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PREFACE 

This species p r o f i l e  i s  one o f  a se r i es  on coasta 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  
are  designed t o  prov ide  coasta l  managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  t he  b i o l o g i c a l  c h a r a c t e r i s t i c s  and environmental 
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 coasta l  development. Each 
p r o 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  app l icab le .  A t h r e e - r i n g  b inder  i s  
used f o r  t h i s  se r i es  so t h a t  new p r o f i l e s  can be added as they a re  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 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 
the f o l l o w i n g  addresses. 
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CONVERSION TABLE 

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

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

square meters ( m 2 )  
square k i  1  ometers (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  ( m i )  
n a u t i c a l  m i l e s  (nmi) 

square f e e t  ( f t2 )  
square m i l e s  ( m i 2 )  
acres 

ga l  1  ons (ga l  ) 
cubic  f e e t  ( f t3 )  
a c r e - f e e t  

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

b To Obta in 
0.03937 inches 
0.3937 inches 
3.281 f e e t  
0.5468 fathoms 
0.6214 s t a t u t e  m i l e s  
0.5396 n a u t i c a l  m i l e s  

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

25.40 
2.54 
0.3048 
1.829 
1.609 
1.852 

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

ga l  1  ons 
cub ic  f e e t  
acre-  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  11 imete rs  
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  

0.0929 square meters 
2.590 square k i lomete rs  
0.4047 hectares 

B r i t i s h  thermal u n i t s  (Btu)  0.2520 
Fahrenhei t  degrees (OF) 0.5556 (OF - 32) 

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

m i l l i g r a m s  
grams 
k i  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  
Cel s i  us degrees 
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Figure 1. Winter f lounder .  

WINTER FLOUNDER 

NOMENCLATURE/TAXONOMY/RANGE MORPHOLOGY/IDENTIFICATION AIDS 

S c i e n t i f i c  name . . . . Pseudo leuro-  
nectes americanus (Wal baum -?- 

Prefer red common name . . . . Winter  
f lounder  (F igure  1) 

Other common names . . . . . Blackback 
f lounder,  lemon sole,  b lack  f lounder  

Class . . . . . . . . . . Osteichthyes 
Order . . . . . . . Pl  euronecti formes 
Fami l y  . . . . . . . . P l  euronectidae 

Geographic range: Winter  f lounder  are  
found p r i m a r i l y  i n  es tuar ine  and 
coasta l  waters along the  A t l a n t i c  
coast  o f  North America from 
Newfoundland t o  Georgia (Leim and 
S c o t t  1966), except f o r  o f f -shore  
popu la t ions  on Georges Bank and 
Nantucket Shoal (F igure 2; Bigelow 
and Schroeder 1953). 

The w in te r  f lounder ,  one o f  t he  
r igh t -eyed f lounders ,  i s  oval  -shaped 
and th ick-bodied;  t he  caudal f i n  and 
peduncle are  broader than those o f  
o the r  North A t l a n t i c  f lounders.  The 
anal f i n  i s  h ighest  a t  i t s  midpo in t  
and i s  preceded by a  sho r t  sharp 
spine. The dorsal  f i n  (60-76 rays)  
o r i g i n a t e s  opposi te t he  a n t e r i o r  edge 
o f  t h e  eye, and i s  about equal i n  
he igh t  along i t s  length.  The mouth i s  
smal l ,  no t  gaping t o  t he  eye. The 
l e f t  (under) h a l f  o f  t h e  jaw i s  armed 
w i t h  a  se r i es  o f  c lose-se t  i n c i s o r s ;  
t h e  r i g h t  (upper) h a l f  has on l y  a  few 
tee th .  

The w i n t e r  f lounder ,  l i k e  o ther  
f l a t f i s h e s ,  va r i es  i n  c o l o r ,  depending 
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Figure  2. D i s t r i b u t i o n  o f  w i n t e r  f lounder  i n  the  Nor th  A t l a n t i c  



l a r g e l y  on the  c o l o r  o f  the  surround- 
i n g  substrate.  Most adu l t s  tend t o  
be redd ish  brown, o l ive-green,  o r  
b lack ish .  Smaller f i s h  genera l l y  
a re  p a l e r  than l a r g e r  f i s h .  The 
b l i n d  s ide  i s  wh i te  and, toward the  
edge, t rans lucen t  o r  occas iona l ly  
ye l l ow ish .  

SEPARATION FROM OTHER 
RIGHT-EYED FLATFISHES 

Compared w i t h  the  ye1 1  owtai 1  f 1  oun- 
der, Limanda fe r rug inea,  t he  w i n t e r  
f lounder  has a  much s t r a i g h t e r  l a t e r a l  
1  ine ,  a  l e s s  concave dorsal  head pro- 
f i l e ,  and fewer f i n  rays. 

The w i n t e r  f lounder  lacks  the  mucous 
p i t s  t h a t  a re  conspicuous on the  l e f t  
( b l i n d )  s ide  o f  the  head o f  t h e  w i t c h  
f lounder  (Glyptocephal us cynoglossus) ; 
i t  a lso  has th ree  t imes as manv dorsal  ., 
rays  as the  w i t c h  f lounder.  

The scales between the  eyes are  
smooth i n  t h e  smooth f lounder  (L iop-  
s e t t a  putnami), bu t  rough i n  t he  win- 
t e r  f lounder.  Between the  two, t he  
w i n t e r  f lounder  a1 so has t h e  g rea te r  
number o f  anal f i n  rays. 

Several morphological charac ter is -  
t i c s  t h a t  d i s t i n g u i s h  la rvae o f  w i n t e r  
f lounder  from those o f  t he  o the r  
f lounders common i n  t he  western n o r t h  
A t l a n t i c  were g iven by La Roche 
(1980). 

REASONS FOR INCLUSION IN  THE SERIES 

By v i r t u e  o f  i t s  abundance i n  estua- 
r i n e  and nearshore waters, t he  w i n t e r  
f lounder  i s  one o f  t he  most impor tan t  
commercial and spo r t  f i s h e s  i n  t he  
Northeastern Un i ted  States. I n  
Massachusetts, i t  i s  considered a  
major c o n t r i b u t o r  t o  t h e  commercial 
and spo r t  f i s h e r i e s  (Pierce and Howe 
1977). 

LIFE HISTORY 

Spawning 

The w in te r  f lounder  spawns i n  coast- 
a l  waters as e a r l y  as December i n  the  
Southern Un i ted  States and as l a t e  as 
June i n  Canada. T y p i c a l l y ,  eggs a re  
deposited over a  sandy subst ra te  a t  
depths o f  2  t o  80 m (Bigelow and 
Schroeder 1953). 

Most spawning takes p l  ace a t  sa l  i n -  
i t i e s  o f  3 1  t o  32.5 pp t  i n  inshore 
waters, and on Nantucket Shoal and 
Georges Bank a t  s l  i g h t l y  h igher  sa l  i n -  
i t i e s  (32.7 t o  33 ppt ,  r espec t i ve l y ;  
Bigelow and Schroeder 1953). Water 
temperature du r ing  spawning i s  usual l y  
between 0  and 3  O C  bu t  may be as h igh  
as 6  O C  (Bigelow and Schroeder 1953). 
The w in te r  f lounder  spawns a t  s l i g h t l y  
h igher  temperatures on Georges Bank 
than i n  inshore waters (Lux e t  a l .  
1970). 

The stage o f  m a t u r i t y  o f  t he  w i n t e r  
f lounder  i s  l a r g e l y  governed by s i z e  
r a t h e r  than age. Flounders grow 
f a s t e r  and mature a t  a  younger age i n  
t he  south than i n  the  nor th.  I n  New- 
foundland, males mature a t  age V I  and 
females a t  age V I I  (Kennedy and Stee le  
1971); i n  New York, w i n t e r  f lounder  
mature a t  age I 1  o r  I11 (Per lmut te r  
1947). 

The fecund i t y  o f  w i n t e r  f l ounder  
repor ted  by B ige l  ow and Schroeder 
(1953) ranged from 0.5 t o  1.5 m i l  1  i o n  
eggs per  female. S a i l a  (1961) 
repor ted  t h a t  i n  Rhode I s l a n d  waters 
193,000 eggs were produced by a  f i s h  
249 mm t o t a l  l eng th  (TL) and 1.34 m i l -  
l i o n  by a  f i s h  428 mm TL. I n  t he  
Weweantic Estuary i n  Massachusetts, 
numbers o f  eggs ranged from 435,000 
f o r  a  f i s h  350 mm TL t o  3.3 m i l l i o n  
f o r  a  f i s h  450 mm TL (Topp 1967). 
I n  Newfoundland, Kennedy and Steele 
(1971) repor ted  a  fecund i t y  range 
from 99,000 eggs f o r  a  f i s h  220 mm 
TL t o  2.6 m ' l l l i on  f o r  a  f i s h  440mm 
TL (mean = 0.59 m i l  1  i o n  eggs a t  
a  mean l eng th  o f  340 mm TL). The 



f o l l o w i n g  equations f o r  es t ima t i ng  
fecund i t y  on t h e  bas i s  o f  weight  have 
been pub1 ished: 

l o g  F = 2.3894 + 1.2403 l o g  W 
(Kennedy and Steele 1971) 

l o g  F = 0.0697 + 1.0659 l o g  W 
(Topp 1967) 

l o g  F = 2.6712 + 1.1383 l o g  W 
(Sai l a  1961) 

where F = fecund i ty  i n  thousands o f  
eggs and W = t o t a l  weight  i n  grams. 

Winter  f lounder  eggs are demersal , 
adhesive, and 0.74 t o  0.85 mm i n  diam- 
e t e r  (B ige l  ow and Schroeder 1953). 
They have no o i  1  g lobu le  when depos- 
i t e d ,  b u t  acqu i re  one l a t e r  (Breder 
1924). Incubat ion  t ime was 15 t o  18 
days a t  2.8 t o  3.3 O C  (Bigelow and 
Schroeder 1953), 25 days a t  3  O C ,  and 
7  days a t  12 t o  14 O C  (Rogers 1976). 
Incubat ion  t ime was i nve rse l y  re1 ated 
t o  water temperature and sa l  i n i  t y  
(Rogers 1976). 

Winter  f lounder  eggs seem t o  be most 
abundant i n  water w i t h  a  s a l i n i t y  o f  
10 t o  30 pp t ;  a t  s a l i n i t i e s  below 5  
p p t  o r  above 40 pp t ,  some embryos sur- 
v ive ,  b u t  are u s u a l l y  deformed (Rogers 
1976). The opt imal  s a l i n i t y  f o r  egg 
s u r v i v a l  i s  15 t o  35 ppt .  

Many embryos become i n v i a b l e  o r  ab- 
normal a t  temperatures be1 ow f reez ing  
(-1.8 t o  0  O C )  and temperatures above 
10 O C  (Wi l l iams 1975). The optimum 
water temperature range f o r  s u r v i v a l  
i s  0  t o  10 O C  ( W i  11 iams 1975). 

Larvae 

I n  s tud ies  by Bigelow and Schroeder 
(1953) and La Roche (1980), w i n t e r  
f lounder  l a rvae  were 2.4 t o  3.5 mm TI- 
a t  t he  t ime o f  hatching. A major 
c h a r a c t e r i s t i c  o f  t he  newly hatched 
l a rvae  was the  broad v e r t i c a l  band o f  

pigment c e l l s  d i v i d i n g  the  postanal 
p o r t i o n  o f  t he  bodl.  A t  a  water tem- 
pera ture  o f  3.9 C t h e  l a rvae  were 
about 5  mm TL, and the  yo1 k  sac was 
absorbed i n  12 t o  14 days. La Roche 
(1980) provides a  de ta i  1  ed d e s c r i p t i o n  
o f  1  a rva l  development. 

Winter  f lounder  undergo a  r a p i d  
metamorphosis a t  a  much smal le r  s i z e  
than o the r  f l a t f i s h e s  o f  t he  North 
A t l a n t i c  reg ion  (Bigelow and Schroeder 
1953). The i r  metamorphosis i s  com- 
p l e t e  when the  l a rvae  are  8  t o  9  mm TL 
(Laurence 1975) ; t h i s  t rans format ion  
took 80 days a t  a  water temperature o f  
5  O C  and 49 days a t  8  OC. No metamor- 
phosis was ev ident  a t  2 O C  (Bigelow 
and Schroeder 1953). 

I n  aquaria, w i n t e r  f 1  ounder 1  arvae 
engage i n  upward swimming bouts and 
then s i n k  t o  t he  bottom where they 
remain f o r  a  s h o r t  t ime ( S u l l i v a n  
1915; B ige l  ow and Schroeder 1953). 
The l a rvae  o f  o the r  f l a t f i s h  species 
are  more pe lag ic .  Winter  f lounder  
l a rvae  are continuous, v i s u a l  , day- 
l i g h t  feeders t h a t  cease feeding a t  
n i g h t  (Laurence 1977). 

Juveni l e s  

A f t e r  metamorphosis, w i n t e r  f lounder  
are  benth ic  and seldom lose  con tac t  
w i t h  t he  substrate.  Most j u v e n i l e s  
spend much o f  t h e i r  f i r s t  2 years i n  
o r  near s h a l l  ow na ta l  waters, where 
they move i n  response t o  extreme heat 
o r  c o l d  (Topp 1967). A f t e r  meta- 
morphosis, t he  j u v e n i l e s  p r e f e r  a  sub- 
s t r a t e  o f  sa,nd o r  sand and s i l t  
(Clayton e t  a l .  1978). Older  juve- 
n i l e s  i n  es tua r ies  g radua l l y  move sea- 
ward as they grow l a r g e r  (Mulkana 
1966). 

Adul ts  

The seasonal movements o f  w in te r  
f lounder  d i f f e r  between populat ions 
n o r t h  and south o f  Cape Cod. A 5-year 
tagg ing  study by Howe and Coates 
(1975) showed t h a t  w i  n t e r  f 1  ounder 
n o r t h  o f  Cape Cod moved about on ly  



l o c a l  l y  i n  inshore waters, wh i l e  those 
south o f  Cape Cod dispersed more than 
3 m i  o f f sho re  i n  a southwester ly  
d i r e c t i o n .  Adu l ts  from Martha 's Vine- 
y a r d  and coasta l  popu la t ions  from 
south o f  Cape Cod mixed i n  Nantucket 
Sound (Pierce and Howe 1977). 

Water temperature seems t o  be the  
most important  environmental f a c t o r  
determining seasonal d i s t r i b u t i o n  
(McCracken 1963). I n  Rhode I s 1  and, 
a d u l t  w i n t e r  f lounder  1 i ved  i n  coo ler  
offshore waters dur ing  summer and i n  
shal low inshore waters i n  w i n t e r  and 
e a r l y  sp r i ng  ( S a i l a  1961). I n  New- 
foundland, w i n t e r  f lounder  remained i n  
shal low water du r i ng  summer as long as 
food was a v a i l a b l e  and water tem- 
pera tures  d i d  no t  exceed 15 O C  (Van 
Guelpen and Davis 1979). Temperature 
i s  a l e s s  impor tan t  f a c t o r  i n  t he  d i s -  
t r i b u t i o n  o f '  j uven i l es ,  which t o l e r a t e  
h igher  temperatures than adu l t s  
(Pearcy 1962). 

I n d i c a t i o n s  a re  t h a t  a l o c a l  popula- 
t i o n  i s  de f ined by f i s h  i n h a b i t i n g  
several adjacent  es tuar ies  (P ierce  and 
Howe 1977). Although a l a r g e  percent-  
age o f  w i n t e r  f lounder  i n  a tagg ing  
study were recaptured a t  o r  near t he  
o r i g i n a l  tagg ing  l oca t i ons ,  Sai l a  
(1961) repor ted  t h a t  t h e  same breed- 
i n g  area i s  no t  always reoccupied each 
season. On a l a r g e r  geographic scale,  
t he re  i s  evidence t h a t  w i n t e r  f lounder  
n o r t h  and south o f  Cape Cod and from 
Georges Banks compose t h r e e  separate 
groups (Lux e t  a l .  1970; P ierce  and 
Howe 1977). 

GROWTH CHARACTER1 STICS 

Growth Rate 

The r a t e  o f  growth o f  t h e  w i n t e r  
f lounder  i s  r a p i d  u n t i l  age V o r  V I  
and then decreases, p a r t i c u l a r l y  i n  
males (Lux 1973). A f t e r  t he  f i r s t  2 
years,  females grow f a s t e r  than males 
(Br iggs 1965; Lux 1973; Howe and 
Coates 1975). An except ion i s  i n  New- 
found1 and, where t h e  growth r a t e s  o f  

t h e  sexes are  s i m i l a r  (Kennedy and 
Steel  e 1971). 

The growth r a t e  a l so  d i f f e r s  between 
f i s h  from areas r e l a t i v e l y  c lose geo- 
g raph ica l  ly. Lengths o f  f 1 ounder a t  
t he  same age were s i g n i f i c a n t l y  d i f -  
f e r e n t  among c e r t a i n  bays on Long I s -  
land (Lobe l l  1939; Poole 1966). 
Flounder grow t o  a l a r g e r  s i z e  i n  t he  
Georges Bank popu la t i on  than i n  i n -  
shore popu la t ions  (Bigelow and 
Schroeder 1953). According t o  Ber ry  
e t  a l .  (1965), t he re  i s  no t y p i c a l  
growth r a t e  f o r  the  w i n t e r  f lounder  
because t h e  popu la t ions  may be exposed 
t o  d i f f e r e n t  r a t e s  o f  e x p l o i t a t i o n  o r  
1 i v e  under d i f f e r e n t  environmental 
cond i t ions .  I n  add i t i on ,  t h e  extended 
spawning pe r iod  (up t o  4 months) can 
make comparisons d i f f i c u l t  between age 
groups and 1 ocations. 

Lux (1973) gave the  f o l l o w i n g  von 
Ber ta l  anf  fy growth equations f o r  win- 
t e r  f lounder  from Georges Bank: 

-0.37(t-0.05) 
male 1 = 550 C 1  - e-O. j l ( t -O.Oi j ) I  

female I:= 630 [l - e 1 
Length-Weight Relat ionships 

The length-weight r e l a t i  onships 
pub1 ished f o r  adu l t s  and l a rvae  a re  
presented i n  Table 1. 

THE FISHERY 

Commercial and Recreat ional  

The w i n t e r  f lounder  supports va l  u- 
ab le  commercial and spo r t  f i s h e r i e s  i n  
t h e  coasta l  waters o f  New England. 
The t o t a l  commercial ca tch  i n  t h e  f i v e  
coasta l  New England States was 15,500 
me t r i c  tons (t) i n  1983 (U.S. Depart- 
ment o f  Commerce 1983). From 1935 t o  
1980, t he  annual commercial 1 andi ngs 
i n  New England ranged between 6,000 
and 15,000 t. The o t t e r  t r a w l  i s  t he  
p r i n c i p a l  f i s h i n g  gear. 

The w i n t e r  f lounder  i s  a h i g h l y  
valued s p o r t  species because i t  i s  



Table 1. Pub1 i shed length-weight  r e l a t i o n s h i p s  f o r  a d u l t  and l a r v a l  w i n t e r  
f 1  ounder. 

Equation Locat ion Source 

Adul ts  

loglow = 3.138 logloL-5.239 Georges Bank Lux (1969) 
where W = g, L  = mm 

loglow = 3.1441 logloL-2.072 (female) 

1  ogloW = 2.9833 1  ogloL-1. 9041 (ma1 e) Newfound1 and Kennedy and 
where W = g, L  = cm Steele (1971) 

Larvae 

1 0 g ~ ~ W  = 4.769 logl0L-1.347 
where W = mg, L = mm 

Laboratory-reared Laurence (1979) 

seasonal ly  abundant i n  nearshore areas 
and e a s i l y  captured from boat  o r  
shore. I n  New England t h e  spo r t  catch 
has been repor ted  t o  surpass the  com- 
merc ia l  catch i n  some years (Deuel 
1973). 

Populat ion Dynamics 

The age and s i z e  o f  w i n t e r  f lounder  
r e c r u i t e d  i n t o  the  f i s h e r y  va r i es  w i t h  
t he  l o c a t i o n  and the  type o f  f i s h e r y .  
B r i  ggs (1965) repor ted  t h a t  f 1  ounder 
r e c r u i t e d  i n t o  the  spo r t  f i s h e r y  a t  
South Shore Bay, Long I s land ,  were 
from 200 t o  260 mm TL. I n  Nova 
Scot ia,  r e c r u i t s  i n t o  the  commercial 
f i s h e r y  were 3  t o  4  years o l d  and 
weighed an average o f  363 g  (D ick ie  
and McCracken 1955). I n  Narragansett 
Bay, Rhode I s 1  and, w i n t e r  f lounder  
were f u l l y  r e c r u i t e d  i n t o  t h e  commer- 
c i a l  catch a t  age 111 (250 mm TL; 
Sai 1  a  e t  a1 . 1965). 

Est imated natura l  m o r t a l i t y  ra tes  o f  
w i n t e r  f lounder  ranged from 50% t o  54% 
and t o t a l  annual m o r t a l i t y  (na tu ra l  
and f i s h i n g )  ranged from 72% t o  78% 
(Pool e  1969). To ta l  annual morta l  i t y  
r a t e s  est imated by Ber ry  e t  a l .  (1965) 
on the  bas is  o f  age composit ion f o r  
two d i f f e r e n t  Long I s l a n d  populat ions 
were 56% f o r  males and 65% f o r  females 

i n  one popu la t ion ,  and 5 l %  f o r  males 
and 58% f o r  females i n  t h e  other .  The 
instantaneous morta l  i t y  r a t e s  o f  
w i n t e r  f lounder  i n  Nova Scot ia  were 
0.321 (na tura l  ) and 0.475 ( f i s h i n g )  
(D i ck ie  and McCracken 1955). South 
o f  Cape Cod, Howe e t  a l .  (1976) 
repor ted  instantaneous m o r t a l i t y  ra tes  
o f  0.1125 (na tu ra l  ) and 0.2445 
( f i s h i n g ) .  

Two important  f a c t o r s  a f f e c t i n g  mor- 
t a l i t y  a re  t r a n s l o c a t i o n  o f  l a r vae  ou t  
o f  t he  es tuary  by d r i f t  (Pearcy 1962) 
and predat ion  (D ick ie  and McCracken 
1955). J e f f r i e s  and Johnson (1974) 
repor ted  t h a t  w i n t e r  f 1  ounder abun- 
dance i n  Narragansett Bay may be par- 
t i a l l y  governed by annual o r  seasonal 
changes i n  c l imate .  Because each 
popu la t ion  does no t  usua l l y  d isperse 
beyond 1  ocal waters, t h e  degradation 
o f  an estuary may have a  d r a s t i c  
e f f e c t  on the  abundance o f  r e c r u i t s  i n  
nearby coasta l  waters. 

ECOLOGICAL ROLE 

Food Hab i ts  

Larvae begin t o  feed 2  t o  3  weeks 
a f t e r  they hatch. They f i r s t  feed on 
copepods and phytoplankton, b u t  as 



t hey  reach metamorphosis, t h e i r  d i e t  
i s  composed o f  copepod naupl i i , small  
po lychaetes,  nemerteans, and o s t r a -  
cods. For d e t a i l e d  d e s c r i p t i o n s  o f  
t h e  food h a b i t s  o f  l a r v a l  and juve- 
n i l e  w i n t e r  f lounder ,  see Pearcy 
(1962). Laurence (1977), who s tud ied  
t h e  e f f e c t s  o f  food d e n s i t y  on l a r v a l  
growth and s u r v i v a l ,  r epo r ted  t h a t  t h e  
l a r v a e  d i e d  from s t a r v a t i o n  i n  2  weeks 
a t  p rey  (naup l ius )  d e n s i t i e s  o f  
<O. l / m l  ; c r i t i c a l  p rey  d e n s i t y  was 
about 0.5/ml. P lankton d e n s i t y  i n -  
f luenced s u r v i v a l  more than i t  d i d  
growth. Laurence (1977) demonstrated 
t h a t  t h e  d e n s i t y  o f  p rey  was probab ly  
t h e  most impor tan t  f a c t o r  a f f e c t i n g  
s u r v i v a l .  

A d u l t  w i n t e r  f l ounde r  f e d  l a r g e l y  on 
organisms o f  t h r e e  phyla:  Annel i da ,  
Cn idar ia ,  and Mol lusca. I n  t h e  study 
by Langton and Bowman (1981), t h e  per -  
centages o f  composi t ion (numbers) o f  
p rey  i n  f l ounde r  stomachs were as f o l -  
lows: Annel i d a  27% (most ly  po lychaete  
worms), Cn ida r i a  26%, Anthozoa 25%, 
Mol lusca 16%, and Hydrosoa 4%. The 
composi t ion v a r i e d  among geographic 
l oca t i ons .  T y l e r  and Dunn (1976) 
repo r ted  t h a t  t h e  maintenance r a t i o  
was 7.9 ca l /g .  D e t a i l e d  s tud ies  o f  
t h e  food o f  a d u l t  w i n t e r  f l ounde r  were 
made' by Langton and Bowman (1981), 
Wel ls  e t  a l .  (1973), Kennedy and 
Stee le  (1971), O l l a  e t  a l .  (1969), 
Mu'l kana (1966), and Frame (1973). 

Feeding Behavior  

Win te r  f l ounde r  p r i m a r i l y  feed v i su -  
a l l y  and o n l y  d u r i n g  d a y l i g h t  (01 l a  e t  
a l .  1969; MacDonald 1983). I n  t h e  Bay 
o f  Fundy, those i n  nearshore waters 
u s u a l l y  f e d  i n  t h e  i n t e r t i d a l  zone 
(Wel ls  e t  a l .  1973). They moved 
inshore  about 2  h  a f t e r  low t i d e  and 
re tu rned  t o  t h e  s u b l i t t o r a l  zone about 
2  h  be fo re  t h e  nex t  low t i d e  ( T y l e r  
1971b). 

When feeding,  t h e  w i n t e r  f l ounde r  
1  i e s  motion1 ess w i t h  i t s  head r a i s e d  
o f f  t h e  bottom, braced by t h e  dorsa l  
f i n .  When a  p rey  i s  s igh ted ,  t h e  f i s h  

remains mot ion less,  p o i n t i n g  toward 
t h e  prey,  and then  lunges forward and 
downward t o  cap ture  it. I f  no prey  i s  
s igh ted ,  t h e  f i s h  moves t o  a  new loca-  
t i o n ,  changing p o s i t i o n  from f o u r  t o  
f i v e  t imes p e r  minute ( O l l a  e t  a l .  
1969). 

Compet i t ion 

The w i n t e r  f l ounde r  has r e l a t i v e l y  
few compet i to rs  f o r  food and space. 
I n  many e s t u a r i e s  i t  i s  t h e  most abun- 
dan t  demersal species (Richards 1963; 
O v i a t t  and Nixon 1973). The h i g h l y  
p roduc t i ve  es tua r i ne  and coas ta l  habi -  
t a t s  i t  occupies, combined w i t h  i t s  
omnivorous food hab i t s ,  tend  t o  reduce 
compet i t ion .  J e f f r i e s  and Johnson 
(1974) suspected t h a t  t h e  e a r l y  spawn- 
i n g  and t h e  s h o r t  p e r i o d  o f  t ime t o  
metamorphosis pe rm i t  t h e  l a r v a e  t o  
reach t h e  j u v e n i l e  s tage be fo re  po- 
t e n t i a l  compet i to rs  e n t e r  t h e  bays and 
es tua r i es .  

Predators 

A d u l t  w i n t e r  f l ounde r  a re  t h e  p rey  
o f  many o f  t he  l a r g e r  es tua r i ne  and 
coas ta l  p redators  such as s t r i p e d  bass 
(Morone ' saxa t i  1  i s ) ,  b l u e f i s h  ( ~ o m a t o -  
mus s a l t a t r i x ) ,  goosef ish  - 
americanus) ,sp iny dog f i sh  
acanth ias)  , o y s t e r  t o a d f i s h  
- t a u ) , d  sea raven 
americanus) ( D i c k i e  
1955; G ross le i  n  and Azarov i  t z  1982). 

Predat ion  i s  a  major  cause o f  mor- 
t a l i t y  i n  l a r v a l  and j u v e n i l e  w i n t e r  
f lounder .  The l a r v a e  were h e a v i l y  
preyed upon by t h e  small  hydromedusa 
S a r i a  tubu losa  (Pearcy 1962). T y l e r  
m a )  repo r ted  t h a t  t h e  q r e a t  
cormorant ar ha lac roc or ax carbo) ,- the  
a r e a t  b l u e  heron (Ardea herodias) .  and 
t h e  osprey ( ~ a n d i o n h a l i a e t u s j '  a r e  
a1 so p redators  o f  w i n t e r  f 1  ounder. 

Paras i tes  

The m ic rospo r i d i an  p a r a s i t e  G l  ugea 
h e r t w i g i  i s  most common and may cause 
h i g h  m o r t a l i t y  among w i n t e r  f l ounde r  



l ess  than 30 mm l ong  (TL) (Mu1 kana 
1966). K l  e i  n-MacPhee (1978) provided 
a  d e t a i l e d  l i s t  o f  t he  p r i n c i p a l  para- 
s i t e s  o f  t h e  w i n t e r  f lounder.  

ENVIRONMENTAL REQUIREMENTS 

Water Temperature 

Winter  f 1  ounder are  commonly found 
i n  water temperatures o f  0  t o  25 OC.  

01 1  a  e t  a1 . (1969) repor ted  t h a t  win- 
t e r  f lounder  f ed  a t  water tempera- 
t u res  as h igh  as 22 OC, b u t  burrow 
i n t o  the  bottom a t  h igher  tempera- 
tu res .  McCracken (1963) gave a  pre-  
f e r r e d  temperature range o f  12 t o  
15 OC.  Huntsman and Sparks (1924) 
repor ted  a  maximum temperature to1  e r -  
ance o f  about 30 OC. Under c o n t r o l l e d  
cond i t ions ,  w i n t e r  f 1  ounder can acc l  i- 
mate t o  h igher  temperature regimes; 
f o r  example, Ever ich and Gonzalez 
(1977) repor ted  t h a t  t h e  c r i t i c a l  
thermal maximum increased from 26 t o  
32 OC as t h e  acc l ima t i on  temperature 
increased from 4  t o  23 OC. An extend- 
ed pe r iod  o f  unusual ly  ho t  weather 
caused heavy morta l  i t y  i n  coasta l  wa- 
t e r s  o f  Long I s l a n d  Sound (Nichols 
1918). Juveni 1  e  w i n t e r  f 1  ounder tend 
t o  be more t o l e r a n t  o f  h igh  tempera- 
t u res  than adu l ts .  

Sal i n i  t y  

Adu l t  w i n t e r  f 1  ounder commonly 1  i v e  
i n  s a l i n i t i e s  o f  5  t o  35 p p t  (Bigelow 
and Schroeder 1953). Extremes i n  sa- 
1  i n i t y  may lower egg and l a r v a l  sur- 
v i v a l  and hatch ing  success (see the  
sec t i on  on eggs and larvae).  

Contami nants 

I n  a  study i n  t he  Weweantic River ,  
Massachusetts, c h l o r i n a t e d  hydrocar- 
bon i nsect ic ides  and t h e i  r breakdown 

products (DDT, DDE, heptachl o r ,  hep- 
tach1 o r  epoxide, and d ie1  d r i  n) were 
found i n  var ious t i ssues  o f  t h e  w i n t e r  
f lounder  (Smith and Cole 1970; Smith 
1973). Concentrat ions o f  DDT, DDE, 
and heptachlor  epoxide were h ighest  i n  
r i p e n i n g  ovar ies.  A g r i c u l t u r a l  r u n o f f  
was t h e  major source o f  t h e  con- 
taminants (Smith and Cole 1970). Topp 
(1967) repor ted  t h a t  t h i s  contami na- 
t i o n  caused h igh  m o r t a l i t y  i n  t he  
Weweantic River .  

I n  s tud ies  o f  t he  e f f e c t s  o f  s i l v e r  
on the  eggs and l a rvae  o f  w i n t e r  
f 1  ounder, K l  e i  n-MacPhee e t  a1 . (1984) 
found t h a t  concentrat ions o f  s i l v e r  
g rea te r  than 54 pg/ l  sometimes caused 
h igh  m o r t a l i t y  o f  t he  eggs and yo1 k- 
sac larvae,  and t h a t  exposure t o  92 
pg/ l  s i g n i f i c a n t l y  increased egg mor- 
t a l i t i e s .  I n  con t ras t ,  Voyer e t  a l .  
(1982) repor ted  t h a t  s i l v e r  i n  con- 
cen t ra t i ons  up t o  166 pg/ l  d i d  no t  
increase egg morta l  i t y .  

Disease 

About 14% o f  t he  w i n t e r  f lounder  
examined from the  New York B i g h t  had 
f i n  e ros ion  (Ziskowski and Murchel ano 
1975). It i s  no t  known i f  t h e  disease 
i s  i n f e c t i o u s  o r  non in fec t ious ,  b u t  i t  
i s  no t  u s u a l l y  f a t a l .  Although the  
p rec i se  cause o f  f i n  r o t  e ros ion  i s  
no t  known, i t s  h igh  inc idence i n  asso- 
c i a t i o n  w i t h  h igh  sediment contamina- 
t i o n  suggests t h a t  contac t  o f  t h e  f i n s  
w i t h  t o x i c  sediment i s  an important  
f a c t o r  i n  t he  development o f  t h e  
disease (Sherwood 1982). 

The microspor id ian  G l  ugea h e r t w i g i  , 
found i n  t he  d i g e s t i v e  t r a c t  o f  w i n t e r  
f 1  ounder, was described by Stunkard 
and Lux (1965). The inc idence o f  
i n f e c t i o n  i n  samples ranged from 54% 
i n  Martha 's Vineyard t o  zero on 
Georges Bank (Stunkard and Lux 1965). 
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