c  f rom Massa- 
chuse t t s ,  r a r e l y  t o  Nova Sco t ia ,  
th rough  t h e  West I n d i e s ,  and 
southward as f a r  as Islontevideo, 
Uruguay (H i  1 debrand 1943). T h i s  
f i sh has r a r e l y  been c o l  1 e c t e d  
f rom t h e  F l o r i d a  Keys, b u t  - i s  
common a long t h e  e n t i r e  west c o a s t  



o f  F l o r i d a  ( D a l y  1370) as w e l l  as  
th roughou t  t h e  G u l f  o f  Mexico 
(Gunter  and Hal 1  1965) ( F i g u r e  
2 ) .  Bo th  spec ies  have occas ion-  
a l l y  been taken  from t h e  G u l f  o f  
Maine ( B i g e l  ow and Schroeder  
1953).  

MORPHOLOGY/IDENTI FICATION A1 DS 

M e r i s t i c  and rnorphorr~etr ic  charac-  
t e r i s t i c s  ( T a b l e  1 )  o f  t h e  bay anchovy 
and t h e  s t r i p e d  anchovy o v e r l a p  con- 
s i d e r a b l y ,  e s p e c i a l  l y  f o r  coun ts  o f  
f i n  rays ,  l a t e r a l  l i n e  s c a l e s ,  g i l l  
r a k e r s ,  and v e r t e b r a e ,  and f o r  pe r -  
centage o f  s tandard  l e n g t h  t o  body 
depth ,  head l e n g t h ,  and eye d iamete r .  
F o r t u n a t e l y ,  t h e  two spec ies  can be 
separa ted  by  g ross  examina t ion .  Bo th  
anchov ies  a r e  r a t h e r  c y l i n d r i c a l  i n  
c r o s s - . s e c t i o n  w i t h  a d u l t s  a t t a i n i n g  
l e n g t h s  o f  10 and 14 cm f o r  t h e  bay 
and s t r i p e d  anchov ies ,  r e s p e c t i v e l y .  
Both  f i s h e s  have l a r g e  sub te rm ina l  
mouths and l a r g e  eyes, b u t  t h e  bay 
anchovy has a  s h o r t e r  snout .  The most 
d i s t i n c t i v e  f e a t u r e  o f  t h e  s t r i p e d  
anchovy i s  i t s  s i l v e r y  l a t e r a l  s t r i p e ,  
wh ich  i s  about  75% as wide as t h e  eye 
(Hoese and Moore 1977); t h e  bay 
anchovy a1 so has a  s i l v e r y  l a t e r a l  
s t r i p e ,  b u t  i t  i s  somewhat i n d i s t i n c t .  
The b e s t  s i n g l e  c h a r a c t e r  f o r  sepa- 
r a t i n g  t h e  two spec ies  i s  t h e  l o c a t i o n  
o f  t h e  ana l  f i n  ( F i g u r e  1 ) .  The ana l  
f i n  o r i g i n a t e s  under o r  s l i g h t l y  
p o s t e r i o r  t o  t h e  d o r s a l  f i n  o r i g i n  
(under  f i f t h  o r  s i x t h  d o r s a l  r a y )  i n  
t h e  bay anchovy. The ana l  f i n  o r i g i n  
i s  under  t h e  1 2 t h  t o  1 4 t h  d o r s a l  r a y  
i n  j u v e n i l e s ,  b u t  1 o r  2 mm p o s t e r i o r  
t o  t h e  d o r s a l  f i n  i n  a d u l t  s t r i p e d  
anchovy ( D a l y  1970) .  L i v e  bay anchovy 
a r e  g r e e n i s h  w i t h  b l u i s h  r e f l e c t i o n s  
above, p a l e  l o w e r  p a r t s ,  and t r a n s -  
l u c e n t  abdominal w a l l  s  (B ige low e t  a l .  
1963) .  S t r i p e d  anchovy have ye1 low 
and green i r i d e s c e n c e  above t h e  
l a t e r a l  s i l v e r y  s t r i p e .  N o n i r i d e s c e n t  
y e l l o w  occurs  around t h e  head, l a t e r a l  

s t r i p e ,  and c l e i t h r a l  a r e a  ( D a l y  
1970).  

REASON FOR INCLUSION I N  SERIES 

The bay anchovy i s  one o f  t h e  
most  colnmon f i s h  i n h a b i t i n g  c o a s t a l  
areas,  and t h e  s t r i p e d  anchovy i s .  
commonly taken  i n  c o a s t a l  a reas  as 
w e l l  as i n  waters  e x t e n d i n g  o u t  t o  t h e  
C o n t i n e n t a l  She1 f. Because o f  t h e i r  
abundance and t h e i r  smal l  s i z e ,  b o t h  
f i s h  a r e  i m p o r t a n t  p r e y  s p e c i e s .  They 
a r e  n o t  c u r r e n t l y  used i n  N o r t h  
America as human food and t h u s  a r e  n o t  
o f  d i r e c t  commercial impor tance,  b u t  
many o f  t h e  f i s h  t h a t  feed  on 
anchov ies  a r e  i m p o r t a n t  r e c r e a t i o n a l  
and commercial spec ies .  

LIFE HISTORY 

Spawning 

The bay anchovy t y p i c a l  l y  spawns 
i n  wa te r  l e s s  t h a n  20 m deep, 
a l t h o u g h ,  on t h e  b a s i s  o f  egg c o l l e c -  
t i o n ,  i t  i s  though t  t h a t  t h e y  p o s s i b l y  
spawn t o  t h e  edge o f  t h e  C o n t i n e n t a l  
S h e l f  (Jones e t  a l .  1978) .  The 
s t r i p e d  anchovy a l s o  spawns i n  
e s t u a r i e s ,  b u t  p r o b a b l y  t y p i c a l  l y  
spawns i n  deeper wa te rs  t h a n  t h e  bay 
anchovy. A t  Beau fo r t ,  N o r t h  Caro l  i n a ,  
t h e y  spawn a long  t h e  o u t e r  banks n o t  
rnore t h a n  16 km o f f s h o r e  and i n  w a t e r  
no deeper t h a n  22 m (Mansuet i  and 
Hardy 1967).  Jones e t  a l .  (1965) 
r e p o r t e d  s e g r e g a t i o n  o f  t h e  two 
spec ies ;  s t r i p e d  anchovy 1  a r v a e  
o c c u r r e d  i n  o f f s h o r e  wa te rs  w h i l e  t h e  
bay anchovy 1  arvae predominated i n -  
sho re .  

F i e l d  c o l l e c t i o n s  o f  l a r v a l  
anchov ies  i n d i c a t e  t i m e  o f  spawning. 
Sw ing le  (1971) conc luded f rom f i s h  
c o l l e c t e d  i n  Alabarna wa te rs  t h a t  t h e  
s t r i p e d  anchovy had two m a j o r  spawning 
p e r i o d s - - t h e  l a r g e r  spawning p e r i o d  i n  
l a t e  March o r  A p r i l  and t h e  smal l e r  i n  
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Figure 2.  Bay and s t r iped anchovies occur along the en t i r e  gulf coast .  Bay anchovies a re  more numerous i n  the 
shall ow areas of bays whereas the s t r iped anchovies prefer deeper water. 



Tab le  1. Comparison o f  some m e r i s t i c  and morphometr ic cha rac te r s  o f  Anchoa 
m i t c h i l l i  and - A. hepsetus. 

Character  Anchoa m i  t c h i l  1 i Anchoa hepsetus 

F i n  r ays  D. 14-16, A. 24-30, P. 11-12; 
D. 13-17, A. 23-30, P .  10-13, 
D. 14-16, A. 24-30, P .  11- lZd 
D .  13-17, A. 23-30, P .  10-13, 
D. 14-16, A. 23-30, P. 11-12 

Scales 

G i l l  r a ke rs  

Ver tebrae 

Body: depth 

Head : 1 eng t h  

b D i a m e t e r o f  eye 7.4-9.0, 
5.8-8.Zd 
5.8-9.0, 
5.8-8.2 

- - 

a Hoese and Moore 1977. 
b ~ a l y  1970. 
C B i g e l  ow e t  a1 . 1963. 
d ~ o n e s  e t  a1 . 1978. 
e ~ a n s u e t i  and Hardy 1967. 



J u l y .  Swing le  (1971) r epo r t ed  bay 
anchovy l a r v a e  20 mn o r  sma l l e r  c o l -  
l e c t e d  du r i ng  most months and con- 
c luded t h a t  spawning p robab ly  occurs  
th roughou t  most o f  t h e  year .  

Tampa Bay ( F l  o r i d a )  bay anchovies 
spawn du r i ng  t h e  s p r i n g  and e a r l y  
summer w i t h  peak egg d e n s i t i e s  f rom 
A p r i l  through J u l y .  Spawning began 
a f t e r  su r f ace  water  ter r~peratures 
reached 20°C and ceased by  November 
( P h i l l i p s  1981). Spawning o f f  t h e  
No r th  Carol i n a  c o a s t  occurred from 
June through August and peaked i n  J u l y  
(Kuntz 1914). 

E a r l y  young-of - the-year  bay an- 
chovy become s e x u a l l y  mature d u r i n g  
t h e i r  f i r s t  summer. Specimens 49 t o  
60 nim long,  taken i n  l a t e  J u l y  and 
d u r i n g  August a t  Beaufor t ,  Nor th  
Carol  i na ,  con ta ined  we1 1  -developed r o e  
(B ige low e t  a l .  1963). Spawning 
u s u a l l y  occurs i n  t h e  e a r l y  evening 
(Kuntz 1914). 

The eggs o f  t h e  bay anchovy a r e  
s l i g h t l y  oblong w i t h  t h e  major  a x i s  
about  0.75 mm and t h e  minor  a x i s  about  
0.62 mm. The average s i z e  o f  t h e  eggs 
o f  t h e  bay anchovy decreases as water  
s a l i n i t y  increases (Jones e t  a l .  
1978). The egg o f  t h e  s t r i p e d  anchovy 
i s  l a r g e r ,  w i t h  t h e  major  a x i s  about  
1.40 t o  1.60 mm and t h e  minor  a x i s  
about  0.70 t o  0.85 mm. Eggs o f  bo th  
spec ies  have no o i l  g l o b u l e  and a r e  
t r anspa ren t  (B ige low e t  a1 . 1963). 
The y o l k  i s  composed o f  separa te  
masses (Kuntz 1914). The bay anchovy 
egg hatches i n  about  24 h r  a t  room 
temperature,  compared t o  48 h r  a t  a  
wa te r  temperature o f  19" t o  21°C f o r  
s t r i p e d  anchovy eggs (B ige low e t  a l .  
1963). 

Larvae 

Kuntz (1g14) observed t h a t  newly 
hatched yo1 k-sac l a r v a e  o f  t h e  bay 
anchovy a r e  1.8 t o  2.0 mm i n  l eng th .  
The y o l k  sac i s  g r e a t l y  e longated and 
t ape rs  t o  a  p o i n t  p o s t e r i o r l y .  The 
l a r v a e  a r e  t r anspa ren t  and show no 
p igmenta t ion .  The y o l k  sac i s  com- 
p l e t e l y  absorbed 15 t o  18 h r  a f t e r  
ha tch ing .  The mouth i s  appa ren t l y  
f u n c t i o n a l  about  36 h r  a f t e r  ha tch ing .  
Larvae 7  t o  8  mm i n  l e n g t h  have 
d e f i n i t e  do rsa l  and anal  f i n s  and some 
p igmenta t ion  i n  t h e  t h o r a c i c  r e g i o n  
and a t  t h e  base o f  t h e  anal  f i n .  A t  
12 mm i n  leng th ,  t h e  do rsa l  and anal  
r a y  counts a r e  15 t o  16 and 23 t o  31, 
r e s p e c t i v e l y  (Mansuet i  and Hardy 
1967). 

B ige low e t  a1 . (1963) r epo r t ed  
t h a t  newly hatched yo1 k-sac l a r v a e  o f  
t h e  s t r i p e d  anchovy a r e  about 3.6 t o  
4.0 mn i n  l eng th .  The yo lk -sac  i s  
absorbed i n  about 24 h r  a f t e r  ha tch ing  
a t  19" t o  21°C. The f i s h  i s  then  
about 4.0 t o  4.5 mm long,  has a  func-  
t i o n a l  mouth, and i s  s t i l l  t r ans -  
paren t .  When t h e  l a r v a e  a r e  about 5  
mn long, p igmenta t ion  appears i n  t h e  
v e n t r a l  t h o r a c i c  area, and t h e  mouth 
i s  la rge ,  t e rm ina l ,  and ob l i que .  Rays 
o f  t h e  do rsa l  and anal  f i n s  can be 
counted when t he  f i s h  reaches 10 mn i n  
l eng th .  The caudal f i n  i s  we1 1  deve l -  
oped and f o r ked  when t h e  f i s h  i s  15 
mm long .  

A1 though these l a r v a e  have been 
descr ibed  f rom 1  abo ra to r y  work, 1  arvae 
a r e  t oo  s i m i l a r  t o  separate  e a r l y  
stages from t h e  o t h e r  f o u r  engraul  i d s  
o c c u r r i n a  i n  t h e  n o r t h e r n  G u l f  o f  - - -  

Mexico (i. - cubana, A. l y o l e p i s ,  Ancho- 
and Engraul i s  

1982). Engraul i d  
l a r v a e  a r e  usual1.y i d e n t i f i e d  as 
Engraul i dae  sp. o r  Anchoa sp. a t  b e s t  



(Dav id  Ruple, G u l f  Coast Research 
Laboratory ,  Ocean Spr ings,  M i s s i s -  
s i p p i  ; pers. comm.). 

Juveni  1  es 

The p r o j e c t i n g  snout o f  t h e  bay 
anchovy i s  n o t  developed u n t i l  t h e  
f i s h  reaches 20 t o  25 mm i n  l e n g t h  
(B ige low e t  a l .  1963). The body of 
t h e  bay ar~chovy becomes deeper w i t h  
age. Body depth i s  about o n e - t w e l f t h  
o f  body l e n g t h  i n  16-rr~m f i s h ,  one- 
n i n t h  o f  body l e n g t h  i n  20-mn f i s h ,  
and about o n e - f i f t h  o f  body l e n g t h  i n  
25-mn f i s h .  Juven i l es  d i f f e r  f rom 
a d u l t s  i n  having a t e rm ina l  mouth and 
a s h o r t  rounded m a x i l l a r y ,  which does 
n o t  reach t h e  rnargir~ o f  t h e  ope rc l e .  
J u v e n i l e s  l a c k  t h e  s i l v e r y  l a t e r a l  
band. The f i s h  a c q u i r e  a l l  a d u l t  
cha rac te r s  by t h e  t ime  they  a r e  60 mm 
i n  l e n g t h  (H i1  debrand and Schroeder 
1927). 

k'hen t h e  s t r i p e d  anchovy reaches 
35 mn i n  leng th ,  t h e  mouth becomes 
a lmos t  h o r i z o n t a l  and t h e  con i ca l  
snout  p r o j e c t s  prominent ly ,  pigmen- 
t a t i o n  increases,  and t h e  i n d i s t i n c t  
s i l v e r y  l a t e r a l  band appears. The 
body depth i s  about one -s i x t h  o f  t h e  
body l e n g t h  a t  35 mm (B ige low e t  a l .  
1963). The s t r i p e d  anchovy i s  con- 
s ide red  a young a d u l t  when t h e  f i s h  
reaches 40 ' t o  45 rnm i n  l eng th .  I t  i s  
more s l ende r  than an o l d e r  a d u l t ,  b u t  
i s  fu1 l y  pigmented, has a w e l l -  
deve l  oped s  i 1 ve ry  1  a t e r a l  band, and i s  
f u l l y  scaled (B ige low e t  a1 . 1963).  
The f i s h  becomes mature a t  about  1 
y e a r  and 75 rnrrl i n  l e n g t h  (H i l deb rand  
and Cable 1930). 

GROWTH CHARACTERISTICS 

The leng th -we igh t  r e l a t i o n s h i p s  
o f  t h e  bay anchovy and s t r i p e d  anchovy 
a r e  s i m i l a r .  Dawson (1965) used f i s h  
c o l l e c t e d  from coas ta l  waters o f  
M i s s i s s i p p i  and Lou is iana  and ca lcu -  
l a t e d  c  and n f o r  t h e  genera l  l eng th -  

we igh t  equa t ion  [h = C L ~  o r  
l o g  W = l o g  c  + n l o g  L, where W =  
we igh t  i n  grams and L = l e n g t h  i n  
m i  11 imete rs ]  f o r  216 and 219 specimens 
o f  bay anchovy and s t r i p e d  anchovy, 
r e s p e c t i v e l y .  Log c  was -4.76779 and 
n was 2.81451 f o r  t h e  bay ar~chovy, and 
1 og c  was -4.73869 and n was 2.82589 
f o r  t h e  s t r i p e d  anchovy. 

Mat1 ock e t  a1 . (1975) developed a 
r e g r e s s i o n  equa t i on  between s tandard  
l e n g t h  (SL) and t o t a l  l e n g t h  (TL) f o r  
bay anchovies c o l l e c t e d  from Galveston 
Bay, Texas. The convers ion  equa t i on  
was TI- = 0.22391 + 1.20634 SL. 
Roess ler  (1970) p l o t t e d  1  ength f r e -  
quency diagrams f o r  s t r i p e d  anchovy 
ca t ch  da ta  i n  t h e  Everglades Na t i ona l  
Park, F l o r i d a .  There was a progres-  
s i o n  o f  t h e  modal s i z e  group f rom 55 
mm i n  May 1963 t o  105 mm i n  January 
1964. I n  May 1964, ano ther  mode of 
45-mm f i s h  appeared, and t h i s  mode 
seemed t o  inc rease  t o  a  l e n g t h  o f  85 
mm by t h e  f o l l o w i n g  December. I t  
appeared t h a t  i n d i v i d u a l s  grew t o  105 
t o  115 mm i n  1 year .  H e l l i e r  (1962) 
noted t h e  growth o f  t h e  bay anchovy i n  
t h e  Laguna Madre o f  Texas. F i sh  w i t h  
a  modal l e n g t h  o f  25 mm en te red  t h e  
c a t c h  i n  March, grew t o  32 mm i n  
August, 35 mm i n  September, and 
reached 45 mm by  t h e  f o l  l ow ing  March. 
The September group averaged 0.407 
g l i n d i v i d u a l  , which represented 
0.034 glmo weight  inc rease  i n  6  months 
whereas t h e  45-mm group frorn March 
averaged 1.03 g o r  a  g a i n  o f  0.104 
g/mo over  t h e  year .  

ANCHOVY POPULATIONS 

Numerous t r a w l i n g  and s e i n i n g  
surveys con f i rm  t h a t  t h e  bay anchovy 
i s  one o f  t h e  most abundant f i s h  o f  
e s t u a r i n e  waters  i n  t h e  n o r t h e r n  G u l f  
o f  Mexico (Tab le  2 ) .  S t r i p e d  an- 
chov ies were commonly taker1 i n  these  
surveys, b u t  d i d  n o t  o f t e n  c o n s t i t u t e  
a  l a r g e  percentage by numbers o f  t h e  
ca tch .  Shipp (1979) c l a s s i f i e d  t h e  
bay anchovy as an abundant p e l a g i c  
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e s t u a r i n e  spec ies and t h e  s t r i p e d  
anchovy as a  common p e l a g i c  e s t u a r i n e  
spec ies .  He a1 so summarized in forma-  
t i o n  on forage f i s h  o f  M o b i l e  Bay and 
o t h e r  n o r t h e r n  G u l f  o f  Mexico es tu -  
a r i e s .  The bay anchovy was t h e  most 
abundant p e l a g i c  e s t u a r i n e  fo rage  f i s h  
i n  f i v e  d i f f e r e n t  es tua r i es ,  w h i l e  t h e  
abundance o f  s t r i p e d  anchovy was 
f o u r t h  i n  two e s t u a r i e s  and t h i r d  i n  
two o t h e r  es tua  r i  es . 

Months o f  peak abundance vary,  
b u t  anchovies a r e  g e n e r a l l y  common 
f rom s p r i n g  through t h e  e a r l y  w i n t e r  
i n  t h e  n o r t h e r n  G u l f  o f  Mexico (Tab le  
2 ) .  N i g h t  catches o f  bay anchovy were 
g r e a t e r  than dayt ime catches i n  t h e  
Arar~sas Pass I n l e t ,  Texas (Hoese e t  
a l .  1968). The au thors  specu la ted  
t h a t  t h e  sma l l e r  dayt ime catches c o u l d  
have r e s u l t e d  f rom t h e  f i s h ' s  a b i l i t y  
t o  avo id  t h e  t r a w l ,  a  dayt ime s u r f a c e  
m i g r a t i o n ,  o r  both.  S i g n i f i c a n t l y ,  
more bay anchovy were caught  d u r i n g  
t h e  day a t  11 m than d u r i n g  t h e  n i g h t .  

The bay anchovy i s  o f t e n  t h e  
dominant f i s h  even i n  areas o f  en- 
v i ronrnental  s t r e s s  (Bechte l  and 
Cope1 and 1970; L i v i n g s t o n  1975).  
Gal laway and Strawn (1975) sampled 
above, below, and w i t h i n  a  heated 
wa te r  d ischarge  a rea  i n  Galveston Bay, 
Texas, and found t h a t  t h e  d ischarge  
a rea  had s i g n i f i c a n t l y  g r e a t e r  spec ies 
r i chness  than e i t h e r  c o n t r o l  area. 
The bay anchovy was t h e  second most 
numerous spec ies bo th  years  o f  t h e  
s tudy.  

IMPACT BY COMMERCIAL FISHERIES 

Christmas e t  a l .  (1960) inven-  
t o r i e d  f i s h  taker1 a long w i t h  menhaden 
( B r e v o o r t i a  pa t ronus)  i n  t h e  commer- 
c i a l  menhaden purse se ine  f i she r - y  and 
found t h e  s t r i p e d  anchovy occur red  
r a r e l y  and t h e  bay ar~chovy was absent. 
Even though anchovies were numerous i n  
t h e  areas f i shed ,  they  a r e  u s u a l l y  
smal l  enough t o  escape th rough  t h e  
n e t .  Both anchovy spec ies combined 

never  made up more t han  2.7% o f  t h e  
i n d u s t r i a l  t r a w l  f i s h e r y  per  month i n  
t h e  G u l f  of Mexico i n  1959 (Haske l l  
1961). Burns (1970) surveyed t h e  
compos i t i on  o f  catches made by a  4 0 - f t  
shr imp t r a w l  of one and f i v e - e i g h t h -  
i n c h  mesh and found s t r i p e d  anchovy 
was r a r e l y  taken. 

ECOLOGICAL ROLE 

Both t h e  s t r i p e d  and bay an- 
chov ies depend l a r g e l y  upon zoo- 
p l ank ton  f o r  food (B ige low e t  a l .  
1963). Zooplankton c o n s t i t u t e d  58% o f  
t h e  d i e t  o f  j u v e n i l e  (30  t o  49 mm) bay 
anchovy and 43% o f  t h e  d i e t  o f  a d u l t  
( 50  t o  74 mm) bay anchovy co l  1  ec ted  i n  
Lake P o n t c h a r t r a i n  (Darnel 1  1961). 
Darnel 1  f u r t h e r  found t h a t  j u v e n i l e  
and a d u l t  bay anchovy gu ts  con ta ined  
9% and 10% m ic ro - i nve r t eb ra tes ,  r e -  
s p e c t i v e l y ,  and 33% and 34% o rgan i c  
d e t r i t u s ,  r e s p e c t i v e l y .  Sher idan 
(1978) examined t h e  food h a b i t s  o f  bay 
anchovy c o l  l e c t e d  i n  Apa lach ico l  a  Bay, 
F l o r i d a ,  and found c a l a n o i d  copepods 
were t h e  ma jo r  food. W i t h  f i s h  
growth, copepod impor tance d e c l i n e d  
and was rep laced  by  l a r g e r  zoo- 
p l a n k t e r s  such as mysids. D i e t s  were 
s i m i l a r  f o r  f i s h  c o l l e c t e d  a t  d i f -  
f e r e n t  s i t e s  i n  t h e  es tuary ,  b u t  
mysids , i n s e c t  l a r vae ,  and c l  adocerans 
were ma jo r  food i tems f o r  f i s h  c o l -  
l e c t e d  near  t h e  mouth o f  t h e  
Apa lach ico la  R ive r .  Copepods were t h e  
dominant p rey  i n  a l l  months, b u t  were 
1  ess impo r tan t  i n  October, December, 
and February, when o t h e r  crustaceans 
and i n s e c t  l a r v a e  became r e l a t i v e l y  
more abundant. 

Posthatch l a r v a e  ( 2  mm) o f  bay 
anchovy se l  ec ted copepod naupl i i , 
copepodi tes ,  and adul t copepods when 
p o t e n t i a l  food organisms were s tocked 
a t  a  d e n s i t y  o f  1,600 t o  1,800/1 
(Detwyl  e r  and Houde 1970). I n i t i a l  
p rey  organisms were 50 t o  7 5 ~ m  i n  body 
width .  A f t e r  reach ing  8  mn i n  l eng th ,  
t h e  l a r v a e  d i d  n o t  e a t  copepod 
naupl  ii. I n  another  study, Houde 



(1977) stocked bay anchovy eggs a t  
d e n s i t i e s  f rom 0.5 t o  32.011 a long  
w i t h  w i l d  p l ank ton  stocked a t  a  range 
o f  50 t o  5,000 o rgan i sms l l .  S ~ ~ r v i v a l  
exceeded 40% when p rey  was 1,000 
organisms11 o r  g rea te r .  Growth and 
d r y  we igh t  y i e l d s  increased s i g n i f i -  
c a n t l y  a t  t he  h i ghe r  food concent ra-  
t i o n s .  Houde (1978) a l s o  showed t h a t  
10% s u r v i v a l  o f  bay anchovy l a r v a e  
cou ld  be p red i c t ed  when prey concen- 
t r a t i o n  equaled approx imate ly  10011 
and t h a t  t h e  we igh t  o f  t h e  l a r v a e  
inc reased  13.4 t imes i n  16 days a t  a  
p rey  d e n s i t y  o f  10011. Compared t o  
l a r v a e  o f  sea bream ( A r c h o s a r u s  
rhomboidal i s )  and 1 i ned  s o l e  7-- Ach i rus  
1  i nea tus ) ,  bay anchovy 1 arvae had t h e  -- 
b e s t  p reda to r y  a b i l  i ty. When l a r v a l  
growth r a tes ,  s u r v i v a l  r a t es ,  and 
g rowth  e f f i c i e n c i e s  were considered, 
however, sea bream l a r v a e  were t h e  
most e f f i c i e n t  p reda to rs  and t h e  l e a s t  
l i k e l y  o f  t he  t h r e e  spec ies t o  be 
1 i m i  t ed  by  low prey concen t ra t i ons  
(Houde and Schekter  1980). 

Hi ldebrand. and Schroeder (1927) 
examined t h e  stomach con ten ts  o f  bay 
and s t r i p e d  anchovies o f  t h e  Chesa- 
peake Bay. The a d u l t s  f ed  p r i m a r i l y  
on mysids and t h e  young f ed  on cope- 
pods. M inor  food i tems o f  t h e  bay 
anchovy were o t h e r  anchovies, gas t ro -  
pods, and i sopods. Stevenson (1958) 
found t h a t  copepods were t h e  most 
abundant organisms i n  stomachs o f  bo th  
spec ies f rom Delaware Bay, fo rm ing  53% 
and 31% i n  t h e  bay anchovy and t h e  
s t r i p e d  anchovy, r e s p e c t i v e l y .  

T h e i r  r e l a t i v e l y  smal l  s i z e  and 
l a r g e  numbers make t h e  anchovies one 
o f  t h e  most impo r tan t  groups o f  f o rage  
f i s h  i n  t h e  G u l f  o f  Mexico. Sea b i r d s  
a l s o  feed h e a v i l y  upon these f i s h .  

ENVIRONMENTAL REQUIREMENTS 

Temperature 

Bay anchovy t o l e r a t e  a  w ide r  
temperature range than s t r i p e d  

anchovy. Gallaway and Strawn (1974) 
found t h e  bay anchovy t o  be seemingly 
una f f ec ted  by 32"C+ wate r  temperatures 
near  t h e  o u t f a l l  from a powerp lant  
thermal d ischarge  i n  Galveston Bay.' 
Indeed, Dunham (1972) c o l  1  ected bay 
anchovy i n  B a r a t a r i a  Bay when t h e  
water  was 39.8"C. Bay anchovy have 
been c o l l e c t e d  i n  wa te r  rang ing  from 
4.5" t o  39.g°C, w h i l e  s t r i p e d  anchovy 
have been taken from wate r  r ang ing  
f rom 15..0° t o  34.9"C (Tab le  3 ) .  As 
p r e v i o u s l y  i m p l i e d  from ca t ch  data,  
bay anchovies tend t o  remain i n  t h e  
bays and e s t u a r i e s  d u r i n g  t h e  w i n t e r ,  
whereas s t r i p e d  anchovy e v i d e n t l y  
w i n t e r  i n  deeper water .  Temperature 
was n o t  a  s i g n i f i c a n t  p r e d i c t o r  f o r  
bay anchovy p o p u l a t i o n  abundance i n  a  
s tepwise mu1 t i p l e  r eg ress i on  a n a l y s i s  
( L i v i n g s t o n  e t  a1 . 1976).  

Houde (1974) i n v e s t i g a t e d  t h e  
re1  a t i o n s h i  p  among growth, s u r v i v a l  , 
and s t a r v a t i o n  a t  temperatures o f  22" 
t o  32°C f o r  t h e  bay anchovy, t h e  l i n e d  
so le ,  and t he  sea bream. The r a t e  a t  
which t h e  number o f  hours a f t e r  
ha tch ing  u n t i l  s t a r v a t i o n  decreased i n  
re1  a t i o n  t o  temperature f o r  un fed  
l a r v a e  d i d  n o t  d i f f e r  s i g n i f i c a n t l y  
alllong t h e  t h r e e  species,  rang ing  f rom 
-5.4 t o  -6.3 h r  per  degree inc rease  i n  
temperature.  I f  t h e  " c r i t i c a l  pe r i od "  
i s  cons idered r e l a t i v e  t o  t ime  o f  
hatch ing,  l i n e d  so les  need n o t  f i n d  
food f o r  3  t o  3.5 days a f t e r  hatch ing,  
b u t  bay anchovy and sea bream must 
feed w i t h i n  2.5 days o f  hatch ing.  

Sal in& 

Bo th  anchovies a r e  euryhal  i ne ,  
b u t  t h e  bay anchovy i s  more o f t e n  
found a t  low s a l i n i t i e s  (Tab le  3 ) .  
The bay anchovy has been taken f rom 
coas ta l  f r eshwa te r  t o  s a l i n i t i e s  o f  45 
p a r t s  per thousand ( p p t )  and t h e  
s t r i p e d  anchovy from s a l i n i t i e s  o f  0.3 
t o  44 ppt .  N e i t h e r  Roess ler  (1970) 
n o r  L i v i n g s t o n  e t  a l .  (1976) found a 
s i g n i f i c a n t  c o r r e l a t i o n  between sa- 
1  i n i t y  and presence o f  anchovies.  



Table 3. Temperature, s a l i n i t y ,  and d i sso l ved  oxygen va lues assoc ia ted w i t h  catches o f  a d u l t  (A) 
and l a r v a e  (L )  Anchoa m i t c h i l l i  and - A. hepsetus i n  t h e  G u l f  o f  Mexico. 

- -  

B a~ S t r i p e d  Sal i n i  ty Temperature D isso l  ved oxygen 
anchovy anchovy ( P P ~ )  ("c) (mg/ l )  References 

Reid 1955 
Gallaway and Strawn 1974 
Dunham 1972 

P e r r e t  1971 

Juneau 1975 

Tarver  and Savoie 1976 
3.0- 8.7 B a r r e t t  e t  a l .  1978 
1.5-11.9 

Swingle and Bland 1974 

Gunter and H a l l  1963 

Swingle 1971 

Franks 1970 

Gunter an3 Hal 1 1965 

Roessl e r  1970 



D i s s o l v e d  Oxygen -.- 

Bay anchovi  es have been taken  
f rom water  c o n t a i n i n g  no more t h a n  1.5 
mg/ l  d i s s o l v e d  oxygen and s t r i p e d  
anchov ies  have been taken f rom w a t e r  
w i t h  3.0 mg/ l  d i s s o l v e d  oxygen ( T a b l e  
3 ) .  The bay anchovy i s  c e r t a i n l y  
s u s c e p t i b l e  t o  oxygen d e p l e t i o n s ,  b u t  
b o t h  Gal laway and Strawn (1974) and 
L i v i n g s t o n  e t  a l .  (1976) found t h a t  
t h e  bay anchovy showed i t s  t o l e r a n c e  
b y  b e i n g  t h e  dominant f i s h  i n  
po l  1  u t i o n - s t r e s s e d  areas.  

O t h e r  Env i  ronmental  Reaui rements 

w a t e r  w i t h  a  50-cm t o  70-cm t u r b i d i t y  
va lue .  L i v i n g s t o n  (1975) s p e c u l a t e d  
t h a t  bay anchov ies  may be a t t r a c t e d  t o  
areas o f  h i g h  t u r b i d i t y .  Gal laway and 
St rawn (1974) conc luded t h a t  bay 
anchovy i n  Galveston Bay p r e f e r r e d  a  
sand and s i l t  s u b s t r a t e  w i t h  no wa te r  
c u r r e n t  t o  o y s t e r  r e e f s .  B ay 
anchov ies  a r e  usua l  l y  a s s o c i a t e d  w i t h  
t h e  "sha l  l o w s Y u  w h i l e  s t r i p e d  
anchov i  es a r e  more o f  t e n  a s s o c i a t e d  
w i t h  deeper wa te r  i n  t h e  bays and 
o u t e r  marg ins  o f  t h e  sampl ing areas.  
Hoese e t  a l .  (1968) reco rded  t h a t  bay 
anchovy were taken  f rom 11 m i n  t h e i r  
day t ime  t r a w l s  i n  t h e  Aransas Pass 
a rea .  

The 1  i t e r a t u r e  i s  r e p l e t e  w i t h  
genera l  i t i e s  abou t  env i ronmenta l  
c o n d i t i o n s  a s s o c i a t e d  w i t h  c a t c h  data ,  
b u t  c o n t a i n s  l i t t l e  s p e c i f i c  i n fo rma-  
t i o n .  Re id  (1955) c o l l e c t e d  bay 
anchovy i n  E a s t  Bay, Galveston,  Texas, 
ove r  a  mud t o  muddy sand s u b s t r a t e  i n  

Catches o f  s t r i p e d  anchovy a t  
Buttonwood Canal , F1 o r i d a ,  (Roess le r  
1970) were s i g n i f i c a n t l y  p o s i t i v e l y  
c o r r e l a t e d  w i t h  temperature ,  r a i n f a l l ,  
and season ( h i g h e r  ca tches  i n  summer). 
There were a1 so s i g n i f i c a n t l y  h i g h e r  
c a t c h e s  on ebb t i d e s .  
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from water w i t h  temperatures ranging from 4.5" t o  39.8 " C and 15.0 " t o  34.9 " C ,  r e spec t i ve l y  
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