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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 (Lso and Aso of about
35 cmand 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 mature by 3 years in the East Atlantic. Faster growth is
stage of adult witch flounder collected during NEFC typically associated with earlier maturation of fish
bottom trawl survey cruises, 1977-84. (Alm, 1959; Godg and Moksness, 1987; Jorgensen,

1990), thus the differences in maturation between

Maturity Males _Females females from the Gulf of Maine-Georges Bank region
stage Spring  Autumn Spring  Autumn and the more northerly Canadian stocks can be attrib-
Developing 63.0 36.0 48.0 31.0 uted to the higher growth rates observed in this study.
Ripe, ripe & running 13.0 5.0 20.0 20 The apparent lack of such differences for males
Spent 0.0 60 00 6.0 between regions may relate to the hypothesis pro-
posed by Roff (1982) that male flatfish defer maturation

Resting 24.0 53.0 320 61.0

until a size isachieved at which predation is minimized.
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Fig. 5. Distribution of spawning witch flounder collected during NEFC bottom trawl surveys in the Gulf of Maine-
Georges Bank region, 1977-84.
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) (°C) Number (m) (°C) Depth Temp
Winter 15 1121 4.63 1170 153.2 5.13 . NS
Spring 121 1375 5.10 8 826 159.2 5.45 . NS
Summer 19 198.4 6.22 1946 131.9 6.17 . NS
Autumn 148 198.1 7.62 8 099 153.8 7.29 - NS
The association between localized areas of cold Bowering and Brodie (1984) and by Pechenik and
water and spawning activity may embody the mechan- Troyanovskii as described in Bowering (1976). Such
sim for the formation of dense pre-spawning aggrega- concentrations could account for the seasonally-

tions observed by Bowering and Misra (1982), variable commercial and survey catch rates reported
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Fig. 6. Comparison of growth curves for female and male witch
flounder from the Gulf of Maine-Georges Bank region, and
from Canadian waters, Iceland and the Irish Sea (growth rates
for Labrador, the Grand Bank, and the Gulf of St. Lawrence
from Bowering, 1976; for the Scotian Shelf from Powles and
Kennedy, 1967; and for Iceland and the Irish Sea from
Bowers, 1960).

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

Powles and Kohler (1970) hypothesized segre-
gated distributions by life stage, with juveniles occupy-
ing greater depths than adults, as a mechanism to
minimize food competition of juveniles with juvenile
Atlantic cod (Gadus morhua) and American plaice at
shallower depths. Subsequent studies seemed to cor-
roborate the association between juvenile witch
flounder and deeper waters. Markle (1975) observed an
abundance of juveniles off the slope near Virginia at
depths ranging from 166 to 1 408 m, and Markle and
Musick (1974) noted that juveniles were dominant at
900 m. Additionally, witch flounder 6-35 cm TL were
collected on over half of trawl tows conducted at
depths ranging from 273 to 1 371 m during an NEFC
1980 survey for red crab (Geryon quinquedens) south
of Georges Bank (unpublished NEFC data).

On the other hand, Bowers (1960) reported that,
while captures of juveniles were rare, they seemed to
occupy the same habitat as the adults. Recent studies
(Walsh, 1987; Bowering, MS 1988; Kuzmin, MS 1989)
suggest that the conclusions of Powles and Kohler

(1970) were biased by gear selectivity and depth range
sampled, and that witch flounder life stages are not so
discretely separated by depth. In this study, juveniles
do not appear to be adequately sampled by the NEFC
survey sampling gear; only 303 of the 20 692 witch
flounder caught during NEFC surveys from 1963 to
1981 measured less than 20 cm. Bigelow and
Schroeder (1939), using a small-mesh trawl (45 mm)in
a study of mud bottom fauna in the Gulf of Maine,
noted the same absence of small witch flounder.

Kuzmin (MS 1989) reported that, in some years, as
much as 50% of witch flounder biomass in NAFO Div.
3LNO was distributed at depths greater than 360 m, the
limit of Canadian bottom trawl surveys, and was there-
fore not sampled. This was not the case in this study, as
depths in the Gulf of Maine-Georges Bank region do
not exceed 366 m and the entire depth range was
sampled during each NEFC bottom trawl survey. How-
ever, since the full range of depths which could be
occupied by witch flounder was not available in this
study area, it is difficult to relate our findings to those of
Powles and Kohler (1970) or subsequent studies
(Walsh, 1987; Bowering, MS 1988). Rather, the obser-
vation in this study is that juveniles do, in fact, occupy
seasonally-differing depths compared to adults and
this is attributed to differences in prey distribution
associated with differences in diet.
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