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PREFACE 

T h i s  s z r i e s  o f  p r o f  i l e s  abou t  c o a s t a l  a q u a t i c  s n e c i e s  o f  commercia l  , 
s p o r t ,  and /o r  e c o l o q i c a l  s i q n i  f i c a n c e  i s  b e i n g  ; i o i t i t l \ l  I e v e l  oped and funded hy  
t h c  1J.S. Amy C ~ r p s  o f  Eng ineers  and t h e  U.S. F i s h  and l l i l d l i f e  Se rv i ce .  I t  
i s  des iqne i l  t 3  p r o v i d e  c o a s t a l  r ianagers, eng ineers ,  and f i e 1  d  h i ~ l  o q i  5 t s  w i  t h  
an i r l t r o d u c t i o n  t o  t h e  s u b j e c t  spec ies  and a  s y n o p s i s  o f  t h e  i n f o r ~ a t i o n  
necessa ry  t o  re1  a t e  expected chanqes ( a s s o c i a t e d  w i  t h  c o a s t a l  r jevel o p n e n t )  i n  
t h e  nhys i cochemica l  c h a r a c t e r i s t i c s  o f  e s t u a r i e s  t o  changes i n  t h c s c  s e l e c t e d  
b i o l o g i c a l  p o p u l a t i o n s .  Each p r o f i l e  i n c l u d e s  b r i e f  s e c t i o n s  on taxonomy and 
i d e n t i f i c a t i o n  f o l  lowed b y  a  n a r r a t i v e  o f  1  i f e  h i  s t o r y ,  e n v i r o n ~ l e n t a l  r e q u i r e -  
ments, e c o l o q i c a l  r o l e ,  and (where  a p p l i c a b l e )  t h e  f i s h e r y  o f  t h e  s a b j e c t  
spec ies .  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  t o  f a c - i l  i t a t + e  a d d i t i o n s  
a s  new p r o f i l e s  a r e  prepared.  

Suggest ions  o r  q i ~ e s t i o n s  r e g a r r l i n g  t h i s  r e p o r t  s h o u l d  he d i r e c t e d  t o :  

I n f o r m a t i o n  T r a n s f e r  S p e c i a l i s t  
N a t i o n a l  Coasta l  Ecosys terns Tear7 
IJ.S. F i s h  and W i l d l i f e  S e r v i c e  
IIASA-Sl i d e l  1  Comprl t e r  Conpl e x  
1010 Gause Bou leva rd  
S l i d e l l ,  LA 70458 

U.S. Army Eng ineer  Waterways Exper imen t  S t a t i o n  
A t t e n t i o n :  bJESES 
Pos t  O f f i c e  Box 531 
V i c k s b u r g ,  MS 39180 

U.S. 9rm.y Coasta l  Frlgi f l ee r ing  Resoarch Center  
K i  ngrnan F,u i 1  rl i ng 
F o r t  Be1 v o i r ,  VA 22060 

T h i s  s e r i e s  s t i o ~ l l d  be r e f e r e n c e d  as f 3 l l o i r s :  

1J.S. F i s h  an3 W i l  d l  i f e  Serv i ce .  1383. Ypecies n r o f i l e s :  1  i f c  h i s t o r i e s  arld 
env i ro r l r l en ta l  requ i rc rnents .  U.S. F i s h  and Wil d l  i f e  Se rv i ce ,  D i v i s i o n  
o f  B i o l o g i c a l  S e r v i c e s ,  FWS/OBS-82/11. U. S. Anmy Corps o f  Eng ineers ,  TQ 
EL- 92-4. 

T h i s  p r o f i l e  shoul  rl he c i  t e l l  as f o l  lows : 

i a s s u . ~ ,  D. R. 1383. Species p r o f  i l c s  : 1  i f e  i i i s t a r i c s  doc! e n v i r o ~ ~ i e n t a l  
req11 i r e r ~ e r ~ t s  (Gul f ~f Mex ico)  -- Gul f menhaden. 1J.S. F i s h  an.1 
M i l  d l  i f ?  Serv i ce ,  D i v i s i o n  o f  B i o l o g i c a l  S e r v i c e s ,  FWS/OBS-82/11.2. lJ.S. 
Army Corps o f  Eng ineers ,  TR EL-82-4. 10  nr,. 



F igu re  1. G u l f  menhaden. 

GULF MENHADEN 

S c i e n t i f i c  name . . B r e v o o r t i a  patronus 
Goode 

P r e f e r r e d  common name. . G u l f  menhaden 
(F igure  1 )  

Other  common names . . . Pogy, sard ine,  
la rge-sca le  menhaden 

Class . . . . . . . . . . 0s t e i ch thyes  
Order . . . . . . . . . . C l  upei  formes 
Fami ly  . . . . . . . . . . . C l  upeidae 

Geographic range: Nearshore marine and 
es tua r i ne  waters from Cape Sable, 
F l o r i da ,  t o  Veracruz, Mexico, w i t h  
cen te rs  o f  abundance o f f  Lou is iana  
and M i s s i s s i p p i  (F i gu re  2).  

36-50; G r .  40-150. Scales la rge ,  i n  
i r r e g u l a r  rows ; ope rcu la r  s t r i a e  l ong  
and d i s t i n c t ;  p redorsa l  sca les enlarged 
as i n  o t h e r  menhaden. 

Co lo r  i n  l i f e :  Body s i l v e r y ,  
greenish on back, w i t h  dark humeral 
spo t  and u s u a l l y  a  s e r i e s  o f  s m a l l e r  
spots  behind humeral one; caudal f i n  
w i t h  dark margin; o t h e r  f i n s  o f t e n  
ye1 low ish .  Sut tkus (1956) descr ibed  
t h e  morphologica l  changes du r i ng  t h e  
t r ans fo rma t i on  from l a r v a e  t o  j u v e n i l e s  
i n  G u l f  menhaden. 

1 
La rge l y  ex t r ac ted  f rom Walls (1975) 

and Hoese and Moore (1977). See these 
re fe rences  f o r  exp lana t ions  o f  abbre- 
v i a t i o n s  and measurements. 





REASON FOR INCLUSION I N  SERIES 

G u l f  menhaden suppor t  the  1  a rges t  
s i n g l e  f i s h e r y  (by we igh t )  i n  t h e  
Un i t ed  States,  and t h e i r  young a re  p rey  
t o  many o the r  species o f  s p o r t  o r  com- 
merc ia l  importance. The maintenance o f  
l a r g e  pa rce l s  o f  surrounding marsh and 
o f  i n f l  owi ng f reshwater  t r i b u t a r y  sys- 
tems i s  considered necessary t o  the  
maintenance o f  an environment capable 
o f  suppor t ing  menhaden popu la t ions  i n  
es tua r i es .  

LIFE HISTORY 

Spawni n g  

The ac tua l  spawning event  i n  G u l f  
menhaden has no t  been observed. S ta te -  
ments r ega rd ing  the s i t e  and t ime  o f  
spawning a re  t h e r e f o r e  based upon t h e  
cap tu re  o f  eggs, la rvae ,  o r  spent 
adu l t s .  Spawning i s  r epo r t ed  t o  occur  
i n  open G u l f  o f  Mexico waters f rom 2  t o  
128 m (6  t o  420 f t )  deep (Roi thmayr and 
Wa l l e r  1963; E t z o l d  and Christmas 1979) 
up t o  96 km (60  mi ) ,  b u t  i s  apparen t l y  
concentrated i n  waters o f  l e s s  than  
18 m o r  60 f t (Ch r i s tmas  and Wa l l e r  
1975). Spawning has been repor ted  from 
October through March (Turner  1969; 
Fore 1970), b u t  i s  suspected t o  occur,  
a t  l e a s t  i n  some years, f rom September 

th rough May (E t zo ld  and Christmas 
1979). G u l f  menhaden may spawn up t o  
f o u r  o r  f i v e  t imes du r i ng  a  s i n g l e  
spawning season, each t ime r e l e a s i n g  
o n l y  t h a t  f r a c t i o n  o f  t h e  deve lop ing  
ova which has matured (Combs 1969). 
Separate spawning peaks i n  l a t e  October 
and March have been suggested (Ba ldau f  
1954; Tagatz and Wilkens 1973), b u t  
d e f i n i t i v e  data a re  l a c k i n g .  

Eggs and Fecund i ty  

Eggs o f  t he  G u l f  menhaden a r e  
sphe r i ca l  and f l o a t  near t he  surface. 
P.1 though data on hatchirrg i n  t h e  G u l f  
menhaden were n o t  found, t h e  eggs o f  
A t l a n t i c  menhaden (B. t y rannus)  a r e  r e -  
por ted  t o  hatch w i f i i n  2 days ( a t  15°C 
o r  5g°F), wit.h yo1 k  sac abso rp t i on  com- 
p l e t e d  w i t h i n  5  days ( R e i n t j e s  and 
Pacheco 1966). Fecundi ty-at -age da ta  
f o r  t h e  G u l f  menhaden a re  g i ven  i n  
Table 1. Lewis and Roithmayr (1981) 
gave t he  f o l l o w i n g  equat ions fo r  t h e  
e s t i m a t i o n  o f  f e c u n d i t y  : 

I n  F  = 9.971 + 0.366 (A)  
I n  F  = -9.872 + 3.878 ( I n  L )  
F  = 12,064.3 + 374.9 ( W )  

where: F = f e c u n d i t y  
A  = age ( y r )  
L  = f o r k  l e n g t h  (mm) 
W = wet we igh t  ( 9 )  

Table 1. Fecundi ty-at -age f o r  G u l f  menhaden. 

Age-cl ass E & C ~  L & R ~  

a ~ t z o l d  and Christmas (1979). 
b ~ e w i s  and Roi thmayr (1981). 
CBased on a  s i n g l e  specimen. 



Larvae and Pos t l  arvae 

Larvae may spend 3  t o  5  weeks i n  
offshore waters before moving through 
t he  passes i n t o  the  e s t u a r i e s  a t  9  t o  
25 mm S L ~  ( R e i n t j e s  1970; E t z o l d  and 
Christmas 1979). The repor ted  t i m i n g  
o f  t h i s  movement extends f rom September 
(Dunham 1972) through May (Fore and 
Baxter  1972) w i t h  a  peak from December 
th rough March (Su t tkus  1956; E t z o l d  and 
Christmas 1979). It i s  u n c e r t a i n  t o  
what e x t e n t  the  movement i n t o  t he  es tu -  
a r i e s  i s  an a c t i v e  o r  pass ive process. 
Christmas (1981) s t a t e d  t h a t  l a r v a l  
menhaden " r e q u i r e  f avo rab le  cu r ren t s  t o  
make t h e i r  way i n t o  t he  estuary. "  Fore 
and Bax te r  (1972) be l i eved  t h a t  l a r v a l  
movement was r e l a t e d  t o  water  movement, 
b u t  c l e a r l y  suggested an a c t i v e  r o l e .  
They s t a t e d  t h a t  l a r v a e  avo id  being 
swept o u t  of the  es tua ry  i n  t i d a l  cu r -  
r e n t s  by moving t o  s lower  c u r r e n t  areas 
near shore e i t h e r  by swimming, f i n d i n g  
f avo rab le  c u r r e n t s  o r  both. No i n d i c a -  
t i o n  was g iven  i n  t h e i r  s tudy o f  t h e  
c u r r e n t  v e l o c i t i e s  which 1  arvae were 
capable o f  w i ths tand ing .  However, 
Wilkens and Lewis (1971) s t a t e d  i n  
t h e i r  s tudy o f  t he  At1 a n t i c  menhaden 
t h a t  10- t o  30-mm TL l a r v a e  "seemed 
a b l e  t o  ma in ta i n  t h e i r  p o s i t i o n  a t  
v e l o c i t i e s  l e s s  than 10 cm/sec. Above 
t h i s  v e l o c i t y  they  were c a r r i e d  by t h e  
c u r r e n t . "  Lewis and Mann (1971) pre-  
sented some general  comments on the  e f -  
f e c t s  o f  e s t u a r i n e  c u r r e n t  pa t t e rns  on 
t he  d i s t r i b u t i o n ,  abundance, and cond i -  
t i o n  o f  A t l a n t i c  menhaden la rvae .  No 
s i m i l a r  assessment f o r  t h e  G u l f  nenha- 
den o r  o f  the  e f f e c t s  o f  c u r r e n t  pat -  
t e r n s  on year -c lass  s t r eng th  f o r  e i t h e r  
species was found i n  the  l i t e r a t u r e .  

Pos t l  arvae have been repo r t ed  i n  
t h e  e s t u a r i e s  from November through 
June (Holcomb 1970) where they then 
d i spe rse  t o  s h a l l  ow ( 0  t o  2  m o r  0  t o  
6.6 f t ) ,  q u i e t ,  l ow s a l i n i t y  areas near 
shore (Fore and Baxter  1972). I n  t he  
estuary,  t ransforma t i o n  from post1 a r v a l  
2 25.4 mm = 1 i nch .  

t o  j u v e n i l e  morphology occurs as t h e  
menhaden reach 30 t o  33 mm TL (Tagatz 
and W i l  kens 1973). 

Juven i les  

A f t e r  t rans fo rmat ion ,  j u v e n i l e s  
remain i n  these low s a l i n i t y ,  nearshore 
areas where they  t r a v e l  about i n  dense 
schools, o f t e n  near t he  sur face.  T h i s  
schoo l i ng  behavior  i s  r e t a i n e d  through- 
o u t  1 i f e .  The morphol og i ca l  changes 
assoc ia ted  w i t h  t r ans fo rma t i on  a re  a1 so 
accompanied by a  change i n  feed ing  
behavior  f rom s e l e c t i v e ,  p a r t i c u l a t e -  
feed ing  c a r n i v o r y  t o  f i l  t e r - f e e d i  ng 
omnivory (see Eco log ica l  Role sec- 
t i o n ) .  T 

The repo r t ed  d u r a t i o n  o f  t h e  G u l f  
menhaden's j u v e n i l e  s tage and t h e i r  
s t ay  i n  t h e  es tua ry  i s  va r i ab le .  Combs 
(1969) s t a ted  t h a t  menhaden i n  t he  0  
age-cl ass "are incapab le  o f  complet ing 
gametogenesis p r i o r  t o  t h e  onset  o f  t he  
ensuing spawning season . . . [and] do 
n o t  p a r t i c i p a t e  i n  t h e  annual m i g r a t i o n  
t o  t h e  spawning grounds i n  the  o f f s h o r e  
waters. " Lewis and Roi thmayr (1981) 
found no matur ing  ova i n  f i s h  o f  l e s s  
t h a n  100 mrn FL ( f o r k  l e n g t h )  and sug- 
gested t h a t  spawning f i r s t  occurred a t  
t he  end o f  the  second year  as age I 
f i s h .  They d id,  however, r e p o r t  t h a t  
young-of- the-year m ig ra te  f rom the  es- 
t u a r i e s  t o  o f f s h o r e  waters. E t z o l d  and 
Christmas (1979) s t a ted  t h a t  "menhaden 
m ig ra te  t o  o f f s h o r e  G u l f  waters when 
they  a r e  about one year  o l d  (100 mm FL) 
t o  spawn," w h i l e  Kroger and P r i s t a s  
(1974) suspected t h a t  "many j u v e n i l e s  
d i d  n o t  en te r  t he  f i s h e r i e s  as 1-year 
o l d  f i s h  . . . [bu t ]  may have remained 
i n  t h e  estuary.  " Apparent ly ,  t h e  l a r g -  
e s t  o f  the  young-of- the-year (0  age- 
c l ass ) ,  which were probably  spawned 
e a r l y  i n  the prev ious spawning season, 
may develop mature gonads and emigrate 
t o  t h e  g u l f  t o  spawn a long w i t h  a l l  
o l d e r  year-c lasses.  It remains unc lea r  
t o  what e x t e n t  o the r  members o f  t h e  0 



age-c lass  make t h i s  m i g r a t i o n  o r  remain  
w i t h i n  t h e  e s t u a r y .  

! l i g r a t i o n  and A d u l t s  

E m i g r a t i o n  o f  a d u l t s  and m a t u r i n g  
j u v e n i l e s  f r o m  e s t u a r i n e  t o  open g u l f  
wa te rs  has been r e p o r t e d  t o  o c c u r  ove r  
a  w ide  t i m e  span f rom midsummer 
th rough  w i n t e r .  Gul f menhaden were 
r e p o r t e d  t o  have begun e m i g r a t i n y  f r o m  
Tampa Bay, F l o r i d a ,  i n  June o r  J u l y  
( S p r i n g e r  and Woodburn 1960, c i t e d  b y  
Gunter  and Chr i s tmas  1960), f r o m  Lake 
P o n t c h a r t r a i n ,  L o u i s i a n a ,  i n  August 
( S u t t k u s  1956), and fror.1 Pensacola Bay, 
F l o r i d a ,  by Seotember (Tagatz  and W i l -  
kens 1973).  Peak g u l f w a r d  m i g r a t i o n  
a p p a r e n t l y  occu rs  f r o m  October t h r o u g h  
January.  Movement back i n t o  i n s h o r e  
wa te rs  by  s u r v i v i n g  members o f  a l l  age 
groups f o l l  owi  ng an ove rw i  n t e r i  ng and/ 
o r  spawning season i n  open g u l f  w a t e r s  
occu rs  e a r l y  t h e  f o l l  owing s p r i n g ,  
i .e., March t o  A p r i l  (Ch r i s tmas  1981; 
Lewis  and Ro i thmayr  1981).  The r e d i s -  
t r i b u t i o n  o f  r e t u r n i n g  f i s h  i s  t h o u g h t  
t o  be "by  random movement, p r o b a b l y  i n  
sea rch  o f  h i g h  f o o d  c o n c e n t r a t i o n s "  
(Chr i s tmas  1981) ,  w i t h  t h e  n e t  r e s u l t  
b e i n g  a  movement back i n t o  t h e  food -  
r i c h  wa te rs  o f  t h e  e s t u a r i e s .  As G u l f  
menhaden 1  i v e  t o  age - I11  ( r a r e l y  I V ) ,  
t h i s  c y c l e  may he repea ted  some two t o  
f o u r  t i m e s  b y  an i n d i v i d u a l  f i s h .  The 
d e s c r i b e d  p a t t e r n  o f  i n s h o r e - o f f s h o r e  

m i g r a t i o n  i s  t h e  "nor ;na lU p a t t e r n ,  h u t  
j u v e n i l e s  and a d u l t s  have h o t h  Peen 
t a k e n  i n  i n s h o r e  a reas  i n  a l l  months 
(Swing1 e  1?71; Chr i s tmas  and b l a l l e r  
1973) .  

GROWTH CHARACTER1 ST ICS 

A synop is  o f  age - leng th  and age- 
w e i g h t  d a t a  f rom p o r t s  t h r o u g h o u t  t h e  
Gul f  o f  Mex ico ( N i c h o l s o n  1978) i s  
p resen ted  i n  T a h l e  2. The f o l l o w i n g  
e q u a t i o n  f o r  t h e  1  eng th -we igh t  r e 1  a- 
t i o n s h i p  was r l e r i v e d  frorn d a t a  p res -  
en ted  i n  F.1icholson's Tab le  7: 

where: W = round  ( 1  i v e )  w e i g h t  ( g )  
L  = f o r k  l e n g t h  (cm) 

S p r i n g e r  and Woodburn (1960) com- 
pared g rowth  i n f o r m a t i o n  f r o m  L o u i s i a n a  
and F l o r i d a .  They s t a t e d  t h a t  i n  b o t h  
a reas  t h e r e  was "a sudden b u r s t  o f  
g rowth  a f t e r  !4ay," b u t  t h a t  t h e  g rowth  
r a t e  i n  F l o r i d a  seemed somewhat. 
s l o w e r .  Combs (1969) d e t a i l e d  t h e  
development o f  o v a r i e s ,  and S u t t k u s  
(1956) d e s c r i b e d  t h e  sequence o f  mor- 
pho l  o g i c a l  changes a t  t r a n s f o r m a t i o n  
i n  G u l f  menhaden. 

T a b l e  2. Fo rk  l e n g t h  (mm) and round  ( l i v e )  w e i g h t  (Q) b y  age o f  
G u l f  menhaden i n  samples o f  t h e  c a t c h  f r o m  p o r t s  t h r o u g h o u t  t h e  
Gul f o f  Mexico,  1964-73 (M icho l  son 1378) .  

Leng th  Weight  
Age Range Flean Ranqe Mean 



THE FISHERY 

The pu rse  s e i n e  f i s h e r y  f o r  G u l f  
menhaden da tes  back t o  t h e  t u r n  o f  t h e  
c e n t u r y ,  b u t  o n l y  deve loped i n t o  a  
m a j o r  i n d u s t r y  a f t e r  ' r lo r ld  Liar 11. The 
f i s h e r y  f o r  t h i s  s i n g l e  spec ies  today  
p r o v i d e s  ove r  o n e - q u a r t e r  o f  t h e  Ma- 
t i o n ' s  commercial  f i s h e r y  l a n d i n g s  by 
weight .3 I n  1979 t h i s  f i s h e r y  ranked  
f i r s t  i n  tonnage landed  (779,390 mt-  
l i v e  w t )  and seven th  i n  v a l u e  
($73,426,000, exvesse l  p r i c e )  among 
commercial  l y  f i s h e d  s p e c i e s  i n  t h e  
U n i t e d  S t a t e s  ( N a t i o n a l  M a r i n e  F i s h e r -  
i e s  S e r v i c e  [NMFS] 1981).  F i shnea l  and 
o i l  produced f rom ~nenhaden a r e  i n  h i g h  
deliand f o r  pou l  t r y  feed,  cosmet ics ,  and 
m a r g a r i n e  ( N i  cho l  son 1978).  Young men- 
haden a r e  sometimes used f o r  b a i t  by  
F l i s s i s s i p p i  f i she rmen .  

The G u l f  menhaden i s  a  s h o r t - l i v e d  
spec ies ,  w i t h  age I and I 1  f i s h  c o n s t i -  
t u t i n g  t h e  m a j o r i t y  o f  t h e  commercial  
c a t c h  ( T a b l e  3 ) .  F i s h  as o l d  as Age I V  
a r e  a l s o  o c c a s i o n a l l y  t aken  (Lewis  and 
Roi thmayr  1931).  An o v e r l a p  i n  preda- 
t i o n  upon t h e  young menhaden by b o t h  

3 
1979 e s t i m a t e .  

man arid s e v e r a l  spec ies  o f  s p o r t  f i s h  
(see E c o l o g i c a l  Ro le  s e c t i o n ) ,  1  ed 
Gowenlach (1965)  t o  comment t h a t  t h e r e  
" i s  c o n s i d e r a b l e  s p e c u l a t i o n  t h a t  mcn- 
haden a r e  b e i n g  o v e r f i s h e d  t o  t h e  
d e t r i m e n t  o f  t h e  s p o r t  f i s h e r y . "  S i n c e  
t h i s  s ta temen t  was rnade i n  1365, t h e  
c o m e r c i  a1 rrenhaden c a t c h  has i n c r e a s e d  
c o n s i d e r a b l y  w h i l e ,  f o r  a t  l e a s t  two 
menhaden p r e d a t o r s ,  t h e  s ~ o t t e d  sea- 
t r o u t  ( Y e r r i n e r  1980) and r e d  drum 
(F1atlock 1080), no c l e a r  ev idence  o f  a  
d e c r e a s i n g  s p o r t  c a t c h  has been shown. 
No z t u d i e s ,  however, o f  t r e n d s  i n  abun- 
dance o f  t h e  e n t i r e  p r e d a t o r  assemblage 
were found.  As t h e  menhaden f i s h e r y  i s  
a  v e r y  " c l e a n "  f i s h e r y ,  t h e r e  i s  l i t t l e  
d i r e c t  d e s t r u c t i o r i  o f  o t h e r  s p e c i e s  as - 
d i s c a r d e d  by -ca tch  ( E t z o l  d  and C h r i s t -  
mas 1979). 

F i s h e r i e s  a c t i v i t i e s  ex tend  p r i -  
m a r i l y  f r o m  1.6 t o  4.8 kr! ( 1  t o  3  m i )  
o f f s h o r e  f rom F l o r i d a  t o  e a s t e r n  Texas 
(Lew is  and R o i t h n a y r  1981) and a r e  
t h e r e f o r e  s u b j e c t  t o  S t a t e  r a t h e r  t h a n  
Federa l  r e g u l a t i o n .  The season r u n s  
f rom m i d - A p r i l  t o  Oc tober  when t h e  f i s h  
a r e  i n s h o r e  and s e x u a l l y  i n a c t i v e .  
E t z o l  d  and Chr i s tmas  (1979) zonc l  uded 
t h a t  G u l f  menhaden f r o m  F l o r i d a  t o  t h e  
Yucatan c o n s t i t u t e d  a  s i n g l e ,  w ide -  
spread s t o c k .  However, t h e  r e s u l t s  o f  
t a g g i n g  s t u d i e s  by  K roger  and P r i s t a s  

T a b l e  3. Mean p e r c e n t  c o n t r i b u t i o n ,  i n  numbers and we igh t ,  by  age t o  t h e  
c o m ~ i e r c i a l  G u l f  menhaden f i s h e r y  f r o m  1964-1973 (adapted f r o m  N i c h o l  son 1978). 

Age 
Percen t  o f  t o t a l  c a t c h  

Weight Numbers 



(1974) i n d i c a t e d  more o f  a  l o c a l i z a t i o n  
o f  p o p u l a t i o n s  w i t h  1  i t t l e  movement be- 
tween f i s h i n g  grounds e a s t  and west  o f  
t h e  M i  s s i  s s i  pp i  R i v e r  Del t a .  Kroger  
and P r i s t a s  conc luded t h a t  r e c r u i t m e n t  
o f  age I menhaden " i s  dependent on t h e  
number o f  j u v e n i l e s  produced i n  e s t u -  
a r i e s  i n  and a d j a c e n t  t o  each f i s h i n g  
a rea . "  W h i l e  t h i s  a s s o c i a t i o n  o f  
s e p a r a t e  s t o c k s  w i t h  nearby e s t u a r i n e  
systems now seems t o  be accepted 
(Chr i s tmas  1981), t h e  r e 1  a t i v e  impor-  
t a n c e  o f  p a r t i c u l a r  c o a s t a l  s e c t i o n s  as 
n u r s e r y  areas i s  u n c e r t a i n  (e.g. ,  see 
t h e  v a r y i n g  o p i n i o n s  o f  Hol comb [ I 9 7 0 1  
and Chr i s tmas  and W a l l e r  [ I 9 7 5 1  r e g a r d -  
i n g  t h e  upper  Texas c o a s t ) .  

P r e s e n t  management o f  t h e  G u l f  
menhaden f i s h e r y  depends on t h e  use o f  
h i s t o r i c  c a t c h  and e f f o r t  da ta .  Per-  
haps as a  r e s u l t  o f  t h i s  management ap- 
proach, few r e p o r t s  have been pub l  i shed 
on o t h e r  t ypes  of  m o d e l i n g  parameters .  
The o n l y  pub l  i shed e s t i m a t e s  o f  i ns tan -  
taneous t o t a l  (Z) ,  n a t u r a l  (M) ,  and 
f i s h i n g  (F )  m o r t a l i t y  found i n  t h e  l i t -  
e r a t u r e  were those  o f  Ahrenho lz  (1981) .  
H i s  e s t i m a t e s  o f  Z, F l ,  and F  f o r  G u l f  
menhaden tagged as a d u l t s  were 2.22, 
1.05, and 1.17, r e s p e c t i v e l y .  A  Z  v a l u e  
o f  2.22 co r responds  t o  an a c t u a l  mor- 
t a l  i t y  r a t e  o f  89%. A n a l y s i s  o f  t h e  
d a t a  p resen ted  by E t z o l  d  and Chr i s tmas  
(1979) on t h e  age s t r u c t u r e  o f  spawning 
females  y i e l d s  an e s t i m a t e d  Z  o f  3.05, 

1 o r  an annual  m o r t a l i t y  o f  35% (age II- 
111). A n a l y s i s  of  s i m i l a r  d a t a  p r e -  
sen ted  by Lewis  and Roi thmayr  (1981) 
y i e l d s  a  Z  v a l u e  o f  1.3, o r  an annual 
m o r t a l i t y  of  73% (age I - I V ) .  

Chapoton (1971) ,  based on a  
S c h a e f f e r - t y p e  a n a l y s i s  o f  c a t c h  and 
e f f o r t  d a t a  f rom 1946 t o  1970, e s t i -  
mated a  maximum s u s t a i n a b l e  y i e l d  
(MSY) f o r  G u l f  menhaden o f  430,000 m t .  
Schaaf (1975) i n c o r p o r a t e d  a d d i t i o n a l  
d a t a  f rom t l i e  1971 and 1972 seasons 
and r e - e s t i m a t e d  MSY as 478,000 mt  
w i t h  an 80% upper  c o n f i d e n c e  l i m i t  o f  
520,000 mt .  He warned, however, o f  t h e  

room f o r  e r r o r  i n  t h e  use o f  c a t c h -  
e f f o r t  model s  ( e s p e c i a l  l y  w i t h o u t  s u f -  
f i c i e n t  d a t a  on t h e  descend ing p o r t i o n  
o f  t h e  S c h a e f f e r - t y p e  curve,  as i s  
s t i l l  t h e  case i n  t h e  G u l f  menhaden 
f i s h e r y )  and o f  t h e  need t o  c o n t i n u -  
o u s l y  upda te  t h e  model .  W i t h  t h e  
e x c e p t i o n s  o f  1973 and 1977, i n  a l l  
y e a r s  s i n c e  1972 t h e  c a t c h  has exceeded 
even t h e  upper  c o n f i d e n c e  l i m i t  o f  
520,000 mt .  Schaaf l i s t e d  what  he p e r -  
c e i v e d  a t  t h a t  t i m e  t o  be t h e  g r e a t e s t  
needs o f  t h e  f i s h e r y  f o r  p r o p e r  manage- 
ment as :  

1. V a l i d  i n f o r m a t i o n  on t h e  age 
s t r u c t u r e  of  t h e  p o p u l a t i o n  
f r o m  w h i c h  we can deduce mor- 
t a l  i ty  r a t e s .  

2. An assessment o f  o u r  measure 
o f  e f f o r t  [ v e s s e l - t o n  week] 
t o  d e t e r m i n e  i f  i t  i s  p r o p o r -  
t i o n a l  t o  apparen t  m o r t a l  i ty  
and d i r e c t l y  i n f l u e n c e s  popu- 
l a t i o n  abundance. 

3. V a l i d  t e c h n i q u e s  t o  q u a n t i f y  
t h e  s t r e n g t h  o f  i ncomi ng y e a r  
c l a s s e s  upon wh ich  quo tas  can 
he m o d i f i e d .  

Recent doub t  has heen expressed as 
t o  t h e  v a l i d i t y  o f  t h e  v e s s e l - t o n  week 
as  an e f f e c t i v e  measure o f  e f f o r t  (W.R. 
N i c h o l  son, NMFS, B e a u f o r t ,  F4.C. ; pers .  
comm. 1981).  I n  r e g a r d  t o  t h e  t h i r d  
p o i n t ,  Ne lson e t  a1 . (1977) and Schaaf 
(1979) have s i n c e  i l l u s t r a t e d  t h e  im- 
p o r t a n c e  o f  s p e c i f i c  i d e n t i f i c a t i o n  o f  
spawning s i t e  and i n f o r m a t i o n  on c u r -  
r e n t  p a t t e r n s  i n  d e t e r m i n i n g  s u r v i v a l  
f r o m  ego t o  r e c r u i t m e n t  a t  age I i n  t h e  
At1 a n t i c  menhaden f i s h e r y .  S t u d i e s  
s i m i l a r  t o  Ne lson  e t  a l .  (1977)  have 
a p p a r e n t l y  n o t  been done i n  t h e  g u l f .  

ECOLOGICAL ROLE 

G u l f  menhaden have two d i s t i n c t  
f e e d i n g  s tages  i n  t h e i r  l i f e t i m e .  Up 



t o  30 t o  33 mm TL, l a r v a e  have a  s l e n -  
d e r  body, l a r g e  mouth and eyes, and 
r e l a t i v e l y  s h o r t  g i l l  r a k e r s ,  and feed  
as s e l e c t i v e  c a r n i v o r e s  on i n d i v i d u a l  
z o o p l a n k t e r s .  A f t e r  t r a n s f o r m a t i o n  
i n t o  j u v e n i l e s  and as a d u l t s ,  t h e  body 
i s  deeper,  g i l l  r a k e r s  " e l o n g a t e  and 
b ranch  t o  f o r m  a  b a s k e t - l i k e  s e i v e ,  I' 

and t h e y  feed  as omnivorous f i l t e r e r s  
o f  p h y t o p l a n k t o n ,  zoop lank ton ,  and 
o r g a n i c  d e t r i t u s  ( R e i n t j e s  and Pacheco 
1966). Darne l  1  (1958) r e p o r t e d  t h a t  
t h e  gu ts  o f  a d u l t s  c o l l e c t e d  f r o m  Lake 
P o n t c h a r t r a i n ,  L o u i s i a n a ,  c o n t a i n e d  93% 
"ground o r s a n i c  m a t e r i a l  and s i l t . "  
J u v e n i l e s  i n  t h i s  same s t u d y  were 
r e p o r t e d  t o  have consumed 82% p h y t o -  
p l a n k t o n  w i t h  t h e  r e s t  a  mix o f  zoo- 
p l a n k t o n ,  d e t r i t u s  , and p l a n t  f r a g -  
ments.  He conc luded t h a t  t h e y  had been 
s t r a i n i n g  p l a n k t o n  near  t h e  s u r f a c e  o f  

Anabaena bloom. t h e  l a k e  d u r i n g  an 
T h i s  i s  c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  
o f  Gunter  (1938), who r e p o r t e d  " l a r g e  
s c h o o l s  f e e d i n g  near  t h e  s u r f a c e  i n  
Caminada Bay, L o u i s i a n a  where t h e y  
whef-led, t u r n e d  and swerved from s i d e  
t o  s i d e  i n  p e r f e c t  un ison,  a l l  t h e  
w h i l e  w i t h  mouths agape and l o w e r  jaws 
t h r u s t  fo rward .  " A1 though s e v e r a l  
s p e c i e s  w i t h  s i m i  l a r  f e e d i n g  h a b i t s  
have been suggested t o  be i m p o r t a n t  
c o m p e t i t o r s ,  p a r t i c u l a r l y  t h e  bay 
anchovy (Tagatz  and W i  1 kens 1973), no  
e x p e r i m e n t a l  ev idence  o f  c o m p e t i t i o n  
was found  i n  t h e  l i t e r a t u r e .  I n  f a c t ,  
men t ion  by Tasatz  and Wi lkens (1973) of  
h i g h  abundance o f  b o t h  spec ies  a t  t h e  
same t i m e  may be i n t e r p r e t e d  as e v i -  
dence t o  t h e  c o n t r a r y .  

Heavy p r e d a t i o n ,  p a r t i c u l a r l y  upon 
young G u l f  menhaden, has been r e p o r t e d  
f o r  s e v e r k l  c o m m e r c i a l l y  and r e c r e a -  
t i o n a l  ly i m p o r t a n t  f i s h e s  i n c l u d i n g  
mackerel ,  b l u e f i s h ,  sharks,  w h i t e  and 
s p o t t e d  s e a t r o u t ,  longnose gars,  and 
r e d  drum (Simmons and Breuer  1964; 
R e i n t j e s  1970; E t z o l d  and Chr i s tmas  
1979). They a r e  a l s o  preyed upon by 
s h o r e b i r d s  and have been r e p o r t e d  t o  
c o n s t i t u t e  as much as 90% t o  97% o f  
t h e  d i e t  o f  t h e  brown p e l i c a n  ( A r t h u r  

1931, c i t e d  by Gunter  and Chr i s tmas  
1960; Palmer 1962). No q u a n t i t a t i v e  
i n f o r m a t i o n  on t h e  e f f e c t s  o f  such 
p r e d a t i o n  on menhaden p o p u l a t i o n  dynan- 
i c s  was found. 

ENVIRONMENTAL REQUIREVENTS 

Temperature and S a l i n i t y  

G u l f  menhaden have been t a k e n  i n  
wa te rs  f r o m  5 "  t o  34.g°C (41' t o  95OF) 
(Chr is tmas and W a l l e r  1973).  D e f i n i -  
t i v e  d a t a  on thermal  op t ima  w i t h i n  t h i s  
range, upper,  and p a r t i c u l a r l y  on l o w e r  
l e t h a l  l i m i t s  a r e  l a c k i n g .  Avoidance 
o f  wa te r  temperatures above 30°C (86°F) 
has been r e p o r t e d  (Hoss e t  a l .  1971; 
Gal laway and Strawn 1974). Gunter  and 
Chr is tmas (1960) r e p o r t e d  t h a t  f i s h -  
e r i e s  a c t i v i t i e s  f o r  G u l f  menhaden i n  
M i s s i s s i p p i  Sound began i n  t h e  s p r i n g  
as w a t e r  temperatures reached 23°C 
(73°F) and slowed i n  t h e  f a l l  a t  ap- 
p r o x i m a t e l y  t h i s  same temperature .  

W h i l e  G u l f  menhaden have been 
r e p o r t e d  t o  occu r  i n  w a t e r s  f rom f r e s h  
t o  I i y p e r s a l i n e  ( 0  t o  67 p p t ,  E t z o l d  and 
Chr i s tmas  1979), t h e r e  may be somewhat 
na r rower  s a l i n i t y  ranges w i t h  which 
v a r i o u s  1  i f e  s tages  a r e  a s s o c i a t e d  
(Chr i s tmas  1981). General  ly, g r a v i d  
a d u l t s ,  f e r t i  1  i z e d  eggs, and e a r l y  
l a r v a e  were a s s o c i a t e d  w i t h  t h e  h i g h e r  
s a l i n i t y  g u l f  and open bay wa te rs .  
Pos tl a r v a e  and j u v e n i  1  es appeared t o  
t o l e r a t e  a  w ide  range, b u t  were most 
o f t e n  a s s o c i a t e d  w i t h  nearshore,  l o w  
s a l i n i t y  areas.  Non-grav id  o r  deve lop-  
i n g  a d u l t s  were a s s o c i a t e d  w i t h  mid-  
range  s a l i n i t i e s  o f  t h e  e s t u a r y .  Tagatz  
and Wi lkens (1973) r e p o r t e d  t h a t  j u v e -  
n i l e s  e n t e r e d  f r e s h w a t e r ,  b u t  n e v e r  
p e n e t r a t e d  f a r  (1.6 km o r  1 m i )  beyond 
t h e  i n t e r f a c e  w i t h  low s a l  i n i  ty es tua -  
r i n e  wa te r .  Simmons (1957) r e p o r t e d  
t h a t  j u v e n i l e s  commonly o c c u r r e d  i n  
w a t e r s  f r o ~ n  20 t o  60 p p t ,  b u t  a l s o  
n o t e d  mass m o r t a l i t i e s  o f  G u l f  menhaden 
a t  s a l i n i t i e s  o v e r  GO p p t .  



Perhaps the  most complete compi- 
1  a t i o n  o f  combined temperature and 
s a l i n i t y  data f o r  G u l f  menhaden i s  t h a t  
o f  Christmas and Wa l l e r  (1973) f o r  
M i s s i s s i p p i  Sound. Whi le t h e i r  m a t r i x  
covered a  wide range o f  temperatures 
and sa l  i n i  t i e s  w i t h i n  those discussed 
above, i t  was apparent t h a t  c o n s i s t -  
e n t l y  h i g h  catches were r e s t r i c t e d  t o  
waters over  20°C (68'F), p a r t i c u l a r l y  
25" t o  34.9"C (77' t o  95'F), between 
s a l i n i t i e s  o f  5  t o  25 ppt .  The h i ghes t  
mean ca tch  was recorded a t  t he  5  t o  9.9 
p p t  X 30' t o  34.9'C (86" t o  95'F) c e l l  
o f  t he  m a t r i x  w i t h  a  mean f i s h  s i z e  o f  
57 mmTL. C o l l e c t i o n  techniques i n  
t h i s  s tudy may have favored  t he  t a k i n g  
o f  your~g-of - the-year  j u v e n i l e s .  It i s  
poss ib l e  then t h a t  t he  lower  s a l i n i t i e s  
o f t e n  assoc ia ted  w i t h  post1 a r v a l  and 
ve ry  young G u l f  menhaden were under- 
represented.  

As no pub l i shed  accounts o f  con- 
t r o l  1  ed exper imenta l  t e s t i n g  o f  Gu l f  
menhaden response t o  temperature and/or 
sa l  i n i  t y  ( o r  any o the r  environmental  
parameters) a t  any l i f e  stage were 
found, i t  i s  d i f f i c u l t  t o  d e f i n e  causal 
mechanisms f o r  t he  above-mentioned 
re1  a t i onsh ips .  They should t h e r e f o r e  
n o t  be regarded as statements o f  
''optima1' o r  "preferences," bu t  s imp ly  
as statements o f  f r e q u e n t l y  observed 
assoc ia t i ons .  For example, Copeland 
and Bechte l  (1974) found t h a t  "swarms 
o f  young penet ra te  t o  upper 1  i m i t s  [ o f  
t he  estuary] ,  where i n f l o w i n g  d e t r i t u s  
i s  abundant i n  low sa l  i n i t y  waters. " 
They concluded t h a t  a  wide s a l i n i t y  
t o l e rance  i s  e x h i b i t e d  when o the r  r e -  
qu i rements were met and suggested t h a t  
t he  common a s s o c i a t i o n  o f  young menha- 
den w i t h  h i g h  temperature, l o w  s a l i n i t y  
waters may be more r e l a t e d  t o  p o s i t i o n  
i n  t he  estuary.  Research i n  t h i s  area 
i s  s o r e l y  needed. 

o f t e n  captured over  s o f t  bottoms. 
Christmas (1981) i nco rpo ra ted  subs t ra te  
type  as a  parameter i n  h i s  model o f  
h a b i t a t  s u i  t a b i l  i ty f o r  G u l f  menhaden 
w i t h  t he  h i ghes t  va lue  assigned t o  mud 
(vs.  mud-sand o r  sand) subs t ra tes .  He 
s t a t e d  t h a t  " subs t ra te  i s  inc luded  i n  
t he  es t ima te  o f  food va lue hecause t he  
e s t u a r i n e  and nearshore marine h a b i t a t s  
a re  shal low;  thus  c u r r e n t s  and wave 
a c t i o n  w i l l  resuspend n u t r i e n t s  and 
o rgan ic  d e t r i t u s  which have been i n c o r -  
porated i n t o  the  sediments .. . . [It was 
a1 so] assumed t h a t  muddy subs t ra tes ,  
because o f  t h e i r  more dense [prey]  
popu la t ions  and abso rp t i ve  chemical 
p rope r t i es ,  have a  h igher  food va lue  
than sandy subs t ra tes . "  

Another f e a t u r e  o f  t he  G u l f  men- 
haden h a b i t a t  n o t  mentioned i n  p rev i ous  
sec t i ons  i s  t h e  importance o f  t h e  sur -  
rounding marsh system. Resu l ts  o f  a  
s tudy by Copeland and Rechte l  (1974) 
i n d i c a t e d  t h a t  menhaden were n o t  f r e -  
quen t l y  found w i t h i n  marsh areas. 
However, they f u l l y  recognized t he  im- 
por tance  o f  these areas by s t a t i n g ,  " I n  
o rder  t o  ma in ta i n  an environment cap- 
a b l e  o f  suppor t ing  menhaden popu la t i ons  
i n  es tua r i es ,  the  t r i b u t a r i e s ,  f r i n g e s  
and t e r t i a r y  bays must be p ro tec ted  
from d e s t r u c t i o n  [and]. . . streamflow, 
which b r i n g s  t h e  f reshwater  r e q u i r e d  
f o r  low s a l i n i t y  maintenance and neces- 
sary  f o o d s t u f f s  f o r  t he  smal l  menhaden, 
w i l l  have t o  he mainta ined.  " 

D i  sso l  ved Oxygen 

Gul f menhaden a r e  f r e q u e n t l y  among 
t h e  species hardes t  h i t  by low d i s -  
so lved oxygen (DO) " f i s h  k i l l s "  i n  
es tua r i ne  waters (Christmas 1973; 
E t z o l d  and Christmas 1979). Post- 
l a r v a e  and j u v e n i l e s  i n  r e s t r i c t e d  
bays and backwaters a r e  p a r t i c u l a r l y  
suscep t i b l e  t o  such k i l l s  as t h e i r  

Subs t ra te  and System Features 

A1 though Gu l f  menhaden i n h a b i t  t he  
wate r  column and no d i r e c t  use o f  t he  , I 
subs t ra te  i s  apparent, they  a re  most -~mphas i  s  added. 



m o b i l i t y  and capac i ty  t o  avoid low DO 
are 1 imi ted.  Christmas (1981) sug- 
gested a minimum DO l e v e l  o f  3 ppm 
a1 though the empi r ica l  basis f o r  t h i s  
number was no t  given. 

Other Environmental Factors 

Ava i l ab le  in fo rmat ion  on depth and 
water movement has l a r g e l y  been i nco r -  
porated i n t o  above discussions. Data 
presented by Roi thmayr and Wal l e r  
(1963) on seasonal change i n  depth 
d i s t r i b u t i o n  o f  Gu l f  menhaden genera l ly  
r e f l e c t  the annual inshore-of fshore 
m ig ra t i on  pat te rn .  F ish  were taken 
from sur face t o  bottom i n  2 t o  15 m 
(6  t o  48 f t )  from June through Septem- 
ber ;  up t o  27 m (90 f t )  i n  October and 
November; from 7 t o  33 m (24 t o  108 
f t ) ,  bu t  occas iona l ly  t o  68 m (288 f t )  

from December through February; and 
back t o  2 t o  26 m (6  t o  84 f t ) ,  occa- 
s i o n a l l y  t o  33 m (108 f t ) ,  from March 
through May. 

No empi r ica l  i n fo rma t ion  on the 
r e l a t i o n s h i p  o f  Gu l f  menhaden t o  t u r -  
b i d i t y  was found. Tissue l eve l s  o f  
a l d r i n  and d i e l d r i n  i n  j u v e n i l e  Gu l f  
menhaden before and a f t e r  treatment o f  
nearby a g r i c u l t u r a l  areas are  presented 
by Ginn and Fisher (1974). Stout  
e t  a l .  (1981) reviewed the a v a i l a b l e  
in fo rmat ion  on ch lo r i na ted  hydrocarbon 
l e v e l s  i n  the  products o f  menhaden 
f i she r ies .  Levels have been decreasing 
w i t h  increas ing  r e s t r i c t i o n  on t h e i r  
use and are  now genera l ly  below U.S. 
Food and Drug Admin is t ra t ion  to lerance 
l eve l s .  
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