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SUMMARY

Commercial landings of 2,150 mt in 1985 are 45% lower than 1983-1984
levels, and 40% lower than the 1979-1984 average. Recent effort has reached
record high levels. Commercial catch-per-unit effort indices show a rapid
decline from the 1981 peak to historical lTow levels in 1984-1985. Since 1983,
size composition of the catch has shifted toward smaller fish. Although
aggregate research vessel survey indices of abundance show no clear trend,
some disaggregate indices decreased in 1985 and 1986. The stock is likely to
be overexploited, based on these indicators.

INTRODUCTION

Winter flounder is a small but regqular component of the Georges Bank
multispecies trawl fishery, contributing between 2,000 - 4,000 mt annually to
landings by U.S. fishermen. Assessment information is necessary to support
management of this stock under the New England Fishery Management Council's
Northeast Multispecies Fishery Management Plan.

This document summarizes historical trends in catch, effort and currently
available indices of relative abundance of the Georges Bank stock of winter
flounder, updating an earlier review by Lange and Lux (1978).

BIOLOGY OF STQCK

Stock Area Definition

The Georges Bank stock has long been differentiated from inshore stocks
by its higher growth rate: at one point, the stock was defined as a separate
species (Pseudopleuronectes dignabilis Kendall, 1912) based on size (Bigelow
and Schroeder, 1953). Fin ray counts differ between fish from Georges Bank
and inshore (Perimutter, 1947; Lux et al., 1970). Spawning occurs on the Bank
and larvae and juveniles remain there, geographically separated from inshore
populations (Lux et al., 1970; Klein-MacPhee, 1978). Tagging studies (Coates
et al., 1970) indicate 1ittle mixing between Georges Bank and inshore areas.
Although the depth of the South Channel alone would not necessarily prohibit
east-west movement, the proportion of fish tagged on Georges Bank that were
recaptured west of the Channel was low (<2%). Consequently, U.S. statistical
reporting areas 522-525 (Figure 1) and Northeast Fisheries Center offshore
bottom trawl survey sampling strata 13-22 (Figure 2) were identified as

corresponding to the Georges Bank stock area, bounded to the west by the South
Channel.

Life History Parameters

A detailed synopsis of available biological data for winter flounder was
assembled by Klein-MacPhee (1978). The most recently published growth curves
for the stock were developed by Lux (1973). Coates et al. (1970) estimated
total instantaneous mortality rate (Z) as 0.26, with instantaneous fishing
mortality rate (F) of 0.17 and instantaneous natural mortality rate (M) of
0.09, from tagging studies. Most other published estimates of 1ife history
parameters have not been stock-specific. :
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COMMERCIAL FISHERY

Catch and Effort Patterns

Domestic landings last year dropped by the largest percentage ever
observed for the fishery. Landings of 2,150 mt in 1985 by U.S. fishermen were
40% lower than the 1979-1984 average (3,645 mt) and 45% lower than 1983-1984
levels. Landings had increased from 1,400 mt in 1964 to 3,100 mt in 1971, and

afterward declined until 1976. Recent 1977-1984 levels almost always exceeded
3,000 mt, however.

Historical foreign landings of winter flounder from Georges Bank are
difficult to estimate, but appear relatively minor compared to U.S. landings
(Table 1, Figures 3 and 4). Recent (1968-1985) Canadian landings from North
Atlantic Fisheries Organization (NAFQ) area SZE (aggregated over U.S.
statistical reporting areas 521-526; 541-543) have never exceeded 65 mt, and
were approximately 11 mt in 1985. Between 1968-1975, landings by the USSR
from area 5ZE averaged 580 mt, with a peak of 1,700 mt in 1972. (U.S.
landings from area 5ZE between 1968-1975 averaged 6,968 mt, with a peak of
14,000 mt in 1971.) However, area 5ZE includes statistical areas 521 and 526,
in which winter flounder are abundant but are considered to be different
stocks. Thus, actual foreign landings from the Georges Bank stock area are
lower than the 5ZE total by an unknown amount.

Although USA otter trawlers between 51-150 GRT land most of the winter
flounder caught, larger vessels have recently played a more important role
(Table 2). The proportion of catch by vessels 150-500 GRT (class 4) was
significant in the 1960's but declined overall until 1980. Between 1981 and
1985, however, the proportion of total catch landed by class 4 vessels nearly
doubled, from 20% to 39%. The small proportions of total catch generated by

the smallest trawlers (50 GRT or less, class 2) shrank to negligible levels by
1969.

USA effort leading to any winter flounder landings in 1984-1985 has been
at record high levels (Table 3). For class 3 vessels, effort had been
increasing to a peak in 1977, dropped 28% to a low in 1979, but surged upward
by 50% between 1983 and 1984. For class 4 vessels, recent peaks represent a
continuation of an increasing trend in effort since 1976. Over that period,
effort increased fivefold. While trip length (days fished per trip) dropped
somewhat during 1979-1981, it has subsequently increased to record or near
record highs. Effort directed toward winter flounder has shown similar trends
(Table 4). Directed effort by class 3 vessels (based on trips where landings
comprise >20% and >50% winter flounderby weight) has increased steadily since
1964, Directed effort by class 4 vessels has increased about fourfold since
1982. Both effort and trip length within these more directed components of
the fishery were at record high levels in 1984-1985.

The fishery for winter flounder has become increasingly directed over
time (Table 5). Between 1964-1970, 9-27% of total landings by vessel class 3
came from highly directed trips (from which >50% of the trip landings were
winter flounder), but by 1983, that proportion had increased to about 50%.
This percentage has dropped somewhat in 1984-1985, however. The vessel class
4 fishery underwent its first period of an increasingly directed fishery from



1966-1976, and a second from 1978-1982. Currently, about 25% of the landings
by this vessel class come from highly directed trips.

Catch-per-unit-effort analysis

Catch-per-unit-effort indices (CPUE) based on simple ratios of landings
per days fished showed substantial declines in 1984 and 1985 for all
components of vessel class 3 and 4 fisheries (Table 6). Many indices showed
declines after peaks in 1980 (e.g., indices based on all trip, trips >20% and
trips >50%, vessel class 3; trips >20%, trips >50%, vessel class 4). “However,
1984 indices in nearly all cases were the second lowest ever observed for all

directed fisheries by vessel classes 3 and 4, while associated 1985 indices
were universally the lowest.

In an exploratory analysis to adjust annual CPUE indices for effects of
variability due to vessel tonnage class, season, location and depth, the
regression coefficient index of relative abundance (Kimura, 1981) was obtained
as a preliminary measure of adjusted CPUE (the "naive estimator": Bradu and
Mundlak, 1970) from standard multiplicative models (Robson, 1966; Kimura,
1981). The reference cell (Table 7) was defined from second quarter landings
in 1983 by tonnage class 33 vessels, area 524, depth zone 3, with observations
from interviewed trips only. Combinations of up to five main effects [year,
vessel tonnage class, calendar quarter, statistical area, and depth (Table 7)]
were evaluated to find an appropriate model. Interactions, although
statistically significant due to large sample sizes, usually had F values an
order of magnitude smaller thaa those of main effects, and were omitted from
further analysis. Values of R“ were generally low for all models, although
addition of main effects ("extra sums of squdares") were usually significant,
also because of very large numbers of observations. Values of F began to
decline after three effects were added, however. Within the set of three
effect models, "best" models were chosen based on highest F and significance
levels of effects included. The best three effect models of catch per day
fished from trips in which 20% or more of the landings were winter flounder
("20% data set") included effects of year, depth, and tonnage class, or year,
depth and area (Table 8). The best three effect models for trips in which 50%
or more of the landings were winter flounder ("50% data set") included effects
of year, tonnage class, and quarter; or year, tonnage class, and depth (Table
9). The differences in patterns of relative CPUE between alternate models for
a data set were negligible (Tables 10 and 11, Figurea 5 and 6) which would be
expected based on the relatively small increase in R observed when including
additional effects: alternative models were effectively indistinguishable.
Patterns from the 20% data set were generally smoother, with less intense
annual peaks than patterns from the 50% set. Residuals were approximately
normally distributed (Kolomogorov-Smirnov test, «= 0.001).

From the 20% data set, a slight downward trend appeared from 1964-1976,
followed by an increase from 1976-1981, and then a rapid decline from the 1980
peak to lowest observed levels in 1984-1985 (Figure 5). The first two trends
were much less visible from the 50% data set, but the rapid decline in
relative CPUE since 1981 to lowest observed levels in 1984-1985 was clear

(Figure 6). Results were basically the same as trends described from the raw
CPUE data. set.



Size Composition of Commercial Catch

There has been a substantial shift in size composition of the commercial
catch by market category after 1975 and again after 1982 toward smaller fish
(Table 12). Lemon sole, the largest size category, constituted at least 28%
of the total landings annually from 1964-1975. The fraction of catch composed
of lemon sole declined markedly in 1976 and again in 1977, and averaged 19% of
the catch from 1977 to 1982. Most recently this has dropped to 9-12%. This
does not appear to be a function of a change in the market category structure
over time, as there was no significant compensatory increase in the fraction
of catch landed as large, large/mix or extra large fish (which would have
indicated fish previously categorized as lemon sole were now categorized as a
smaller type). At the same time, commercial catch showed complementary
increases in relative and absolute amounts of winter flounder landed as small
and most recently, peewee-sized fish.

RESEARCH VESSEL SURVEYS

Relative Abundance Indices

Standard indices of abundance and biomass from NEFC research vessel
surveys (stratified mean catch/tow, strata 13-22) have generally fluctuated
without trend (Table 13, Figures 7 and 8), and do not show consistent patterns
from season to season or year to year. The autumn time series appears to show
low abundances in the early 1970's, an increase in the later 1970's and some
decrease since then. The spring index suggests a decline from a peak in 1983

to lower levels in 1986. Most survey catches were obtained from strata 19-20,
and secondarily from stratum 16.

Difficulty in interpreting survey fluctuations may be attributable to
interannual differences in availability or distribution with respect to survey
stations. The aggregate survey index sometimes did not reflect consistent
sampling of the stock, based on inspection of length frequency distributions
(Figures 9 and 10). Although plots of length frequency by single centimeter
intervals do not allow the easiest identification of modes, the distribution
of lengths in the stock based on the spring survey series showed few
consistent patterns (Figure 9). The problems were also reflected in the fall
series (Figure 10): the peak reflecting young-of-year abundance in 1975 (at
approximately 7 cm) was not observed at age 1 in 1976 (expected near 25-27 c¢m
in September). Likewise, a strong peak observed near 35 cm in 1976,
representing age 2 fish, was not observed in 1975 at age 1. While some year
classes could be followed as modes (e.g., 1979, 1980, 1981, 1983), most could

not, especially in earlier years. Few fish five years and older (over 50 cm)
were caught,

Relationship to Commercial Indices

Not surprisingly, correlations between aggregated research survey
indices and commercial catch-per-unit-effort indices were poor (Table 14).
Correlations were strongest for fall indices, disaggregated by single
strata. Removal of fish below minimum landed sizes (27 cm) from the survey
index did not improve the relationship (r = 0.07), although this relationship
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compared number (survey) with biomass (CPUE) based indices. The strongest
relationship was observed between log transformed mean catch per tow from
stratum 20 and (iog) CPUE indices based on 20% trips. This log - log
relationship was not highly significant ( = 0.15), and appeared to be driven
primarily by concurrent very sharp decreases in recent years (Figure 11).
Both indices showed a variable declining trend from the mid-60's to the mid-
70's, followed by some increase, and then a decline to present historical Tow
levels. (The 1985 autumn survey represented the first time that no winter
flounder were caught in stratum 20.)

y DISCUSSION

Recent sharp declines in commercial catch per unit effort and some
research survey indices indicate a likely recent decline in stock abundance.
Fish first landed at 27 cm in the peewee market category are approximately 50%
sexually mature (Morse, 1979), and would not have been fully mature until
spawning at age 3: thus, a fair proportion of fish landed in smaller
commercial market categories are not sexually mature. Primarily four age
classes appear to comprise the Georges Bank population as evidenced from
recent research surveys (from approximations based on Lux, 1973), thus, fish
may spawn twice over a life span. Firmer conclusions, however, cannot be made
until more detailed analysis of length and age composition of commercial
catches has been completed.
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Table 1.

Commercial nominal catch (metric tons) of winter flounder including Georges Bank
areas, 1962-1985.

522-525

57(521-543) 57E(521-526,541-543 5NK
Year USA USA Canada USSR Total USA Canada USSR Total USA
1962 6996 26 7022 18
1963 6911 120 19 7050
1964 1371 12656 146 12802
1965 1473 10479 199 312 10990
1966 1876 13807 164 156 14127
1967 1916 10815 89 349 11253
1968 1569 , 4346 59 372 4777
1969 2165 6380 235 6615
1970 2613 7020 64 40 7124
1971 3090 14000 65 1029 15094
1972 2803 10266 8 1699 11973 ’
1973 2267 4387 14 693 5094
1974 2122 4508 12 82 4602
1975 2413 4833 13 515 5361 50
1976 1877 3732 11 1 3744 54
1977 3569 5954 15 7 5976 123
1978 3190 6378 65 6443 118
1979 3083 6293 19 6312 96
1980 3954 9941 44 9985 63
1981 4055 9711 19 9730 62
1982 2961 7347 19 7366 144
1983 3894 8014 14 8028 153
1984 3928 7574 41 7578}
1985 2152 4758 1! 4769}

1Preliminary.
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Table 2. Percentage distribution of USA commercial landings (metric ton?
Tive) of winter flounder by gear type and vessel tonnage class
from Georges Bank (USA Statistical Reporting Areas 522-525),

1964-1985.
Otter Trawl Scallop Dredge
Class Class Class Classes Other

Year 2 3 4 3-4

1964 5.4 67.7 26.1 0.8

1965 4.6 60.1 - 35.2 0.1

1966 2.9 62.2 33.6 0.2 1.1
1967 2.4 56.0 41.4 0.2

1968 2.2 66.2 31.3 0.3

1969 0.3 71.2 28.4 0.1

1370 0.6 76.6 22.6 0.2

1971 2.2 73.8 23.8 0.2

1372 1.3 79.6 18.8 0.3

1973 1.0 76.1 22.8 0.1

1974 0.7 72.1 26.8 0.4

1975 0.4 77 .0 22.6 -

1976 0.2 79.2 20.6 <0.1

1977 0.9 81.2 17.8 0.1

1378 0.3 79.8 19.3 0.6

1979 1.1 80.0 18.0 0.9

1980 1.8 79.2 17.9 1.1

1981 0.7 77.3 20.6 1.4

1982 1.1 74.1 23.4 1.4

1983 0.3 67.8 31.3 0.6

1984 0.2 64 .9 34.3 0.5 0.1
1985 0.2 61.2 38.5 0.1

Ic1ass 2: 5-50 GRT; Class 3: 51-150 GRT; Class 4: 151-500 GRT.



Table 3. USA commercial vessel trips, days fished, and average days fished per trip, by vessel tonnage class (Class 2: 5-50 GRT;
Class 3: 51-150 GRT; Ctass 4: 151-500 GRT) for otter trawl trips landing winter flounder from Georges Bank (Areas 522-5625),

1964-1945.
Class 2 Class 3 Class 4 Total
Days Days Days Days

Total Days fished Total Days fished Total Days fished Total Days fished

Year trips fished per trip trips AIf:shed _per trip trips fished per trip trips fished per trip
trips

1964 98 350 3.57 739 3101 4.20 345 22917 6.66 1182 5748 4.86
1965 71 280 3.94 180 3652 4.68 412 2182 6.75 1263 6714 9.32
1966 54 216 4.00 795 3798 4.78 421 2166 6.57 1269 6780 5.34
1967 35 142 4.06 683 31817 4.61 363 2268 6.25 1081 5596 5.18
1968 3l 120 3.87 740 3518 4.75 250 1521 6.08 1021 5159 5.05
1969 17 49 2.88 917 4147 4.52 248 1404 5.66 1182 5600 4.4
1970 17 55 3.24 980 4380 4.47 225 1142 5.07 1122 5676 4,56
1971 48 162 3.38 1139 5046 4.43 253 1351 5.34 1440 6558 4.5%
1972 27 103 3.8l 1132 5239 4.63 229 1118 4.88 1389 6461 4.65
1973 25 99 3.96 868 4084 4.70 190 906 4.77 1083 5089 4.70
1974 21 72 3.43 1065 5170 4.8% 244 1231 5.04 1330 6473 4.87
1975 20 52 2.60 1094 5316 4.86 221 1076 4.87 1335 6445 4.83
1976 9 24 2.61 910 4992 5.48 116 607 5.23 1036 5624 5.43
1977 26 103 3.96 1091 5548 5.08 155 128 4.70 1212 6379 5.01
1978 39 48 1.23 890 4496 5.05 171 798 4.67 1100 5342 4.86
1979 46 120 2.61 955 3992 4.18 . 226 948 4.19 1221 5060 4.12
1980 50 148 2.96 1091 4142 3.83 328 1241 3.18 1469 55171 3.79
1981 60 134 2.23 1117 4369 3.91 477 1836 3.85 1654 6340 3.83
1942 23 12 3.13 992 4450 4.48 396 1820 4,60 1412 6348 4.49
1983 6 22 3.67 886 4336 4.89 486 2408 4.95 1378 6766 4.91
1984 9 24 2.617 1209 64648 5.35 629 3319 5.28 1846 9812 5.31
1985 8 30 3.75 939 5396 5.75 481 2671 5.55 1428 8096 5.67




Table 4. USA commercial vessel trips, days fished and average days fished per trip, by vessel tonnage class (Class 2: 5-50 GRT;
Class 3: 51-150 GRT, Class 4: 151-500 GRT) for otter trawl trips in which winter flounder comprised 20% or more and 50%
or more of the total trip catch, by weight directed, highly directed trips, respectively).

Class 2 Class 3 Class 4 Totals
Total | Days Days flshed Total Days Days fished Total Days Days fished Total Days Days flshed
Year trips fished per trip trips fished per trip trips fished per trip trips fished per trip

>20% trips
1964 10 28 2.80 10 226 j.23 - 5 10 2.00 85 264 3.10
1965 10 39 3.90 12 258 3.35 6 22 3.67 93 319 .43
1966 6 22 3.67 108 392 3.63 19 66 KN Y 133 480 3.61
1967 10 28 2.80 123 452 3.67 43 163 3.79 176 643 3.65
1968 6 26 4.313 96 n 3.88 23 89 3.87 125 488 3.90
1969 1 3 3.00 107 406 3.79 30 95 LY 138 504 3.65
1970 1 2 2.00 234 842 3.60 61 221 3.62 296 1065 3.60
1971 11 32 2.91 290 1131 3.90 15 320 4.27 376 1483 3.94
1972 5 21 4.20 303 1259 4.16 n 282 3.97 319 1562 4,12
1973 5 18 3.60 230 924 4.02 15 216 3.68 310 1218 3.93
1974 4 10 2.50 219 864 4.04 80 31 3.89 303 1205 3.98
1975 4 10 2.50 31 1249 4.02 98 329 3.36 413 1588 3.84
1976 1 1 1.00 232 888 3.83 63 256 4.06 296 1145 3.87
1977 8 28 3.50 425 1584 3.713 87 334 3.64 520 1946 3.4
1978 4 20 5.00 394 1371 3.48 64 191 2.98 462 1582 3.42
- 1979 10 28 2.80 440 1294 2.94 63 167 2.65 513 1489 2.90
1980 21 66 3.4 515 1622 3.15 n 154 2.1] 607 1842 3.03
1981 13 21 1.62 515 1721 3.35 93 261 2.81 621 2009 3.24
1982 10 35 3.50 356 1299 3.65 68 235 3.46 434 1569 3.62
1983 3 12 4.00 394 1639 4.16 134 534 3.98 531 . 218% 4.11
1984 4 9 2.25 539 2568 4.76 198 883 4.46 741 3460 4.67
1985 2 10 5.00 366 1800 4.92 146 137 5.05 514 2547 4.95
>50% trips
1964 3 5 1.67 25 66 2.64 - 3 7 2.33 31 78 2.52
1965 0 0 0.00 34 98 2.88 3 8 2.67 37 106 2.86
1966 1 2 2.00 18 52 2.89 1 2 2.00 20 56 2.80
1967 1 4 4.00 29 96 3.31 5 14 2.80 35 114 3.26
1968 3 14 4.67 25 90 3.60 4 9 2.25 32 113 3.63
1969 0 0 0.00 20 61 3.05 10 24 2.40 30 85 2.83
1970 0 0 0.00 58 186 .21 10 30 3.00 68 216 3.18
1971 4 14 3.50 66 212 .21 17 61 3.59 87 287 3.30
1972 2 7 3.50 74 267 3.61 14 4 3.36 90 321 3.57
1973 0 0 0.00 68 251 3.69 17 45 2.65 85 296 3.48
1974 0 0 0.00 51 174 3.41 20 52 2.60 1 226 3.18
1975 2 4 2.00 112 381 3.40 30 84 2.80 144 469 3.26
1976 0 0 0.00 91 302 3.32 24 90 3.75 115 392 3.41
1977 2 6 3.00 106 328 3.09 22 74 3.36 130 408 3.14
1978 1 6 6.00 122 340 2.79 11 25 2.27 134 37 2.1
1979 2 5 2.50 143 398 2.78 15 23 1.53 160 426 2.66
1980 5 18 3.60 199 642 .23 21 36 1.71 225 696 3.09
1981 2 3 1.50 202 670 3.32 25 58 2.32 229 131 3.19
1982 1 6 6.00 144 548 3.80 23 68 2.96 168 622 .70
1983 1 7 7.00 187 130 3.90 42 128 3.05 230 865 3.76
1984 2 4 2.00 213 938 4.40 70 267 3.61 285 1209 4.24
1985 0 0 0.00 143 701 1,90 56 262 4.68 199 963 4.84

—OI-



—
e
o -
~ A
[
- Q
-« E
=]
o
- Q
Q) =
-
=1
L
-

Georges Bank (522-525) in which winter flounder comprised 201

of vessel class winter flounder landings (L), vessel trips (T)
or 50% (or more) of trip catch weight (directed, highly directed trip).

of otter trawlers landing winter flounder from

Percentage, within vessel tonnage class,

Table 5.

Total

Class 4

Class 3

Class 2

DF

DF

DF

Year

-11-

6815401629664564177234
. . . . . - * . Ld . . . . L] . e -
44719992438400993]4251
N NN NN NNTMOINTTOTM

2453272136896908357510
e 4 e e e ® & e 8 4 s e e e e s “ o
7706214678208021170805
-t et i N NNNNMOMTNTTITTFFFNI MM e
DN SN O NITONDDDIN NN =t NN NN
. . « v v e o v e o e ¢ o
Dt NO D NOFTIANANODDMOSD ~AN~a N
NP OO ND O OO~ O~ O DO~ D

4842883725362996429266
“ e e e e e e ¢ e s & & e @
0027569350502537?.42267
-t NN N M P TN oot NN N

44582‘1605833149652664

........... .
1141927919244677197760
-— - NN LTOOANN =N

4772431873075790498504
o o

ool Sy ® @ e © o o © % © e e e e ® @

)1788265206338.’82170555

2225566677745445665

rnur 3132682406158654852873
R

7704099242737802899793
- q— Mt NN NN OO OO

5900079585645031219460
...... DR

9938313566085946765449

ettt NNNNNNNNMTFTTNNTTM

71625335720_’0617649995
e+ s s e % s s s e e s e @
5559241253823979684296
MNMTTTTMNMOIOOOINOOOONNSNDOND

0927716742922273676553
. « « o + s s v e s @

83091639083947\13‘58473

— - O\ — O\ o NN OO M

8955280901001213075
Ned Nt Nt Mot NN O N

05706763\.3900
. « o o e
9760028464005

7
6
o ™0 OO XTI

468025940852049455983

© s e © o & ¢ & &
110221345537766821922
et -

696215605838122038974

e e o o o o . °

22‘332566750102353165
— ot g gy o q— g p— p—

.............
..18692099140]4537877\.5
-ttt o NN NP AANNNTITOP ™

33166765202882[492730
.

000001244547403223358

97246047192672464286‘

.................

00011446688304666558\1
- O\ -

Mw,b.d,l.lﬁIAU_b.AABALAtAUAU.441AuA4AB,b_b,0

............
)150434365839718096447

- e o e O N Y O .I.11222

123065220132096033385

.........
23132\!44563_’657055264
o, g g )

443242935882077021515

..............
342432556740093538417
v ot gt oy ot N gy

133\16050\;023367106732
« o e s e 8w Q o . .
4794591031’95356132199

- N NNNNmO O NN TM

409870067007085?_22387

« 4 8 e_ e
021 86 52422816

) -

l ..,

\.08870034000076303372

.....
3 .129 87 0 7240346?_
—t

- N

VONOUVMOODANOOWVWONSLS~RNO~ODO
. « 5 e .« e . + e o e & & o o

3} e X X O 0 ") DOV - O
- - N [z N1e] 2} N NNV O
4567890123456789%1234
QO OWWWASPANANISESES SN DD D D
[ = = = A - = R W e W N e R B R = e R N N T I Y
g g g o g g ouf gun) gud ot o g gl g g gt o g gy gy

13.9 ll

30.1

-]
0
[=a}

6

1

3

6
~N

0

3
——t

2

5
—

6
2

™

o

(=]

(=]

1985




-12-

‘able 6. USA commercial fishery (L)l. days fished (OF), and landings per day fished (L/OF) by vessel tonnage class
(Class 2: 5-50 GRT; Class 3: 51-150 GRT; Class 4: 151-500 GRT) of winter flounder for otter trawl trips catching

winter flounder from Georges Bank (522-525).

Class ¢ Class J Class 4 Total _
‘ear L DF L/0F C OF L/0F L OF L/OF L OF L/0F
ATl Trips

.964 74 350 0.21 927 3101 0.3C 358 2297 0.16 1359 5748 0.24
1965 68 280 0.2¢ 886 3652 0.24 518 2782 0.19 1471 6714 0.22
1966 54 216 0.25 1166 3798 0.31 630 2766 0.23 1850 6780 0.27
1967 46 142 0.32 1073 3187 0.34 794 2268 0.35 1914 5596 0.34
1968 34 120 0.28 1039 3518 0.29 491 1521 0.32 1564 5159 0.30
1969 7 49 0.14 1541 4147 0.37 616 1404 0.44 2163 5600 0.39
1970 16 55 0.29 2002 4380 0.46 590 1142 0.52 2609 5576 0.47
1971 67 162 0.41 2281 5046 0.45 737 1351 0.54 3085 6558 0.47
1972 36 103 0.35 2232 5239 0.43 527 1118 0.47 2795 6461 0.43
1973 22 99 0.22 1725 4084 0.42 516 906 0.57 2264 5089 0.44
1974 16 72 0.22 1531 5170 0.30 568 1231 0.46 2115 6473 0.33
1975 9 2 0.17 1854 5316 0.3% 544 1076 0.50 2407 6445 0.37
1976 3 24 Q.12 1486 4992 0.30 386 607 0.64 1875 5624 0.33
1377 33 103 0.32 2899 5548 0.s52 636 728 0.87 3568 6379 0.56
1978 11 48 0.23 2539 4496 0.56 615 798 0.77 3165 5242 0.59
1979 35 120 0.29 2434 3992 0.61 548 948 0.58 3018 5060 0.60

1980 20 148 0.47 3110 4182 0.74 705 1241 0.57 3885 8571 @.70~
1981 26 134 0.19 3085 4370 0.70 823 1836 0.45 3934 6340 0.62
1982 32 72 0.44 2193 4450 0.49 693 1820 0.38 2918 6348 0.46
1983 11 22 0.50 2639 4336 0.61 1218 2408 0.50 3868 6766 0.77
1984 10 24 0.42 2549 6468 0.39 1348 3319 0.41 3908 9812 0.40
1985 4 30 0.13 1315 5396 0.24 828 2671 0.31 2148 8096 0.28

>20%

1964 30 28 1.07 331 226 1.46 kD) 10 3.00 331 264 1.48
1965 30 39 0.77 400 258 1.55 40 22 1.82 470 319 1.47
1966 18 22 0.82 532 392 1.36 S5 66 0.83 605 480 1.26
1967 26 28 0.93 528 452 1.17 224 163 1.37 778 643 1.21
1968 14 26 0.54 442 373 1.18 110 89 1.24 566 488 1.16
1969 1 3 0.33 528 406 1.30 162 95 1.70 691 504 1.37
1970 2 2 1.00 1228 842 1.46 325 221 1.47 1558 1065 1.48
1971 44 32 1.38 1426 1131 1.26 389 320 1.22 1859 1483 1.25
1972 24 21 1.14 1466 1259 1.16 320 282 1.13 1810 1562 1.16
1973 13 18 0.72 1091 924 1.18 342 276 1.24 1446 1218 1.19
1974 8 10 0.60 888 884 1.00 358 311 1.15 1252 1205 1.04
1975 6 10 0.60 1348 1249 1.08 401 329 1.22 1755 1588 1.10
1976 0 0 0.00 937 888 1.06 303 256 1.18 1240 1144 1.08
1977 20 28 0.71 2017 1584 1.27 494 334 1.48 2531 1946 1.30
1978 8 20 0.40 1704 13n 1.24 301 191 1.58 2013 1582 1.27
1979 24 28 0.86 1696 1294 1.31 285 167 1.71 2008 1489 1.3%
1980 59 60 0.98 2384 1622 1.47 292 154 1.90 2735 1836 1.49
1981 12 21 0.57 2420 1727 1.40 394 261 1.51 2826 2009 1.41
1982 27 35 0.77 1643 1299 1.26 352 235 1.50 2022 1569 1.29
1983 10 12 0.83 2189 1639 1.34 -798 534 1.49 2997 2185 1.37
1984 9 9 1.00 2036 2568 0.79 876 883 0.99 2920 3460 0.84
1985 3 10 0.30 875 1800 0.49 459 737 0.62 1337 2547 0.52
>50% )
1964 10 5 2.00 131 66 1.98 Pis} 7 2.86 161 78 2.06
1965 0 0 0.00 242 98 2.47 28 8 3.50 270 106 2,95
1966 2 "2 1.00 108 52 2.08 5 2 2.50 115 56 2.05
1967 6 4 1.50 151 96 1.57 33 14 2.36 190 114 1.67
1968 9 14 0.64 162 90 1.80 18 9 2.00 189 113 1.67
1969 0 U 0.00 140 61 2.30 86 24 3.58 226 895 2.66
1970 0 0 v.0u 431 186 2.32 80 30 2.67 511 216 2.36
1971 24 14 1.71 457 212 2.16 121 61 1.98 602 287 2.10
1972 14 7 2.00 515 267 1.93 84 47 1.79 613 321 1.91
1973 0 v 0.00 465 251 1.85 94 45 2.09 559 296 1.89
1974 0 0 0.00 294 174 1.69 132 52 2.54 426 226 1.88
1975 5 4 1.25 654 381 1.72 154 84 1.88 817 469 1.74
1976 0 0 0.00 496 302 1.64 143 90 1.59 639 392 1.63
1977 6 6 1.00 743 328 2,26 200 74 2.70 949 408 2.32
1978 5 6 0.83 678 340 1.99 50 25 2.0 733 n 1.98
1979 9 5 1.80 759 394 1.91 55 23 2.39 823 426 1.93
1980 28 18 1.55 1337 642 2.08 137 36 3.80 1502 696 2.16
1981 6 3 2.00 1316 670 1.96 138 58 2.38 1460 731 2.00
1982 8 6 1.33 915 548 1.67 170 68 2.50 1093 622 1.76
1983 9 7 1.28 1301 730 1.78 299 128 2.36 1609 865 1.86
1a/a [ 4 1.50 1000 938 1.07 364 267 1.36 1370 1209 1 112
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Table 7. Effects evaluated in multiplicative models of catch per unit effort.
Starred levels are those used in the reference cell, 1983.

Years: 1964-1985
Vessel tonnage class: 31 (51-72 GRT)
32 (73-104 GRT)
33 (105-150 GRT)
41 (151-215 GRT)
Depth zone 1 (1-55 m)
. 2 (56-110 m)
3* (111-183 m)
Calendar guarters 1
2*
3
4
Statistical areas 522
523
524*
525

(The fraction of landings by other vessel tonnage classes and from other
depth zones was very small in most years; those additional levels contained
primarily empty cells and so were omitted.)
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Table 8. Analysis of variance for Georges Bank winter flounder catch per unit
effort, adjusted for tonnage class 33 (105-150 GRT) second quarter
landings from area 524, depth zone 3 (111-183 m), trips in which 20%
or more of the landings consisted of winter flounder.

Degrees Sums
Source of Variation of Freedom of Squares Mean Square F
A. Model 26 731.82 128.15 76,97+
Year 21 563.32* 26.82 71.45%*
Depth Zone 2 113.65* 56.82 151.,36**
Tonnage Class 3 54.85 18.28 48.70*
Error 6629 2479.00 0.38
RE = 0.23
8. Model 26 750.21 28.85 77 .43%*
Year 21 563.32 26.82 71.98*=
Depth Zone 2 113.65 56.82 152 .49**
Area 3 123.25 24.42 65.52**
Error 6629 2460.61 0.37
RS = 0.23
** P>t = (0.0
* P>F = 0,0001

(as differentiated
on output)
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Table 9. Analysis of variance for Georges Bank winter flounder catch per unit
effort, adjusted for tonnage class 33 (105-150 GRT) second quarter
-landings from area 524, depth zone 3 (111-183 m), trips in which
50% or more of the landings consisted of winter flounder.

: Degrees Sums
Source of Variation of Freedom of Squares Mean Squares F
A. Model 26 347.00 13.35 44 ,88**
Year 21 280.23 13.34 44 ,87**
Tonnage Class = 3 46.16 15.39 51.74*
Depth Zone 2 20.61 10.30 34.66*
Error 2217 659.33 0.30
RZ = 0.34
B. Model 27 348.15 12.87 43.41**
Year 21 280.23 13.34 44 93**
Tonnage Class 3 46.16 15.39 51.81*
Quarter 3 21.76 7.25 24.42~*
Error 2216 658.18 0.30
RZ = 0.34

** P>F = 0.0

* P>F = 0.0001
(as differentiated
on output)



Table 10. Regression coefficienté, standard errors of regression coefficients and relative catch per
unit effort indices (e” i, where Bi - regression coefficient for year i) from ANOVA models,
20% data set.

Year Year
Mode) Depth Depth
‘ Area Tonnage Class
Regression Relative CPUE Regression : Relative

Year coefficient Std. error index coefficient Std. error CPUE
1964 0.081 0.075 1.084 : 0.229 0.077 1.258
1965 0.084 0.073 1.088 0.182 0.074 1.199
1966 -0.094 0.062 0.910 -0.025 0.063 0.975
1967 -0.060 0.056 0.942 -0.050 0.056 0.951
1968 0.017 0.069 1.017 0.032 0.070 1.033
1969 0.046 . 0.062 1.047 0.029 0.062 1.029
1970 -0.030 0.048 : 0.970 -0.027 0.049 0.973
1971 -0.190 0.047 0.827 -0.193 0.047 0.824
1972 -0.141 0.047 0.868 -0.131 0.047 0.877
1973 -0.058 0.049 0.944 -0.059 0.049 0.942
1974 -0.201 0.050 0.818 - -0.219 0.050 0.803
1975 -0.139 0.043 0.870 -0.137 0.044 0.872
1976 -0.153 ‘ 0.048 0.858 -0.131 0.048 0.877
1977 0.086 0.041 1.089 0.073 0.041 1.076
1978 0.063 ' 0.042 1.065 0.061 0.042 1.063
1979 0.078 0.041 1.081 0.086 0.041 1.090
1980 0.216 0.040 1.241 0.243 0.040 1.275
1981 0.080 0.042 1.083 0.088 0.042 1.092
1982 0.030 0.045 1.030 0.032 0.045 1.033
1983 0.000 . 1.000 0.000 ‘ . 1.000
1984 -0.468 0.038 - 0.626 -0.486 0.038 0.615
1985 -0.987 0.040 0.372 -0.996 0.040 0.369

-9'[-



Table 11. Regression coef&1c1ents, standard errors of regression coefficients and relative catch per
unit indices (e“i where ®i = regression coefficient for year i) from ANOVA models, 50% data

set.
Year Year
Model Tonnage Class Tonnage Class
Depth Quarter
Regression Relative CPUE Regression Relative CPUE

Year coefficient Std. error index coefficient Std. error index
1964 0.104 0.117 1.109 0.149 0.117 1.160
1965 0.287 0.098 1.332 0.321 0.098 1.379
1966 -0.010 0.131 0.990 -0.005 0.131 0.995
1967 -0.038 0.099 0.963 -0.000 0.099 1.000
1968 0.091 0.111 1.096 0.051 0.111 1.052
1969 0.355 0.114 1.427 0.358 0.114 1.430
1970 0.081 0.081 1.084 0.096 0.081 1.101
-1971 -0.141 0.079 0.868 -0.119 0.079 0.888
1972 0.094 0.080 1.099 0.070 0.080 1.079
1973 0.006 0.070 1.006 -0.022 0.075 0.978
1974 0.050 0.083 1.052 -0.002 0.083 0.998
1975 -0.002 0.062 0.998 -0.043 0.063 0.958
1976 -0.157 0.065 0.855 -0.161 0.065 0.851
1977 0.209 0.063 1.233 0.206 0.063 1.229
1978 0.048 0.002 1.049 0.036 0.062 1.036
1979 0.039 0.060 1.039 0.029 1.059 1.030
1980 0.276 0.055 1.317 0.266 0.055 1.305
1981 0.158 0.058 1.171 0.160 0.058 1.173
1982 0.034 0.060 1.035 0.051 0.061 1.052
1983 0.000 0 1.000 0.000 0 1.000
1984 -0.570 0.052 0.565 -0.560 0.052 0.571
1985  -1.079 0.055 0.340 -1.052 0.055 0.349

-L‘[-



Table 12 . Composition of commercial landings from Georges Bank (statistical areas 522-525) by market category (mt, ¥ of total;
weighouts only). Ranked in order of relative fish size, peewee <small <medfum <large mix <large <extra large <lemon.

Unclassified Small Lemon Large Peewee Medium Large/Nix Extra Large

Year Wt 1 Wt 1 Wt 1 [ X Wt 13 3 1 Wt 1 Wt 1
1964 625 45,6 80 5.8 666 48.%

1965 728 49,4 103 1.0 642 43.6

1966 973 51.9 265 14,1 638 34.0

1967 1174  61.3 211 11.0 531 27.1

1968 902  58.0 172 11.0 494 3.0

1969 1316 60.8 218 10,1 631 29.1

1970 1453 55,6 281 10.8 879 33.6

1971 1561 50.5 445 14,4 ° 1083 35,1

1972 1615 57.6 35 12,7 833 29.7

1973 232 10,2 106 3.1 1330 58.6

1974 224 10.5 632 29.8 12617 59.1

1975 61 2.8 677 31.0 1446 66.2

1976 454 24,2 441 23.% 981 52.3

1977 892 25.0 666 18.1 2011 56.3

1978 523  16.4 560 17.6 2100 66.0

1979 603 19.8 670 22.0 1769 $8.2

1980 101 2.6 824 21,0 745 19.0 2257 57.4

1981 X))} 0.8 902 22.6 748 18.7 2310 57.9

1982 137 4.6 517 12,5 549 18.6 1666 56.3 33 1.1 10 0.3 47 1.6 <} <0.1
1983 68 1.7 1506 38.7 361 9.3 1758 45.2 160 4.1 25 0.6 14 0.3 1 <0.1
1984 154 3.9 1230 31.3 369 9.4 2077 51.6 108 2.8 21 0.7 4 0.1 6 0.2
1985 76 3.5 573  26.7 264 12.3 1076 50.0 110 5.1 46 2.1 2 0.1 3 0.1

-8'[-
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Table 13, SRrettfled omen Cateh per tow of winter flounder from MEFC research vessel tuevers,
Seorget Sank (Stracs 13-22), K6/Tow. Ao catches were aade |a Strata L4 or LS,
WEAR CATCN/TOW, S
stragum
Taeal Seda
13 16 17 18 19 29 21 IZ_ Stratified Mesn . C.Y.
2208 — T
s n 1.387 2.460 Q440 029 1.47% Slé 4L
“ 1.114 4.317 25,840 1.440 4,068 1.3 W.!
67 1.3 W78 656 8,547 1.492 59 398
ol .52 l.s3 Jn 2| 8.9
[ I 11 1.J3 2.167  $.)S 1.8 Ki . W1
n a9 512 7.300 25,700 l.:m 0.450 4,569 26582 56.8
n : 336 1,711 1,867 0.300 .906 62 W0
n J%2 LJ00 7,059 0.490 1.137 G 1.2
3 100 J3% 1.167 2,883 2.178 860 29 8,
6,40 .Jo8 2,378 2,433 2990 1.083 510 48,5
3 2% 2.4 J67 4,683 3,400 1.4 543 8.0
% 2.160 4,600 11.2% 1.067 2.82¢ 1154 4.9
L - ] 5,365 448 S84 1200 2.2 S22,
™ 1,028 2,120 250 175  7.436  3.000 2.2 4S5 0.4
19 .42 1.79 6,328 §.550 1.112 2,758 Jw .l
@ .o 2.000 LS00 4287 4.229 1.42 S 2.9
n e J 2,244 9,187 1,191 62 28,4
[ 350 1,044 14083 4% 1.937 S8 3
o S22 1.400 J33 S.883 2,825 1.700 1 . B P9
[ IR 13} A0 J.462 8490 L3238 1,799 R - B N
s Al 349 .28 0.000 1.119 412 %8
SPR1NG
) 1,456 7.138  1J%0 450 .24 1.2 S5.4
[T .. .} 1.693 6,237 6,313 450 1,088 684 212
e 9.500 4,63  $.180 450 1.650 H17 0 8.3
no s 0.042 3.978 {5 1.560 e 2806
72 1,627 $.600 §.517 J.u28 .37 M.l
3 0% 1.0 1.478 3,167 2.523 Sz
LR ] $.J50 7.767 5,443 2.500 4160 1439 M6
s su .1%0 1.6 121 {.012 425 QL
L ) § J.400 1,631 4480 2.167 613 8.
n K}3 S.589 .48 L0 1.560 A8 9.4
1L T~ ] $.87% 6.38% 5,067 .528 3.637 1.348 7.1
44 1.280 2.128 .48 1.587 A6 28,1
0 450 4,078 8,417 2,018 A9 4.2
s 013 1.770 8,133 150 2.697 1.054  J9.4
(-3 420 .328 4,056 .38 078 1.096 497 0
(3] 6.540 6.811 17.7% .1s5Q $.116 1.966 38,4
34 1,83 .00 10.300 11,183 4,032 1061 28.]
L) .830 9,411 4.367 2,550 1,042 39.3
% a8 600 811 317 1.338 S RO
REAR CATCN/TOW, MWBER
Stracum
Tocal Seq.
13 16 17 18 19 20 21 22 Stracified Mean . C.Y
2,08 o
TS 1.143 et} J.400 2,800 .200 1.47¢ 681 6.2
[ ] J18 4,833 1.200 400 1.538 1.434 0.6
§7 1.7% 128 667 6,233 1.227 558 4805
1.556 1.167 396 2N 120
§9 444 1.7%0 A1 d.se7 1.623 L5780 18,3
19 429 .25Q 7.000 19.833 1% .2%0 1,349 .13 56.8
n 548 .11 667 .500 .307 390 430
7 .583 .67 5,167 250 364 247 8.6
77 a L5458 1,222 2.167 4.500 834 297 38,6
74 444 .333 1.889  1.667 1.2%9 N-19) an 45.4
15 i 2.000 .889 15,500 2.000 2.596 1.495 56,0
73 3.000 8.389 12.500 667 4.101 1.508 ).8
LS ] 4,941 5.273  1.429 625 1.330 A%  26.7
78 1,000 2.467 20 4,189 8,429 1,300 2,178 S5 1909
79 44 1.450 8.833 9,500 1,500 3.469 .930 26,8
o a1 1.500 1,111 s 2,014 1.138 LIS 298
8l L4 .300 5.333 10.5%6 2.62¢ I3 35,8
2 .Joo 2,311 28.167 .250 3.6 J% 208
83 .567 1,587 1.000  $.333 1.750 1.867 668 1S.8
84 111 .100 4,778 14,687 J%0 2.694 A2 4602
8 1.1 .300 6.750 1.979 Jor s
SPRING
“ 489 .59 1.833 250 1.849 1.010 54,6
(LN 2,500 3.7 5.31 .2%0 2.148 A8 2122
10 400 3,378 4,000 .256 1.2n 288 22,6
N e .083 3.667  3.167 200 1.299 260 20.8
4 - §.20 $.333  S5.%00 1.348 1,218 ).
n a2 §.300 1.333 2.667 2,018 J0 o X
41,750 4,600 8.289 5.000 - 414 1.5%4 N7
% 1.3 .600 3.000 2,333 1.339 S22 1.0
LIS $1 ) 2.600 6,778 9.500 3.200 .309 28,4
n g8 11,856 2.500 2% 2.988 1,158 la.8
8 1,222 6.813 10,000  §5.867 2.5 4,861 1.756  36.3
19 2.200 1.778 2.082 1.189 J200 2609
0 ] J.444 118D 2.206 1,062 48,2
[ 1 S 3 .1.800 1111 430 2% 2,551 1.on 19.6
2 900,250 $.687 23] .250 1.872 478 3004
Q 7.500 6.222 22.500 ,2%0 5.187 .19 1.1
84 1,444 548 10.111 10.867 1.187 1.03 273
e .500 14,778 4,567 3.837 1671 43,8
8 1,128 1.300 §,556 4.000 .23 18 38.0
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Table 14. Correlations between research vessel survey indices and commercial catch per unit
effort indices from fishing power analysis.

CPUE Index
: 20% Trips 50% Trips
Yr/Depth/Area Year/Oegth/Tonclass Yr/tonclass/depth Yr/tonclass/Qtr
8y " @B B oB1 B4 Q81 By oBi
Full strata set (13-22)
Tl .
Kg/tow/normal .192 .233 .187 .128 113
#/tow, recruited .075% .071
-Kg/tow, delta 211 .144 212 099 .128
§Esla%g/tcw. normal -.179 -.207
#/tow, recruited -.222 -.207
Kg/tow, delta .210 -.233
Reduced strata set (16, 19-21)
Fall
Kg/tow, normal .151 .137
Kg/tow, del;a 175 .156
Kg/tow, retransformed A7 .189 '
Single stratum
Lo 13, Kg/tow, normal -.083 -.180 -.057 -.036 -.031 -.028 -.004 066
16, Kg/tow, normal .239 .283 .209 .212 .222 .191 220,259
kg/tow, delta .285 .191
kg/tow, transformed .l114 .251 181 .178
19, Kg/tow, normal -.060 -.0581 -.020 .006 -.116 -.122 -.101 .Q96
20, Kg/tow, normal .183 .094 .160 .079 112 .034 .128 .087
kg/tow, delta .178 .121 .163
kg/tow, transformed .404 .330 412 312 .319 .201 .245 217
21, Xg/tow, normal .279 .279 .262  .251 .194 144 107 .0s3
kg/tow, delta .326 .240
kg/tow, transformed .198 .161
S
, Kg/tow, normal -.277.
16, Kg/tow, normal .169 .145 171,109
kg/tow, delta .084
19, Kg/tow, normal -.465
20, Kq/tow .010
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W S. STATISTICAL AREAS

Figure 1. Statistical areas used for reporting USA commercial fishery statistics.
Georges Bank stock area is defined as statistical areas 522-525.

~
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Figure 4. Commercial nominal catch of winter flounder from statistical
areas 522-525, Georges Bank, 1962-1985.
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Figure 5. Indices of relative catch per unit effort based on ANQVA of trips
where landings of winter flounder exceeded 20% of total landings.
Top: Year depth area model.
Bottom: Year depth tonnage class model.
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Figure 6.
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Indices of relative catch per unit effort based on ANOVA of trips
where landings of winter flounder exceeded 50% of total landings.
Top: Year tonnage class depth model. '

Bottom: Year tonnage class quarter model.
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Stratified mean catch/tow of winter flounder from

autumn NEFC research vessel surveys, Georges Bank
(strata 13-22).
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Figure 8. Stratified mean catch/tow of winter flounder from
spring NEFC research vessel surveys, Georges Bank
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Figure 11.

Trends in log transformed catch/tow (kg),
stratum 20, NEFC research vessel survey and
regression coefficient index of CPUE, 20%
trips, year/depth/tonnage class model.
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