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PREFACE 

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

Suggestions o r  quest ions regard ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one of 
t h e  f o l l  owing addresses. 

I n fo rma t i on  Trans fer  S p e c i a l i s t  
Nat iona l  Wetlands Research Center 
U.S. F i s h  and W i l d l i f e  Serv ice  
NASA-Slidel l  Computer Complex 
1010 Gause Boulevard 
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A t t e n t i  on: WESER-C 
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CONVERSION TABLE 

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

m i l  1  imete rs  (mm) 
cen t imete rs  (an) 
meters (m) 
k i  1  m e t e r s  ( km) 

2 
square meters (m ) 10.76 
square k i  1  m e t e r s  ( km2) 0.3861 
hec ta res  (ha)  2.471 

l i t e r s  ( 1 )  
c u b i c  ineters  (m3) 
cub ic  meters 

To Obta in  

inches 
inches 
f e e t  
m i l  es 

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

gal 1  ons 
cub ic  f e e t  
a c r e - f e e t  

m i l l  igrams (mg) 0.00003527 ounces 
grams ( g )  0.03527 ounces 
k i lograms ( k g )  2.205 pounds 
m e t r i c  tons ( t )  2205.0 pounds 
m e t r i c  tons 1.102 s h o r t  tons  
k i  1  ocal o r i e s  ( kcal  ) 3.968 B r i t i s h  thermal u n i t s  

Ce ls ius  deyrees 1.8(OC) + 32 Fahrenhe i t  degrees 

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

inches 25.40 
inches 2.54 
f e e t  ( f t )  0.3048 
fathoms 1.829 
m i l e s  ( m i )  1.609 
n a u t i c a l  m i l e s  ( m i )  1.852 

square f e e t  ( f t 2 )  0.0929 
acres 2 0.4047 
square m i l e s  (mi ) 2.590 

gal  1  ons ( gal ) 
cubic  f e e t  ( f t 3 )  
a c r e - f e e t  

ounces (02)  28.35 
pounds ( l b )  0.4536 
s h o r t  t o n s  ( t o n )  0.9072 
B r i t i s h  thermal u n i t s  ( B t u )  0.2520 

m i l  1  imete rs  
cen t imete rs  
meters 
meters 
k i l  ometers 
k i  1  ometers 

square meters 
hectares 
square k i l o m e t e r s  

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

grains 
k i  1  ograms 
m e t r i c  tons 
k i  1  ocal o r i  es 

Fahrenhei t  degrees 0.5556(OF - 32) Ce ls ius  degrees 
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F igu re  1. Southern f l ounde r  F igure  2. G u l f  f l ounde r  (Para1 i c h t h y s  
(Para1 i c h t h y s  le thos t igma)  (Powel 1  a1 b i  u t t a )  (Powel l  1974; redrawn from 
1974; redrawn from Ginsburg 1952). *1952). 

F i gu re  3. Summer f l ounde r  
(Para l  i c h t h y s  dentatus)  (Powel 1  1974; 
redrawn f rom GI-1952). 

SOUTHERN, GULF, AND SUMMER FLOUNDERS 

S c i e n t i f i c  name ....... Para1 i c h t h y s  
l e thos t i gma  Jordan and G i l b e r t  

P r e f e r r e d  common name ..... Southern 
f lounder  (F igu re  1) 

Other  common names ... Mud f l ounde r ,  
southern 1  arge f l ounde r ,  doormat, 
f lounder ,  f l u k e ,  h a l i b u t  

S c i e n t i f i c  name ....... Para1 i c h t h y s  
a l b i g u t t a  Jordan and G i l b e r t  

P r e f e r r e d  common name ......... G u l f  
f lounder  (F igu re  2) 

Other  common names .. Sand f lounder ,  
f l ounde r ,  f l u k e  

S c i e n t i f i c  name ....... Para1 i c h t h y s  
d e n t a t u ~  ( L i  nnaeus) 

P r e f e r r e d  common name ....... Summer 
f l o u n d e r  (F igu re  3 )  

Other  common names ........ American 
t u r b o t ,  1  ong- toothed f l ounde r ,  
common f l ounde r ,  f l ounde r ,  f l u k e ;  
f l o u n d e r  o f  New York (New York); 
p l a i c e  (New York, Massachusetts) ; 
t u r b o t  (Massachusetts) ; f l a t f i s h  
(Long I s l and ,  New York; Chesapeake 
Bay); ch icken h a l i b u t ,  h a l i b u t ,  
b r a i  1  , puckermouth (Rhode I s 1  and) 

Class ................. Oste ichthyes 
Order ............ Pl  eu ronec t i  formes 
Fami 1  y  ..................... Both idae 



Geographic ranges:  

Southern f l  ounder:  Occurs f rom 
A1 bemarl e  Sound, N o r t h  Caro l  i na ,  
sou th  t o  Loxahatchee R i ve r ,  on 
l owe r  e a s t  coas t  o f  F l o r i d a ;  i t  i s  
absent  f rom t h e r e  sou th  and around 
t i p  o f  p e n i n s u l a r  F l o r i d a ,  b u t  
occurs  i n  Cal oosahatchee R i v e r  
Es tuary ,  on southwest  coas t  o f  
F l o r i d a ,  and f rom t h e r e  around t h e  
G u l f  o f  Mexico t o  n o r t h e r n  Mexico 
(Hoese and Moore 1977; Manooch 
1984) ( F i g u r e  4 ) .  Most common i n  
wes te rn  h a l f  o f  t h e  G u l f  o f  Mex- 
i c o .  Gene ra l l y  occup ies  wa te r  o f  
l e s s e r  average dep th  t han  e i t h e r  
t h e  g u l f  f l o u n d e r  o r  t h e  summer 
f l o u n d e r .  It i s  common t o  dep ths  
o f  47 m ( N a l l  1979); t h e  g r e a t e s t  
con f i rmed  dep th  i s  about 61  m 
(Stokes 1977). F requen t l y  occurs  
i n  wa te r  o f  l ow  s a l i n i t y  o r  even 
f r eshwa te r  (Ross 1980). 

Gul f f l o u n d e r :  Ranges c o n t i n u o u s l y  
i n  c o a s t a l  wa te rs  f rom Cape Look- 
ou t ,  N o r t h  Ca ro l i na ,  t o  Corpus 
Ch r i  s t i  , Texas ( F i g u r e  5) ,  u s u a l l y  
i n  wa te rs  l e s s  t han  92 m  deep, b u t  
o c c a s i o n a l l y  as deep as 128 m  
(Ginsburg 1952; Gutherz 1967).  Has 
occas iona l  1  y  been recorded  f rom 
extreme wes te rn  Bahamas (Bohl ke and 
Chap l i n  1968), and i s  most common 
i n  e a s t e r n  ha1 f o f  G u l f  o f  Mexico 
and a long  e a s t e r n  coas t  o f  F l o r i d a .  
R a r e l y  e n t e r s  wa te rs  o f  reduced 
s a l  i n i  t i e s ,  and never  e n t e r s  f r e s h -  
wa te r .  

Summer f l o u n d e r :  Ranges f rom G u l f  o f  
Maine ( B i g e l  ow and Schroeder 1953) 
and occas iona l  l y  Nova S c o t i  a  (Leim 
and S c o t t  1966) sou th  a long  A t l a n -  
t i c  coas t  a t  l e a s t  t o  Sebas t ian  
I n l e t ,  on sou theas t  coas t  o f  F l o r -  
i d a  ( F i g u r e  6 ) .  Repor ts  o f  occur -  
rence  i n  G u l f  o f  Mexico (Poole 
1962; Powel 1  1974; Rogers and Van 
Den Avy l e  1983) a r e  i n  e r r o r  (G ins -  
burg  1952; Gutherz 1967; Topp and 
H o f f  1972; Hoese and Moore 1977; 
W i l  k  e t  a1 . 1980; Manooch 1984).  
Most common between Cape Cod and 
Chesapeake Bay, u s u a l l y  i n  wa te rs  
l e s s  t han  37 m deep, and occas ion-  

a l l y  down t o  183 m; b u t  occurs  a t  
g r e a t e r  average depths t o  t h e  
south.  Ra re l y  e n t e r s  wa te rs  o f  
reduced s a l  i n i  ti es, and never  
recorded  from f reshwate r .  

MORPHOLOGY/IDENTIFICATION AIDS 

A d u l t s  

A l l  spec ies  o f  Para1 i c h t h y s  a r e  
r e 1  a t i v e l y  1  arge, r obus t ,  da r k i sh ,  
l e f t e y e d  f l a t f i s h e s  w i t h  1  arge mouths 
(upper  jaw ex tend ing  t o  o r  beyond 
p o s t e r i o r  marg in  o f  eye) and w e l l  - 
developed t e e t h .  The bases o f  bo th  
p e l v i c  f i n s  a re  s h o r t  and n e i t h e r  
extends f o rwa rd  t o  t h e  u rohya l  bone. 

Southern F lounder  

D i f f u s e  d a r k  spo ts  'and b l o t c h e s  
on pigmented s i d e  o f  body, o c e l l a t e d  
spo ts  absent  ( F i g u r e  1); g i l l  r a k e r s  
on l o w e r  l i m b  o f  o u t e r  a rch  8 -11  
( u s u a l l y  9 -10) ;  anal r a y s  63-73 
( u s u a l l y  65-71) ; d o r s a l  r a y s  80-95 
( u s u a l l y  84-92) ; sca les  i n  s t r a i g h t  
p o r t i o n  o f  l a t e r a l  l i n e  52-69 
(usua l  l y  56-64) ; s i z e  r e 1  a t i  v e l y  
l a r g e :  a t t a i n s  a  maximum s tandard  
l e n g t h  ( d i s t a n c e  f rom snout  t o  base 
o f  t a i l )  o f  660 mm and a  we igh t  o f  
ove r  3  kg ( N a l l  1979).  

Gul f F l  ounder 

Three sma l l ,  u s u a l l y  conspicuous, 
o c e l l a t e d  spo ts  on pigmented s i d e  o f  
body i n  a  t r i a n g u l a r  p a t t e r n ,  w i t h  
t h e  apex o f  t h e  t r i a n g l e  p o i n t i n g  
p o s t e r i o r l y  and t h e  pos te r i o rmos t  
spo t  s i t u a t e d  a s t r i d e  1  a t e r a l  1  i ne 
( F i g u r e  2 ) ;  g i l l  r a k e r s  on l owe r  l i m b  
o f  o u t e r  a rch  9-12 ( u s u a l l y  10-11);  
anal  r a y s  53-63 ( u s u a l l y  56-61);  
do r sa l  r a y s  71-85 ( u s u a l l y  75-81) ;  
s ca l es  i n  s t r a i g h t  p o r t i o n  o f  1  a t e r a l  
l i n e  47-60 ( u s u a l l y  52-57) ;  s i z e  
r e l a t i v e l y  smal l  : a t t a i n s  a  maximum 
s tandard  l e n g t h  (SL) o f  about 420 mm 
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Figure  4. Areas o f  g rea tes t  abundance o f  southern f l ounde r  i n  south Flor ida.  
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and a  we igh t  o f  about 1.7 kg (Na l l  
1979). V i ck  (1964) suggested a  
maximum l e n g t h  o f  over  700 mm. 

Summer Flounder 

F i v e  small  o c e l l a t e d  spots 
u s u a l l y  p resent  on pigmented s i d e  o f  F igu re  7. Late p o s t l  a r v a l  pigmenta- 
body (becoming obscure i n  1  a rger  t i o n  of  summer f l ounde r  (Deubler 
specimens), w i t h  t h e  f i r s t  two and 1958). 
l a s t  two s i t u a t e d  on t h e  l a t e r a l  1  i n e  
(F igu re  3 ) ;  g i l l  r a k e r s  on lower  l i m b  . - 
o f  o u t e r  a rch  13-18 ( u s u a l l y  15 o r  
more); anal r a y s  61-73 ( u s u a l l y  
66-70) ; do rsa l  r a y s  80-96 ( u s u a l l y  
85-90);  sca les  i n  s t r a i g h t  p o r t i o n  
o f  l a t e r a l  l i n e  56-76 ( u s u a l l y  
62-70);  s i z e  r e l a t i v e l y  l a r g e :  
a t t a i n s  a  maximum standard l e n g t h  
(SL) o f  about 700 mm and a  we igh t  o f  
over  4.4 kq (Powel 1  1974). 

Pos t l  arvae 

Pos t l a r vae  ( i  e . ,  i n d i v i d u a l s  
t h a t  have metamorphosed i n t o  an 
a d u l t - l i k e  form) o f  t h e  summer 
f l o u n d e r  can be d i s t i n g u i s h e d  from 
those o f  t h e  southern and g u l f  
f l ounde rs  by p igmenta t ion  p a t t e r n  
(Deubl e r  1958). Summer f l ounde r  a t  
9-15 mm SL have a  w e l l  - de f i ned  band 
o f  b l a c k  pigment a long t h e  border  o f  
t h e  a n t e r i o r  f o u r - f i f t h s  o f  t h e  do r -  
sa l  f i n  and a long t h e  a n t e r i o r  two- 
t h i r d s  o f  t h e  anal f i n  (F igu re  7 ) ;  
pigment i s  l a c k i n g  i n  these areas i n  
bo th  t h e  southern and gu l  f f l ounde rs  
(F igu re  8 ) .  Ve r teb ra l  d i f f e r e n c e s  
a re  a1 so u s e f u l  f o r  separa t ing  pos t -  
l a r v a l  summer f l o u n d e r  f rom t h e  o t h e r  
two species:  P. den ta tus  has 40-42 
t o t a l  ve r t eb rae  ( u s u a l l y  41),  and 
t h e  o t h e r  two species have 36-38, 
u s u a l l y  37. G i l l  r a k e r s  a re  n o t  
s u f f i c i e n t l y  developed a t  t h i s  s i z e  
t o  be o f  a i d  i n  i d e n t i f i c a t i o n .  
Pos t l  a r v a l  southern and g u l f  f l  oun- 
ders  a re  d i f f i c u l t  t o  separate a t  
smal l  s i zes ,  inasmuch as no pigmen- 
t a r y  d i f f e r e n c e s  have been d iscovered  
and v e r t e b r a l  counts f o r  t h e  two spe- 
c i e s  a re  i d e n t i c a l .  Number o f  anal 

F igu re  8. La te  p o s t l  a r v a l  pigmenta- 
t i o n  o f  southern f l ounde r  (Deubler 
1958). 

r ays  i s  t h e  most d i a g n o s t i c  charac-  
t e r ,  b u t  number o f  do rsa l  r ays  w i l l  
a l s o  separate most specimens (see 
summary o f  a d u l t  c h a r a c t e r i s t i c s ) .  

REASON FOR INCLUSION IN  SERIES 

The t h r e e  species o f  Pa ra l i ch thys  
a r e  impo r tan t  components o f  bo th  t h e  
commerci a1 and s p o r t  f i  shery catches, 
b u t  s i nce  they  a re  combined i n  ca tch  
s t a t i s t i c s  under t h e  c o l l e c t i v e  name 
" f luke"  (BCF 1964b-1968b; NMFS 1969b- 
1985b), t h e  exac t  importance o f  each 
species cannot be ascer ta ined .  I n  
genera l ,  however, t h e  summer f l ounde r  
i s  considered t h e  most impor tan t  o f  
t h e  t h r e e  species because o f  i t s  
prominence i n  t h e  s p o r t  and commer- 
c i a l  f i s h e r y  catches on t h e  upper 
A t l a n t i c  coas t  f rom Cape Ha t te ras  
nor thward.  Commerci a1 f i s h e r y  s t a -  
t i s t i c s  f rom 1964 t o  1985 i n d i c a t e  



that "fluke" have become an increas- 
ingly more important part of the 
commercial catch in terms of both 
dollar value and the amount of fish 
taken. 

LIFE HISTORY 

Of the three species, the summer 
flounder has received the greatest 
attention with regard to studies of 
its 1 ife history and ecology; Powell 
(1974) and Rogers and Van Den Avyle 
(1983) have provided the most com- 
plete summaries. Topp and Hoff 
(1972) summarized biological data 
for the gulf flounder. Stokes (1977) 
studied the life histories of both 
the gulf and southern flounders in 
the Aransas Bay area of Texas, and 
Nall (1979) studied age and growth 
of these two species in the northern 
Gulf of Mexico. Powell (1974), in 
his study of the summer flounder in 
North Carol i na, a1 so i ncl uded consid- 
erable ecological data on the 
southern flounder and 1 imi ted data 
for the gul f flounder. 

Reproduction 

Reproductive strategies appear to 
be similar for the three species of 
Paral ichthys. Adults of each species 
spend most of the year in bays and 
estuaries, emigrating into deeper 
offshore waters during fall and 
winter as temperatures drop. 
Spawning occurs at these times; ripe 
individuals have been collected from 
September to mid-Apri 1 (Bigel ow and 
Schroeder 1953; Smith 1973) at 
depths ranging from 20 to 136 m. 
Spawning begins earlier at more 
northerly 1 ati tudes (Smith 1973), 
and occurs progressively 1 ater as 
one proceeds southward. Eggs and 
newly hatched larvae float at or 
near the surface, and the developing 
individuals are carried inshore by 
winds and currents into nursery 
areas, where further growth and 

devel opment take pl ace. Appearance 
of juvenile (i e., late postlarval) 
flounders in bays and estuaries 
a1 ong the At1 antic coast usually 
peaks when stratification and tidal 
exchange ratios are at a yearly 
maximum. Juveniles may move to the 
surface at night and then be carried 
by flood tides into tidal creeks 
(Weinstein et al. 1980). In North 
Carol i na, newly metamorphosed 
juvenile Para1 ichthys spp. were 
captured from December through April 
in estuarine nursery areas (Powell 
and Schwartz 1977). Juveniles 
remain in nursery areas until sexual 
maturity is reached, and do not move 
into offshore waters until just 
prior to spawning (Powell and 
Schwartz 1977). 

Controversy exists with regard to 
age at which sexual maturity is 
reached, primarily because of 
differences in interpretation of 
aging techniques. Stokes (1977) and 
Manooch (1984) indicated that both 
southern and gulf flounders attain 
sexual maturity at 2 years of age; 
Powell (1974) reached a similar 
conclusion for the southern flounder. 
Powell (1974) and Manooch (1984) also 
stated that the summer fl ounder does 
not achieve sexual maturity until it 
is 3 years old. However, Nall (1979) 
reported that the southern flounder 
does not reach sexual maturity until 
at least 4 years of age, and that 
sexual maturity of a1 1 individuals 
was not achieved until they were 
more than 6 years old. 

Stokes (1977) reported adult 
southern flounder 1 eaving Aransas 
Bay, Texas, for the Gulf of Mexico 
from mid-October to mid-December. 
Emigration peaked during mid-November 
and seemed to be correlated with a 
sudden drop (4-5OC) in temperature. 
Males appeared to leave somewhat 
earlier than females (Simmons and 
Hoese 1959; Stokes 1977). 

Southern flounder spawn from 
September to April, a1 though peak 



a c t i v i t y  i s  from November t o  January 
(Gunter 1945). Spawning apparent ly  
occurs a t  depths o f  20-60 m (Benson 
1982). Arnold e t  a1 . (1977), who 
observed summer f lounder  spawning i n  
t h e  1 aboratory,  repor ted  t h a t  
spawning females swam upward i n  t he  
water  c o l  umn and re1  eased t h e i r  eggs, 
which were immediately f e r t i l  i zed  by 
a s i n g l e  a t tend ing  male. 

Immigrat ion o f  j uven i  1 e southern 
f l ounder  i n t o  Texas bays begins i n  
January and increases r a p i d l y  i n t o  
February, a f t e r  which the re  i s  a 
gradual increase i n  numbers o f  
i n d i v i d u a l s  throughout t h e  spr ing ;  
abundance peaks du r ing  mid-summer 
(Stokes 1977). Immigrat ion begins 
when t h e  average water temperature 
i s  as low as 13.8OC, and peaks when 
average water temperature i s  between 
16.0 and 16.2OC. Adu l t  summer 
f l ounder  r e t u r n  t o  Texas bays and 
es tua r ies  from February t o  A p r i l ,  
and remain the re  u n t i l  t h e  f o l l o w i n g  
f a l l .  

The o n l y  a v a i l a b l e  f i g u r e s  on 
fecund i t y  are those o f  Arnold e t  a1 . 
(1977), who i n d i c a t e d  an average o f  
40,000 eggs per  female i n  t h e  1-3 kg 
weight  range. N a l l  (1979) found 
developing eggs i n  a l l  female 
southern f lounder  over 6 years o ld ,  
bu t  i n  o n l y  5-18% o f  females 4-6 
years o ld .  The smal les t  matur ing 
female repo r ted  by N a l l  (1979) was 
256 mm SL (308 mm t o t a l  l eng th  [ t i p  
o f  snout t o  t i p  o f  t a i l ] ) .  Manooch 
(1984), who i n d i c a t e d  t h a t  t h i s  
species becomes sexua l l y  mature a t  2 
years o f  age, gave t h e  average t o t a l  
l e n g t h  (TL) o f  2 yea r -o ld  i n d i v i d u a l s  
as around 365 mm. 

Reproduction i n  t he  g u l f  and 
southern f lounders  i s  s i m i l a r  i n  most 
respects.  G u l f  f lounder  spawn i n  t h e  
G u l f  o f  Mexico from m i d - f a l l  through 
mid-winter ,  and Stokes (1977) 
repor ted  r i p e  a d u l t s  l e a v i n g  Aransas 
Bay, Texas, from mid-October through 
December. Spawning e v i d e n t l y  occurs 
o f fshore ,  and specimens w i t h  r i p e  

gonads have been c o l l e c t e d  a t  depths 
o f  20-40 m i n  t h e  eastern G u l f  o f  
Mexico from November through February 
(Topp and H o f f  1972). 

Larva l  g u l f  f lounder  appear i n  
t h e  eas tern  G u l f  o f  Mexico from 
December t o  e a r l y  March (Topp and 
H o f f  1972), and j u v e n i l e s  are seen 
i n  bays and es tua r ies  i n  January 
throughout t h e i r  range, w i t h  peak 
movement usual l y  occu r r i ng  i n  e a r l y  
February (Reid 1954; Spr inger and 
Woodburn 1960; Tagatz and Dudley 
1961; Stokes 1977). Juven i l e  g u l f  
f lounder, 1 i ke southern f l  ounder, 
begin immigra t ing  i n t o  Aransas Bay 
when water temperatures reach 14-16OC 
(Stokes 1977). Topp and H o f f  (1972) 
repor ted  spent females i n  Tampa Bay 
i n  February. 

No fecund i t y  da ta  are a v a i l a b l e  
f o r  t h e  g u l f  f lounder .  Gonadal 
examination by N a l l  (1979) i nd i ca ted  
t h a t  females mature a t  s izes  as small 
as 145 mm SL. Manooch (1984) s ta ted  
t h a t  sexual m a t u r i t y  i n  t h i s  species 
i s  a t t a i n e d  a t  two years o f  age. He 
a l so  i n d i c a t e d  t h e  average t o t a l  
l e n g t h  o f  two-year-o ld i n d i v i d u a l s  t o  
be around 350 rnm, and t h e  average 
l e n g t h  o f  th ree-year -o lds  t o  be about 
400 mm. 

Most i n fo rma t ion  on t h e  summer 
f lounder  i s  based on s tud ies  o f  
popul a t  i ons from Pam1 i co Sound, North 
Carol ina ,  northward. Smith (1973) 
observed a seasonal progression i n  
spawning from n o r t h  to' south. He 
found t h a t  peak spawning a t  t h e  
no r the rn  1 i m i t s  o f  i t s  range occurred 
i n  e a r l y  September, spawning n o r t h  o f  
Chesapeake Bay peaked i n  October, and 
spawning south o f  Chesapeake Bay 
peaked d u r i n g  November. Bi  ge l  ow and 
Schroeder (1953) repor ted  c o l l e c t i o n  
o f  a r i p e  female i n  m id -Apr i l  o f f  
Nantucket I s 1  and, Massachusetts, bu t  
t h i s  i s  unusual. Dur ing t h e  1971-72 
season, spawning d i d  no t  occur u n t i l  
February around Cape Lookout, North 
Caro l ina .  Powell (1974), on t h e  
bas is  o f  gonadal devel opment, 



reported t h a t  most summer flounder in  
North Carolina waters south of Cape 
Hatteras spawned from December 
through February. 

As i s  t r u e  of the  o ther  two 
species ,  summer flounder spend t h e  
warmer months in  coas ta l  embayments 
and sometimes in  nearshore she l f  
waters,  and migrate offshore during 
t h e  fa1 1 as  waters cool.  Rogers and 
Van Den Avyle (1983) reported 
spawning over a broad depth range 
(30-200 m). Individuals move i n t o  
deeper water near the  peak of t h e i r  
gonadal development cycle ,  with the  
o ldes t  and 1 a rges t  f i s h  apparently 
moving out f i r s t  (Morse 1981). The 
most important nursery areas  a r e  
1 ocated between Long Is1 and, New 
York, and South Carolina (Powell 
(1974); the  heaviest  concentrat ions 
a r e  in Virginia and North Carolina 
(Pool e 1966). Summer flounder 1 e s s  
than 280 mm TL a r e  uncommon off  New 
England, which suggests t h a t  ind i -  
viduals found in  those waters have 
migrated t h e r e  from the  south and 
t h a t  most a r e  about th ree  years  old 
(Lux and Nichy 1981). 

Smith (1973) reported t h a t  eggs 
found a t  o r  near the  surface  were 
most common when bottom temperatures 
were 12-190C. Powell (1974) found 
t h e  most eggs in  North Carolina 
waters when bottom temperatures were 
about 150C. 

Pr ior  t o  Smith's (1973) study, 
i t  had genera l ly  been accepted t h a t  
cu r ren t s  t r anspor t  1 arval summer 
f lounder from the  north t o  major 
nursery areas  f a r t h e r  south, but i t  
now appears t h a t ,  a1 though eggs and 
l a rvae  may d r i f t  with the  cur ren t ,  
t h i s  i s  l e s s  important than formerly 
be1 i eved . 

Female summer flounder appear t o  
reach sexual maturi ty a t  300-330 mm 
TL and males a t  240-270 mm TL. The 
smallest  female examined by Morse 
(1981) was 250 mm TL, and the  
smallest  mature male was 190 mm TL. 

Early Devel opmental Stages 

Balon (1975) defined develop- 
mental s tages  a s  egg, l a rva ,  
juveni le ,  and adu l t .  Transit ion 
from egg t o  embryo occurs when the  
egg membrane ruptures ;  the  embryo 
becomes a l a rva  when the  individual 
switches from endogenous t o  exogenous 
feeding; and t h e  l a rva  becomes a 
juveni le  upon metamorphosis t o  an 
a d u l t - l i k e  form. Inasmuch a s  a l l  
th ree  species  spawn offshore ,  the  
various l i f e  s t ages  a r e  adapted f o r  
development in  f u l l  - s t rength  sea- 
water. The onset  of metamorphosis 
in  f l a t f i s h e s  appears t o  be more 
c lose ly  re1 ated t o  environmental 
temperature and/or s i z e  of the  
individual than t o  age (Pol icansky 
1982). 

A1 though a de ta i l ed  descr ip t ion 
of e a r l y  developmental s t ages  e x i s t s  
only f o r  the  summer flounder (Martin 
and Drewry 1978: 157-163), one can 
assume t h a t  t h e  characters  given 
apply in  l a r g e  measure t o  the  o ther  
two species  as  well . Martin and 
Drewry (1978) described the  eggs of 
the  summer flounder as  "small, 
spher ica l ,  and t ransparent  . . . with 
a r i g i d  s h e l l , "  and measuring from 
0.90 t o  1.13 mm (mean = 1.02 mm). 
The eggs a r e  buoyant ( thus ,  pelagic)  
and contain a s i n g l e  o i l  globule in  
the  yo1 k (Figure 9 ) .  

Eggs of the  summer flounder have 
been observed t o  hatch in from 2 t o  9 
days (48 t o  212 hrs)  under laboratory  
condit ions,  a t  temperatures from 210C 
down t o  50C (Johns and Howel 1 1980; 
Johns e t  a l .  1981). Lengths a t  
hatching were from 2.83 t o  3.16 mm 
(Johns e t  a1 . 1981). A1 though those 
authors reported hatching a t  
temperatures as  low a s  50C, they 
a1 so indicated t h a t  temperatures 
below l l ° C  were l e t h a l  t o  larvae  
during development . Yo1 k-sac 
absorption ( i  e . ,  t r a n s i t i o n  t o  
1 arval s tage)  in t h i s  species  occurs 
a t  about 3.6 mm, and Johns e t  a1 . 
(1981) indicated t h a t  t h i s  s i z e  i s  



reached approximately 5.7 days a f t e r  
ha tch ing  a t  11.2OC, o r  i n  2.8 days a t  
21%. At  t h i s  p o i n t  t h e  eyes are 
pigmented, t h e  mouth f u n c t i o n a l ,  and 
t h e  d i g e s t i v e  t r a c t  complete (Figure 
10) .  Hi ldebrand and Cable (1930) 
i nd i ca ted  t h a t  newly hatched embryos 
o f  "Para1 i ch thys  spp. " from Beaufor t ,  
North Carol i n a  ( t h e  summer f lounder  
i s  t h e  dominant species i n  t h a t  area) 
are about 2.5 mm long.  A t  7 mm t h e  
l a r v a e  l o s e  t h e i r  symmetry and t h e  
r i g h t  eye begins t o  migra te  d o r s a l l y .  
Mar t i n  and Drewry (1978), however, 
showed t h a t  t h i s  change i n  symmetry 
occurs a t  a s l i g h t l y  l a r g e r  s i ze  
(ca. 9.5 mm). A t  10.5-11 mm, t h e  
r i g h t  eye becomes s i t u a t e d  on t h e  
r i d g e  o f  t h e  head (F igure  l l ) ,  t h e  
body becomes i n c r e a s i n g l y  compressed, 
and t h e  l e f t  s i de  o f  t h e  body i s  

F igure  9. Egg development and yo1 k -  
sac l a r v a  o f  summer f lounder ,  from 
l e s s  than 32 h a f t e r  f e r t i l i z a t i o n  
t o  75 h a f t e r  f e r t i l i z a t i o n .  Lengths 
expressed i n  standard l e n g t h  (SL) o r  
notochord l e n g t h  ( t i p  o f  snout t o  
end o f  notochord) (NL) (Mar t i n  and 
Drewry 1978). 

no t i ceab ly  more pigmented than the  
r i g h t  s ide.  A t  16 mm, i n d i v i d u a l s  
have a form and shape resembling t h e  
adu l t ,  and p igmentat ion i s  almost 
e n t i r e l y  r e s t r i c t e d  t o  t h e  l e f t  
(i .e., eyed) s ide  o f  t h e  body. A t  
77 mm, t h e  body i s  complete ly  scaled 
and has t h e  c h a r a c t e r i s t i c  form and 
pigmentat ion o f  t h e  a d u l t .  

Arnold e t  a l .  (1977) repor ted  
t h a t  eggs o f  t he  southern f lounder  
hatched a t  61 t o  76 h r s  under 
1 abora tory  cond i t ions .  Time a t  
which t r a n s i t i o n  from embryo t o  
1 arva occurred was no t  ind ica ted,  
bu t  t ime requ i red  f o r  metamorphosis 
t o  begin i n  t h e  l a b o r a t o r y  was 40 t o  
46 days a f t e r  ha tch ing  ( a t  8 t o  11 
mm), and t h i s  process was completed 
i n  50 t o  51 days. 

F igure  10. Yo1 k-sac l a r v a  t o  l a r v a l  
stages o f  summer f lounder :  (A) 12 h 
a f t e r  hatching,  (B) 96 h a f t e r  hatch-  
ing ,  and (C-E) subsequent stages 
(Mar t i n  and Drewry 1978). 



Middle A t l a n t i c  B i g h t  ( i  e . ,  from 
Cape Hat te ras  northward) i nd i ca ted  
an o v e r a l l  movement o f  t h i s  species 
toward t h e  no r the rn  l i m i t s  o f  t h e  
B i g h t  as t h e  f i s h  grow o lde r .  

The on l y  publ ished r e s u l t s  o f  
tagg ing  s tud ies  i n v o l v i n g  the  
southern f l ounder  are  those by Stokes 
(1977) from Texas, who repor ted  28 
r e t u r n s  ou t  o f  a  t o t a l  o f  1,298 
i n d i v i d u a l  s  tagged (2.2%) between 
e a r l y  1974 and l a t e  1975. He 
reoo r ted  some movement between and 
w i t h i n  Texas bays, a l though no 
cons i s ten t  pa t te rns  were ev ident .  
Returns showed movement o f  from 0  t o  
18.2 km over per iods  o f  3  t o  212 
days; t h e  most r a p i d  movement was 

SL 9.3 km i n  3  days. One i n d i v i d u a l  
tagged i n  November 1973, i n  Aransas 
Bay, was recovered 1 year l a t e r  451 
km t o  t h e  eas t .  

F iqure  11. Larva l  stages o f  summer 
f lounder ,  showing t r a n s i t i o n  o f  eyes The on l y  tagg ing  study o f  g u l f  
from symmetrical to asymmetrica1 flounder was by Stokes (1977), who 
p o s i t i o n  (Mar t i n  and Drewry 1978). reoo r ted  no r e t u r n s  ou t  o f  a  t o t a l  - - r  - 

of 33 i n d i v i d u a l s  tagged. 

M i g r a t i o n  and Movement o f  Adu l ts  

Seasonal inshore-o f fshore  
movements o f  a d u l t  Pa ra l i ch thys  are  
re1  a ted  t o  spawning a c t i v i t i e s ,  as 
discussed e a r l  i e r .  Tagging s tud ies  
o f  summer f l ounder  show t h a t  1  a t i  t u -  
d i n a l  movement occurs along t h e  
A t l a n t i c  coast. O f  a  t o t a l  o f  6,679 
i n d i v i d u a l s  tagged o f f  New Jersey 
d u r i n g  1960-67, 2  were recaptured 
south o f  Cape Hat teras,  Nor th  
Carol i na (Murawski 1970). Pool e  
(1962) repo r ted  1 r e t u r n  f rom below 
Cape Hat te ras  ou t  o f  5,845 i n d i v i d -  
ua l s  tagged i n  New York waters 
d u r i n g  1956-59. Lux and Nichy 
(1981) repo r ted  1 r e t u r n  (ou t  of 
2,839) i n  e a r l y  1963 from o f f  
southern Maryland; t h e  i n d i v i d u a l  
had been tagged i n  New York waters 
t h e  preceding September. Lux and 
Nichy (1981) and Rogers and Van Den 
Avyle (1983), however, s a i d  t h a t  i n  
general tagg ing  s tud ies  i n  t he  

Although the  above data  seem t o  
i n d i c a t e  more ex tens ive  movements of 
t h e  summer f l ounder  than t h e  o the r  
two species, t h i s  may be, a t  l e a s t  
i n  pa r t ,  a  r e s u l t  o f  t h e  g rea te r  
number o f  summer f l ounder  tagged, as 
w e l l  as t h e  l onge r  p e r i o d  o f  t ime 
du r ing  which s tud ies  on the  summer 
f lounder  were c a r r i e d  out .  

Subpopul a t i o n s  

Ana lys is  o f  morphometric and 
m e r i s t i c  charac ters  i n  1,214 
specimens o f  summer f lounder  from 
New York t o  c e n t r a l  F l o r i d a  i n d i c a t e  
two d i s t i n c t  subpopulat ions, one i n  
t h e  Midd le  A t l a n t i c  B igh t  n o r t h  o f  
Cape Hat teras,  Nor th  Carol ina,  and 
t h e  o the r  i n  t h e  South A t l a n t i c  
B igh t  (Wi l  k e t  a1 . 1980). Discr im- 
i n a n t  ana l ys i s  c o e f f i c i e n t s  i n d i c a t e  
these subpopul a t i ons  are  separable 
a t  a  l e v e l  o f  93%. These r e s u l t s  
a re  p a r t l y  conf  i rmed by tagg i  ng 



s tud ies  by Poole (1962) and Murawski 
(1970), who found 1 i t t l e  evidence o f  
movement o f  i n d i v i d u a l  s  between 
these two areas, as we1 1 as Smi t h ' s  
(1973) s tud ies  o f  d i s t r i b u t i o n  
pa t te rns  o f  eggs and la rvae.  Smith 
(1973) had a l so  suggested t h a t  t he  
subpopulat ion i n  t h e  Middle A t l a n t i c  
B igh t  cou ld  be f u r t h e r  subdivided, 
w i t h  one group occu r r i ng  i n  New York 
and New Jersey and the  o ther  from 
Delaware Bay t o  Cape Hat teras;  bu t  
W i l k  e t  a l .  (1980) cou ld  n e i t h e r  
con f i rm  no r  deny t h i s  hypothesis on 
t h e  bas is  o f  t h e i r  work. 

There i s  i n s u f f i c i e n t  data t o  
i n d i c a t e  whether o r  n o t  d i s t i n c t  
subpopul a t i o n s  o f  southern and g u l f  
f lounders  e x i s t ;  however, t h e  wide 
d i s t r i b u t i o n a l  break o f  t h e  southern 
f lounder  around the  t i p  o f  pen insu lar  
F l o r i d a  (F igure  4) suggests t h a t  
t h i s  i s  a reasonable p o s s i b i l i t y .  

GROWTH CHARACTERISTICS 

Almost a l l  age-growth s tud ies  o f  
Pa ra l i ch thys  have used o t o l i t h s  t o  
determine age. Analyses o f  y e a r l y  
s i z e  c lasses,  even a t  small s izes,  
have been shown t o  be o f  l i m i t e d  
va l  ue because o f  v a r i a b l e  i n d i v i d u a l  
growth r a t e s  and p ro t rac ted  spawning 
seasons. Body lengths  may be 
expressed e i t h e r  as standard l e n g t h  
o r  t o t a l  l eng th .  Sometimes method 
o f  measurement i s  n o t  ind ica ted,  
a l though i n  such cases one can 
u s u a l l y  assume t h i s  t o  be t o t a l  
length .  Since t h e  t a i l  makes up 
about 17% o f  t h e  t o t a l  body length ,  
one can subs t rac t  t h i s  percentage, 
when necessary, t o  ob ta in  approximate 
standard length .  Sex o f  i n d i v i d u a l s  
analyzed i s  n o t  always ind ica ted,  
desp i te  evidence t h a t  Para l ich thys  
females reach a l a r g e r  s i z e  than 
ma1 es. 

Controversy e x i s t s  regard ing  
r e s u l t s  o f  var ious  o t o l  i t h  aging 
s tud ies  on t h e  species o f  Para- 

l i c h t h y s .  D i f f e r e n t  i n v e s t i g a t o r s  
have " . . .va r i ous l y  i n d i c a t e d  t h e  
f i r s t  ' annul us'  i n  t he  summer 
f l ounder  t o  form a t  ages I 1  through 
V I I ,  i n d i c a t i n g  t h a t  length-a t -age 
i n fo rma t ion  i s  sub jec t  t o  cons ider -  
ab le  e r r o r "  (Rogers and Van Den Avyle 
1983). Poole (1961) and Powell 
(1974), working on New York and Nor th  
Carol i n a  popul a t ions ,  respec t i ve l y ,  
determined t h a t  t he  f i r s t  opaque 
r i n g  on t h e  o t o l i t h s  o f  summer 
f lounder  was a va l  i d  f i r s t  annulus. 
Poole a l so  concluded t h a t  t h e  species 
a t t a i n s  a maxirnu~n age o f  no more than 
5 years, b u t  he d i d  no t  at tempt t o  
es t imate  maximum longev i t y .  E ld r idge 
(1962), Smith (1969), Daiber  and 
Smith (1969), and Smith and Daiber 
(1977) determined t h a t  t h e  f i r s t  
d i s t i n c t  opaque r i n g  does no t  rep re -  
sent  t h e  f i r s t  annulus, and concluded 
t h a t  t h i s  species 1 i ves  as long as 8 
o r  9 years. Smith e t  a l .  (1981) 
concluded t h a t  est imates o f  g rea te r  
1 ongevi t y  a re  more 1 i ke l  y  co r rec t .  

Simi 1 a r  controversy r e s u l t s  from 
t h e  age-growth s tud ies  on southern 
f lounder by Stokes (1977) and N a l l  
(1979) on Texas and no r the rn  Gu l f  of 
Mexico popul a t i  ons , r e s p e c t i v e l y  . 
Stokes concluded t h a t  t h i s  species 
1 i v e s  a maximum o f  5 years, as 
opposed t o  t h e  9 (occas iona l ly  10) 
years p ro jec ted  by N a l l  (1979). The 
on l y  age-growth s tud ies  on the  g u l f  
f l ounder  were a l so  conducted by 
Stokes (1977), who i n d i c a t e d  t h a t  
they  1 i v e  a maximum o f  3 years.  
Assuming t h a t  Stokes (1977) was 
cons i s ten t  i n  h i s  aging techniques 
f o r  southern and g u l f  f lounder ,  one 
may presume t h a t  t h e  l a t t e r  species 
has t h e  sho r te r  l i f e  span o f  t h e  
two, a l though i t  may be longer  than 
t h a t  i n d i c a t e d  by Stokes. 

Manooch (1984) summarized age- 
growth da ta  f o r  a l l  t h ree  species. 
He i n d i c a t e d  a maximum age of 9 
years f o r  t h e  summer f lounder ,  and 
1 i s t e d  the  f o l l o w i n g  average y e a r l y  
t o t a l  l eng ths  i n  mm f o r  age groups 
I - I X  (females on ly ) :  215, 288, 377, 



428, 488, 511, 531, 564, and 597 4800- 

mm. These da ta  a re  comparable t o  
those prov ided  f o r  females of t h i s  11W- 

species by E l d r i d g e  (1962) and Smith 
and Daiber  (1977), who gave t h e  .OW- 

f o l l  owing y e a r l y  average t o t a l  
l e n g t h s  ( a l s o  i n  mm) f o r  age groups am- 

I - V I I :  170, 250, 332, 377, 415, 446, W = 0.5577 L ~ . ~ ~ ~ ~  x 10-5 

and 456 mm. As i n d i c a t e d  from t h e  ,,,- LOG W = -5.25363 + 3.0989 LOG L 

above, females n o t  o n l y  reach a  - R = 0.995 
4 U 1800- l a r g e r  s i z e  b u t  a l s o  apparen t ly  1  i v e  

longer ,  inasmuch as a1 1  i n d i v i d u a l s  z - 
examined by E l d r i d g e  (1962) t h a t  I I- 1400- 

were over  7  years  o f  age were crr 
females. I n  a l l  s t u d i e s  b u t  one i t  5 - 

moo- 

was concluded t h a t  females l i v e  1 
yea r  l o n g e r  than  males; t h e  except ion  1600- 

was repo r ted  by Smith (1969), who 
determined t h a t  ma1 e  summer f lounder  

1100- 

achieve a  maximum age o f  o n l y  5  
years,  as opposed t o  8  f o r  females. 

m- 

Dai be r  and Smith (1969) found 
t h e  r e s p e c t i v e  maximum s i z e s  f o r  
female and male summer f lounder  f rom 
Delaware t o  be 661 and 517 mm TL. 
Powell (1974) found t h a t  o n l y  two 
i n d i v i d u a l s  f rom Nor th  Carol i n a  ( o u t  
o f  a  t o t a l  of 1,029) exceeded 650 mm 
TL, w i t h  t h e  l a r g e s t  be ing  750 mm. 
Poole (1966) determined t h e  maximum 
s i z e  o f  females f rom New York t o  be 
around 800 mm TL and 5.5 kg, and f o r  
ma1 es 600 mm TL and 2.2 kg. DeSyl va 
(1965) repo r ted  t h a t  a l though t h i s  
species o c c a s i o n a l l y  reaches 11-13.6 
kg, a  we igh t  o f  7  kg i s  unusual ; he 
i n d i c a t e d  t h a t  most a d u l t s  weigh 
between 0.9-2.3 kg. Powell (1974) 
presented a  graph showing l e n g t h -  
we igh t  r e l a t i o n s h i p s  based on 1029 
specimens (sexes combined) f rom Nor th  
Carol i n a  (F igu re  12).  

Manooch (1984) i n d i c a t e d  l i f e  
spans o f  o n l y  5  and 3  years  f o r  t h e  
southern and gu l  f f 1  ounder , respec- 
t i v e l y .  Th i s  i n f o r m a t i o n  i s  i n  accord 
w i t h ,  and may p a r t l y  have been based 
upon, Stokes'  (1977) s tud ies  f rom 
Texas. However, N a l l  (1979), based 
on examinat ion o f  152 specimens f rom 
t h e  no r the rn  G u l f  o f  Mexico, c a l c u l a -  
t e d  a  1  i f e  span o f  9  (occas iona l l y  
10) years f o r  t h e  southern f lounder ,  

TOTAL LENGTH (MM) 

F i gu re  12. Length-weight  re1 a t i o n -  
s h i p  w i t h  f i t t e d  curve  f o r  summer 
f lounder .  Weiqht expressed i n  
grams; l e n g t h  i n  t o t a l  l e n g t h  (Powell 
1974). 

and p rov ided  t h e  f o l l o w i n g  average 
standard l e n g t h s  i n  mm (sexes com- 
b i  ned) f o r  each year  o f  1  i f e  approx- 
imate conver ted ( t o t a l  l eng ths  i n d i -  
ca ted  i n  parentheses) : Age 0  = 63 
(76),  I = 102 (122), I 1  = 145.5 
(175), I 1 1  = 190.5 (2501, I'd = 230.5 
(278), V = 272 (327), V I  = 320 (3841, 
V I I  = 351.5 (423), V I I I  = 382 (460). 
Stokes (1977), i n  s t u d i e s  o f  Texas 
popu la t i ons  o f  t h e  southern f lounder ,  
found d i f f e rences  i n  s i z e  and l i f e  
span between ma1 es and females 
s i m i l a r  t o  those r e p o r t e d  e a r l i e r  
f o r  t h e  summer f lounder .  He repo r ted  
t h a t  females 1  i v e  up t o  5  years and 
reach a  t o t a l  l e n g t h  o f  up t o  620 mm, 
whereas males l i v e  o n l y  up t o  3  years  
and reach a  maximum t o t a l  l e n g t h  o f  
320 mm. A l though Stokes may have 



underestimated the  o v e r a l l  1  i f e  span 
o f  t h i s  species, h i s  da ta  c l e a r l y  
i n d i c a t e  t h a t  females 1 i v e  longer  
and a t t a i n  a l a r g e r  s i z e  than males. 

The 1 arges t  i n d i v i d u a l  southern 
f lounder  (620 mni TL) repor ted  by 
Stokes (1977) i s  s l i g h t l y  l a r g e r  
than t h a t  examined by N a l l  (1979) 
(493 mm SL, o r  ca. 595 mm TL). 
Ginsburg (1952), however, repor ted  a 
maximum s i z e  f o r  t h i s  species o f  630 
mm SL (= 762 mm TI-). Na l l  (1979) 
presented a graph showing l e n g t h -  
weight  re1  a t i o n s h i  ps based on 152 
specimens (sexes combined; F igure  13). 

Stokes (1977) conducted t h e  on l y  
age-growth study o f  t h e  g u l f  
f lounder ,  a1 though N a l l  ' s  (1979) 
study conta ined 1 i m i t e d  data. Both 
s tud ies  were conducted i n  con junc t ion  

w i t h  work on the  southern f lounder ,  
which i s  much more common i n  t h e  
respec t i ve  study areas (Texas and 
t h e  nor thern  G u l f  o f  Mexico); t h e  
small number o f  specimens avai 1 ab le  
t o  N a l l  (33) precluded h i s  a t tempt ing  
any aging est imates.  Stokes (1977) 
concluded, based on a t o t a l  o f  123 
specimens, t h a t  female and male g u l f  
f lounder  l i v e  o n l y  3 and 2 years, 
respec t i ve l y ,  and these f i g u r e s  were 
repeated by Manooch (1984). A1 though 
the  g u l f  f l ounder  nay 1 i v e  longer  
than i n d i c a t e d  by Stokes, h i s  da ta  
nevertheless s t r o n g l y  suggest a 
sho r te r  l i f e  span f o r  t h i s  species 
as compared t o  bo th  t h e  southern and 
summer f lounders .  The 1 arges t  female 
and male g u l f  f lounders  examined by 
Stokes were 420 and 290 mm TL, 
r e s p e c t i v e l y .  Th is  i s  s u b s t a n t i a l l y  
smal le r  than t h e  710 mm TL (5 kg) 
i n d i v i d u a l  (sex no t  i nd i ca ted )  
repo r ted  by V ick  (1964) from St .  
Andrews Bay, F l o r i d a .  The markedly 
g rea te r  s i z e  o f  V ick 's  specimen 
suggests t h e  p o s s i b i l i t y  o f  species 
m i s i d e n t i f i c a t i o n  (most l i k e l y  w i t h  
t h e  southern f l ounder ) ,  and thus t h i s  
record  requ i res  conf i rmat ion .  Nal 1 
(1979) presented a graph showing 
length-we ight  re1  a t i onsh ips  o f  g u l f  
f lounder ,  based on 33 specimens 
(sexes combined) (F igure  14) .  

There i s  some evidence t h a t  
southern f lounder  from d i f f e r e n t  
areas grow a t  d i f f e r e n t  ra tes ,  inde- 
pendent o f  d i f f e r i n g  i n t e r p r e t a t i o n s  
o f  aging techniques (Etzo ld  and 
Christmas 1979; N a l l  1979). This may 
be due t o  combinations o f  d i f f e rences  
i n v o l v i n g  genet ic  stock, prey a v a i l -  
ab i  1 i t y  , temperature and sa l  i n i  t y  
(Deubler 1960; St ickney and White 
1973; Peters and K je lson 1975; 
Laurence 1977). 

STANDARD LENGTH IN MM ECOLOGICAL ROLE 

F igure  13. Length-weight re1  a t i o n -  
sh ip  w i t h  f i t t e d  curve f o r  southern Food and Feeding 
f lounder .  Weight expressed i n  grams; 
l e n g t h  i n  standard l e n g t h  (Na l l  The th ree  species o f  Pa ra l i ch thys  
1979). under cons ide ra t i on  consume animal 



I I 1 I 

100 200 300 400 500 

STANDARD LENGTH IN MM 

F igu re  14. Length-weight  r e1  a t i o n -  
s h i p  w i t h  f i t t e d  curve f o r  g u l f  
f l ounde r .  Weight expressed i n  
grams; l e n g t h  i n  s tandard l e n g t h  
( N a l l  1979). 

m a t t e r  th roughout  1 i f e .  Post1 arvae 
feed  on zooplankton and a d u l t s  feed 
on b e n t h i c  and p e l a g i c  f i shes ,  as 
we1 1 as crustaceans.  

Pe ters  and Angel o v i  c (1971) reared  
p o s t l a r v a l  sunlmer f l ounde r  on a d i e t  
o f  zooplankton (most ly  copepods) and 
Ar temi  a naupl i i . Deubl e r  (1958) 
r a i s e d  pos t1  arvae o f  summer, 
southern,  and g u l f  f l o u n d e r  " t o  a 
d e f i n i t i v e  s i z e "  on b r i n e  shrimp 
(Ar temia)  , w h i t e  worms (Enchytraeus),  
and c u t  shrimp (Penaeus). Lasswel l  
e t  a l .  (1977) found t h a t  newly 
metamorphosed southern f l ounde r  feed 
r e a d i l y  upon r o t i f e r s  (Branchionus 
p l i c a t i l i s ) .  Houde and Taniguchi  
(1979) determined t h a t  t h e  p l a n k t o n i c  
l a r v a e  o f  many f i s h e s ,  i n c l u d i n g  
species o f  Pa ra l i ch thys ,  feed on a 

wide v a r i e t y  o f  animal organisms, 
w i t h  copepod naupl i i predominat ing.  
P lank ton  d e n s i t y  i s  an impor tan t  
f a c t o r  i n  1 a r v a l  s u r v i v a l ,  p a r t i c u -  
l a r l y  s i nce  i t  a f f e c t s  t h e  growth 
r a t e  o f  t h e  i n d i v i d u a l  and l e n g t h  o f  
t h e  l a r v a l  pe r i od ,  which i s  t h e  t ime  
d u r i n g  which these f i s h  a re  most 
vu lne rab le  t o  p r e d a t i o n  (Houde and 
Schekter  1980). 

Reid (1954) repo r ted  t h a t  g u l f  
f l o u n d e r  under 45 mm 1'L feed 
p r i m a r i l y  on amphipods and o t h e r  
smal l  crustaceans;  above t h i s  s i z e  
t hey  beg in  t o  feed on f i s h ,  which 
subsequent ly  become t h e  main i t e m  i n  
t h e i r  d i e t .  Stokes (1977) found 
t h a t ,  numer i ca l l y ,  95% o f  t h e  food 
i tems o f  j u v e n i l e  southern f l ounde r  
(10-150 mm TL) f rom Texas c o n s i s t s  
o f  i n v e r t e b r a t e s .  J u v e n i l e  southern 
f l ounde r  over  80 mm TL consume 
p r o g r e s s i v e l y  l a r g e r  food  i tems as 
t h e  f i s h  inc reases  i n  s i ze ,  b u t  
t h e r e  i s  no i n d i c a t i o n  t h a t  l a r g e  
a d u l t  f l ounde rs  e a t  1 a rger  p rey  than 
subadul t s  (Darnel1 1958; Fox and 
White 1969). Powell and Schwartz 
(1979) compared t h e  yea r - l ong  d i e t s  
o f  young (100-200 mm TL) summer and 
southern f 1 ounder f rom Pam1 i co Sound, 
No r th  C a r o l i n a  (F igu re  15) .  A much 
h i g h e r  percentage o f  empty s$omachs 
was no ted  d u r i n g  t h e  w i n t e r  months. 
Powell and Schwartz (1979) found t h e  
two species t o  feed on b a s i c a l l y  t h e  
same food  i tems.  F i s h  and mysids 
(ma1 acostracan crustaceans)  formed 
t h e  b u l k  of t h e i r  d i e t  a t  a l l  
seasons; however, t hey  found t h e  
r e l a t i v e  percentages o f  food i tems 
t o  be c o n s i s t e n t l y  d i f f e r e n t ,  w i t h  
t h e  southern f l o u n d e r  feed ing  more 
h e a v i l y  on f i s h .  They considered 
t h a t  t h i s  most 1 i k e l y  r e s u l t e d  from 
d i f f e r i n g  food  a v a i l a b i l i t y  i n  t h e  
d i f f e r e n t  h a b i t a t s  occupied by t h e  
two species ( i  e . ,  t h e  summer 
f l o u n d e r  p r e f e r s  h i g h e r  s a l  i n i  t i e s  
and a sand bottom, whereas t h e  
southern f l o u n d e r  occurs i n  lower -  
s a l i n i t y  water  over  a m u d - s i l t - c l a y  
bottom); however, t hey  d i d  n o t  d i s -  
count  t h e  p o s s i b i l  i t y  o f  s e l e c t i v e  



S E A S O N  

F igu re  15. Percentage o f  volume and 
( i n  parentheses) percentage o f  occur -  
rence o f  food i tems i n  seasonal d i e t  
o f  young (100-200 mm TI-) summer 
f l ounde r  and southern f l ounde r  f rom 
Pam1 i co Sound, No r th  Carol i n a .  
Numbers above each ba r  graph i n d i c a t e  
number o f  stomachs w i t h  f o o d / t o t a l  
number o f  stomachs examined (Powell 
and Schwartz 1979). 

feeding,  s i nce  W i l l i ams  (1972) has 
shown t h a t  t h e  g r e a t e s t  d e n s i t i e s  o f  
mysids i n  Pamlico Sound a re  i n  those 
areas where southern f l ounde r  predom- 
i nate .  

Larger  southern and gu l  f f l  ounder 
feed p r o p o r t i o n a l l y  more on f i s h  than  
on o t h e r  organisms (Reid 1954; 
Spr inger  and Woodburn 1960; Topp and 
H o f f  1972; Stokes 1977; Powell and 
Schwartz 1979). Stokes (1977) found 
t h a t  f i s h  comprise more than  70% of 
t h e  food i tems i n  i n d i v i d u a l s  over  
150 mm TL; penaeid shrimp and b l u e  
crabs a re  t h e  most f r e q u e n t l y  
consumed i n v e r t e b r a t e s .  Genera o r  
species o f  f i s h e s  t h a t  have been 
found i n  t h e  d i e t  o f  bo th  southern 
and g u l  f f l  ounder i n c l  ude mu1 1 e t  
(Mugi l  spp. ) , menhaden (B revoo r t i  a  
spp. ) , At1 a n t i c  c roaker  (Micro-  
pogonias undu la tus)  , and p i n f i s h  
(Lagodon rhomboides) (Reid 1954; 

Darnel 1  1958; Sp r i nge r  and Woodburn 
1960; Fox and White 1969; Topp and 
H o f f  1972; Stokes 1977; Ove rs t ree t  
and Heard 1982). Frequency o f  
occurrence o f  d i f f e r e n t  f i s h  species 
i n  t h e  d i e t  appears t o  depend more 
on l o c a l  and/or seasonal p rey  
abundance than  on s p e c i f i c  p rey  
s e l e c t i o n  (Darnel1 1958; Fox and 
White 1969). 

Feeding behav io r  has o n l y  been 
descr ibed  f o r  t h e  summer f lounder ,  
b u t  presumably i s  s i m i l a r  f o r  a l l  
t h r e e  species. The summer f l ounde r  
i s  p r i m a r i l y  a d i u r n a l  feeder  t h a t  
can cap tu re  i t s  p rey  e q u a l l y  we1 1 on 
t h e  bot tom o r  i n  t h e  water  column 
( O l l a  e t  a1 . 1972; Powell and 
Schwartz 1979). A l though i t  may 
bury  i t s e l f  i n  bot tom sediments, i t  
does n o t  ambush passing prey, b u t  
r a t h e r  s t a l k s  i t s  qua r r y  a long t h e  
bot tom be fo re  s t r i k i n g  a t  speeds o f  
40 t o  50 cm/sec (01 1 a e t  a1 . 1972). 

ENVIRONMENTAL REQUIREMENTS 

Subs t ra te  

The t h r e e  species o f  Pa ra l i ch thys  
under d i  scuss i  on apparen t ly  p r e f e r  
s p e c i f i c  subs t ra tes .  Most s t u d i e s  
i n d i c a t e  t h a t  t h e  summer f l ounde r  
p r e f e r s  a hard and/or sandy subs t ra te  
(H i ldebrand and Schroeder 1928; 
B ige l  ow and Schroeder 1953; Powel 1 
and Schwartz 1979), as does t h e  g u l f  
f l ounde r  (Ginsburg 1952; Stokes 1977; 
N a l l  1979), b u t  t h e  southern f l ounde r  
i s  most abundant on s o f t  bottoms 
comprised o f  r i c h  o rgan i c  mud, c l ay ,  
o r  s i l t  (Ginsburg 1952; Stokes 1977; 
N a l l  1979; Powell and Schwartz 1979). 
The c o n t r a s t i n g  r e l a t i v e  abundance 
o f  southern and g u l f  f l ounde r  i n  t h e  
eas te rn  G u l f  o f  Mexico may r e f l e c t  
these h a b i t a t  preferences,  inasmuch 
as t h e  western g u l f '  (where t h e  
southern f l o u n d e r  predominates) i s  
s u b s t a n t i a l l y  muddier, on t h e  
average, than  t h e  eas te rn  g u l f  
(Lynch 1954). 



Tabb and Manning (1961) reported 
t h a t  southern flounder from south- 
western Florida occur over shel l  and 
firm marl bottoms, but Topp and Hoff 
(1972) questioned t h e i r  species 
i d e n t i f i c a t i o n s ,  s ince  the  area where 
these  observations were made i s  
outs ide  t h e  known geographic range 
of t h i s  species .  Dahlberg and Odum 
(1970) reported southern flounder in 
Georgia from bays with primarily 
sand bottoms. Springer and Woodburn 
(1960) col lected gulf  flounder over a 
wide var ie ty  of hab i ta t s  in the  
Tampa Bay area of Florida.  Moe and 
Martin (1965) col lected a few gulf  
f l  ounder near rocky offshore r e e f s ,  
and th i  s species occasional l y  has 
been found around coral r ee f s  in the  
extreme western Bahamas (Bohl ke and 
Chap1 in i968). Nall (1979), based 
on observations of 152 specimens, 
never found southern flounder over an 
exclusively sand bottom, but noted 
t h a t  gulf  flounder were somewhat 
l e s s  s p e c i f i c  with regard t o  bottom 
type.  Of 33 specimens analyzed, 12 
were col lected over a sand bottom, 16 
came from a combination sand-mud 
bottom, and 5 were from a s t r i c t l y  
mud bottom. 

Sal in i  t y  

Adult southern flounder,  in 
con t ras t  t o  adul t  gulf  and summer 
flounder,  a re  highly euryhal ine,  a s  
indicated by t h e i r  frequent occur- 
rence in r i v e r s  (Ross 1980). 
Analyses of co l l  ec t ions  of adul t  
southern and gulf  flounders from a 
wide geographic area (Flor ida  t o  
Texas) usually indicate  a strong 
preference by t h e  former species f o r  
s a l i n i t i e s  l e s s  than 20 ppt (Gunter 
1945; Tagatz 1968; Stokes 1977) and 
by the  l a t t e r  species f o r  s a l i n i t i e s  
g rea te r  than t h i s  (Reid 1954; 
Springer and Woodburn 1960; Stokes 
1977). Perre t  (1971), however, 
reported samples of southern flounder 
( t o t a l  ing about 800 individuals)  
taken from Louisiana es tua r ies  t o  be 

equally d i s t r ibu ted  over s a l i n i t i e s  
ranging from 0 t o  s l i g h t l y  over 30 
p p t .  Powell (1974), in h i s  analys is  
of the  r e l a t i v e  numbers of adul t  
southern and summer flounder in a 
North Carolina es tuary,  found an 
inverse re1 a t ionship  between the  two 
species with regard t o  s a l i n i t y ;  
southern flounder predominated a t  
s a l i n i t i e s  u p  t o  11 p p t  (85% of the  
t o t a l ) ,  but above 11 ppt t h e  summer 
flounder predominated (65% of the  
t o t a l ) .  Another sharp change in 
re1 a t i v e  percentages of individual s 
of these  two species was noted as 
s a l i n i t y  increased from 17 t o  18 
ppt;  a t  t h i s  point the  r e l a t i v e  
abundance of summer f l  ounder 
increased from 65% t o  94%. 

Juveni 1 e southern f l  ounder appear 
t o  be more s t rongly  euryhal ine than 
juveni les  of t h e  other  two species,  
and have been shown t o  survive abrupt 
t r a n s f e r  from nearly f u l l  -strength 
seawater (30 ppt) t o  freshwater 
(Deubl e r  1960). A1 though juveni 1 e 
southern flounder have been col l  ected 
from North Carolina e s t u a r i e s  a t  
s a l i n i t i e s  ranging from 0.2 t o  35.0 
ppt (Powell and Schwartz 1977), i t  
appears t h a t  a change in s a l i n i t y  
to1 erance occurs during devel opment 
from e a r l y  postlarval  t o  a more 
advanced postl arval s tage.  Early 
postlarvae of t h i s  species grow most 
rapidly  a t  higher s a l i n i t i e s  (ca.  30 
p p t ) ,  but individuals  of t h i s  s i z e  
(0.1 g) a r e  not very to le ran t  of 
extremely 1 ow sal  i ni t i e s ;  however, 
advanced postl arvae do best  a t  
s a l i n i t i e s  of 5-15 p p t  (Stickney and 
White 1973). Deubler and White 
(1962) showed t h a t  advanced post- 
1 arval summer f l  ounder , by con t ras t ,  
exhi b i t  the  g r e a t e s t  percentage 
weight gain a t  s a l i n i t i e s  between 20 
and 30 p p t .  The d i f f e r i n g  s a l i n i t y  
l e v e l s  a t  which optimal development 
of southern and summer flounder 
occurs during 1 aboratory experiments 
ref1 e c t  the  d i f f e r e n t  natural 
environmental condit ions under which 
these  two species a re  found. 



Powell and Schwartz (1977) 
repor ted  c o l l  e c t i n g  j uven i  1  e  gu l  f 
f lounder from North Caro l ina  estu- 
a r i e s  a t  s a l i n i t i e s  rang ing  from 6 t o  
35 ppt ,  whereas W i l l  iams and Deubler 
(1968) repo r ted  t a k i n g  them on ly  over 
a  s a l i n i t y  range from 22 t o  35 pp t .  
I n  both cases, however, i t  was 
i n d i c a t e d  t h a t  g rea tes t  abundance 
was found near mouths o f  es tuar ies ,  
where s a l i n i t i e s  were h ighest .  

Hickman (1968) found t h a t  a d u l t  
southern f lounder  e x h i b i t  seasonal 
changes i n  osmoregul a t o r y  processes 
t h a t  correspond t o  spawning 
m ig ra t i ons  between es tua r ine  and 
o f f sho re  waters. 

Temperature 

Adu l ts  o f  t h e  th ree  species o f  
Pa ra l i ch thys  under d iscuss ion  have 
been repo r ted  over .comparabl e  
temperature ranges. Per re t  (1971) 
repor ted  c o l l  e c t i n g  adul t southern 
f lounders  from Louis iana es tua r ies  
over a  temperature range o f  5.0- 
34.90C (41 .O-94.8OF). These f i g u r e s  
represent  both t h e  minimum and 
maximum temperatures repor ted  f o r  
adu l t s  of t h i s  species throughout i t s  
range, and exceed the  temperature 
ranges repo r ted  by B a r r e t t  e t  a l .  
(1978) from Louisiana, and by Gunter 
(1945) and Stokes (1977) from Texas. 
A l l  temperature data  on a d u l t  g u l f  
f lounders  are based on observat ions 
from F l o r i d a ,  and range from 8.3OC 
(46.g°F) (Reid 1954) t o  32.50C 
(90.5OF) (Spr inger  and Woodburn 
1960). Powell (1974) repor ted  the  
minimum and maximum temperatures a t  
which summer f lounders  were c o l l  ected 
i n  Pam1 i c o  Sound, North Carol ina ,  t o  
range from 70C (44.6OF) i n  February 
t o  290C (84.4OF) i n  J u l y  and August. 

Stokes (1977) found t h a t  adu l t s  
o f  both the  southern and g u l f  
f lounders  1  e f t  Aransas Bay, Texas, 
du r i ng  t h e  pe r iod  when t h e  mean water 
temperature dropped from 23. O°C 
(73.40F) i n  October t o  14.1°C 

(57.4OF) i n  December. Maximum 
emigra t ion  o f t e n  (though n o t  always) 
co inc ided w i t h  t h e  passage o f  c o l d  
f r o n t s ,  when sudden drops i n  tempera- 
t u r e  (up t o  4-50C) occurred. 

W i  11 i ams and Deubl e r  (1968) 
repor ted  t h e  capture o f  j u v e n i l e  
southern and gu l  f f l  ounders i n  
A t l a n t i c  es tua r ies  a t  water tempera- 
t u r e s  as low as 2-4OC (35.6-39.Z°F), 
and Gunter (1945) found j u v e n i l e  
southern f l ounder  (17-40 mm) i n  Texas 
es tua r ies  a t  temperatures from 14.5 
t o  21.60C (58.1-70.90F). Stokes 
(1977) found t h a t  j uven i  1  e  southern 
and g u l f  f lounders  began t o  immigrate 
i n t o  Texas es tua r ies  from the  Gu l f  
o f  Mexico a t  water temperatures as 
low as 13.80Cs (56.80F), bu t  peak 
movement occurred between 16.0 and 
16.20C (60.8-61.20F). Wi l l iams and 
Deubler (1968) repor ted  the  capture 
o f  j u v e n i l e  summer f lounder  over a  
temperature range o f  2-22OC (35.6- 
71.6OF) ; most i n d i v i d u a l s  were found 
i n  t h e  8-160C (46.4-60.8OF) tempera- 
t u r e  range. 

Temperature i s  important  i n  t he  
l i f e  h i s t o r i e s  o f  these species, and 
a f f e c t s  such t h i n g s  as t ime o f  
spawning, movement o f  adu l t s  and 
1  arvae i n t o  d i f f e r e n t  hab i ta t s ,  
avai 1  abi  1  i t y  o f  p re fe r red  food 
i tems, maximal e f f i c i e n c y  o f  food 
conversion, and r a p i d i t y  o f  growth. 

Vegetat ion 

Aquat ic  vegeta t ion  does n o t  
appear impor tan t  t o  t he  bas ic  ecology 
o f  a d u l t  Para1 ich thys ,  bu t  i s  
u t i l i z e d  by j uven i l es .  Adams (1976) 
and Or th  and Heck (1980) repor ted  
t h a t  j u v e n i l e  summer f lounder  occur 
i n  eelgrass (Zostera marina) beds 
du r ing  d a y l i g h t  hours, e i t h e r  t o  take 
advantage o f  t h e  cover a f fo rded o r  t o  
feed on small f i s h  and i nve r teb ra tes  
t h a t  congregate there .  Stokes 
(1977) found j u v e n i l e s  o f  both 
southern and g u l f  f lounders  t o  be 
most abundant i n  those areas o f  



es tua r ies  where dense patches o f  
shoal grass ( ~ i ~ l a n t h e r a  w r i g h t i  i )  
were   resent and covered 30% t o  60% 
o f  i h e  t o t a l  area. Reid (1954) 
repor ted  j uven i  1  e  gu l  f f lounder  t o  
be abundant on shal low grass f l a t s  
around Cedar Keys, on the  g u l f  coast  
o f  no r the rn  pen insu lar  F l o r i d a .  

Di  ssol  ved oxygen 

Deubler and Posner's (1963) 
1  aboratory study o f  j uven i  1  e  southern 
f l ounder  apparent ly  i s  t h e  o n l y  work 
pub1 i shed on oxygen requirements o f  
any Paral  i ch thys  species. They found 
t h a t  j uven i  1  e  southern f lounder  
a c t i v e l y  moved i n t o  more h i g h l y  
oxygenated water when t h e  d isso lved 
oxygen concent ra t ion  f e l l  be1 ow 3.7 
mg/l i t e r .  Although they  noted 
increased general a c t i v i t y  w i t h  an 
increase i n  water temperature, t he re  
was no increase i n  s e n s i t i v i t y  t o  
oxygen dep le t i on  a t  temperature 
l e v e l s  o f  6.10, 14.40, and 25.3OC 
(43.0°, 57.g0, and 77.5 OF, respec- 
t i v e l y ) .  

FISHERY 

Quality and Value o f  Commercial 
F ishery  

The th ree  species o f  Paral i ch thys  
under d iscuss ion  are h i g h l y  p r i z e d  
North American food f i shes ;  t he  
re1  a t i v e  importance of each species 
i s  g rea tes t  i n  t h e  area o f  i t s  
h ighes t  abundance. From 1 a te  sp r i ng  
i n t o  t h e  f a l l  most commercial catches 
o f  these f i s h  are made by shrimp 
t r a w l e r s  f i s h i n g  c lose  inshore o r  i n  
es tua r ies ,  and small e r  numbers are 
caught by i n d i v i d u a l  f ishermen 
"g igg ing"  ( i  e . ,  spearing) i n  t h e  
shal lows a t  n i g h t .  Lesser numbers o f  
summer f l ounder  are caught a t  t h i s  
t ime i n  f yke  nets,  weirs,  t raps ,  and 
pound ne ts  (Manooch 1984). Dur ing 
t h e  w i n t e r  months, most are caught by 
vessels f i s h i n g  w i t h  o t t e r  t r a w l s  i n  
deeper waters o f f sho re .  

The th ree  species are lumped 
together  ( e i t h e r  as " f l u k e "  o r  
" f l  ounder") i n Federal commerci a1 
ca tch  s t a t i s t i c s  (BCF 1939a-1968a; 
NMFS 1969a-1977a; BCF 1964b-1968b; 
NMFS 1969b-1985b). I n  some cases 
they  were d i s t i ngu i shed  from o the r  
commerc i a1 1  y  important  f l a t f i s h  
species l i v i n g  along the  upper 
At1 a n t i c  coast  ( i  .e., n o r t h  o f  North 
Carol i n a ) ,  such as "blackback." o r  , . 
w i n t e r  f l ounder  ( ~ s e u d o ~ l  euronectes 
ameri canus) and ye1 1  owtai 1  f lounder  
( L i m a n d a  f e r r u g i  nea) , whereas i n  
o t h e r  cases these species were 
combined i n  ca tch  s t a t i s t i c s .  
Unfor tunate ly,  i n  those cases i n  
which t h e  above taxa were separated, 
ca tch  s t a t i s t i c s  were combined f o r  
t h e  e n t i r e  A t l a n t i c  coast  and Gu l f  o f  
Mexico (BCF 1964b-1968b; NMFS 1969b- 
1985b) ; a1 t e r n a t e l y ,  when t h i s  broad 
geographic r e g i o n  was broken down 
i n t o  smal le r  subregions, these taxa 
were combined (BCF 1939a-1968a; NMFS 
1969a-1977a). Th is  g r e a t l y  compl i - 
cates i n t e r p r e t a t i o n  o f  ca tch  s t a t i s -  
t i c s  from t h e  upper A t l a n t i c  coast, 
and a1 1  ows meaningful comparison 
o n l y  f o r  t h e  lower A t l a n t i c  coast  
and Gul f o f  Mexico. 

For t h e  South A t l a n t i c  region,  
t he  t o t a l  poundage o f  f lounders  
remained r e l a t i v e l y  low u n t i l  1945, 
rang ing  from 132,000 l b  i n  1918 t o  
1.5 m i l l i o n  l b  i n  1936 (BCF 1939a- 
1968a). I n  1945, t he re  was an 
increase t o  about 2.1 m i l  1  i o n  l b ,  a  
circumstance 1 i ke l  y re1  a ted  i n  p a r t  
t o  cessat ion  o f  t h e  war. Catches 
dropped d u r i n g  the  l a t e  19501s, b u t  
subsequently increased and reached a  
peak o f  s l i g h t l y  over 5 .1  m i l l i o n  l b  
i n  1965, f o r  a  t o t a l  value o f  j u s t  
over 1 m i l l i o n  d o l l a r s .  By 1977 ( the  
l a s t  year  f o r  which data  are 
a v a i l a b l e  f o r  t h i s  s p e c i f i c  area), 
t h e  t o t a l  ca tch  had r i s e n  t o  11.4 
m i l l i o n  l b ,  f o r  a  t o t a l  value o f  5.1 
m i l l  i o n  do1 1  ars .  (Keep i n  mind t h a t  
d o l l a r  values are biased by i n f l a -  
t i o n . )  Over 90% o f  t h e  " f lounder"  
ca tch  f o r  t h e  South A t l a n t i c  area 
comes from North Carol ina,  and can 



be a t t r i b u t e d  i n  l a r g e  degree t o  t h e  
s u b s t a n t i a l l y  g rea te r  abundance o f  
summer f lounder  i n  t h a t  area, as 
opposed t o  f a r t h e r  south. 

Tota l  catches o f  " f lounder"  f rom 
t h e  G u l f  o f  Mexico area are  substan- 
t i a l l y  l ess ,  bu t  show a s i m i l a r  
upward t rend.  Commerci a1 catches 
ranged from a low of 192,000 1 b i n  
1888 t o  over 1.1 m i l l i o n  1b i n  1945, 
and had increased s l i g h t l y  t o  1.2 
m i l l i o n  1b by1965,  f o r  a value o f  
$231,000. By 1977 t h e  t o t a l  catch 
amounted t o  s l i g h t l y  over  1.5 m i l l i o n  
I b ,  f o r  a value o f  $561,000. I n  
c o n t r a s t  t o  t h e  s i t u a t i o n  i n  t h e  
South A t l a n t i c  area, no one S ta te  
border ing  t h e  G u l f  o f  Mexico was 
dominant i n  terms o f  t he  number of 
pounds harvested. 

The r e l a t i v e  importance o f  
" f l ounder "  i n  commerci a1 catches has 
increased s u b s t a n t i a l l y  i n  comparison 
t o  most o t h e r  commercial ly important  
marine food species. P r i o r  t o  1945, 
f o r  example, catches o f  " f lounder"  
along t h e  South A t l a n t i c  coast  were 
s u b s t a n t i a l l y  l e s s  than those f o r  
"croakers"  o r  "drums" (several  spe- 
c ies ,  b u t  predominant ly  t he  A t l a n t i c  
croaker) ,  b l u e f i s h ,  k i n g  mackerel , 
spanish mackerel, k i n g f i s h  o r  k i n g  
wh i t ing ,  m u l l e t  (most ly  s t r i p e d  
m u l l e t ) ,  sea t r o u t ,  and spot .  By 
1965, t h e  t o t a l  poundage o f  " f l o u n -  
der "  exceeded t h e  t o t a l  f o r  each o f  
t h e  above except m u l l e t .  By 1977, 
t h e  t o t a l  poundage exceeded t h a t  f o r  
each o f  t h e  o t h e r  species (most by a 
subs tan t i  a1 amount) except croakers, 
and the  t o t a l  d o l l a r  value was 
g rea te r  than f o r  each o f  t he  above 
i n  bo th  1965 and 1977 (comparative 
d o l l a r  values are  n o t  a v a i l a b l e  
p r i o r  t o  1945). 

Recent t o t a l  poundage and d o l l a r  
value f i g u r e s  f o r  " f lounder"  from 
t h e  G u l f  o f  Mexico are w e l l  below 
those f o r  a number o f  o the r  commer- 
c i a l  f i s h  species, b u t  nevertheless 
show an upward t rend  comparable t o  
t h a t  seen f o r  t h e  South A t l a n t i c  
coast. 

Commercial ca tch  data f o r  
f l ounder  from F l o r i d a  du r ing  t h e  
p e r i o d  1964-1983 (Fla.  Dep. Nat. 
Res., unpub. F l o r i d a  land ings)  show 
r e s u l t s  somewhat d i f f e r e n t  from those 
g iven above. A1 though t o t a l  poundage 
o f  f l ounder  increased du r ing  t h i s  
per iod ,  from a low o f  336,600 1b i n  
1967 t o  a h i g h  o f  775,400 1b i n  
1982, t h e  o v e r a l l  importance of 
f l ounder  i n  re1  a t i o n  t o  o the r  e d i b l e  
commercial marine species i n  F l o r i d a  
has stayed about t h e  same. It ranks 
about 15 th  behind such f i s h e s  as 
groupers (several  species, t he  most 
impor tan t  o f  which i s  t h e  r e d  
grouper) ; several species o f  snapper, 
i n c l  u d i  ng mangrove, red, and 
ye1 1 owtai 1 ; spani sh mackerel ; k i n g  
mackerel ; s t r i p e d  mu1 l e t ;  sheepshead; 
F l o r i d a  pompano; j ack  c r e v a l l  e; 
spot ted  seat rou t ;  k i n g  wh i t i ng ;  spot; 
and several  species o f  "croakers"  o r  
"drums," such as A t l a n t i c  croaker and 
r e d f  i sh. 

Data f rom F l o r i d a  a1 so i nc lude  a 
breakdown o f  commerci a1 catches o f  
f l ounder  according t o  1 oca t i on  (i .e., 
A t l a n t i c  and G u l f  o f  Mexico coasts ) .  
These show c o n s i s t e n t l y  h igher  
catches f o r  t h e  g u l f  coast .  I n  1969, 
t h e  ca tch  f o r  t h e  A t l a n t i c  coast was 
l e s s  than 50% o f  t h a t  f o r  t h e  g u l f  
coast  (120,000 vs. 268,600 l b ) ,  bu t  
f o r  most years the  r e l a t i v e  percent-  
ages ranged above 70%, w i t h  a h igh  o f  
88% i n  1981 (276,900 vs. 313,200 
l b ) .  Extremes i n  y i e l d s  f o r  t h e  
A t l a n t i c  coast  ranged from 120,000 
l b  i n  1969 t o .  322,500 l b  i n  1979; 
f o r  t h e  g u l f  coast  these f i g u r e s  
ranged f rom 182,800 1b i n  1967 t o  
404,200 1 b i n  1979. 

Sport  F ishery  

Flounder are  caught by spor t  
f ishermen us ing  var ious  techniques, 
such as s t i l l  f i s h i n g ,  d r i f t  f i s h i n g ,  
cas t i ng  f rom shore, and ang l ing  from 
p i e r s  and banks us ing  l i v e ,  f resh,  
o r  f rozen b a i t s  cas t  6 t o  18 inches 
above t h e  bottom ( W i  sner 1965). 



Another popu lar  method f o r  ca tch ing  
these f i s h  i n  some areas i s  by 
"g igg ing"  a t  n i g h t  i n  shal low water, 
us ing  a  1  ong-handled, three-pronged 
spear and a  t o r c h  o r  f l ash1  i g h t  
(DeSyl va 1965). Sport  f i s h i n g  
u s u a l l y  begins i n  t h e  sp r i ng  (when 
t h e  f i s h  r e t u r n  from deeper waters 
o f fshore ,  where they  have spent t he  
w i n t e r )  , and cont inues i n t o  t h e  fa1 1. 

Spor t  ca tch  s t a t i s t i c s  f o r  t h e  
A t l a n t i c  and g u l f  coasts (NMFS 1969b- 
1985b) are more i n fo rma t i ve  than com- 
n ierc ia l  ca tch  s t a t i s t i c s  because 
i n d i v i d u a l  species are i d e n t i f i e d .  
These data  i n d i c a t e  t h a t  t h e  summer 

f lounder  i s  one o f  t h e  most important  
game f ishes ,  i n  terms o f  numbers 
caught, a long the  m id -A t l an t i c  coast  
between Cape Hat teras and Cape Cod, 
together  w i t h  w i n t e r  f 1  ounder, b lue-  
f i s h ,  wh i te  perch, spot, scup, and 
var ious  searobins. I n  1980, i t  ranked 
second on l y  t o  b l u e f i s h ,  b u t  i n  1979 
i t  ranked about f i f t h  i n  number. 
Based on average s i z e  o f  i n d i v i d u a l s  
caught, i t would rank w e l l  ahead o f  
a l l  o f  t h e  above except w i n t e r  
f lounder  and b l u e f i s h .  Along t h e  
south A t l a n t i c  and g u l f  coasts, 
however, t h e  nurr~bers o f  f 1  ounder 
caught are w e l l  below those f o r  many 
o the r  s p o r t  species. 
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