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ABSTRACT

Beacham, T. D. 1982. Biology and exploitation of winter flounder
(Pseudopleuronectes americanus) in the Canadian Maritimes area of
the Northwest Atlantic Ocean. Can. Tech. Rep. Fish. Aquat.
Se i. 111 3 : i v + 33 p.

Variability in growth rates, median size and age at
maturity, and size and age compositions of fish in landings in the
commercial fishery was investigated for winter flounder
(Pseudopleuronectes americanus) in the southern Gulf of St. Lawrence
(Div. 4T) and on the southern Scotian Shelf (Divs. 4WX). Mean
lengths-at-age for winter flounder derived from Canadian ground fish
surveys indicated that linear regressions adequately described winter
flounder growth up to age 12 for females and age 9 for males, and they
also indicated females grew between 20-35% faster than did males.
Winter flounder in Div. 4X grew about 70% faster than did those in
Div. 4T. Instantaneous growth rates of females were generally above
0.20 for ages 6 and under and for males above 0.20 for ages 5 and
under and these ages constituted from 45-70% of the landings of otter
trawlers in the Canadian winter flounder fishery from 1975-79. For
winter flounder in Div. 4T from 1975-79, median length and age at
maturity for males was 18.8 cm and 3.7 yr and for females 20.6 cm and
4.0 yr. Median length at maturity declined for winter flounder in
Div. 4X.

Key Words: exploitation, fishery, growth, maturity, Northwest
Atlantic, Pseudopleuronectes, winter flounder.
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REsutvlE

Beacham, 1. D. 1982. Biology and exploitation of winter flounder
(Pseudopleuronectes americanus) in the Canadian Maritimes area of
the Northwest Atlantic Ocean. Can. Tech. Rep. Fish. Aquat. Sci.
No. 1113: iv + 33 p.

La vari8bilit~ du taux de croissance, de Is taille et de
l'age medians a la maturite, et des compositions par taille et par age
a ete etudiee pour Is plie rouge (Pseudopleuronectes americanus) des
debarquements de Is peche commerciale dans Ie sud duo r~ol fe
Saint-Laurent (div. 4T) et dans la partie sud du plateau continental
Scotian (div. 4WX) Les donnees sur la longueur moyenne pour chaque
age, tirees des leves sur Ie poisson de fond canadien, montraient que
les regression 1ineaires decrivaient correctement 18 croissance de 1a
pli e rouge jusqu' a 12 ans pour la feme1le et jusqu' a 9 ans pour Ie
male, et elles indiquaient aussi que la femme1le se deve10ppait entre
20 et 35 % plus vite que Ie male. La plie rouge de la div. 4X
croissait 70 % plus vite environ que celIe de la dive 4T. En general,
les taux de croissance instantanes depassaient 0,20 pour les femelles
de 6 ans et moins et pour les males de 5 ans et moins; entre 1+5 et
70 % de la plie rouge capturee au Canada entre 1975 et 1979 par les
chalutiers ~ plateaux se situaient dans ces ages. Entre 1975 et 1979,
l~ longueur et l l age medians a maturit~ de la plie rouge dans la dive
4T etait de 18,8 cm et 3,7 ans pour les males et de 20,6 em et 4 ans
pour les femelles, La longueur mediane 8 maturite a diminue pour 1a
plie rouge de 18 dive 4X.

Mots-cles: exploitation, p~che, croissance, l'Atlantique nord-ouest,
euronectes la plie rouge.



INTRODUCTION

The winter flounder (Pseudopleuronectes americanus), while
found offshore in a few shoal areas, is generally a coastal species.
Along the coast of Nova Scotia, it found in bays, particularly the Bay
of Fundy (Northwest Atlantic Fisheries Organization Div. 4X) (Fig. 1),
and the southern Gulf of St. Lawrence (Halliday 1973). The
only sizeable offshore population is found on Sable Island Bank (Div.
4H) (Scott 1976). Little is known about stock structure off Nova
Scotia, although seasonal movements (HcCracken 1963) and diurnal
movements (Tyler 1971) have been investigated.

The Canadian fishery is almost entirely coastal and catches
are made by small, inshore vessels 1973). Nominal catches
are highest in Div. 4T and Div. 4X, and in the 1970s were about
3,000 t annua for both areas combined ICNAF Statistical
Bulletins). The USSR exploited winter flounder on Sable Island Bank
in the 1960s and early 1970s 1973), but the fishery by 1977
was almost entirely Canadian.

Growth rates of winter flounder in Canadian waters have been
investigated by Kennedy ans Steele (1971). However, if mortality
rates are known, age-specific instantaneous growth rates may be
analyzed to determine the age at which a reaches maximum
biomass in order to optimize e1d from a fishery. Yield could be
increased if exploitation of ages in which the instantaneous growth
rate is greater than the instantaneous mortality rate is reduced.
Details on size and age at sexual maturity are necessary in order to
evaluate spawni.ng stock size. This paper presents data on growth~

size and age at and in size and age of winter
flounder in the land s of the fishery in relation to these problems.

MATERIALS AND METHODS

tratified random de surveys
upon which part of the analysis was based (Halliday and
Kohler MS 1971) A #36 Yankee 0 ter trawl with 3/4 inch (19 mm) mesh
was used in the surveys of the research vessel A.T. CAMERON and
the September surveys of the E.E. PRINCE. Otoliths in the commercial
and research samples were collected in a sampling design stratified by
length, the design based on a method described by Gulland (1955). The
age of winter flounder was determined from otoH th8 by a method
similar to used for cod Gadus by Kohler (1964). Total
length of \flnter r was measur neares em
groundfish surveys and commercial
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Length and age compositions of winter flounder were
determined for 5-year intervals. The estimation of age compositions
first required raising the nlwber sampled at each l-cm length interval
to the total catch of the sampled boat. Values from each sample were
weighted by the ratio of catch weight of sampled boat to weight of
sampled fish. Age-length keys were applied to the total length
frequency to give age compositions. As the Canadian fishery is
conducted by small, inshore vessels and is seasonal, over 80% of the
samples of the landings from the commercial fishery were collected
from May through August. Monthly distributions of the available
samples were outlined by Cleary (1979). For the research surveys,
only data from the July surveys in Div. 4X and September surveys in
Div. 4T were grouped in S-yr intervals. Grouping of the data
increased the number of fish sampled in the analysis in the youngest
and oldest ages, thereby allowing more reliable estimation of mean
lengths and weights at these ages. However, grouping of the data in
this way will allow only regional and long-term fluctuations in growth
to be detected.

The transition from the immature to the mature condition in
fish usually occurs over a range of length and age in the form of a
sigmoid curve. Powles (1965) outlined the classification of the
gonads used in assessing maturity of winter flounder in the present
study. From the percentages of mature winter flounder (gonads in
ripening, ripe, spawning, spent, or recovering condition) in 2-cm
length intervals, the median (50% mature point) was calculated by
probit analysis following the technique of Leslie et al. (1945).
Median age at maturity was calculated by grouping the data in l-yr
intervals.

RESULTS

AGE AND LENGTH FRE:ommCIES

Canad an gro ish
urveys for directed towards age this

species in the began in 1975. The in the southern
Gulf of St, Lawrence indicated that the 1972 year-class was relatively
strong, accounting for about 40% of the research catch in 1977 and 35%
in 1978. There was no consistent trend in relative year-class sizes
for winter flounder on the Scotian shelf.

Length frequencies of female winter flounder caught in the
September surveys in Div. 4T had a considerably higher proportion of

the age distributions were similar (Fig. 2). Length frequencies and
age distributions of male winter flounder showed similar trends and
are omitted for s licity, No data are presented for catches of



winter flounder in the other statistical areas because of insufficient
sample sizes, All winter flounder were c th the same type of
net. thus eliminating in selectivity accounting for different
length and age frequencies, The length age frequencies of winter
flounder in the research catch suggest that younger winter flounder
were larger in Div. LtX than in Div. 4L About 50% of the females
caught during the groundfish surveys were age 5 or younger.

The s of otter trawlers have been the most
extensively sampled for all gears that have taken in the Canadian
fishery for winter flounder.

In Div. 4T. the mean length and mean age of the landed catch
decreased from 1975-79 as compared with 1970-74 (Table 1). Less than
5% of the females landed were over 42 cm in the 1970s, but over 10% of
landed females were over 42 em in length in the 19608 (Fig. 3).
Length frequencies of land s of males showed trends similar to those
of females; with less than 5% of the landed males in the 1970s over
39 cm. From 1975-79, about 45% of the landed females were age 6 or
less (Fig. 3), and about 65% of the landed males were age 6 or less.
Landed females were usual most abundant in the 24- to 33-cm range,
as were males. From 1975-79, 1 ies and age compositions
of landed winter flounder in Div. 4T were similar to those in the
research surveys (F . 2, 3) which suggests that there was little
discarding in this fishery.

Mean length of the landed catch was usually greater in
Div. 4X than in Div. 4T (Table 1). th ies and age
compositions could not be determined from 1960,-74 because catch
weights from each vessel were not avai able. Length and age
compos1tLons of the landed catch in the 19508 were similar to those of
the late 1970s (Fig. 4). From 1975-79, about 70% of the landed
females were age 6 or less, as was the case for males. In the same
interval about 30% of the landed females re over 42 cm about three
times h than in Div. 4T. About 30% of the auded males were over
39 em, be six times h than those . 4T. th and age
distributions of winter flounder landed Canadian otter trawlers 1n
Div. 4X in 1975-79 were simi ar to tho the fish surveys
(Fig. 2

CHANGES IN LENGTH

The data from the groundfish surveys covering the available
age ranges for females suggests that was essentially linear
after age 2 ( . 5). The data for males was less abundant, but it
suggests a more curvilinear relationsh (F . 5), based upon the
Div. 4T data. For females because there was little evidence of

regressions were used to describe variabil in growth rates.
Bower (1978) followed a similar in describing growth of
Greenland halibut (Reinhardtius hi ssoides). Linear regressions

_.~~--",~~---_.

were a so f tted to data to allow for
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comparisons with females. Linear regressions were fitted to the mean
length-at-age data between ages 2 and 12 for females and ages 2-9 for
males.

Linear regressions accounted for the variability in female
mean length-at-age reasonably well (r2~O.86) (Table 2). In Div. 4T,
females grew about 35% faster per year than did males, while in Div.
4X, they grew 20% faster per year than did males over the range of
ages investigated. Growth rates of winter flounder in Div. 4X were at
least 70% faster per year than those in Div. 4T (Table 2). Growth
rates of winter flounder before age 2 were considerably faster than
the values in Table 2. Age-2 females caught by the research gear were
about 23 cm in length in july in Div. 4X and 18 cm in September in
Div. 4T, suggesting growth of about 9 cm/yr after 2.5 growing seasons
in Div. 4X and 6 cm/yr after 2.8 growing seasons in Div. 4T. However,
the mean lengths of age-2 winter flounder in the population will be
less than that observed because winter flounder are only partially
recruited to the research gear at age 2. Only the larger ones are
susceptible to capture, either because smaller winter flounder being
unavailable to the research gear or because they remain inshore.
Growth to age 2 was therefore somewhat less than 6-9 cm/yr and growth
after age 2 somewhat faster than this analysis suggests.

The effect of water temperatures on growth rates was
investigated by comparing mean length for age 4 and mean bottom
temperatures as derived from the July groundfish survey in Divs. 4W
and 4x and the September groundfish survey in Div. 4T. With bottom
temperatures of (mean of all sets during 1975-79) 2.33°C for Div. 4T,
6.48°C for Div. 4W, and 7.19°C for Div. 4X, mean length at age 4 was
correlated with water temperature for males (r=0.97) and females
(r=0.99). An increasing rate of growth of winter flounder from
northerly to southerly areas (Table 2), and a similar increasing trend
in mean length-at-age (Fig. 5) was coincident with increasing bottom
water temperatures,

Table 3 llustrates that the mean weight and length of
flounder c the research gear was greater at lower

latitute, whereas the mean age of the catch was less. Mean
length. we ,and age f males were less than those of females in
al were size ferences between

the same
year mean engths
over sign test analysis (Mendenhall 1971).
When winter flounder in were larger than those in Div. 4T, the
comparison was scored were smaller, it was scored I_I.

The analysis showed that winter flounder of the same age in the same
year that were landed in Div. 4X from June through October were larger
than those landed in Div. 4T from June through October for both males
(14+, 0-, P<O.Ol) and females (17+, 0-, P<O.Ol) (Table 4). Females
were also larger than males of the same age in Div. 4T (18+, 2-,

regional and sexual differences in growth rates of winter flounder.
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CHANGES IN WEIGHT

Mean weights-at-age for Div. 4T winter flounder (September)
and Divs. 4WX winter flounder (July) based upon the Canadian
groundfish surveys are indicated in Table 5. Males and females were
of similar weight until about age 5 in Divs. 4T and 4X. However,
females were heavier than males by at least age 4 in Div. 4W. Mean
weights-at-age were greater in more souther areas as compared with
northerly ones. Instantaneous growth rates were derived from the
weights-at-age in Table 5. Instantaneous growth rates of females were
generally above 0.20 up to age 6, and those of males were above 0.20
up to age 5 (Table 6).

SEXUAL MATURITY

Median length at sexual maturity declined for both male and
female winter flounder in Div. 4T from 1975-79 as compared with
1970-74 (P<O.05) CTable 7). Maturity ogives based on length indicated
that virtually all of the winter flounder greater than 30 em total
length were mature (Fig. 6). From 1975-79, median ages at maturity
(and 95% confidence limits) were 3.66 yr (3.30-4.05) for males and
3.98 yr (3.78-4.19) for females (Table 8),

For winter flounder in Div. 4W, median lengths at maturity
for males were greater during 1965-69 than in the 1970s (Table 7).
Median lengths at maturity increased by about 1 em from 1975-79 as
compared with 1970-74 (Fig. 7), but sample sizes were small in the
former period, and this increase was not significant (P>O.05)
(Table 7). Median length at maturity for females increased from
1975-79 as compared with 1970~74, but the difference was again not
significant (P>O.05).

for winter flounder in
,OS) (Table 7). All

were mature in the 1970s,
. 8). Median age at

. 4W or 4X
e data

flounder in

Median length at sexual matur
Div, 4X declined dur 1959-64 to 1975-79
females greater than 35 em in total 1
but about 9 mat the
matur be ed
as all 10 greater than age 2 were matur .
suggest that median age at maturity was lower for winter
Divs. 4W and 4X than for those in Div. 4T.

DISCUSSION

Studies on variability in growth of winter flounder have
indicated that there is regional variability in growth rates (Kennedy
and Steele 1971), with winter flounder in more southerly areas being
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larger at most ages than those in more northe areas. This result
suggests that water influences rates of winter
flounder. The influence of stock biomass on growth rates was not
inves ed in the present s because the stock structure of
winter flounder on the Scotian Shelf WdS uncertain and it was
difficult to determine reliable estimates for biomass. However,
in flatfish. stock densi has been sugges ted to have an impact on
growth rates (Pitt 1975; Bannister 1977). and this question could be
explored further when additional information is available.

Mean ths-a for winter flounde r the research
cruises in the southern Gulf of St. Lawrence and the Scotian Shelf
from 1975-79 were r than those ed Kennedy and Steele
(1971) for winter flounder near but less than
those recorded et al. (1965) for winter flounder of f Rhode
Island, U.S.A. However, mean for Div. 4X winter
flounder were similar to those et al. (1965), and
the results of the present s further illustrate regional
variability in winter flounder rates.

The analys of the land s of an otter trawlers
indicated that from 1975-79, winter flounder age 6 or less comprised
between 4 and 70% of the landings of females, and over 65% of the
landings of males. Instantaneous rates of winter flounder, as
derived from research cruises between 1975··79 re ly above
0.20 for females less than age 6 and for males less than age 5.
Natural mortali rates of winter flounder have been reported to range
between O. 0 and 0.36 and McCracken 1955 Saila et ale 1965)
and 0 27 for flounde off Hassachuset and Coates
1975) If natural mortali is about 0 30, then is lost from a
vear'-c:lRLl'lS when winter flounder less than age 3 0 4 comprise a
substantial portion of he catch because these ages the

tantaneous rate is greater than the ins antaneous mortal:i. ty
rate, result net increase in biomass of the year-class.
However rates of natural
mar there is a link
between 5 Ware 1975),
then should have lower
ra tes southern sto cks.

fai
ted

maturi for winter
from 1962-63 were

L\.CU"'C:UY and Steele
stock in the

we r e 21 cm fo r
and teele's study, similar to

These resul t s and the da t a fr om
winter flounder caught in warmer

Median
Newfoundland

.4
recorded for

However median
for females
the

indicated that

Kenned y and S
flounder
about
1971)
present
males and 25 cm
the results for
the

waters. This same trend was noted Gunter ( 950), who noted that
fish inhabi regions of r water rature grew faster
init attai.ned sexual maturi earlier and were of smaller final
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s~ze than the same spec~es in colder water. Alm (959) noted that
fish with a higher initial rate of growth attained sexual maturity
earlier than did slower-growing fish of the same species, and the
results of the present study support that v~ew.

The decline in median length at sexual m~turity for winter
flounder in Div. 4X and possibly Div. 4T may have occurred for two
reasons. If it is assullled that size at maturity has a genetic
component (Alm 1959), then there has been selection for fish that
mature at smaller sizes. Conwercial exploitation would remove
genotypes that mature at a larger size, and this mechanism could
account for the decline in median length at maturity. Alternatively,
a decline in median length at maturity may be attributable to a
decline in growth rates, if age at maturity is relatively constant.
Future research should identi stock boundaries and investigate
variability in annual growth rates in relation to changes in stock
biomass, and incorporate this variability in models used to assess
stock status.
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Table 1. Mean length (em), mean age (yrs), and sample sizes of winter flounder
derived from sampling landings of Canadian otter trawlers, 1948-79.

Period

Area Sex 1948-59 1960-64 1965-69 1970-74 1975-79
___0

Mean length 4T Male 32.1 30.8 32.4 30.5 26.6
(em)

Female 33.1 33.1 35.6 33.6 27.7
4X Male 32.6 36.5

Female 38.1 38.8

Mean age 4T Male 6.1 7.2 6.2
(yrs)

Female 5.4 7.9 6.2
4X Male 5.0 5.8

Female 6.0 6.0

Number of 4T 4 11 15 5 13
samples

4X 70 3 1 1 is

Number 4T 500 2013 1814 1000 2399
measured

4X 6841 326 162 359 2896

Number 4T 73 0 0 181 566
aged

4X 781 0 0 91 560
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Table 2. Growth rates <cm/yr) of winter flounder caught during Canadian
groundfish surveys iQ Div. 4T in September and Div. 4X in July, 1975-79.
Linear regressions of mean length on age were fitted for males from ages 2-9
and for females from ages 2-12.

Males Females

4T 4X 4T 4X

Rate 1.45 2.72 1.94 3.24
S.E. 0.22 0.49 0.10 0.19
Intercept 16.49 19.26 15.80 14.23
r 2 0.89 0.86 0.98 0.98



Table 3
1975-79

th. 'VIle

Surveys in
t,

re
ers for winter flounder caught during Canadian ground fish surveys,

and cruises in nivs, 4wX were in July.

Males Females

4W 4X 4T 4w 4X

29.6 33.4 27.5 34.1 36.5
) .31 0.55 0.30 0.50 0.77

4. 5.0 5.9 5.7 5.7
a 0.027 0.022 0.004 0.041 0.010

2.744 .858 3.323 2.654 3.088
65 44 770 77 241

0.86 0.93 0.94 0.84 0.96
I

I-'
N
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Table 4. Mean length-at-age (cm) for male and female winter flounder landed during
June through October by Canadian otter trawlers in Div. 4T and 4X, 1975-77.

1975 1976 1977
Male Female Male Female Male Female

Age 4T 4T 4T 4X 4T 4X 4T 4X 4T 4X

2 24.9 25.0
3 19.1 17.4 29.1 29.3 16.9 31.4 17.9 32.3
4 20.3 22.7 21. 7 32.5 21.9 32.7 19.9 34.3 21.3 36.1
5 25.0 26.8 24.5 35.0 25.4 36.6 23.6 36.9 24.4 36.7
6 27.5 28.7 25.6 36.8 26.4 39.2 27.7 39.6 30.1 41.9
7 28.5 29.9 27.9 38.4 28.5 40.1 31.0 42.5 33.7 45.4
8 33.6 29.5 40.4 30.7 42.9 33.6 42.7 34.5 45.1
9 34.7 32.2 41.2 33.2 45.9 35.6 49.4

10 31.3 33.9 44.4 33.5 45.9 35.6 46.9
11 35.0 35.4 44.4 35.9 46.8 45.7 52.8
12 34.3 36.2 51.9 33.0
13 47.0 51.6
14 50.0 56.0 45.0
15 56.0
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Table 5. Mean weights-at-age (kg) for winter flounder caught during
Canadian groundfish surveys in the southern Gulf of St. Lawrence (Div. 4T)
in September and on the Scotian Shelf (Divs. 4WX) in July, 1975-79. Number
of otoliths read for each age is in parenthesis.

Males Females

Age 4T 4W 4X /+T 4W 4X

2 0.06(7 ) (0) 0.16(3) 0.06(10) ( 0) 0.16(1)
3 0.10(20) (0) 0.20(13) 0.11(36) (0) 0.21(6)
4 0.14(48) 0.25(5) 0.41(16) 0.15(55) 0.35(6) 0.44(16)
5 0.18(66) 0.32(7) 0.56(11) 0.21(88) 0.43(14) 0.57(16)
6 0.23(65) 0.46(2) 0.78(11) 0.29(105) 0.48(7) 0.79(17)
7 0.26(45) 0.59(2) 0.78(4) 0.39(91) 0.75(5) 0.96(12)
8 0.29(31) (0) 0.88(2) 0.48(63) 0.62(2) 1.19(5)
9 0.28(9) ) 0.94(3) 0.51(29) 0.640) 1.330)

10 0.40(6) (0) (0) 0.62(18) (0) 1.60(1 )
11 0.39(2) (0) (0) 0.67(9) (0) 1.310)
12 0.42(2) (0) (0) 0.86(5) (0) (0)
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Table 6. Mean instantaneous growth rates of winter flounder as derived from
weights-at-age in Table 5.

Males Females

Age 4T 4W 4X 4T 4W 4X

2-3 0.511 0.223 0.606 0.272
3-4 0.337 0.718 0.310 0.740
4-5 0.251 0.247 0.312 0.337 0.206 0.259
5-6 0.245 0.363 0.331 0.323 0.110 0.326
6-7 0.123 0.249 0.000 0.296 0.446 0.195
7-8 0.109 0.121 0,208 -0.190 0.215
8-9 -0.035 0.066 0.061 0.032 0.111
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Table 7. Median length (em) at sexual maturity of winter flounder in
Divisions 4T, 4W. and 4X as calculated from groundfish surveys from 1959-64,
1965-69. 1970-74, and 1975-79. 95% confidence limits are in parenthesis.

Males

Division 1959-6L. 1965-69 1970-74 1975-79

4T 21.03 18.76
09.90-22.23) 08.09-19.1.+6)

4W 24.27 21. 99 22.94
(22.93-25.68) 09.09-25.31) (19.10-27 .56)

4X 29.18 28.82 28.01 25.37
(27.11-31.41) (27.50-30.20) (26.49-29.59) (23.31-27.60)

-------_.

Females

Division 1959-64 1965-69 1970-74 1975-79

4T 22.77 20.58
(21.95-23.61) (20.03-21.14)

4W 23.35 25.08
(21.49-25.37) (23.33-26.96)

4X 31. 59 28.29 28.10 25.58
00.58-32.63) (27.44-29.17) (26.85-29.40) (23.25-28.16)
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Table 8. Percentage of sexually mature winter flounder
by age and sex caught during Canadian groundfish
surveys in the southern Gulf of St. Lawrence (Div. 4T),
1975-79. Number of fish sampled at each age is in
parentheses.

Age Male Female

2 0.0 (0) 0,0 ( 13)

3 29.1 (24) 14.0 (43)
4 56.6 (53) 50.0 (62)
5 81.3 (80) 84.5 (03)
6 87.2 (94) 90.3 (134)
7 96.3 (54) 99.1 (06)
8 82.9 (3S) 100.0 (76)
9 100.0 (6) 100.0 (27)
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