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PREFACE 

This species p r o f i l e  i s  one o f  a ser ies  on coastal  aquat ic  organisms, 
p r i n c i p a l l y  f i s h ,  o f  sport ,  commercial, o r  ecolo'gical importance. The p r o f i l e s  
are  designed t o  provide coastal  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 h e  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 
requirements o f  the  species and t o  descr ibe how populat ions o f  t h e  species may be 
expected t o  reac t  t o  environmental changes caused by coastal  development. Each 
pro f  i l e  has sect ions on taxonomy, 1 i f e  h i s t o r y ,  eco log ica l  r o l e ,  environmental 
requirements, and economic importance, i f  appl icable.  A t h r e e - r i  ng b inder i s  
used f o r  t h i s  ser ies  so t h a t  new p r o f i l e s  can be added as they are  prepared. 
This p r o j e c t  i s  j o i n t l y  planned and f inanced by the  U.S. Army Corps o f  Engineers 
and the  U.S. F i sh  and W i l d l i f e  Service. 

Suggestions o r  questions regarding t h i s  r e p o r t  should be d i rec ted  t o  one of 
the  f o l l  owing addresses. 

In format ion  Transfer Special i s t  
Nat ional  Wetlands Research Center 
U.S. F i sh  and W i l d l i f e  Service 
NASA-Slidell Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

U.S. Army Engineer Waterways Experiment S t a t i o n  
A t t e n t i  on: WESER-C 
Post O f f i c e  Box 631 
Vicksburg, MS 39180 
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CONVERSION T A B L E  

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

M u l t i p l y  

m i l l i m e t e r s  (mm) 
cen t imete rs  (cm) 
meters (m) 
meters (m) 
k i  lometers (km) 
k i lomete rs  (km) 

square meters (m2) 
square k i l o m e t e r s  (km2) 
hectares (ha) 

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  lograms (kg) 
m e t r i c  tons (t) 
m e t r i c  tons (t) 

k i l o c a l o r i e s  ( k c a l )  
Ce ls ius  degrees ( O C )  

inches 
inches 
f e e t  ( f t )  
fathoms 
s t a t u t e  m i l e s  (mi) 
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 i 2 )  
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 (02) 
ounces (02) 
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  (Btu)  
Fahrenhei 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 

inches 
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 

ga l  lons 
cub ic  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  
Fahrenhei t  degrees 

m i l l i m e t e r s  
cen t imete rs  
meters 
meters 
k i l o m e t e r s  
k i l o m e t e r s  

square meters 
square k i l o m e t e r s  
hec ta res  

1  i t e r s  
c u b i c  meters 
cub ic  meters 

m i l l i g r a m s  
grams 
k i lograms 
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  
Ce ls ius  degrees 
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F igu re  1. Spot. 

SPOT 

S c i e n t i f i c  name.. .......... .Leiostomus 
xanthurus Lacepede 1803 .......... Pre fe r red  common name.. .Spot 
(Robins e t  a l .  1980), F i gu re  1. 

Other  common names ....... f l a t  croaker ,  
go1 den croaker,  s i 1 v e r  gudgeon, 
goody, La faye t t e ,  chub, roach, 
Jimmy, o l d w i f e ,  spo t  croaker ,  p o s t  
croaker ,  chopa blanca, N o r f o l k  spot,  
Cape May goody (Dawson 1958) 

Class ................... Oste ichthyes 
Order . ................... Perc i formes 
Fami ly  .................... Sciaenidae 

Geographic Range: The spo t  i s  common 
i n  temperate A t l a n t i c  coas ta l  waters 
from Cape Cod southward ( F i g u r e  2 )  
and a long  t h e  G u l f  o f  Mexico t o  t h e  
Bay o f  Campeche (B ige low and 
Schroeder 1953; Spr inger  and B u l l i s  
1956). I t  occurs r a r e l y  i n  t h e  

F l o r i d a  Keys (Chao 1978) and n o r t h  
o f  Cape Cod (B ige low and Schroeder 
1953). 

MORPHOLOGY AND IDENTIFICATION AIDS 

The f o l l o w i n g  genera l  d e s c r i p t i o n  
of spo t  was sumnarized f rom Johnson 
1978. The body o f  t h e  spo t  i s  r a t h e r  
deep and compressed, w i t h  a s t r o n g l y  
e l eva ted  back; t h e  head i s  obtuse and 
sho r t ;  mouth i s  i n f e r i o r  and smal l ,  
t h e  maxi 11 a r y  extends p o s t e r i o r l y  t o  
about t h e  m idd le  o f  t h e  eye. The 
do rsa l  f i n  i s  cont inuous w i t h  a no tch  
between t h e  a n t e r i o r  spinous p o r t i o n  
(9-11 sp ines)  and t h e  p o s t e r i o r  s o f t  
p o r t i o n  (29-35 r a y s ) ;  t h e  anal  f i n  has 
2 sp ines and 12-13 rays .  There a re  
72-77 l a t e r a l  l i n e  sca les  and 24-25 
ver tebrae.  Spot a r e  b l u i s h - g r a y  above 



NORTH CAROLINA 

SOUTH CAROLINA 

- 
- 
- 

MILES 

KILOMETERS 

A TL A N TIC OCEAN 

Nursery areas 

F l  Spawning areas 

Figure 2. Spawning and nursery areas of t he  spot i n  the  South A t l a n t i c  Region, 
Southeastern Uni ted States. 

2 



and somewhat go lden below. 'They have 
12-15 o b l i q u e  dark s t reaks  ( t hese  may 
be i n d i s t i n c t  i n  l a r g e  specimens), a  
l a r g e  b l ack  spo t  above t h e  upper edge 
o f  t h e  g i l l  cover,  and t h e  f i n s  a r e  
g e n e r a l l y  pa le  t o  ye l l ow i sh .  

Adu l t s  a r e  n o t  1  i k e l y  t o  be 
confused w i t h  o t h e r  species o f  
sc iaen ids ,  b u t  j u v e n i l e s  s u p e r f i c i a l l y  
resemble t h e  j u v e n i  1  es o f  severa l  
o t h e r  s ~ e c i e s .  i n c l u d i n a  t h e  A t l a n t i c  
croaker ;  ~ i c r o ~ o ~ o n i a s  Gndul atus; t h e  
s t a r  drum, S t e l  1  i f e r  1  anceol a tus;  and 
t he  s i l v e r  perch, B a i r d i e l l a  
chrysoura.  The f o l l o w i n g  cha rac te r -  
i s t i c s  d i s t i n a u i s h  o therw ise  m o r ~ h o -  
l o g i c a l l y  s i m i j a r  sc iaen ids  f rom spo t  
(Chao 1978):  t h e  A t l a n t i c  c roaker  has 
many ba rbe l s  on t h e  lower  jaw and a  
s t r o n g l y  s e r r a t e  preoperc le ;  t h e  s t a r  
drum has a  s t r o n g l y  s e r r a t e  
p reoperc l  e, we1 1  -developed d e n t i  t i o n ,  
and a  l a n c e o l a t e  caudal f i n ;  t h e  
s i l v e r  perch has we1 1  -developed 
d e n t i t i o n  and a  rounded caudal f i n .  

A l though eggs and l a r v a e  o f  most 
sc i aen ids  a r e  n o t  l i k e l y  t o  occur  w i t h  
those o f  spo t  (Powles and Stender 
1978), t h e  eggs and l a r v a e  o f  t h e  
s i l v e r  sea t rou t ,  Cynoscion nothus, 
Equetus spp., t h e  banded drum, Larimus 
f asc i a tus ,  and t h e  A t l a n t i c  c roaker  
may co-occur w i t h  spot .  The eggs o f  
most sc i aen ids  have n o t  been 
descr ibed,  b u t  severa l  cha rac te r s  a r e  
u s e f u l  f o r  d i s t i n g u i s h i n g  l a r v a l  spo t  
f rom o t h e r  species (L ippson and Moran 
1974; Fruge and Truesdale 1978; 
Johnson 1978; Powles and Stender 1978; 
Powel l  and Gordy 1980). The spo t  has 
fewer  ver tebrae  (24-25) than  t h e  
s i l v e r  s e a t r o u t  (26-27),  and f o r  f i s h  
l o n  e r  than  5  mm i n  s tandard l e n g t h  
(SLY, t h e  spo t  has fewer  precaudal 
ve r t eb rae  (10)  than  any o t h e r  species 
o f  Cynoscion. For  specimens a t  l e a s t  
6  mm SL, spo t  have more anal  f i n  
p te ryg iophores  (14-15) than  t h e  banded 
drum (8-10);  i n d i v i d u a l s  s h o r t e r  than 
6  mm SL a r e  n o t  l i k e l y  t o  co-occur 
w i t h  smal l  spo t  la rvae .  (P te r yg io -  
phores a r e  t h e  s k e l e t a l  elements o f  
f i n  suppor t . )  The l a r v a e  o f  spo t  have 

fewer  do rsa l  f i n  r ays  (29-35) and more 
anal f i n  rays (12-13) than  any o f  t h e  
descr ibed  species o f  Equetus (36-55 
and 5-8 rays,  r e s p e c t i v e l y ) .  A t  
about 4  mm SL, spo t  d i f f e r  f rom t h e  
A t l a n t i c  c roaker  o n l y  i n  p igmentat ion.  
The spo t  has a  l a r g e  melanophore i n  
t h e  peri toneum a n t e r i o r  t o  t h e  
v i s c e r a l  mass between t h e  c l  e i  t h r a ,  a  
t r i a n g u l a r  o r  diamond-shaped pigment 
p a t t e r n  on t h e  v e n t r a l  abdomen, and a  
cont inuous pigment row a long  t h e  anal 
f i n  base. The p igmenta t ion  d i f f e r e n -  
ces between spo t  and A t l a n t i c  c roaker  
a r e  r e t a i n e d  up t o  about 20 mm SL. 
Larvae o f  spo t  d i f f e r  f rom those o f  
A t l a n t i c  c roaker  i n  a  number o f  o t h e r  
c h a r a c t e r i s t i c s :  by  4.0 mm SL, t h e  
eye d iameter  o f  spo t  i s  l a r g e r  ( > l o %  
o f  SL); by 7.0 mm SL, spo t  have more 
anal  f i n  p te ryg iophores  (14-15 vs. 
9-11); by 8.5 mm SL, spo t  have a  
s h o r t e r  preanal  l e n g t h  (<5% o f  SL); by 
20-30 mm SL i n  A t l a n t i c  c roaker  
t h e  mandibular  ba rbe l s  a r e  ev i den t  i n  
some specimens, and by  50 mm SL t hey  a re  
p resen t  i n  a l l .  

REASON FOR INCLUSION I N  SERIES 

The spo t  i s  one o f  t h e  most abun- 
dan t  demersal f i s h e s  i n  coas ta l  waters 
o f  t h e  South A t l a n t i c  Region, and i s  
bo th  commerc ia l ly  and r e c r e a t i o n a l  l y  
impor tan t .  I n  commercial catch,  t h i s  
species i n  d o l l a r s  o r  pounds has 
g e n e r a l l y  ranked among t h e  t o p  f i v e  
f i n f i s h  species.  I n  a d d i t i o n ,  t h e  
spo t  i s  a  popu la r  s p o r t  f i s h ,  and t h e  
r e c r e a t i o n a l  ca t ch  may exceed t h e  
commercial catch.  Because o f  i t s  
abundance, t h e  spo t  i s  impo r tan t  as 
p rey  o f  o t h e r  f i s h e s  and i s  a  
seasonal l y  impo r tan t  component o f  
e s t u a r i n e  and s h e l f  f i s h  assemblages. 
The spo t  depends on severa l  d i f f e r e n t  
h a b i t a t s  d u r i n g  i t s  l i f e  h i s t o r y  
( F i g u r e  2) ,  and i t  may p rov i de  a  
d i r e c t  l i n k  f o r  energy exchange 
between e s t u a r i n e  and nearshore marine 
environments (see  Weins te in  1981). 



LIFE HISTORY 

Spawni n g  

I n  t he  South A t l a n t i c  Region, 
spawning occurs from October t o  March 
and peaks i n  December and January 
(Townsend 1956; Dawson 1958; Spr inger  
and Woodburn 1960; Powles and Stender 
1978; Lewis and Judy 1983; Warlen and 
Chester 1985). Th is  spawning pe r i od  
i s  l a t e r  than t h a t  i n  t h e  Mid A t l a n t i c  
Region (Pacheco 1962; Chao and Musick 
1977) and somewhat e a r l i e r  than t h a t  
i n  t he  nor thern  Gu l f  o f  Mexico, where 
spawning begins i n  December and peaks 
i n  January and February (Pearson 1929; 
Nel son 1969). 

Spot t y p i c a l  l y  migra te  o f f sho re  
t o  spawn i n  moderately deep water 
a long the  South A t l a n t i c  Region 
(Dawson 1958; Fahay 1975; Powles and 
Stender 1978; Lewis and Judy 1983). 
Th is  behavior  i s  s i m i l a r  t o  t h a t  o f  
t h e  species i n  o the r  p a r t s  o f  i t s  
range (Nelson 1969; Fruge 1977; 
Be r r i en  e t  a1 . 1978). A comparison o f  
the  frequency d i s t r i b u t i o n s  o f  t he  
lengths  o f  spo t  l a r vae  caught o f f  
Beaufort ,  Nor th  Carol ina,  i n d i c a t e s  
t h a t  spawning occurs over  t h e  ou te r  
she1 f throughout most o f  t h e  spawning 
season b u t  over  t h e  mid-she l f  e a r l y  
and l a t e  i n  t h e  spawning season 
(Warlen and Chester 1985). O f f  Nor th  
Caro l ina  most spawning probably occurs 
75-90 km o f f sho re  (Warlen and Chester 
1985). A l i m i t e d  amount o f  spawning 
has been documented i n  inshore  waters 
(Smi t h  1907 ; Pearson 1929; H i  1 debrand 
and Cable 1930; Jannke 1971; Music 
1974). Spawning apparent ly  occurs a t  
a l l  l a t i t u d e s  throughout t he  South 
A t l a n t i c  Region, a t  l e a s t  as f a r  south 
as Cape Canaveral , judg ing  f rom the  
occurrences o f  smal l  1 arvae (Fahay 
1975). 

Spawning a c t i v i t y  begins i n  f a l l ,  
when r i p e n i n g  a d u l t s  c o l l e c t  o f f  
beaches ( H i  1 debrand and Cable 1930; 
Roelofs 1954; Dawson 1958) and then 
begin t o  migra te  southward s h o r t l y  

be fore  o r  du r i ng  t h e i r  o f fshore  
spawning migra t ion .  Dawson (1958) 
suggested t h a t  spo t  m i g r a t i n g  
southward a1 ong South Carol i na beaches 
were t h e  pr imary source o f  f i s h  caught 
i n  t he  commercial haul -se ine f i s h e r y .  
Spot f rom more nor thern  waters may 
use coas ta l  waters o f  t he  South 
A t l a n t i c  Region du r i ng  w i n t e r  as 
spawning o r  feed ing  grounds (Chao and 
Musick 1977). Spot tagged i n  
Chesapeake Bay (Pacheco 1962) and 
Delaware Bay (Pearson 1932) have been 
recaptured o f f  Nor th  Carol i na. 

There i s  l i t t l e  publ ished 
i n fo rma t i on  on the  f a t e  o f  spo t  a f t e r  
they a re  spent. Pearson (1929) 
suggested t h a t  few spot  su rv i ve  
spawning; however, Gunter (1945) and 
Dawson (1958) c o l l  ec ted  spent f i s h .  
A f t e r  spawning, a d u l t  spot  may remain 
o f fshore ,  bu t  they  a re  r a r e l y  taken by 
bottom t r a w l i n g  i n  these areas (Wenner 
e t  a1 . 1979a, b, c, d, 1980). 

A1 though t h e  spot  spawns i n  f a l l  
and w in te r ,  i t  appears t o  spawn o n l y  
i n  r e l a t i v e l y  warm water. H e t t l e r  and 
Powell (1981) repo r ted  t h a t  spo t  he ld  
i n  a l a b o r a t o r y  spawned o n l y  a t  
17.5-25.0 "C. Warlen and Chester 
(1985) c o l l e c t e d  young l a r vae  ( <  16 
days o l d )  on l y  a t  water  temperatures 
h ighe r  than 19.3 "C. Fahay (1975) 
c o l  1 ected 1 arvae i n  waters w i t h  
sur face  temperatures o f  7.4-17.3 "C. 
The d i s t r i b u t i o n  o f  masses o f  warm 
water across t h e  con t i nen ta l  s h e l f  may 
a f f e c t  the  spawning l o c a t i o n s  o f  spo t  
d u r i n g  t h e  course o f  t h e  spawning 
season. 

There a re  no publ ished accounts 
o f  t h e  f e c u n d i t y  o f  spo t  i n  t he  South 
At1 a n t i c  Region. Dawson (1958) found 
77,000 and 84,000 p o t e n t i a l  ova i n  two 
females (unspec i f i ed  s i z e  and s t a t e  o f  
m a t u r i t y ) .  Hi ldebrand and Cable 
( 1930) repor ted  several  d i f f e r e n t  
s izes  o f  ova i n  r i p e n i n g  spot  and 
suggested t h a t  i n d i v i d u a l  f i s h  may 
spawn repeated ly  over  a pe r i od  o f  
several weeks. The fecund i t y  o f  spo t  



i n  o the r  p a r t s  o f  i t s  range i s  a l so  
p o o r l y  known (Parker 1971). 

Eggs and Larvae 

Eggs o f  t h e  spot  are pe lag i c .  A t  
20 "C they  hatch i n  about 48 h and t h e  
yo1 k sac and o i l  g lobu le  a re  absorbed 
w i t h i n  t h e  nex t  5 days (Powell  and 
Gordy 1980). There are  no publ ished 
accounts o f  t h e  d i s t r i b u t i o n  o f  eggs 
from any p a r t  o f  t h e  spo t ' s  range. 
Th is  l a c k  o f  data i s  r e l a t e d  t o  t h e  
l a c k  of adequate taxonomic descr ip -  
t i o n s  o f  eggs o f  spo t  and o the r  
sympatr ic  species o f  sc iaen ids .  

The l a r vae  o f  spo t  are w i d e l y  
d i s t r i b u t e d  a long t h e  South A t l a n t i c  
Region d u r i n g  l a t e  f a l l  and e a r l y  
w in te r ;  however, t h e  s i z e  d i s t r i b u t i o n  
and r e l a t i v e  abundance vary  across t he  
con t i nen ta l  s h e l f  (Powles and Stender 
1978; Lewis and Judy 1983; Warlen and 
Chester 1985). A1 though s i z e  
general l y  increases (and r e 1  a t i v e  
abundance decreases) i n  nearshore 
areas (Lewis and Judy 1983; Warlen and 
Chester 1985), small  l a r v a e  have been 
c o l l e c t e d  i n  nearshore waters e a r l y  
and l a t e  i n  t h e  spawning season 
(Warlen and Chester 1985). 

The mechanisms by which spot  
l a r vae  are  t r anspo r ted  t o  es tua r i ne  
nursery  areas from t h e  o f fshore  
spawning grounds are  n o t  known; 
however, bo th  a c t i v e  behavior  and 
passive t r a n s p o r t  mechanisms have been 
demonstrated i n  o the r  species of 
f i s h e s  (Norcross 1983; Norcross and 
Shaw 1984). Because t h e  eggs and 
l a r v a e  o f  spo t  a re  buoyant and u s u a l l y  
near t h e  sur face  o f  t h e  water,  t h e  
o f f s h o r e  d i s t r i b u t i o n s  o f  e a r l y  l i f e  
h i s t o r y  stages may be a f f e c t e d  by 
Ekman t ranspo r t ,  t i d e s ,  and tempera- 
t u r e  (see Norcross and Shaw 1984). 
Wind-induced Ekman t r a n s p o r t  may 
i n i t i a l l y  a f f e c t  t h e  abundance o f  
1 arvae i n  o f f s h o r e  waters; however, 
1 arvae become more demersal du r i ng  
l a t e r  stages (Hi ldebrand and Cable 
1930; Lewis and Judy 1983). As l a t e r  
l a r v a l  stages s e t t l e  o u t  o f  t he  upper 

water  column, they  probab ly  become 
l e s s  a f f e c t e d  by  Ekman t r a n s p o r t  and 
are  more a f fec ted  b o the r  f o r ces  
( i n e r t i a  and ~ o r i o l i s f  t h a t  occur a t  
g rea te r  depths (Lewis and Judy 1983). 
The 1 i m i  t e d  swimming ab i  1 i t y  o f  small  
sc iaen id  l a r v a e  (0.25-1.0 m/s f o r  
b r i e f  per iods;  Lewis and Judy 1983) 
suggests t h a t  spo t  l a r v a e  move i n t o  
es tua r i es  p r i m a r i l y  by  d r i f t i n g .  

Larvae 10-24 mrn SL f i r s t  appear 
i n  coas ta l  es tua r i es  i n  January 
(Hi ldebrand and Cable 1930; Music 
1974; Lewis and Judy 1983), b u t  
movement i n t o  es tua r i es  probably peaks 
i n  February and March (Dawson 1958; 
Hi ldebrand and Cable 1930; Music 1974; 
Me ins te in  e t  a l .  1980a). Because o f  
t h e  extended spawning season, l a r v a l  
and j u v e n i l e  spot  con t inue t o  e n t e r  
many es tua r i es  throughout  t he  f i r s t  
h a l f  o f  t he  calendar year. Th i s  pro- 
longed spawning and rec ru i tmen t  p e r i o d  
may p rov ide  a b u f f e r i n g  e f f e c t  aga ins t  
unusual c l i m a t i c  cond i t ions .  

Warlen and Chester (1985) found 
t h a t  l a r vae  and pos t l a r vae  ( f i s h  t h a t  
have n o t  completed metamorphosis t o  
t he  j u v e n i l e  stage, and are  s t i l l  
p l ank ton i c )  entered Nor th  Carol i n a  
es tua r i es  a t  ages of 40-74 days (mean 
= 59 days). They observed l i t t l e  
wi th in-sample v a r i a t i o n  i n  age, and 
hypothesized t h a t  spo t  entered the  
es tuary  i n  somewhat d i s t i n c t  age 
cohorts. I n  add i t i on ,  smal l  i n d i v i -  
duals a r r i v e d  a t  t he  es tua ry  near both 
t he  beginning and end o f  t h e  r e c r u i t -  
ment period; t h i s  occurrence probably 
i s  a r e s u l t  o f  nearshore spawning a t  
bo th  t he  beg inn ing  and end of t he  
spawning season o r  from more r a p i d  
t r a n s p o r t  mechanisms a t  these t imes. 
P o s t l a r v a l  spo t  e n t e r i n g  Chesapeake 
Bay appear t o  be somewhat o l d e r  
(Joseph 1972) than spot  m i g r a t i n g  i n t o  
es tua r i es  i n  No r th  Caro l ina .  Th i s  
observat ion provides a d d i t i o n a l  e v i -  
dence t h a t  popu la t ions  i n  t h e  Mid 
A t l a n t i c  Region may use t h e  South 
A t l a n t i c  Region f o r  spawning. 



Temperature may a f f e c t  t he  
ingress o f  l a r vae  and pos t la rvae t o  
estuar ies;  however, the  r o l e s  o f  
temperature and o the r  environmental 
f a c t o r s  a re  no t  w e l l  known. Swimming 
speeds o f  spot  l a r vae  and j uven i l es  
have been p o s i t i v e l y  c o r r e l  ated w i t h  
temperature (Rul i f s o n  1977). I n  
add i t ion ,  some e a r l y  workers observed 
mass mor ta l  i t y  o f  spot du r i ng  per iods 
o f  low water temperatures (5-10 "C), 
al though i t  has been suggested t h a t  
la rvae and pos t la rvae may be more 
t o l e r a n t  than o lde r  f i s h  t o  such 
temperatures (Hi ldebrand and Cab;e 
1930; Dawson 1958; Hodson e t  a l .  
1981a). 

The r e l a t i v e  importance o f  
passive and behav io ra l l y  mediated 
t ranspo r t  o f  l a r vae  w i t h i n  es tuar ies  
i s  poo r l y  understood. Because peak 
recru i tment  f o r  winter-spawned la rvae  
i n  most A t l a n t i c  coast  es tuar ies  
occurs a t  a  t ime when es tuar ine  
thermal s t r a t i f i c a t i o n  and t i d a l  
exchange r a t i o s  are a t '  a  y e a r l y  
maximum, a c t i v e  m ig ra t i on  and use o f  
t i d a l  water movements are  be1 ieved 
important  i n  the  d i spe rsa l  o f  spot  and 
o the r  es tuar ine  species (Weinstein e t  
a l .  1980a). Dur ing m i g r a t i o n  i n  t he  
Cape Fear R ive r  (Nor th  Caro l ina)  
estuary,  post1 arva l  and j u v e n i l e  spot  
occur i n  t he  middle and lower l aye rs  
o f  the  water column du r ing  the  day and 
concentrate near t he  sur face a t  n i g h t  
(Lewis and Wilkens 1971; Weinstein e t  
a1 . 1980a). Th is  behavior  may enable 
spot  t o  use t i d a l  cu r ren ts  t o  augment 
t h e i r  l a t e r a l  movement i n t o  the  shal-  
low areas o f  es tua r ies  (Weinste in 
1979). I n  another study, Weinstein e t  
a l .  (1980b) found t h a t  abundance o f  
small  spot  i n  i ch thyop l  ankton co l  l e c -  
t i o n s  was much lower near t he  mouths 
of t i d a l  creeks than i n  areas c l o s e r  
t o  t he  headwaters i n  t he  Cape Fear 
estuary.  Spot, thus, appeared t o  con- 
gregate i n  the  shal low-water po r t i ons  
o f  es tuar ies .  Unfor tunate ly ,  behav- 
i o r a l  mechanisms t h a t  augment movement 
i n  some es tua r ies  do no t  always apply 
i n  o the r  es tua r ies  having d i f f e r e n t  
hydrographic c h a r a c t e r i s t i c s .  

Pos t l a rva l  spot  have been 
co l  1  ected i n  1  arge numbers throughout 
es tuar ies  and apparent ly  are t o l e r a n t  
o f  a  wide range o f  phys ica l ,  chemical, 
and b i o t i c  f ac to rs .  S i m i  1  a r  numbers 
o f  spot  have commonly been c o l l e c t e d  
du r ing  the  per iod  o f  peak recru i tment  
i n  es tuar ine  areas having very 
d i f f e r e n t  physicochemical cond i t i ons  
(Weinstein 1979; Bozeman and Dean 
1980; Rogers e t  a l .  1984; and Rozas 
and Hackney 1984). Some s tud ies  
( K i l b y  1955; Reid 1957; Weinstein 
1983; Weins t e i n  and Brooks 1983) have 
suggested t h a t  o ther  h a b i t a t  fea tures  
such as subst ra te  and sea grass beds 
a re  important  i n  determining the  
d i s t r i b u t i o n  o f  spot  i n  l o c a l i z e d  
areas. 

Several i n v e s t i g a t o r s  have s tud ied  
the  e f f e c t s  o f  r i v e r  discharge 
( e s p e c i a l l y  h igh  water cond i t i ons )  on 
the  r e c r u i  tment o f  spot  and es tuar ine  
community s t ruc tu re .  Weinstein e t  a l .  
(1980a) repor ted  tha t ,  a1 though 
pos t la rvae were absent i n  sec t ions  o f  
the  main channel o f  the  Cape Fear 
R iver  du r i ng  h igh  water, t he  f i s h  
recovered r a t h e r  r a p i d l y  t o  pre-high 
water dens i t i es .  The s t r u c t u r a l  
pa t te rns  o f  the  s h a l l  ow-water f i s h  
assemblages i n  t he  Cape Fear R iver  
es tuary  were n o t  a f f e c t e d  by annual 
d i f fe rences i n  r i v e r  discharge 
(Weinstein e t  a l .  1980b). Rogers e t  
a1 . (1984) concluded t h a t  recru i tment  
o f  spot  and o the r  f i s h e s  may be 
i n h i b i t e d  du r ing  d ischarge peaks o f  
the  Ogeechee R ive r  i n  Georgia, b u t  
t h a t  upper-estuary nursery areas were 
used du r ing  h igh  water. Kobyl i n s k i  
and Sheridan (1979) found no cor re-  
l a t i o n  between the  abundance o f  spot  
and annual v a r i a t i o n  i n  r i v e r  d i s -  
charge i n  Apal ach ico la  Bay, F lo r i da .  

Juveni 1  es and Adul t s  

Juven i le  spot  t h a t  have congre- 
gated i n  t he  shal low water  o f  t i d a l  
creeks tend t o  d isperse as they  
increase i n  s i z e  (Weinste in and 
Wal t e r s  1981) ; t h i s  emigrat ion i n t o  
deeper waters a f t e r  growth appears 



t o  occur  throughout  e s t u a r i e s  (Herke 
1971; Chao and Musick 1977), and 
r e s u l t s  i n  t h e  s i z e - s p e c i f i c  use o f  
sha l low e s t u a r i n e  h a b i t a t s  (Turner  and 
Johnson 1973; Weins te in  e t  a l .  1980b; 
Rogers e t  a l .  1984). D i f f e rences  i n  
gear b i a s  ( K j e l s o n  and Johnson 1978), 
sampl i n g  methods, and exper imenta l  
des ign have p robab ly  c o n t r i b u t e d  t o  
r e p o r t s  t h a t  va r i ous  s i z e  c lasses  o f  
spo t  a r e  u b i q u i t o u s  i n  e s t u a r i n e  
areas. 

J u v e n i l e  spo t  l i v e  i n  d i f f e r e n t  
h a b i t a t s  f o r  d i f f e r e n t  per iods  o f  t ime 
(Weins te in  1983; Weins te in  and Brooks 
1983; Rozas and Hackney 1984). Tagged 
i n d i v i d u a l s  remained i n  t i d a l  creeks 
o f  t h e  York R i v e r  es tua ry  f o r  an 
average o f  9 1  days, and t h e  popu la t i on  
remained t h e r e  as l o n g  as 6 months 
(Weins te in  1983). Th i s  obse rva t i on  
suggests t h a t  t h e  exchange o f  j u v e n i l e  
spo t  between marsh h a b i t a t s  i s  
r e l a t i v e l y  m inor  d u r i n g  t h e  f i r s t  
summer. I n  another  s tudy,  Rozas and 
Hackney (1984) concluded t h a t  t h e  
p e r i o d  o f  res idency  i s  much s h o r t e r  i n  
o l i g o h a l i n e  marshes o f  t he  Cape Fear 
R iver .  I t  i s  n o t  known whether these 
d i f f e r e n c e s  a r e  r e l a t e d  t o  t he  produc- 
t i v i t y  o r  s t r u c t u r a l  complex i t y  o f  t h e  
h a b i t a t .  O lder  f i s h  may be " t r a c k i n g "  
t h e i r  ep iben th i c  and i n f a u n a l  food  
supp ly  i n  t h e  es tuary ,  o r  t h e y  may be 
moving t o  avo id  inc reased p reda t i on  by 
wading b i r d s  and crabs i n  sha l low 
water  (We ins te in  and Brooks 1983). 

Large j u v e n i  1  es appa ren t l y  move 
i n t o  deeper p o r t i o n s  o f  es tua r i es .  
T raw l i ng  i n  South Ca ro l i na  (Shealy  e t  
a l .  1974) and Georgia (Music 1974) 
r e s u l t e d  i n  t h e  cap tu re  o f  l a r g e  
numbers o f  advanced j u v e n i l e s  i n  l a t e  
summer and f a 1  1. Young-of-the-year 
spo t  ove rw in te r  i n  t h e  deeper p o r t i o n s  
o f  most e s t u a r i e s  (Music 1974; Chao 
and Musick 1977). R e l a t i v e l y  1  i t t l e  
i s  known about  t he  importance o f  
env i ronmenta l  f a c t o r s ,  h a b i t a t  fea- 
tu res ,  and b i o l o g i c a l  processes i n  
de te rmin ing  t h e  d i s t r i b u t i o n  and 
movements o f  j u v e n i l e s .  

The d i s t r i b u t i o n  p a t t e r n s  o f  some 
e s t u a r i n e  f i s h e s  have r e c e n t l y  been 
asc r i bed  t o  d i f f e r i n g  mor ta l  i t y  r a t e s  
i n  va r i ous  p a r t s  o f  e s t u a r i e s  (Po lgar  
1982). We ins te in  and Wal t e r s  (1981) 
suggested t h a t  a  s i m i l a r  phenomenon 
may e x p l a i n  t h e  d i s t r i b u t i o n  o f  young 
spo t  i n  t h e  Cape Fear es tuary .  
M o r t a l i t y  was h i g h e r  i n  p o l y h a l i n e  
t i d a l  creeks than  i n  l e s s  s a l i n e  
creeks due t o  t h e  presence o f  
seasonal l y  abundant mar ine p reda to rs .  

GROWTH CHARACTERISTICS 

Length-Weight R e l a t i o n s h i p  

Dawson (1958) r epo r t ed  t he  
f o l l o w i n g  r e l a t i o n s h i p  between we igh t  
(W, i n  grams) and s tandard l e n g t h  (SL, 
i n  m i l l i m e t e r s )  f o r  spo t  45-205 mn 
l o n g  i n  South Caro l ina :  loglOW = 
-4.544 + 2.958 loglOSL. He a l s o  
determined t h a t  t o t a l  l e n g t h  (TL) 
cou ld  be c a l c u l a t e d  f rom standard 
l e n g t h  as TL = 1.233 SL + 2.0 mm. 

Larvae and Pos t l a r vae  

Warlen and Chester (1985) counted 
d a i l y  growth increments on o t o l  i t h s  
( s a g i t t a )  t o  determine t h e  age and 
growth h i s t o r y  o f  l a r v a e  and pos t -  
l a r v a e  c o l l e c t e d  o f f  Beau fo r t  I n l e t ,  
No r t h  Caro l ina ,  d u r i n g  f a l l  and w i n t e r  
i n  1978-1980. Growth o f  young spo t  
was b iphas ic ;  i t  was r a p i d  i n  t h e  
ocean and appeared t o  c o i n c i d e  w i t h  a  
w i n t e r  peak o f  p l ank ton  p r o d u c t i v i t y  
(Turner  e t  a l .  1979; Yoder e t  a l .  
1981), slowed d u r i n g  t h e  e a r l y  months 
o f  e s t u a r i n e  res idence  ( u n t i  1  about  
A p r i  1  ) , and then  acce le ra ted  a f t e r  
metamorphosis o f  1  arvae t o  t he  
j u v e n i l e  stage, a t  l eng ths  o f  about 25 
mm SL. 

Warlen and Chester (1985) found 
no s i g n i f i c a n t  d i f f e r e n c e s  i n  growth 
r a t e s  between years .  Age-speci f i c  
growth r a t e s  dec l i ned  f rom 5% per  day 
a t  age 10 days t o  <1% pe r  day a t  age 
90 days. Back-ca lcu la ted  l eng ths  a t  



each age were s i g n i f i c a n t l y  g r e a t e r  i n  
o l d e r  than i n  younger f i s h  o f  t h e  same 
cohor t ,  l ead ing  t h e  authors t o  suggest 
t h a t  s ize-se l  e c t i v e  mor ta l  i t y  favored 
s u r v i v a l  o f  f a s t e r  growing 1 arvae. 

Weinste in and Wal ters (1981) a l s o  
found t h a t  growth r a t e s  o f  pos t l a r vae  
i n  t h e  es tua ry  were slow i n  l a t e  
w i n t e r  and e a r l y  spr ing .  The l ong  
rec ru i tmen t  pe r i od  o f  spo t  necess i ta -  
t e d  a compl icated methodology f o r  
measuring growth; however, est imated 
average d a i l y  growth r a t e s  o f  0.14- 
0.16 mn/day i n  t h e  Cape Fear R i ve r  
es tua ry  (Weins te in  and Wal t e r s  1981) 
were s i m i l a r  t o  t h e  0.1% s p e c i f i c  
growth r a t e  f o r  l a t e  l a r v a l  and e a r l y  
j u v e n i l e  spo t  e n t e r i n g  Beaufor t  I n l e t  
es tua ry  (Warlen and Chester 1985). I n  
add i t i on ,  t h e  s i zes  o f  pos t l a r vae  
c o l l  ec ted  e a r l y  i n  t h e i r  e s t u a r i n e  
res idency correspond c l o s e l y  t o  t h e  
asymptote p red i c ted  by t h e  Gompertz 
growth equat ions f o r  la rvae ,  de r i ved  
by Warlen and Chester (1985). Th is  
observa t ion  i n d i c a t e s  t h a t  l a r v a e  may 
e n t e r  e s t u a r i e s  a t  a  s i m i l a r  s i z e  
throughout  t h e  South A t l a n t i c  Region. 

Juven i l es  and Adu l t s  

I n  e a r l y  s tud ies  f rom t h e  
A t l a n t i c  coas t  and G u l f  o f  Mexico, 
somewhat v a r i a b l e  es t imates  o f  spo t  
growth r a t e s  were shown (Tab le  1).  
Many s tud ies  probably  underest imated 
growth because o f  t h e  p r o t r a c t e d  
spawning season, t h e  extended 
rec ru i tmen t  per iod,  s i  ze-dependent 
emigrat ion,  and b iased sampl i n g  
methods (Herke 1971). I n  add i t i on ,  
t h e  use o f  scales t o  age spo t  was 
admit ted t o  be problemat ic ,  o r  n o t  
va l i da ted ,  i n  some s tud ies  (Welsh and 
Breder 1923; Pacheco 1962). 

Est imates o f  t h e  growth o f  spo t  
i n  t h e  South A t l a n t i c  Region show good 
agreement. Using modal a n a l y s i s  o f  
t h e  leng ths  o f  f i s h  caught i n  South 
Carol  ina,  Dawson (1958) found t h a t  
spo t  reached 115-130 mm SL i n  t h e i r  
f i r s t  year  o f  growth and 150-175 mn SL 
i n  t h e i r  second year .  Using t h e  same 

method, Music (1974) est imated t h a t  
spot  a t t a i n e d  leng ths  o f  140-145 mm TL 
(about  110-115 mm SL) du r i ng  t h e i r  
f i r s t  yea r  i n  Georgia es tuar ies .  
Welsh and Breder (1923) assigned a 
t o t a l  l e n g t h  o f  140 mm TL t o  age I 
spot  a t  Fernandina Beach, F l o r i d a .  
Weinste in and Wal t e r s  (1981) found 
t h a t  spo t  reached a t  l e a s t  100 mm SL 
by September o f  t h e i r  f i r s t  yea r  i n  
t h e  Cape Fear estuary.  

Growth r a t e s  show seasonal and 
annual v a r i a t i o n .  Growth i n  young 
j u v e n i l e s  i s  r a  i d  i n  l a t e  s p r i n g  and 
e a r l y  sumner f Weinste in and Wal ters 
1981), b u t  j u v e n i l e  and a d u l t  spo t  
grow very  s l o w l y  d u r i n g  w i n t e r  (Dawson 
1958; Pacheco 1962). Weinste in and 
Wal ters (1981) found t h a t  growth o f  
spo t  i n  t h e  Cape Fear es tua ry  was 
r a p i d  i n  l a t e  sumner i n  1978 b u t  
depressed du r i ng  t h e  sumner o f  1977. 
High temperatures i n  J u l y  1977 reduced 
feed ing  and re ta rded  growth t o  t h e  
e x t e n t  t h a t  t he  u l t i m a t e  s i zes  
achieved by t h e  spo t  a t  t h e  end o f  t h e  
growing season t h a t  year  may have been 
comparat ive ly  smal l .  

S i ze  and Age a t  M a t u r i t y  

The sma l l es t  s i z e  a t  which 
advanced gonadal development was 
observed was 170-175 mm TL (Dawson 
1958; Music 1974). Other  researchers 
i n d i c a t e d  t h a t  spo t  reach sexual 
m a t u r i t y  a t  s i zes  o f  185-210 mn TL 
(H i  ldebrand and Schroeder 1928; 
Hi ldebrand and Cable 1930; Gunter 
1945; Townsend 1956). Music (1974) 
i n d i c a t e d  t h a t  males may mature a t  a  
s l i g h t l y  sma l l e r  s i z e  (170 mn TL) than 
females (205 mm TL) . 

Most spo t  reach sexual m a t u r i t y  
i n  2 years; b u t  some may r e q u i r e  3 
years.  Some a d u l t s  a r e  captured i n  
e s t u a r i e s  throughout  t h e  yea r  (Music 
1974; Shealy e t  a l .  1974; Chao and 
Musi ck 1977). Length frequency 
d i s t r i b u t i o n s  o f  spo t  caught by 
t r a w l i n g  l e d  Dawson (1958) t o  conclude 
t h a t  most f i s h  t h a t  spawned o f f  South 
Caro l ina  were 2 o r  3 years o ld .  



Table 1. To ta l  l eng th  (mm) of spo t  a t  d i f f e r e n t  ages, i n  d i f f e r e n t  areas. 

Age 

Area I I I I 1 1  Source 

New Jersey 165-220 240-290 We1 sh and Breder 1923 

Chesapeake Bay Hi ldebrand and 
Schroeder 1928 

Beaufor t ,  Nor th  
Carol i na  

H i  1 debrand and 
Cable 1930 

195-270 Pacheco 1962 Chesapeake Bay 

Glynn County, 
Georgia 

224 242 Music and Pa f fo rd  1984 

Welsh and Breder 1923 Fernandi na , 
F l o r i d a  

A l l i g a t o r  Harbor, 
F l o r i d a  

190-230 Townsend 1956 

Lake Pon tcha r t ra i  n, 
Louis iana 

200-210 225 Sundara j 1960 

Parker 1971 Lake Borgne, 
Louis iana 

Laguna Madre, 
Texas 

190-210 Pearson 1929 

Gal veston Bay, 
Texas 

Parker  1971 

Gunter (1945) and Townsend (1956) 
repo r ted  s i m i l a r  f i n d i n g s  f o r  t h e  G u l f  
o f  Mexico . 

r e p o r t s  o f  t h e  U.S. F i s h  and W i l d l i f e  
Serv ice  show t h a t  t h e  commercial ca tch  
o f  spot  has f l u c t u a t e d  w ide l y  s ince  
1939 and was t o o  sporadic t o  support  a 
we1 1 -developed f i s h e r y  i n  most s ta tes  
a long t h e  A t l a n t i c  seaboard. The 
commercial ca tch  has been c o n s i s t e n t l y  
h igh  on l y  i n  t h e  Carol inas and 
V i r g i n i a ,  where n e a r l y  75% o f  t h e  
t o t a l  annual catch i s  made. 

THE FISHERY 

H i s t o r y  

H i s t o r i c a l  da ta  a v a i l a b l e  i n  
pub l i ca t i ons  o f  t he  U.S. Bureau o f  
Commercial F i she r i es  and s t a t i s t i c a l  

Spot a re  taken i n  l a r g e  numbers 
i n  f a 1  1 by haul -seine f ishermen along 



t h e  beaches o f  No r th  and South 
Caro l ina .  Catches c o n s i s t  predomi- 
n a n t l y  o f  matur ing  a d u l t s  t h a t  a r e  
beg inn ing  t o  m ig ra te  o f f s h o r e  t o  
spawn. From A p r i l  t o  October 1979, 
spo t  was t h e  most abundant f i s h  
species by number (44%) and weight  
(40%) caught  by  l o n g  haul  -se ine f i s h -  
i n g  i n  Pam1 i c o  Sound, i t s  t r i b u t a i r e s ,  
and Core Sound, Nor th  Ca ro l i na  
(DeVries 1982). Most o f  these spo t  
were age I o r  11. Spot a re  a l s o  taken 
by shr imp t r a w l e r s ,  b u t  t h e  f i s h  a re  
u s u a l l y  smal l  and use fu l  o n l y  f o r  p e t  
food  o r  f i s h  meal; sometimes they  a re  
d iscarded.  Spot a re  sought by  s p o r t  
f ishermen because t hey  take  b a i t  
r e a d i l y  and can be caught near 
b r idges ,  p i e r s ,  and wharves. Small - 
sca le  commercial g i l l  - n e t t e r s  a l s o  
ca t ch  s u b s t a n t i a l  numbers o f  spo t  i n  
f a l l  i n  Sout'h Ca ro l i na  (E.B. Joseph, 
South Ca ro l i na  Wild1 i f e  and Marine 
Resources Department, Char1 eston, 
pers. comm.). 

I n  t h e  19701s, t h e  commercial 
ca tch  o f  spo t  ranged f rom 3  t o  11 
m i l l  i o n  pounds w i t h  a  va lue  o f  
$400,000 t o  $1,275,000 (Table 2) .  
Most o f  t h i s  ca t ch  was taken w i t h  haul 
seines, and some o f  i t  w i t h  o t t e r  
t r aw ls ,  pound nets,  g i l l  nets ,  and 
hook-and-l ine. There has been no 
steady t r e n d  i n  t h e  catches w i t h  
time--a f e a t u r e  c h a r a c t e r i s t i c  o f  
s h o r t - l i v e d  species.  Most o f  t he  
ca t ch  has cons i s ted  o f  2- and 3-year 
o l d  f i s h .  

I n  t h e  l a t e  1 9 7 0 ' ~ ~  t h e  
r e c r e a t i o n a l  ha rves t  o f  spo t  was about 
907 m e t r i c  tons  ( 2  m i l l i o n  pounds 
annua l l y )  (Nat iona l  Mar ine F i s h e r i e s  
Serv ice  1980, 1984), b u t  t h e  ca t ch  may 
be much l a r g e r .  I n  1982 over  6.7 
m i l l l o n  spo t  weighing 559 m e t r i c  tons 
(1.2 m i l l  i o n  pounds) were caught by  
mar ine r e c r e a t i o n a l  f ishermen i n  t he  
South A t l a n t i c  Region (NMFS 1985). 
Trends a re  d i f f i c u l t  t o  d e f i n e  because 
surveys have been inadequate i n  some 
years, and methods have o c c a s i o n a l l y  
changed. The r e c r e a t i o n a l  ca tch  

i s  a l s o  composed mos t l y  o f  2- and 
3-year o l d  f i s h .  

Management 

There a re  no c u r r e n t  s t a t e  o r  
f ede ra l  r e s t r i c t i o n s  on t h e  commercial 
o r  r e c r e a t i o n a l  ca tch  o f  spot .  

Popu la t ion  Dynamics 

Popu la t ion  l e v e l s  o f  spo t  
f l u c t u a t e  tremendously; such changes 
are  t y p i c a l  o f  species w i t h  s h o r t  l i f e  
spans. Year-class s t r e n g t h  i s  p ro -  
b a b l y  determined du r i ng  t h e  l a r v a l  and 
post1 a r v a l  stages (Norcross 1983) ; 
however, est imates o f  m o r t a l i t y  f o r  
t h e  l a r v a l  s tage have n o t  been 
repor ted .  

Weinste in and Wal t e r s  (1981) 
found t h a t  r a t e s  o f  m o r t a l i t y  i n  
p o s t l a r v a l  and j u v e n i l e  spo t  v a r i e d  
among years and among areas. 
M o r t a l i t y  was s i g n i f i c a n t l y  h i ghe r  i n  
1977 than i n  1978 i n  p o l y h a l i n e  
marshes due t o  p reda t i on  by t h e  
A t l a n t i c  s i l v e r s i d e ,  Menid ia menidia, 
and t h e  s t r i p e d  k i l l  i f i s h ,  Fundulus 
maja l  i s .  High mor ta l  i t y  r a t e s  
observed i n  1978 i n  01 i aoha l  i n e  
marshes were be1 ieved due t o  e i t r e m e l y  
h i g h  f reshwater  f l ows  i n  w i n t e r  and 
spr ing ,  which d isp laced spo t  f rom 
t h e i r  p r e f e r r e d  h a b i t a t s .  

No i n f o r m a t i o n  i s  a v a i l a b l e  on 
t h e  s t a t u s  o r  s t r u c t u r e  o f  popu la t ions  
i n  t h e  South A t l a n t i c  Region. Given 
t h e  s h o r t  l i f e  span o f  t h e  species, 
t h e  ex tens i ve  o f f s h o r e  spawning 
grounds, and t h e  pro longed spawning 
per iod ,  i t  i s  l i k e l y  t h a t  spo t  
i n h a b i t i n g  t h e  South A t l a n t i c  Region 
compose a  s i n g l e  popu la t ion .  

ECOLOGICAL ROLE 

Food and Feeding Hab i t s  

Spot d i s p l a y  two d i s t i n c t  feed ing  
modes. Larvae are  s i z e - s e l e c t i v e  



Table 2. Commercial l and ings  (thousands o f  pounds) o f  spot,  and ca t ch  va lues 
(thousands o f  d o l l a r s )  i n  t h e  South A t l a n t i c  Region f rom 1969 t o  1977 (Na t i ona l  
Mar ine F i s h e r i e s  Se rv i ce  1972, 1974, 1975a,b, 1976, 1978a,b, 1980, 1984). 

Nor th  Caro l  i na South Ca ro l i na  F l o r i d a  
Year pounds va lue  pounds va lue  pounds va lue  

p l ank ton  feeders,  and j u v e n i  1  es and 
a d u l t s  a r e  p reda to r s  on i n f a u n a l  and 
ep iben th i c  i n v e r t e b r a t e s .  There have 
been no s t u d i e s  t o  d a t e  o f  t h e  f eed ing  
h a b i t s  o f  l a r v a l  spo t  i n  t h e  South 
A t l a n t i c  Region, b u t  genera l  p a t t e r n s  
may be i n f e r r e d  f rom s t u d i e s  i n  t h e  
no r t he rn  G u l f  o f  Mexico (Govoni e t  a l .  
1983). Larvae i n i t i a l l y  e a t  smal l  
p r e y  ( t i n t i n n i d  c i l i a t e d  protozoans, 
i n v e r t e b r a t e  eggs, and copepod 
naupl i i )  and then e a t  p r o g r e s s i v e l y  
1  a rge r  food  ( 1 a r v a l  p e l  ecypods, cope- 
pod i  t e s  , pteropods , and adul  t cope- 
pods) as t hey  grow t o  10-15 mm SL. 
Larvae o f  a l l  s i zes  seemingly feed 
d i u r n a l l y  (Govoni e t  a1 . 1983). 

Regional d i f f e r e n c e s  i n  t h e  d i e t s  
o f  l a r v a l  spo t  appear t o  r e f l e c t  p re -  
v a i l i n g  hydrographic  cond i t i ons .  
Larvae c o l  l e c t e d  near  r i v e r  mouths had 
f e d  on t a x a  t y p i c a l  o f  es tua r i ne  
waters and 1  arvae c o l  1  ec ted  o f f s h o r e  
had f e d  on t axa  r e p r e s e n t a t i v e  o f  more 

oceanic  areas (Govoni e t  a l .  1983). 
Regardless of geographic area, ma jo r  
p rey  ca tego r i es  remai ned f a i r l y  
s im i  1  a r .  

'The zooplankton o f  t h e  South 
A t l a n t i c  Region sometimes shows t r e -  
mendous geographic v a r i a t i o n  (Bowman 
1971), due i n  p a r t  t o  t he  p e r i o d i c  
i n t r u s i o n  o f  co ld -wate r  upwe l l ings  
on to  t h e  c o n t i n e n t a l  s h e l f .  The d i e t s  
o f  1  a r v a l  spot ,  t he re fo re ,  p robab ly  
va r y  accord ing  t o  geographic d i s t r i b u -  
t i o n  o f  t h e  zooplankton. D i f f e rences  
i n  d i e t s  assoc ia ted  w i t h  upwel l  i ngs  
may a f f e c t  t h e  s u r v i v a l  o f  l a r v a l  
spot;  however, t h e  l a r v a e  have r e l a -  
t i v e l y  h i g h  a s s i m i l a t i o n  e f f i c i e n c i e s ,  
and dependence on zooplankton patches 
appears t o  be l e s s  than  t h a t  o f  some 
o t h e r  abundant f i s h e s  (Govoni e t  a l .  
1982, 1985). 

P o s t l a r v a l  spo t  e n t e r i n g  t h e  
es tua ry  appa ren t l y  feed much l i k e  



l a rvae .  E a r l y  accounts showed t h a t  
i n d i v i d u a l s  up t o  25 mm SL f e d  
p r i m a r i l y  on p l a n k t o n i c  copepods and 
ostracods (Welsh and Breder 1923; 
H i  1  debrand and' Schroeder 1928; H i  1  de- 
brand and Cable 1930). P o s t l a r v a l  
spot ,  17-24 mm SL, f e d  ma in l y  on 
copepods (most ly  Harpac t i co ida ,  

spp., Temora spp., and 
i n  t h e  Newport R i ve r  

es tuary  ( K j e l s o n  e t  a l .  1975). 
Pos t la rvae  feed throughout  day1 i g h t  
hours (K je l son  e t  a l .  1975; Peters and 
K j e l  son 1975). b u t  feed inq  r a t e s  a r e  
h i ghes t  i n  l a t e  morning ( k j e l s o n  and 
Johnson 1976). F i e l d  and l a b o r a t o r y  
data have i n d i c a t e d  t h a t  t h e  s i z e  o f  
p rey  increases w i t h  t he  s i z e  o f  t h e  
pos t l a r vae  ( K j e l s o n  and Johnson 1976). 

The t r ans fo rma t i on  f rom pos t -  
l a r v a e  t o  j u v e n i l e s  ( a t  about 25 mn 
SL) marks a  change f rom a  s i g h t -  
feed ing  p l a n k t i v o r e  t o  a  p a r t l y  
01 factory-dependent ben th i c  feeder .  
The bodies o f  t rans fo rming  pos t l a r vae  
become deeper, t h e i r  mouths and eyes 
small  e r ,  and t h e i r  sensory appendages 
more developed (Chao and Musick 1977). 
The d i e t  of l a r g e  pos t l a r vae  and small  
j u v e n i l e s  r e f l e c t s  t h i s  change; smal l  
j u v e n i  1  es p rey  on i nsec t  1  arvae, 
polychaetes, h a r p a c t i c o i d  copepods, 
and o t h e r  crustaceans (Welsh and 
Breder 1923; Hi ldebrand and Cable 
1930; Roe lo fs  1954; Townsend 1956; 
S t i ckney  e t  a l .  1975; Sheridan 1979; 
Hodson e t  a1 . 1981b). 

Juveni 1  es seemingly sw i t ch  t o  
noc tu rna l  feeding s h o r t l y  a f t e r  t rans-  
fo rmat ion ,  which may be a  s t r a t e g y  f o r  
p reda t i on  avoidance (Hodson e t  a1 . 
1981b). Recent evidence a t t r i b u t e s  
some d i s t r i b u t i o n  pa t t e rns  t o  d i f f e r -  
e n t i a l  m o r t a l i t y  due t o  s i z e - s e l e c t i v e  
p reda t i on  (Po l  gar  1982). Another 
poss ib l e  exp lana t i on  f o r  noc tu rna l  
feeding may i n v o l v e  avoidance o f  h i gh  
dayt ime temperatures i n  sha l low marsh 
areas (Hodson e t  a l .  1981b). F i n a l l y ,  
p rey  a v a i l a b i l i t y  may be much g rea te r  
a t  n i g h t  than  du r i ng  t h e  day because 
many i n v e r t e b r a t e  p rey  species a re  
noc tu rna l  . 

P l a n t  m a t e r i a l  and d e t r i t u s  noted 
i n  stomachs of j u v e n i l e  and a d u l t  spo t  
probably  p rov ide  1  i t t l e  n u t r i t i o n a l  
va lue  because spo t  l a c k  c e l l u l a s e  
a c t i v i t y  i n  t h e i r  g u t  (S t i ckney  and 
Shumway 1974). However, t h e  m i c r o b i a l  
f l o r a  assoc ia ted  w i t h  t h i s  m a t e r i a l  
may p rov ide  some n u t r i t i v e  va lue  
(Cammen e t  a l .  1978). Th i s  m a t e r i a l  
i s  p robab ly  inges ted  i n c i d e n t a l l y ,  as 
j u v e n i l e s  and a d u l t s  occas iona l l y  feed 
by scooping up o r  d i v i n g  i n t o  t h e  
subs t ra te  (Roe lo fs  1954; Chao and 
Musick 1977). 

D i e t s  o f  l a r g e r  j u v e n i l e s  a r e  
va r i ab le .  Studies w i t h i n  t he  South 
A t l a n t i c  Region (S t i ckney  e t  a l .  1975, 
Hodson e t  a l .  1981b) showed no p a t t e r n  
i n  t he  d i e t  o f  spot,  and s i m i l a r  
f i n d i n g s  have been repo r ted  i n  o t h e r  
areas (Sher idan 1979). Regional 
d i f f e r e n c e s  i n  t h e  d i e t s  a r e  probably  
due t o  d i f f e r e n c e s  i n  t h e  a v a i l a b i l i t y  
o f  p rey  i n  t h e  v a r i e t y  o f  h a b i t a t s  i n  
which spo t  1  i ve .  

The prey  o f  a d u l t s  i n  es tua r i ne  
o r  coas ta l  waters o f  t h e  South 
A t l a n t i c  Region has n o t  been repor ted,  
b u t  a d u l t  spo t  p robab ly  feed much as 
they  do i n  o t h e r  areas. Chao and 
Musick (1977) repo r ted  t h a t  a d u l t  spo t  
i n  Chesapeake Bay were noc tu rna l  
p redators  on zooplankton, ben th i c  
in fauna,  and epi fauna.  Organisms most 
f r e q u e n t l y  consumed were polychaetes 
(most ly  P e c t i n a r i a  g o u l d i  i, Glyc inde 
so l  i t a r i a ,  Amphi tri t e  spp., Nere is  
succinea, and Ne t h  s  spp.), amphipods 
w s  s p p . ) J m a c e a n s ,  gas t ro -  
p o d s , e c y p o d s  , nematodes, t h e  mysid 
~ e o m y s i s  americana, and severa l  cope- 
pods. L i v i n g s t o n  (1984) repo r ted  
s i m i l a r  f i n d i n g s  f o r  two popu la t ions  
o f  spo t  i n  t h e  G u l f  o f  Mexico. 

Produc t ion  and Energe t ics  

Because spo t  m ig ra te  o f f s h o r e  i n  
f a1  1, t h e i r  p roduc t i on  may represent  a  
cons iderab le  energy exchange between 
e s t u a r i n e  and she1 f ecosystems. 
Weinste in and Wal t e r s  (1981) est imated 
produc t ion  on a  month ly  b a s i s  f rom 



c o l l e c t i o n s  i n  t h e  Cape Fear estuary.  
Est imates pooled f rom severa l  sampl i n g  
s i t e s  f o r  t h e  e n t i r e  7-month p e r i o d  o f  
marsh res idence  f o r  young-of - the-year  
r e s u l t e d  i n  a  va lue  o f  0.17 g  wet 
weight/m2. T h i s  was equ i va len t  t o  
0.05 g  d r y  weight/m2 o r  257 
ca lo r ies /m2 (Weins te in  and Wal t e r s  
1981). Adams (1976) es t imated  
p roduc t i on  f o r  spo t  i n  two seagrass 
(Zos te ra  mar ina)  h a b i t a t s  a t  Bogue 
Sound a n d P h i l  1  i p s  I s l and ,  No r th  
Caro l ina .  H i s  s t udy  i nc l uded  a l l  age 
c lasses,  though i t  probab ly  emphasized 
young-of - the-year  because o f  t h e  
w i n t e r  and s p r i n g  sampl ing per iods .  
Month ly  p roduc t i on  es t imates  ranged 
f rom 37 t o  356 ca lo r ies /m2.  These 
s t u d i e s  suggest t h a t  marshes and 
seagrass beds a r e  s i m i l a r l y  p r o d u c t i v e  
as nursery  areas f o r  spot.  

Est imates o f  t h e  d a i l y  r a t i o n  o f  
p o s t l a r v a e  r e l a t i v e  t o  t h e  f i s h ' s  wet 
body we igh t  have ranged f rom 4.3% t o  
9.0% ( K j e l s o n  e t  a l .  1975; K j e l s o n  and 
Johnson 1976). The lower  r a t i o n  
es t imates  (4.3%) a r e  l e s s  than  some 
p r e d i c t i o n s  o f  me tabo l i c  need based on 
oxygen consumption requi rements 
(K je l son  e t  a l .  1975; K je l son  and 
Johnson 1976) ; t h e  d iscrepancy between 
t he  r a t i o n  and me tabo l i c  need was 
b e l i e v e d  t o  be due t o  an inadequate 
food  supp ly  d u r i n g  t h e  sampl ing p e r i o d  
( K j e l s o n  e t  a l .  1975). The h i ghe r  
d a i l y  r a t i o n  es t imates  (9.0%) were 
ob ta ined  f rom l a r v a e  captured a  yea r  
l a t e r ,  when t h e  food  supp ly  was 
g rea te r .  Such f i n d i n g s  suppor t  t h e  
c r i t i c a l  p e r i o d  concept which main- 
t a i n s  t h a t  year -c lass  s t r e n g t h  i s  
determined by t h e  a v a i l a b i l i t y  o f  food  
a f t e r  t h e  l a r v a l  y o l k  supp ly  has been 
used (see May 1974), and a re  s i m i  1  a r  
t o  s t ud ies  o f  o t h e r  mar ine f i s h e s  
(Houde 1978). The tremendous 
f l u c t u a t i o n s  observed i n  spo t  
popu la t ions  i n  t h e  pas t  (Joseph 1972) 
may thus  be due t o  v a r i a t i o n s  i n  
s u r v i v a l  o f  l a r vae .  I n  a d d i t i o n ,  such 
es t imates  i n d i c a t e  t h a t  1  a r v a l  and 
p o s t l a r v a l  spo t  e n t e r i n g  e s t u a r i e s  may 
s i g n i f i c a n t l y  a f f e c t  copepod popul a- 

t i o n s  (Thayer e t  a l .  1974; K je l son  and 
Johnson 1976). 

P reda t i on  and P a r a s i t i s m  

There i s  l i t t l e  pub l i shed  i n f o r -  
mat ion  about p reda t i on  on spot .  
Because o f  t h e i r  abundance and wide 
d i s t r i b u t i o n  t hey  a re  p robab ly  preyed 
upon by a  l a r g e  number o f  o t h e r  
f i s h e s .  We ins te in  and Wal t e r s  (1981) 
r epo r t ed  t h a t  s i  l v e r s i d e s  (Menid ia  
spp.) preyed h e a v i l y  on pos t l a r vae  i n  
es tua r i es ;  t h e i r  da ta  suggested t h a t  
p reda t i on  a f f e c t s  d i s t r i b u t i o n  
p a t t e r n s  o f  post1 arvae. 

J u v e n i l e  and a d u l t  spo t  a re  
eaten by many o t h e r  f i shes ,  i n c l u d i n g  
s t r i ped -bass ,  Morone s a x a t i l  i s ;  s i l k y  
shark, Carcharhinus f a l c i f o r m i s ;  
sea t rou t ,  Cynoscion spp.;, 
Pomatomus s a l t a t r i x ;  mackerels,  
Scomberomorus spp.; longnose gar, 
Lepisosteus osseus; and f lounders ,  
Para1 i c h t h  s  s p p . - ( ~ o l l  i s  1952; Dawson 
h e  1978: Rozas and Hacknev 

Few e x t e r n a l  p a r a s i t e s  o f  spo t  
have been r e ~ o r t e d .  The ~ a r a s i t i c  
copepods ~ e r n a e e n i c u s  r a d i a t u s  and 
Ergas i  l u s  1 i z a e  ( D a w s o n i  have 
been report-rom spo t  c o l  1  ec t e d  o f f  
South d a r o l i n a  and ' i n  t h e  G u l f  o f  
Mexico, r e s p e c t i v e l y .  The marine 
leech  ~ ~ z o b d e l l a  
r e ~ o r t e d  f rom 

The spo t  serves as hos t  t o  many 
d i f f e r e n t  types o f  i n t e r n a l  p a r a s i t e s ,  
i n c l u d i n g  a  microspor idean,  I ch thyo -  
spor id ium sp.; t h e  monogenetic trema- 
todes Tagia b a i r d i e l  l a ,  Pedocot l e  
minima, and D i c l i dopho ra  cauda e i s ;  t h e  
d i g e n e t i c  trematode Aphanurus sp.; and 
t h e  acanthocephal an T e l o s e n t i s  
t e n u i c o r n i s  (Kora tha  1955; B u l l o c k  
1957; Harg is  1957; Schwartz 1963; 
Sprague 1966; Sprague and Hussey 1980; 
Govoni 1983). 



ENVIRONMENTAL REQUIREMENTS 

Temperature, Sal i n i t y ,  and D isso lved  
Oxygen 

Spot occur  throughout  a  wide 
range o f  physicochemical cond i t i ons ;  
however, r e l a t i v e l y  1  i t t l e  i s  known 
about t h e  e f f e c t s  o f  physicochemical 
c o n d i t i o n s  on d i f f e r e n t  stages of 
spot.  I n  most s tud ies ,  o n l y  t h e  
l i m i t s  o f  t o l e rance  o f  a  p a r t i c u l a r  
l i f e  stage t o  one o r  two envi ronmenta l  
v a r i a b l e s  have been determined; 
v i r t u a l  l y  no th i ng  i s  known about  
i n t e r a c t i v e  o r  ch ron i c  e f f e c t s .  

Tolerance t o  thermal shock and 
o t h e r  env i ronmenta l  extremes v a r i e s  
w i t h  developmental s tage ( H e t t l e r  and 
Clements 1978; Ha r twe l l  and Hoss 1979; 
Hodson e t  a l .  1981a). Labora to ry  
s t u d i e s  i n d i c a t e d  t h a t  spo t  embryos do 
n o t  develop a t  temperatures be1 ow 14 
"C, b u t  t h a t  l a r v a e  can t o l e r a t e  
temperatures as low as 5  "C ( H e t t l e r  
and Clements 1978). Bur ton  (1979) 
r epo r t ed  t h a t  v e n t i  1  a t i o n  r a t e s  
i n d i c a t i v e  o f  c o l d  s t r e s s  occur red  i n  
j u v e n i l e s  h e l d  a t  5  "C. To lerance o f  
spo t  eggs t o  thermal  shock v a r i e s  
seasonal ly ;  t h e  eggs a re  a f f ec ted  
more by heat  shock than  a re  e a r l y  
embryos and l a r v a e  ( H e t t l e r  and 
Clements 1978). The r a t e  o f  pos t -  
shock c o o l i n g  a l s o  a f f e c t e d  egg and 
1  a r v a l  mo r ta l  i ty; r a p i d  coo l  i ng 
increased m o r t a l i t y .  

E a r l y  f i e l d  observa t ions  ( H i l d e -  
brand and Cable 1930; Dawson 1958) 
suggested t h a t  j u v e n i l e s  may be more 
t o 1  e r a n t  o f  1  ow temperatures than  
a d u l t s .  "Cold shock" has been 
repo r t ed  i n  l a r v a l  f i s h  r e tu rned  t o  
acc l  i m a t i o n  temperatures f o l  1  owing 
thermal shock (Hoss e t  a l .  1974; 
H e t t l  e r  and C l  ements 1978). However, 
t he  temperature t o 1  erance o f  1  arge 
j u v e n i l e  and a d u l t  spo t  i s  n o t  known. 

The upper temperature t o l e rance  
and t h e  thermal shock t o l e r a n c e  o f  
e a r l y  l i f e  h i s t o r y  stages a l s o  va ry  

w i t h  a c c l  i m a t i o n  temperature (Hoss e t  
a l .  1974; H e t t l e r  and Clements 1978; 
Ha r twe l l  and Hoss 1979; Hodson e t  a l .  
1981a). As acc l  ima t i on  temperatures 
increase,  t o l e rance  t o  heat  shock 
decreases. The upper temperature 
t o l e rance  f o r  p o s t l a r v a l  and smal l  
j u v e n i l e  spo t  i s  about  35 "C, 
depending on t h e  s i z e  o f  t h e  f i s h ,  i t s  
c o n d i t i o n ,  and t h e  acc l  ima t i on  
temperature (Hodson e t  a1 . 1981a). 

Hodson e t  a l .  (1981a) found t h a t  
as a c c l i m a t i o n  temperature increased,  
c r i t i c a l  thermal maxima (CTM) o f  spo t  
a l s o  increased.  However, a  s i g n i f i -  
can t  i n t e r a c t i o n  e f f e c t  was e v i d e n t  
between temperature and s a l i n i t y ,  such 
t h a t  CTM values inc reased w i t h  
decreased s a l i n i t y  a t  low a c c l i m a t i o n  
temperature (10 "C), b u t  decreased 
w i t h  decreasing s a l i n i t y  a t  h i g h  
a c c l i m a t i o n  temperature (30 "C). Thus 
because young spo t  a r e  i n i t i a l l y  
acc l  imated t o  c o l d  ocean tempera- 
t u res ,  t h e  decrease i n  s a l i n i t y  as 
they  move i n t o  e s t u a r i e s  inc reases  
t h e i r  CTM and t o l e rance  t o  h i g h e r  
temperatures t h a t  o f t e n  occur  there .  
I n  a d d i t i o n ,  spo t  en t ra i ned  i n  power 
p l a n t  coo l  i n g  water  may have an 
increased chance o f  s u r v i v a l  i f  t h a t  
water  i s  o f  low s a l i n i t y  (Hodson e t  
a l .  1981a). 

Sal i n i  t y  may a f f e c t  development 
of spot .  Powel 1  and Gordy (1980) 
reared  spo t  s u c c e s s f u l l y  a t  30-35 
p a r t s  per  thousand ( p p t ) ,  and found 
o n l y  mi nor  d i f f e r e n c e s  (p robab l y  tem- 
pera tu re - re1  a ted)  between 1  abora to ry -  
r ea red  l a r v a e  and those c o l l e c t e d  i n  
t he  South A t l a n t i c  Region and t h e  G u l f  
o f  Mexico. Low s a l i n i t i e s  do n o t  
appear t o  be necessary f o r  development 
and metamorphosis i n t o  j u v e n i  1  es; 
however, t h e  e f f e c t s  o f  s a l i n i t y  on 
s u r v i v o r s h i p  o f  l a r v a e  and i n d i r e c t  
e f f e c t s  on l a t e r  stages a r e  n o t  known. 
Perez (1969) found t h a t  spo t  were more 
a c t i v e  a t  a  h i ghe r  r a t e  o f  s a l i n i t y  
change (10  p p t l h )  than  a t  lower  r a t e s  
( 5  p p t l h ,  1 p p t l h )  and suggested t h a t  
spo t  may avo id  areas w i t h  r a p i d l y  
changing s a l i n i t y .  



The to lerance  of postlarval  and 
juvenile spot  t o  low oxygen concen- 
t r a t i o n s  i s  intermediate in comparison 
with o ther  es tuar ine  species (Burton 
e t  a l .  1980; Subrahmanyam 1980; 
Neumann e t  a1 . 1981). Exposure of 90 
mm TL spot  t o  a dissolved oxygen 
concentration of 0.8 mg/l f o r  96 h a t  
27 "C resul ted  i n  5% morta l i ty ;  an 
oxygen concentration of 0.6 mg/l 
resul ted  in 95% morta l i ty  (Burton e t  
a l .  1980). These r e s u l t s  should not 
be in terpre ted as indicat ing sa fe  
l eve l s  because the  chronic e f f e c t s  of 
depressed oxygen l eve l s  on growth and 
survival a re  unknown. Concentrations 
g rea te r  than 0.6-0.8 mg/l could be 
below the  tolerance level  under 
condit ions of increased a c t i v i t y ,  
higher temperature, o r  o ther  f a c t o r s  
a f fec t ing  metabol ism (Burton e t  a1 . 
1980). A1 though the metabolic r a t e  of 
spot i s  r e l a t i v e l y  low, t h e i r  oxygen 
requirements (per  u n i t  body weight) 
may render them u n f i t  t o  survive 
hypoxia in shallow t i d a l  pools 
(Subrahmanyam 1980). 

Subst ra te  and Svstem Features 

Spot use inshore es tua r ine  and 
offshore marine environments during 
t h e i r  ontogeny. Various 1 i f e  h i s to ry  
s tages  a r e  d i f f e r e n t i a l l y  d i s t r ibu ted  
in  e s tua r i es  and a re  c r i t i c a l l y  
dependent on d i f f e r e n t  hab i t a t s .  
T h u s ,  a1 t e r a t i o n s  of the  sa l  i n i  t y  o r  
temperature regimes of an es tuary  may 
have s i g n i f i c a n t  impacts on the  
pcpulation of spot  i n  any p a r t i c u l a r  
es tuary .  Increased mortal i t y  o r  
displacement and subsequent f a i l u r e  t o  
recolonize some es tua r ine  hab i t a t s  
have been observed a f t e r  periods of 
a l t e red  r i v e r  flow in  North Carolina 
(Weinstein 1979; Weinstein and Brooks 
1983). 

Habitat a1 t e ra t ions  resu l t ing  
from indus t r i a l  e f f luen t s  a f f e c t  the  
abundance of spot  in  coas ta l  seagrass 
systems (Livingston 1975, 1984). The 
composition and s t r u c t u r e  of the  
benthic community upon which l a rge r  

spot  feed were s u b s t a n t i a l l y  a l t e r e d ,  
and the s i ze - spec i f i c  feeding pat terns  
of spot  were changed. 

Studies by Kil by (1955), Springer 
and Bull i s  (1956), and Simmons (1957) 
suggested t h a t  subs t ra te  fea tures  a r e  
important i n  a f fec t ing  the  d i s t r ibu-  
t ion  of spot.  Data from offshore 
c ru i ses  (Springer and Bull i s  1956) 
showed higher catches over mud and 
sand bottom than over l i v e  bottom 
(sponge-coral ) areas .  In e s t u a r i e s ,  
spot  appear t o  prefer  subst ra tes  with 
lower organic content  than those 
preferred by some other  species of 
sciaenids (Weinstein 1979). Because 
current  pat terns  a f f e c t  s e t t l  i  ng of 
organic and inorganic pa r t i cu la tes  , 
a1 t e r a t i o n  of the  current  pat terns  in  
e s tua r i es  may a1 t e r  subs t ra te  fea tures  
and other c h a r a c t e r i s t i c s  s u f f i c i e n t l y  
t o  a f f e c t  the  d i s t r ibu t ion  of spot and 
other  es tuar ine  species .  Not a l l  such 
changes may be harmful t o  the  popula- 
t ion  of spot i n  any pa r t i cu la r  area;  
however, the  e f f e c t s  in  any given area 
would be d i f f i c u l t  t o  predic t .  

Contaminants 

Many pes t i c ides ,  herbicides,  
heavy metals , and chlor inat ion by- 
products have been found t o  have s ig -  
n i f  i can t  l e tha l  o r  sublethal  e f f e c t s  
on a17 s tages  of the  l i f e  h i s to ry  of 
spot.  Developing eggs and larvae  may 
be espec ia l ly  s e n s i t i v e  t o  environmen- 
t a l  contaminants (Engel and Sunda 
1979). Furthermore, because of t h e i r  
r e l a t i v e l y  long residence period in a 
pa r t i cu la r  t i d a l  creek and the  adja- 
cent  marsh (Weinstein 1983), post- 
larval  and juvenile stages may be 
repeatedly exposed t o  various 
contaminants. 

Several heavy metal s (copper, 
lead,  cadmium, and mercury) a r e  known 
t o  be toxic  t o  various l i f e  s tages  of 
spot (Engel and Sunda 1979; Hawkins e t  
a1 . 1980), but no one has investiga- 
ted the  e f f e c t s  of a given metal on 
a1 1 developmental s tages .  Dif ferent  
metal forms ( i o n s ,  f r e e  metal ,  e t c . )  



vary  i n  t o x i c i t y  and may change w i t h i n  
es tuar ies .  Copper ions  i n h i b i t  
ha tch ing  and development o f  spot 
(Engel and Sunda 1979), and cadmium 
l e v e l s  o f  10 p a r t s  per  m i l l i o n  (ppm) 
cause rena l  f a i l u r e  and death o f  
j u v e n i l e s  (Hawkins e t  a l .  1980). The 
t o x i c i t y  o f  some metal s  t o  phytopl  ank- 
t on  and i nve r teb ra tes  (Sunda and 
G u i l l a r d  1976; Anderson and Morel 
1978; Sunda e t  a l .  1978) may have 
de le te r i ous  e f f e c t s  on e a r l y  l i f e  
h i s t o r y  stages o f  spo t  t h a t  r e l y  on 
these organisms f o r  food. 

Many p e s t i c i d e s  and herb ic ides  
have l e t h a l  and sub le tha l  e f f e c t s  on 
spot (Bahner e t  a l .  1977; Schimnel and 
Wilson 1977; S t e h l i k  and Mer r i ne r  
1983). Runoff f rom a g r i c u l t u r a l  1  ands 
has caused widespread as w e l l  as 
l o c a l i z e d  f i s h  k i l l s  i n  several  South 
Caro l ina  es tua r i es  (J. S e t t l e ,  South 
Carol i n a  W i  l d l  i f e  and Marine Resources 
Commission, Char1 eston, pers. comm.) . 
Agrochemical s  have been imp1 i c a t e d  i n  
f i s h  k i l l s  i n  many es tua r i ne  areas 
( S t e h l i k  and Mer r i ne r  1983). Sub- 
l e t h a l  q u a n t i t i e s  accumulat ing through 
ch ron i c  exposure can produce s k e l e t a l  
de fo rm i t i es .  Many o f  these compounds 
a re  r e l a t i v e l y  p e r s i s t e n t  i n  t h e  
aquat ic  environment, as they  remain i n  
sediments and animal t i s sues  f o r  long 
per iods.  Because spot  appear t o  
remain i n  a  p a r t i c u l a r  creek o r  area 
of marsh throughout  most o f  t h e  summer 
growth per iod,  they  may be more 1  i k e l y  
than many o the r  es tua r i ne  f i s h e s  t o  
s u f f e r  f rom repeated exposure t o  
these compounds. 

Chl o r i  ne-produced ox idants  (CPO) 
from secondary sewage t reatment  wastes 
and e l  e c t r i c  generat ing p l  ants a1 so 
can have s i g n i f i c a n t  de le te r i ous  
e f f e c t s  on j u v e n i l e  spot (Tsa i  1968; 
Middaugh e t  a l .  1977, 1980). High 
concent ra t ions  (>0.13 mg CPO/ l i te r )  
were acu te l y  t o x i c  i n  f l o w i n g  water  
t e s t s  conducted a t  29-31 O C  and 

s a l i n i t i e s  o f  26-31 ppt .  Sublethal  
concent ra t ions  (<0.12 mg CPO/l i t e r )  
depressed feed ing  du r i ng  an 8-day 
pe r i od  o f  exposure (Middaugh e t  a l .  
1980). It i s  n o t  known whether such 
sub1 e tha l  concent ra t ions  a f f e c t  
growth. The t o x i c i t y  o f  bromochl o r i -  
nated seawater t o  spot  appears t o  be 
g rea te r  than t h a t  o f  c h l o r i n a t e d  
seawater. A t  h igh  opera t ing  l e v e l s ,  
some sewage t reatment  p l a n t s  may 
re1  ease q u a n t i t i e s  o f  bromochl o r i na ted  
sewage s u f f i c i e n t  t o  cause death o f  
j uven i  1  e  spot  (Roberts and G l  eeson 
1978; Roberts 1980). Not a l l  stages 
o f  spot  have been examined w i t h  regard 
t o  t o x i c i t y ,  and almost no i n fo rma t i on  
i s  a v a i l a b l e  about t he  e f f e c t s  of 
longterm exposure o f  spo t  t o  these 
compounds. 

Other Factors 

Spot have s i g n i f i c a n t l y  slower 
swimming speeds than o t h e r  abundant 
es tua r i ne  f i s h e s  ( H e t t l  e r  1979). 
Small spo t  (<2.7 cm SL) cannot main- 
t a i n  t h e i r  o r i e n t a t i o n  i n  cu r ren ts  
exceeding 15 cm/s, and somewhat l a r g e r  
spot  (2.5-5.0 cm SL) cannot ma in ta in  
t h e i r  o r i e n t a t i o n  i n  cu r ren ts  exceed- 
i n g  30 cm/s ( R u l i f s o n  1977; H e t t l e r  
1979). These low swimming speeds and 
endurance l e v e l s  cou ld  r e s u l t  i n  
s i g n i f i c a n t  mor ta l  i t y  o f  spo t  caught 
i n  i n t a k e  s t r u c t u r e s  a t  i n d u s t r i a l  o r  
power generat ing p lan ts .  

Swimming and o r i e n t a t i o n  behavior  
o f  spo t  vary  w i t h  s i ze .  Spot <5 cm SL 
o r i e n t  i n t o  weak cu r ren ts  ( < I 5  cm/s), 
whereas l a r g e r  spot  d r i f t  w i t h  them. 
Thus, d e s p i t e  t h e i r  increased swimming 
capabi l  i t i e s ,  t he  l a r g e r  spot  a re  a l s o  
vu lnerab le  t o  impingement on i n t a k e  
s t r u c t u r e s  (Rul i f s o n  1977). A1 t e r a -  
t i o n s  i n  t h e  design o r  c a r e f u l  p lace-  
ment o f  i n t a k e  s t r u c t u r e s  may reduce 
impingement and entrainment o f  spot .  
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