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not significantly correlated with either fish size or age,
but such relationships may have been obscured by the
small sample size of 25 fish.

Fecundity estimates ranged from 48 800 eggs for a
31cm fish to 508 300 eggs for a 60 cm fish. Mean fish
length in the sample was 49.6 cm. Coefficients of varia­
tion for subsample counts averaged 22.2% (range
4.0-58.2%), a value consistent with the error identified
by Van Guelpen et al. (1982) when subsampling small
fractions. Logarithmically-transformed data (log-log,
base 10) provided the best fits when fecu ndity was
regressed separately against length, weight and age.
Although all relationships were statistically significant
(P<0.05), fecundity was most highly correlated with
weight, followed by length, and then age (Table 4).

Maturation and spawning. Observed overall sex
ratios for witch flounder taken during 1977-84 were
essentially 1:1, although the annual percentage of
males increased from 46.3% in 1980 to 54.1% in 1984.
Goodness of fit tests were highly significant (P<0.01)
for maturity ogives for each sex in all years. Median
length-at-maturity (Lso) for males decreased from a
mean of 29.6 cm during 1977-81 to a mean of 24.3 cm
during 1982-84 (Fig. 3) with a concomitant decrease in
the median age-at-maturity (Aso) from age 5 to 4.
Females, however, did not exhibit this trend, as Lso

fluctuated around a mean of 33.5 cm (Fig. 4) and Aso

remained about age 6. Sharp declines in Lso for males
from 1977 to 1978 and females from 1978 to 1979 are
attributed to a large, slow-growing 1973 year-class
(unpublished data).

Spawning was protracted, with ripe fish obseved
from April to November, but too few samples were
collected during the summer to identify peak spawning
(Table 5). Spawning fish were found at depths ranging
from 24 to 360 m, and a bottom temperature range from
2.90 to 8.9 0 C.

The western and northern portions of the Gulf of
Maine were identified as areas of most spawning activ­
ity (Fig. 5). Mean depths and bottom temperatures
were 126 m and 4.6 0 C for the western area, and 131 m
and 5.1 0 C for the northern Gulf; however, localities of

TABLE 4. Results of univariate log-log (base 10) regression analyses
of witch flounder fecundity on lenqth", weiqht'' and aqe"
(a = intercept, b = slope, S.E. standard error, r correla-
tion coefficient, F = F-test statistic, p probability).

Variable a S.E. b S.E. F P

Length 0.1714 0.1606 3.0919 0.5495 0.761 31.66 0.000
Weight 2.3232 0.1284 1.0540 0.1332 0.855 62.58 0.000
Age 4.3490 0.2077 1.0312 0.3312 0.545 9.69 0.005

a Fecundity = 1.4839 Length30919

b Fecundity 210.4747 Weight10540
C Fecundity = 22335.7222 Age 10312

colder water may delineate the distribution of spawn­
ing fish. In both areas, the index of spawning activity in
each survey tow was negatively correlated with bottom
temperature recorded for that station (r = 0.81, p<0.01
for the western area, and r = 0.87, P<0.01 for the north­
ern area). No relationship was detected between
spawning activity and depth.

Seasonal distribution. No significant differences
were observed in depth or temperature distributions
for subadults and adults; accordingly, these two
groups were combined in subsequent analyses. Distri­
butions of juveniles and adults were not significantly
different for any season with respect to bottom temper­
ature (Table6). However, distribution by depth differed
significantly (P<0.01) for juveniles and adults for all
seasons. Adults maintained an annual mean depth of
147m, while juveniles were found at shallower depths
than adults in winter and spring, and greater depths in
summer and autumn. Seasonal mean depths for juve­
niles ranged from 112 m in winter to 198 m in summer
and autumn.

Discussion

Although females grew to a smaller asymptotic
size, growth rates of witch flounder in the Gulf of
Maine-Georges Bank region were generally higher
over a comparable life span than those for fish from
Canadian waters (Fig. 6; see Bowering and Brodie,
1984, for a discussion of the poor growth of witch
flounder in the Gulf of St. Lawrence). This is similar to
findings for some other flatfish in the Gulf of Maine, and
in Canadian waters, e.g. winter flounder iPteuro­
nectes americanus (Lux, 1973)), and American plaice
(Hippoglossoides platessoides (Sullivan, MS 1982)).
The most likely explanation for faster growth is the
warmer temperature regime of the Gulf of Maine­
Georges Bank region coupled with the observation that
in this region they feed year-around (R. Bowman, Nor­
theast Fisheries Science Center, pers. comm.) as
opposed to fasting during winter months in Canadian
waters (Roff, 1982). The length-weight relationships
calculated in this study compared closely with those
derived by Lux (1969) for fish from Nantucket Shoals,
and by Powles (1967) and Bowering and Stansbury
(1984) for fish from the Scotian Shelf and eastern New­
foundland, respectively.

Up to fish length of 44 cm, fecundity in this study
was comparable to that predicted for witch flounder
from Newfoundland waters calculated from Bowering's
(1978) fecundity-length relationship, however, Bower­
ing's equation predicted higher fecundities for larger
fish. Comparisons of fecundity with fish from the East
Atlantic were more difficult due to the much shorter life
span and smaller maximum sizes of those populations,
but the maximum estimated in this study of 508 300



20 J. Northw. Atl. Fish. Sci., Vol. 12, 1992

1.00

0.75

0.50

0.25

Males

••• • •,.

1977

N = 423

.....--_.
•

1981

n = 209

1.00 •••• ••..
0.75

•
0.50

~ 1978 1982
:J 0.25
~ n = 386 N = 105
E
c
.2
~

0
0- 1.00 • - • - •0
It-

o... ••
• •0.75

0.50

1979 1983
0.25

N 193 N = 107

1.00

0.75

0.50

0.25

o

1980

N = 669

10 20 30 40 50 60 0 10

Length (ern)

20 30 40

......-

1984

N = 224

50 60

Fig. 3. Maturity ogives for male witch flounder from the Gulf of Maine-Georges Bank region, cal­
culated from data collected during NEFC bottom trawl surveys, 1977-84.

eggs for a 60 cm fish was similar to the maximum
observed by Bagenal (1963) of 599 100 for a 42 cm fish
from the Firth of Clyde in the Irish Sea region.

Maturation values observed for males in this study
were virtually identical to those observed for New­
foundland (Bowering, 1976) and somewhat lower than
those for the Gulf of St. Lawrence (Lsoand Asoof about
35 cm and 8.5 years, respectively reported by Bowering
and Brodie, 1984). For females, both Lso and Aso were

considerably lower in the Gulf of Maine-Georges Bank
region. They were approximately 7 cm and 2 years less
than values for Newfoundland (Bowering, 1976), and
10 cm and 5 years lower than those reported for the
Gulf of St. Lawrence (Bowering and Brodie, 1984).
Maturation of Gulf of Maine-Georges Bank witch
flounder occurred at roughly the same size and age as
for Icelandic fish (Steinarsson et al., MS 1989), but
Molander (1925) and Bagenal (1963) presented evi­
dence suggesting that most fish of both sexes were
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Fig. 4. Maturity ogives for female witch flounder from the Gulf of Maine-Georges Bank
region, calculated from data collected during NEFC bottom trawl survey, 1977-84.

TABLE 5. Mean percentages, by season and sex, at each maturity
stage of adult witch flounder collected during NEFC
bottom trawl survey cruises, 1977-84.

Males Females
Maturity

stage Spring Autumn Spring Autumn

Developing 63.0 36.0 48.0 31.0

Ripe, ripe & running 13.0 5.0 20.0 2.0

Spent 0.0 6.0 0.0 6.0

Resting 24.0 53.0 32.0 61.0

mature by 3 years in the East Atlantic. Faster growth is
typically associated with earlier maturation of fish
(Aim, 1959; Gode and Moksness, 1987; Jorgensen,
1990), thus the differences in maturation between
females from the Gulf of Maine-Georges Bank region
and the more northerly Canadian stocks can be attrib­
uted to the higher growth rates observed in this study.
The apparent lack of such differences for males
between regions may relate to the hypothesis pro­
posed by Roff (1982) that male flatfish defer maturation
until a size is achieved at which predation is minimized.
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TABLE 6. Distribution of juvenile «21 cm TL) and adult witch flounder collected during NEFC bottom trawl
survey cruises, 1963-81, in relation to season, depth and temperature, and tests for significance of
differences in distribution by depth and temperature, between juveniles and adults obtained from
Kruskal-Wallis analyses (** = significantly different at P<0.01 level; NS = not significantly different,
P>0.05).

Juveniles Adults

Mean depth Mean depth Mean depth Mean depth Significance

Season Number (m) (OC) Number (m) (OC) Depth Temp

Winter 15 112.1 4.63 1 170 153.2 5.13 NS
Spring 121 137.5 5.10 8826 159.2 5.45 NS
Summer 19 198.4 6.22 1 946 131.9 6.17 NS
Autumn 148 198.1 7.62 8099 153.8 7.29 NS

The association between localized areas of cold
water and spawning activity may embody the mechan­
sim for the formation of dense pre-spawning aggrega­
tions observed by Bowering and Misra (1982),

Bowering and Brodie (1984) and by Pechenik and
Troyanovskii as described in Bowering (1976). Such
concentrations could account for the seasonally­
variable commercial and survey catch rates reported
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Scotian Shelf

70.--------------------------,

for the Gulf of Maine-Georges Bank region by Burnett
and Clark (MS 1983).
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