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INTRODUCTION

The Thirteenth Stock Assessment Workshop
{SAW) (NEFSC 1992) directed the summer floun-
der Working Group (WG) to provide a compiete,
updated assessment of the status of summer
flounder for review during 1993. The SAW Steer-
ing Committee, meeting after the Fifteenth SAW,
likewlse directed the Southern Demersal Sub-
committee (SDS) to provide an update of the
status of the coastwide stock of summer flounder
for review at the Sixteenth SAW, including:

1) catchand spawning stock biomass (SSB)
options at various levels of F,

2} an evaluation of the utility of Northeast
Fisheries Science Center (NEFSC) winter
surveys in providing indices of relative
recruitment strength and population size,
and recommendations on the design and
conduct of future surveys, and

3) anevaluation of NEFSC and North Caro-
lina sea sampling data for area and time
coverage, with recommendations for ap-
propriate sea sampling coverage to im-
prove the estimates of fishery discards.

The SAWWG and its successcr, the SDS, met
it October 1992 and again in May 1993 to assess
the status of summer flounder in response to the
directions from the SAW Steering Committee.
The following scientists and managers partici-
pated in those two meetings:

A. Applegate NEFMC
S. Correla MADMF
T. Currier MADMF
L. DiTommaso NYDEC
W. Gabriel, Chairman NEFSC
M. Gibson RIDFW
H. Goodale NERO
A. Lange MDDNR
M. Lambert NEFSC
S. Michels DEDFW
R. Monaghan NCDMF
C. Moore MAFMC
J. Musick VIMS
P. Rage NEFSC
L. Rugolo MDDNR
.G. Shepherd NEFSC
D. Simpson CTDEP
M. Terceiro NEFSC

The WG accepted the previous definition of
Witk et al. (1980) of a unit stock extending from
Cape Hatteras north to New England. The Mid-
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Atlantic Fishery Management Counecil (MAFMC)
fishery management plan (FMP) for summer floun-
der has as a management unit all summer floun-
der from the southern border of North Carolina,
northeast to the U.S.-Canadlan border. Amend-
ment 2 to the FMP was accepted by the Secretary
of Commerce in August, 1992. The FMP has set
a target flshing mortality rate (F ) of 0.53 for
1993-1995, with a target of F___= 0.23 for 1996
and beyond. Major regulations enacted under
Amendment 2 to meet these fishing mortality rate
targets include:

1} an annual commercial fishery quota, to
be distributed to the states based on their
share of commercial landings during 1980-
1989,

2) commercial fish size Hmitation to remain
ata 13 in (33 om) minimum size, which
may be changed annually if needed,

3) a minimum mesh size of 5.5 In {140 mum)
diamond or 6.0 in (152 mm) square mesh
for commercial vessels using otter trawls
that possess 100 1b (45 kg) or more of
summer flounder, with exemptions for
the flynet fishery and vessels fishing in an
exempted area off southern New England
during 1 November to 30 April,

4} permitrequirements for the sale and pur-
chase of summer flounder, and

5) annually adjustable regulations for the
recreational fishery that for 1993 include
a flshing season from 15 May through 30
September, a 14 in. (36 cm) minimum size
limit, and a 6 fish possession limit.

Summer flounder is a prohibited species for
foreign fisheries In U.S. waters. Consequenttly,
there are no directed foreign or joint venture
fisheries for summer flounder and no retention of
summer flounder is permitted. Incidental catch
in foreign directed fisheries was estimated at
under 100 mt in the early 1980s, and has since
been reduced to negligible amounts.

FISHERY DATA

COMMERCIAL LANDINGS

Total U.S. commerclal landings of summer
flounder from Maine to North Carolina peaked in
1979 at nearly 18,000 mt (40 million 1b, Table 1,
Figure 1). The reported landings in 1992 of about
7,300 mt (about 16 million b} were a 74% in-
crease over 1990 and a 17% increase over 1991,
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Table |. Summer flounder commercial landings by state (thousands of pounds) and coastwide {thousands of
pounds, metric tons}, 1940-1992122

Total
Year ME NH ). 7Y RI CT NY NJ DE MD+ Va~+ NC+ 10001b mt
1940 o] 0 2847 258 149 1814 3554 3 444 1247 498 10814 4905
1941 na na na na na na na na 183 764 na 947 430
1942 o] 0 193 235 126 1286 987 2 143 475 498 3945 1789
1943 o 4] 122 202 220 1607 2224 11 143 475 498 5502 2496
1944 4] G 719 414 437 2151 3159 8 197 2629 498 10212 4632
1945 4] 0 1730 467 270 3182 3102 2 460 1652 1204 12297 5578
1946 0 Q 1579 625 478 3494 3310 22 704 2889 1204 14305 6489
1947 0 0 1467 333 813 2695 2302 46 532 1754 1204 11148 5056
1948 0 0 2370 406 518 2308 3044 15 472 1882 1204 12219 5542
1949 0 0 1787 470 372 3560 3025 8 783 2361 1204 13570 6155
1950 0 0 3614 1038 270 3838 2515 25 543 1761 1840 15442 7004
1951 0 o] 4506 1189 441 2636 2865 20 327 2006 1479 15469 7017
1952 0 0 4898 1336 627 3680 4721 G9 467 1671 2156 19625 8902
1953 0 0 3836 1043 396 2910 7117 83 1176 1838 1844 20213 9168
1954 3] o] 3363 2374 213 3683 6577 21 1080 2257 1645 21223 9627
1955 G o] 5407 2152 385 2608 5208 26 1108 1706 1126 19726 8948
1958 4] 0 5469 1604 322 4260 6357 60 1649 2168 1002 22291 10111
1957 4] [ 5991 1486 677 3488 5059 48 1171 1692 1236 20848 9456
1958 0 4] 4172 950 360 2341 8109 209 1452 2039 892 20524 9310
1959 0 0 4524 1070 320 2809 6294 g5 1334 3255 1529 21230 9630
1960 0 0 5583 1278 321 2512 6355 44 1028 2730 1236 21087 9565
1961 0 o] 5240 948 155 2324 6031 76 539 2193 1887 19403 8801
1982 0 o] 3795 676 124 1590 4749 24 715 1914 1876 15463 7014
1963 0 0 2296 512 98 1306 4444 17 550 1720 2674 13617 6177
1964 O Q 1384 678 136 1854 3670 16 557 1492 2450 12237 5551
1965 ) 0 431 499 166 2451 3620 25 734 1977 272 10115 4588
1968 ¢ 4] 264 456 90 2468 3830 13 630 2343 4017 14109 6400
1967 o 0 447 706 48 1964 3035 0 439 1800 4391 12830 5865
1968 a 4] 163 384 35 1216 2139 0 350 2164 2602 90353 4106
1969 Q 0 78 267 23 574 1276 4] 203 1508 2766 6695 3037
1970 4] )] 41 259 23 900 1958 Q 371 2148 3163 8861 4019
1871 0 4] 89 275 34 1090 1850 4] 296 1707 4011 2352 4242
1972 0 ¢ a3 275 7 1101 1852 0 277 1857 3761 9223 4183
1973 0 0 506 640 52 1826 3091 * 495 3232 6314 16156 7328
1974 ¢ 0 1689 2552 26 2487 3499 0 700 3111 10028 22581 10243
1975 0 0 1768 3093 39 3233 4314 5 893 3428 9539 26311 11934
1978 * 0 4019 6790 79 3203 5647 3 697 3303 9627 33368 15135
1977 4] 0 1477 4058 64 2147 6566 5 739 4540 10332 29927 13575
1978 4] 0 1439 2238 111 1948 5414 1 876 5940 10820 28586 12966
1979 5 0 1175 2825 30 1427 6279 8 1712 10019 16084 39561 17945
1980 4 O 367 1277 48 1246 4805 1 1324 8504 13643 31216 14159
1981 3 G 598 2861 81 1985 4008 7 403 3652 7459 21056 9551
1982 18 . 1665 3983 64 1865 4318 8 360 4332 6315 22928 10400
1983 84 1) 2341 4599 129 1435 4826 5 937 8134 7057 20548 13403
1984 2 * 1488 4479 131 2295 6364 9 813 9673 12510 37765 17130
1985 3 ¥ 2249 7533 183 2517 5634 4 577 5037 8614 32352 14675
1986 0 * 2954 7042 160 2738 4017 4 3186 3712 5924 26866 12186
1987 8 . 3327 4774 609 2641 4451 4 a9 5791 5128 27052 12271
1988 4] a 2421 4719 741 3439 85006 Fi 514 7756 6770 32377 14688
1989 9 0 1878 3083 513 1464 2865 3 204 3689 4206 17913 8125
1290 3 0 628 1408 343 405 1458 2 138 2144 2728 9257 4199
1991 0 0 1124 1672 399 719 2341 4 232 3715 3516 13722 6224
1992 - * 1374 2532 na 1233 2871 na 319 5172 2576 16099 7302

! * = less than 500 1b; na = not available; + « NMFS did not identify flounders to specles prior to 1978 for NC and 1957 for both
MD and VA and thus the numbers represent ali unclassifled flounders

? Numbers may not total due to rounding and preliminary nature of 1992 data by state.

3 Sources: 1940-1977 USDC 1984; 1978-1992 unpublished NMFS General Canvas data
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Figure 1. Commercial, recreational, and total landings of summer flounder, Maine to North Carollna, 1979-
1992.

but still less than one half the peak amount. Table2. Summaryof NEFSC samplingofcommerctal
Sinee 1980, 70% of the commercial landings of fishery for summer flounder, Malne to
summer flounder have come from the Exclusive Virginia, 1982-1992!

Economic Zone (EEZ), waters more than 3 miles
from shore. The percentage of landings attribut-
able tothe EEZwas atits lowestin 1983 and 1990

Year Lengths Agdes Sampled Sampling
Weighout Intensity

Landings
with 63%, and was the highest in 1988 at 77%. (mt) (mt/100
Large variability in summer flounder landings lengths)
existamong the states, over time, and the percent
of total summer flounderlandings taken fromthe 1982 8,194 2,288 6.183 75
EEZ has varied widely among the states (SAW 1983 6,893 1,347 7,597 110
Summer Flounder Working Group 1990, 1991, 1984 5340 1.794 9.427 176
1992). 1985 6,473 1.611 8,688 134
1986 7.840 1.967 7.702 98
1887 6.605 1,788 7.947 120
. . 1988 9,048 2,302 9,111 101
Northeast Region Trawl Fishery 1989 8,411 1.325 4,868 58
1980 3,419 853 2.419 71
Asummary of length frequency and age sam- 1991 4.627 1 ggg 4'622 120
pling of summer flounder landings sampled by loe2  3.385 ° 6.0 179
the NEFSC commercial fishery weighout system

M 6.385 1.569 6,785 106
in the Northeast Region (NER), Maine to Virginia, __L

is presented in Table 2. For comparisonwiththe ' Does not include unclassified market category landings
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Table 3. Commercial landings at age of summer flounder {thousands), Malne to Virginia, 1982-1992!

Age
Year [+ 1 3 3 4 5 ] 7 8 [*] Total
1982 1,441 6,879 5,630 232 61 97 57 22 2 0 14,421
1983 1,956 12,119 4,352 554 30 62 i3 17 4 2 19,109
1984 1,403 10,706 6,734 1,618 575 72 3 5 1 4 21,121
1985 840 6,441 10,068 956 263 169 25 4 2 1 18,7649
1986 407 7.041 6.374 2,215 158 93 29 7 2 0 16,326
1987 332 8,908 7.456 935 337 23 24 27 i1 0 18,053
1988 305 11,116 8,992 1,280 327 79 18 9 5 0 22,131
1989 96 2,491 4,829 841 152 16 3 1 1 0 8.430
1980 0 2,670 861 459 81 18 6 1 1 G 4,096
1991 0 3,755 3,256 142 61 il 1 1 0 0 7.227
1992 110 5,555 3,448 326 19 21 0 1 1] 4] 9,479

'Does not include discards, assumes catch not sampled by NEFSC weighout has same blologlcal characteristics as welghout catch,

Table 4. Mean welght (kllograms) at age of summer flounder landed in the commercial fishery, Maine to Virginia,

1982-1992
Age

Year 0 I 2 3 4 5 8 7 8 o
1982 0.26 0.42 0.62 1.84 2.33 294 271 404 5.99 0.00
1983 0.31 0.46 0.80 140 235 185 2.76 3.30 4.17 4.37
1984 0.28 0.39 0.60 1.09 143 2.16 3.21 362 4.64 4.03
1985 0.33 0.44 0.59 1.08 1.73 2.22 259 471 4.78 4.80
1986 0.30 0.44 0.63 1.11 176 1.89 3.14 2,96 4.81 0.00
1987 0.27 0.45 0.62 1.06 200 285 3.08 3.02 4.14 0.00
1988 0.36 0.46 0.60 1.21 207 288 398 391 4.50 0.00
1989 0.38 0.55 0.74 1.06 1.83 247 357 3.58 2.25 0.00
1990 0.00 0.52 0.86 1.37 184 213 3.21 392 5.03 0.00
1991 0.00 0.48 0.75 1.54 2.26 3.01 3.81 3.87 0.00 0.00
1992 0.34 0.50 0.77 1.568 2.51 3.10 0.00 4.85 0.00 0.00

Table 5. Summary of North Carollna Division of Marine Fisheries (NCDMF) sampling of the commercial winter
trawl fishery for summer flounder, 1982-1992

Year Lengths Ages Total Landings Sampling Intensity
(mt) {mt/100 lengths)

1982 5,403 0 2.864 53

1983 8,491 0 3,201 38

1984 14,920 0 5,674 38

1985 13,787 0 3,907 28

1986 15,754 0 2,687 17

1987 12,126 0 2,328 19

1988 13,377 189 3.071 23

1989 15,785 106 1,908 12

1990 15,787 191 1,238 8

1991 24,590 534 1.582 6

1992 ? 407 1,168 ?




length frequency sampling in the recreational
fishery, sampling intensity is expressed In terms
of metric tons of landings (mt) per 100 fish
lengths measured. On that basls, NER commer-
cial length frequency sampling averaged 106 mt
of weighout landings per 100 lengths from 1982-
1992, The sampling is proportionally stratified
bymarket category (jumbeo, large, medium, small,
and pee-wee), with the sampling distribution
generally reflecting the distribution of weighout
landings by market category.

Age composition of the NER commercial land-
ings for 1982 to 1992 was estimated semiannu-
ally by market category and statistical area,
using standard NEFSC procedures {market cat-
egory length frequency samples converted to
mean weights by length-welght relationships;
mean weights in turn divided into landings to
calculate numbers landed by market category;
market category numbers at length apportioned
to age by application of age-length keys, on
semiannual statistical area basis). The NER
commercial landings at age matrix does not
include the unclassified market category orland-
ings from states not participating in the NEFSC
weighout system (e.g., North Carolina). North-
east Region landed numbers at age were raised to
total NER (general canvas) commercial landings
by assuming that landings not accounted for in
the weighout system had the same age composi-
tion as those sampled, as follows: calculate pro-
portion at age by weight; apply propertions at age
by weight to total NER commercial landings to
derive total NER commercial catch at age by
weight; divide by weighout mean weight at age to
derive total NER commercial landed numbers at
age (Table 3). Mean weights at age are presented
in Table 4.

North Carolina Winter Trawl Fishery

The North Carolina winter trawl fishery ac-
counts for about 99% of surnmer flounder com-
mercial landings in North Carolina. A separate
landings at age matrix for this component of the
commercial fishery was developed from North
Carolina Division of Marine Fisheries (NCDMF)
length and age frequency sampling data.

The NCDMF program sampled about 10% of
the winter trawl fishery landings annually, at a
rate of between 53 and 6 mt of landings per 100
lengths measured (Table 5). All length frequency
data used in construction of the North Carolina
winter trawl fishery landings at age matrix were
collected in the NCDMF program; age length keys
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from NEFSC commercial data and NEFSC spring
survey data (1982 to 1987) and NCDMF commer-
cial fishery data (1988 to 1992) were combined by
appropriate statistical area and quarter to re-
solve lengths to age. Landings at age frequency
and mean weight at age from this fishery are
shown inTables 6 and 7. TheWG noted that 1992
estimates of landings at age were developed from
provisional reported landings, age-length data
for quarters 1 and 4 only, and mean weights from
1991. Thus, the North Carolina catch at age for
1992 may be revised somewhat in future assess-
ments as data are finalized.

COMMERCIAL DISCARDS

Examination of sea sample data for summer
flounder began with analysis of variance of logged
kept and discard rates te identify factors that
might be used as stratification variables inaratio
estimator expansion procedure to estimate total
landings and discard in the otter trawl flshery.
Initial models included year, quarter, fisheries
statistical division, area {divisions north and
south of Delaware Bay), and tonnage class as
main effects, with quarter and division emerging
(along with year} as consistently significant main
effects without significant interaction with the
year. The kept and discard estimation procedure
expanded logged kept and discard rates in year,
quarter, and division strata by total days fished
{days fished on trips landing any summer floun-
der) to estimate fishery landings for comparison
with reported landings. For strata with no sea
sampling, catch rates from adjacent or compa-
rable strata were substituted as appropriate
(except for Division 51, which generally has very
Iow catch rates and negligible catch}. Figure 2
shows corrected, retransformed logged kept and
discard rates, weighted by the number of trips in
each strata, for 1989 to 1992. Discard as a
proportion of the total catch was higher in 1990
and 1991 than in 1989 and 1992. Results
summarized in Tables 8 to 11 show that the
expansion procedure provided estimates of land-
ings ranging from within 5 to 35% of reported
landings, with discard estimated to be 11%, 41%,
23%, and 16% of 1989, 1990, 1991, and 1992
reported landings, respectively.

The WG noted that these discard estimates
were based only on the days fished data for ports
in the NER weighout system. The group con-
cluded that it was necessary to raise the discard
estimate to account for discarding that occurs in
components of the commercial fishery outside
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Table 6. Number (thousands) of summer flounder at age landed in the North Carclina comimercial winter trawl
fishery, 1982-1992!
Age
Year 0 1 2 3 4 B [ 7 8 Total
1982 881 3,463 1,022 142 52 19 6 4 2 5,602
1983 492 3,778 1,581 287 135 41 3 3 <1 6,321
1984 8907 5,658 3.889 550 107 18 <1 0 o 11,130
1985 198 2,974 3,529 338 85 24 5 <] 0 7,154
1986 216 2,478 1,887 479 29 32 1 1 <1 5,134
1987 233 2,420 1,299 265 28 1 O 0 0 4,243
1988 0 2,917 2,225 471 228 39 1 6 <1 5,878
1989 2 43 1.437 716 185 37 1 P 0 2,429
1990 2 142 730 418 117 12 1 <] 0 1.424
1991 0 382 1.641 521 116 20 2 <] 0 2,682
1992 0 49 1.316 963 147 26 1 1 0 2,503

' The 1982-1987 NCDMF length samples were aged using NEFSC age-lengths keys for comparabie times and areas (Le., same
quarter and statistical areas}. The 1988-1992 NCDMF length samples were aged using NCDMF age-lengths keys.

Table 7. Mean weight {kilograms} at age of summer flounder landed in the North Carolina commercial winter

trawl flshery, 1982-1992!

Age

Year [+ i 2 3 & 5] 8 7 8

1982 0.34 0.46 0.76 1.28 1.66 2.0 2.12 2.23 2.58
1983 0.32 0.45 0.75 1.14 1.26 1.49 1.73 2.43 2.70
1984 (.33 0.48 0.70 1.06 1.50 2.17 3.48 .00 G.00
1985 0.38 0.46 0.66 1.20 1.66 2.49 3.07 4.57 0.00
1986 0.36 0.51 0.67 1.09 1.62 1.96 3.40 3.23 3.63
1987 0.33 0.51 0.66 1.09 1.88 2.94 0.00 0.00 0.00
1988 0.00 0.41 0.60 0.93 1.19 1.70 2.24 2.98 3.41
1989 0.08 0.31 0.54 0.97 1.17 2.33 3.67 2.86 3.41
1980 0.05 0.42 0.61 0.83 1.34 2.33 2.07 4,94 0.00
1991 0.00 0.43 0.62 1.17 1.97 2.49 2.73 3.69 0.00
1992! 0.00 0.43 0.62 1.17 1.97 2.49 2.73 3.69 0.00

! Since 1992 data were not avallable to the committee, 1991 values were used for 1992,

the NER weighout system (Le., NER general can-
vas and North Carolina}. To determine the proper
raising factor, landings accounted for by the NER
welghout system (those that result from the
fishing effort on which the sea sample discard
estimate is based) were compared with total
weighout and general canvas landings, plus that
portion of North Carolina landings removed from
the EEZ. The WG assumed that only the North
Carolina fishery in the EEZ would experience
significant discard, as mesh regulations in state
waters have resulted in very low discards in state
waters since implementation of the regulation in
1989 (R. Monaghan, personal communication)®.

Table 12 shows the result of this exercise, with
total discard estlmates raised by 16 to 45%.
Existing sea sample data were adequate to
develop estimates of commercial fishery discard
for 1989 to 1992. However, adequate data {e.g.,
interviewed trip data, survey data) were not
avalilable for summer flounder to develop discard
estimates for 1982 to 1988. The WG considered
the implications of failing to incorporate commer-
clal fishery discard mortality in sorme years in the
VPA in termns of the effect on estimates of fishing
mortality and stock size, and in terms of biologi-
cal reference points. The WG has assumed that
discard numbers were small relative to landings

! R. Monaghan, North Carolina Department of Marine Fisheries, Morehead City, NC 28557.
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Figure 2. Summary of NER sea sample data for summer flounder used to estimate discards by the commercial
otter trawl fisherles, geometric mean (kilograms per day fished}, weighted by number of trips.

during 1982 to 1988 (because of the lack of a
minimum size limit in the EEZ}, but increased in
1989 to 1992 with the mplementation of the EEZ
minimum size limit in 1989. It was recognized
that not accounting directly for commercial fish-
ery discards would result in an underestimation
of fishing mortality and population sizes in 1982
to 1988,

Length frequency distributions for summer
flounder discard sampled in 1988, 1990, and
1991 are presented in Figures 3 to 5. Lengths for
1992 are notyet available, but preliminary (Janu-
ary and February) data for the first quarter of
19092 suggest discards in 1992 were mainly age 1
fish smaller than the regulated minimum size,
and so mean values from 1989to 1991 were used
to estimated 1992 discard proportions, mean
lengths, and weights at age. For 1989 to 1991,
the estimated discard was sampled at a rate of
about 23 mt per 100 fish measured (Table 13).

Classiflcation to age for 1989 to 1991 was
done by semiannual periods (quarters 1 and 2
pooled, quarters 3 and 4 pooled) using sea sample
age-length data, except for 1989, when first
period lengths were aged using combined com-
mercial (quarters 1 and 2) and NEFSC spring

survey age-length data. Length frequency samples
were converted to sample numbers at age and
sample weight at age frequencies by application
of NEFSC surveylength-weight relationships and
the age-length keys. Sample welght proportions
at age were next applied to the raised fishery
discard estimates to derive fishery total discard
weight at age. Fishery discard weights at age
were then divided by sea sample mean weights at
age to derive fishery discard numbers at age
(Table 13). After discussion of ongoing work for
other species in other geographie regions, which
has indicated highly variable discard mortality
rates depending on species, depth, temperature,
and fishing practices, the WG assumed a com-
mercial fishery discard mortality rate of 100%.

COMMERCIAL FISHERY-BASED
LPUE INDICES

A standardized index of abundance for sum-
mer flounder was initially developed based on
NER commercial weighout data base for 1982 to
1992 (Kimura 1981, 1988). Tonnage class 4
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Table 8. Summary of sea sample data for summer flounder by NAFO division and quarter for 1989!

DIv QTR SSTRIPS KDF DDF WODF 8% EST LAND WO LAND 88 EST DISC
(mt) (mt) (mt)

51 1 0 0 0 85 0 2 0
2 1 66 <1 137 9 4 <]

3 0 0 0] 75 G 3 0

4 1 19 <] 157 3 3 <]

52 1 1 756 48 1319 998 G687 64
2 5 3 8 1250 4 129 10

3 2 280 <] h36 150 9 <1

4 1 35 40 1545 B4 98 61

53 1 4 B88 41 689 405 473 29
2 10 68 <] 2045 138 224 2

3 5 260 2 1619 421 298 4

4 3 al 3] 898 82 330 6

61 1 4 544 51 1661 904 528 84
2 5 107 4 1391 149 165 5

3 0 213 24 513 109 106 i3

4 5 142 38 575 82 125 22

62 1 5 934 84 1867 1744 1460 158
2 2 244 101} 922 225 85 93

3 8 213 24 2186 46 104 5

4 1 672 17 1118 752 361 19

63 1 2 1116 110 490 546 323 54
2 0 244 101 41 10 9 4

3 o] 213 24 40 9 <] 1

4 0 672 17 616 415 292 10
Total/Mean 65 296 28 19,806 7.255 5817 642

! DIV =NAFO Division; QTR = Quarter; SSTRIPS = Number of sea sampling trips; trips in more than one statistical area are split
KDF, DDF = kept and discard rates, kilograms per day fished); WODF = NEFSC weighout database days fished on trips landing
any summer flounder; 35S EST LAND MT = Estimate of landings calculated from sea sampling kept rates and NEFSC weighout
database days fished; WO LAND MT = Landings as recorded in the NEFSC welghout database; 38 EST DISC MT = Sea sampling
estimate of discard in mt

Table 8. Summary of sea sample data for summer flounder by NAFO division and quarter for 1990!

DIv QTR SSTRIPE KDF DDF WODF S8 EST LLAND WO LAND SS EST DISC

(mt) (mt) (mit)

51 1 O 0 0 9 0 <1 0
2 0 0 G 78 0 <] 0

3 0 0 0 29 0 <] 0

4 0 0 0 82 0 <1 0

52 1 1 15 5 581 9 148 3
2 2 12 7 1107 13 31 8

3 2 14 205 332 5 9 68

4 3 12 <1 818 10 40 <1

53 1 6 113 3 577 65 129 2
2 3 50 1 1212 60 51 1

3 0 92 6 1194 110 187 7

4 8 92 6 1052 97 288 6

! DIV =NAFO Division; QTR = Quarter; SSTRIPS = Number of sea sampling trips; trips In more than one statistical area are split
KDF, DDF = kept and discard rates, kilograms per day fished); WODF = NEFSC weighout database days fished on trips landing
any summer flounder; $S EST LAND MT = Estimate of landings calculated from sea sampling kept rates and NEFSC weighout
database days fished; WO LAND MT = Landings as recorded in the NEFSC wetghout database; SS EST DISC MT = Sea sampling
estimate of discard In mt
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Table 8. Continued.

brv QTR SSTRIPS HKDF DDF WODF S8 EST LAND WO LAND 88 EST DISC

(i) {mzt) {(mt)

61 1 10 222 40 716 159 84 29
2 5 14 23 1153 16 22 27

3 0 91 55 580 53 150 32

4 3 367 115 B35 197 131 62

62 1 4 446 253 2040 911 333 517
2 g 19 49 558 11 8 27

3 7 221 74 227 50 126 17

4 8 360 43 1779 641 368 77

63 H 1 505 321 650 328 258 209
2 0 19 49 47 1 1 2

3 0 221 74 0 0 0 0

4 0 360 43 625 225 384 27
Total/Mean 72 166 56 15,980 2,959 2,749 1,121

Table 10. Summary of sea sample data for summer flounder by NAFO division and quarter for 1991*

DIV G@TR SSTRIPS KDF DDF WODF 8% EST LAND WO LAND S8 EST DISC
(mt) {mt) (mt)
51 1 0 0 <l 29 0 <} 0
2 0] 0 <1 79 0 1 0
3 0 ¢} <] 43 0 1 0
4 1 31 <1 188 6 2 <1
52 1 3 218 128 1254 274 79 161
2 2 88 3 1756 154 44 5
3 1 13 <1 706 9 17 <]
4 1 26 <1 1721 44 53 <1
53 1 7 117 9 806 94 242 7
2 9 55 i 1688 92 147 2
3 6 92 1 1401 128 279 1
4 10 163 4 1475 240 259 6
61 1 6 173 49 2763 477 384 134
2 5 43 37 2983 128 184 i1l
. 3 1 577 1 572 330 260 1
4 15 187 24 1855 347 225 45
62 1 5 97 9 1881 192 673 19
2 4 169 143 1203 203 78 172
3 4 953 177 555 529 238 98

4 4 10 249 38 1935 482 602 73

63 1 0 97 9 382 37 231 4
2 0 169 143 2 <] <1 <]
3 0 953 177 13 18 12 3
4 4 492 212 702 3486 346 149
Total/Mean 94 196 42 26,096 4,133 4,355 993

¢ DIV =NAFO Division; QTR = Quarter; SSTRIPS = Number of sea sampling trips; trips In more than one statistical area are split
KDF, DDF = kept and discard rates, kilograms per day fished); WODF = NEFSC welghout database days fished on trips landing
any summer {lounder; SS EST LAND MT = Estimate of landings calculated from sea sampling kept rates and NEFSC weighout
database days fished; WO LAND MT = Landings as recorded in the NEFSC weighout database; §S EST DISC MT = Sea sampling
estimate of discard in mt
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Table 11. Summary of sea sample data for summer flounder by NAFO division and quarter for 1992

DIv QTR SSTRIPS KDF DDF WODF S8 EST LAND WO LAND 88 EST DISC
(mt) (mt) (mt)
51 1 0 0 0 41 0 <1 0
2 ] 0 0 85 0 2 0
3 0 0 Q 37 4] 1 0
: 4 1 L7 <1 245 4 5 <1
52 i 1 427 26 1402 598 111 37
2 1 85 <l 3321 283 118 2
3 0 11 <1 B39 10 12 <}
4 1 11 <1 1702 19 84 <1
53 1 12 157 11 861 135 387 9
2 1 21 <] 1842 38 215 1
3 0 236 13 1611 380 311 21
4 7 236 13 1855 438 384 24
61 1 i6 313 17 2505 785 367 43
2 2 169 36 2259 381 316 B2
3 1 1009 23 1105 1115 417 25
4 5 130 6 1601 248 264 12
62 1 13 350 23 2589 906 754 60
2 3 150 71 1348 203 a5 96
3 6 502 164 803 403 725 132
4 4 606 131 2405 1458 674 315
83 1 4 420 90 714 300 204 65
2 0 150 71 315 47 5 22
3 0 502 164 1 1 <] <]
4 2 381 7 1195 455 609 9
Total/Mean 80 300 38 30,981 8,207 6,060 956

! DIV =NAFO Division; QTR = Quarter; SSTRIPS = Number of sea sampling trips; trips In more than one statistical area are spiit
KDF, DDF = kept and discard rates, kilograms per day fished); WODF = NEFSC weighout database days fished on trips landing
any summer flounder; SS EST LAND MT - Estimate of landings caiculated from sea sampling kepf rates and NEFSC wetghout
database days fished; WO LAND MT = Landings as recorded in the NEFSC welghout database; 38 EST DISC MT = Sea sampling

estimate of discard in mt

Table 12. Summary of exercise to raise 1989-1892 commercial fishery discard estimates (metric tons, MT)
based on NER sea sample (88} and weighout system (WQ) data to account for discard by the General
Canvas (GC) and North Carolina winter trawl fishery (NC) components of the commercial fishery,
which are not sampled by the NER system
Year A B c D«B+C E=D/A ¥ E*F
88 WO WO+GC NC EEZ S8 Discard Raised discard
1989 5,817 6.212 1.813 8.025 [.380 642 886
1090 2,749 2.961 755 3,716 1.352 1.121 1.516
1991 4,355 4,642 1,123 5,765 - 1.324 993 1.315
1992! 6,060 6.134 909 7,043 1.162 956 L.111

! North Carolina EEZ 1992 landings calculated as mean EEZ proportion for 1889-1991 (0.778)
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Figure 4. Summer flounder sample length frequency distribution of 1990 discarded catch, NER sea sample data.
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Table 13. Summary of Northeast Region sea sample data to estimate sumnmer flounder discard at age in the
commercial fishery, 1989-1992! :

Year Lengths Ages Sea Sample Discard Raised
Discard Egtlmate Discard Estimate
(mt) (mt/ 100 lengths) {mt)
1989 2.337 54 842 26 886
1990 3.841 453 1,121 29 1,616
1991 5,326 190 993 19 1,315
1992  —eee- --- 956 - 1,111

Discard Numbers at Age (thousands)

Year o - 1 2 Total
1988 969 2,035 118 3.122
1890 1.800 3.441 84 5,325
1991 1,114 4,280 <1 5,394
1992 1.160 2.816 60 4,137

Discard Mean Length at Age

Year ] 1 2 All
1989 25.9 31.5 44.2 30.2
1990 29.0 31.7 38.9 309
1991 24.0 30.9 37.0 29.5
1992 26.8 31.3 42.0 30.2

Discard mean weight at age

Year 4] 1 2 All

1989 0.182 0.296 0.909 0.284
1990 0.235 0.304 0.559 0.285
1991 .124 0.275 0.491 0.244
19922 0.190 0.290 0.763 0.269

Estimates developed using sea sample length samples, age-length data, and estimates of total! discard in mt. Age-length
keys applled on semi-annual basts because of length frequency sample size Himitatlons. The 1989 quarter 1 and 2 lengths
were aged with combined commercial and survey keys, due to lack of discard age samples.

Because 1992 length data were not available to the committee, mean 1989-1991 proportions, mean lengths, and mean
weights at age were assumed for the 1992 discard.

vessels (greater than 150 gross registered tons)  matrix: therefore, both the catch at age and the
fishing in areas south of Delaware Bay in 1991 standardized LPUE index were based cn landings
were set as the standard cell. A general linear ¢ age. Ifdiscards are included in the catch atage
model, GLM (SAS 1985}, incorporating year, ton- matrix for 1989 to 1992, the standardized index
nage class, and flshing area main effects ex-  fo5r 1982 to 1992 no longer reflects the same
plained 27% of the variance In the observed  components of the catch (landings only, 1982 to
landings per unit effort (LPUE), and indicated a 1992) as the catch at age matrix (landings from
recent pattern of decreasing stock size through 1982 to 1988, landings plus discard from 1983 to
1990, with some minor recovery suggested since  1992). To overcome this problem, the standard-
then (Table 14). ized LPUE index has been split into two time

Until this assessment, no discards were in-  gerjes: 1) 1982 to 1988 (Table 13), in which the
cluded in the commercial filshery catch at age proportions at age in the fishery are applied to the
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General Linear Model (GLM) of cornmercial welghout landings and effort (10% Lrips) data to develop

standardized index of abundance for years 1982-1992!

Dependent variabie: LN LPUE

Source DF 88 MSE F PR>F R-Square
Model 13 9485.6 729.7 1051.8 0.0 0.27
Error 36382 25243.1 0.7
Total 36395 34728.7
MODEL S8
Variable DF Type III 88 F PR>F
YR 10 4945.9 712.8 0.0
TC 2 3244.7 2338.3 0.0
AREA 1 1294.9 1866.4 0.0
Corrected, retransformed NER commercial LPUE at age
YR parameter estimates (numbers)
Age
Year Estimate Lower Upper Year ¢ 1 2 3
85% Ci 95% CI
1982 3.104 2.963 3.252 1982 0.573 2.713 2.223 0.091
1883 2.908 2.788 3.033 1983 0.525 3.281 1.178 0.150
1684 2.666 2.560 2.778 1984 0.324 2.502 1.573 0.379
1985 2,092 2.011 2.175 1985 0.158 1.222 1.911 0.182
1986 1.849 1.777 1.923 1986 0.074 1.269 1.147 0.398
1987 1.726 1.659 1.796 1987 0.051 1.442 1.208 0.151
1988 1.657 1.592 1.725 1988 0.037 1.394 1.130 0.160
1989 1.096 1.049 1.145 1989 0.033 0.580 0.849 .103
1990 0.834 0.793 0.876 1990 0.000 0.752 0.242 0.129
1991 0.990 0.944 1.037 1991 0.000 0.801 0.6895 0.045
1992 1.000 1992 0.018 0.912 0.528 0.045

Variation in LPUE is modeled as a result of year (YR), vessel tonnage class (TC), and fishing area (AREA; north and south of

Delaware Bay) main effects, with no interactions. The corrected, transformed YR parameter estimates are used as indices of
stock blomass (mt per day fished). Index is disaggregated to numbers at age using proportions and mean weights at age from

the NER commercial landings.

LPUE index with the assumption that both the
catch at age and LPUE index reflect nearly all
removals from the stock by the commereial fish-
ery {based on landings only, but discards were
probably low), and 2) 1989 to 1992 (Table 16),
with the catch at age including discards, and the
LPUE index based on landings rates therefore
valid only for the ages not discarded {age 2 and
older).

A second commercial fishery index of abun-
dance, based on mean catch per trip, was calcu-
lated for summer flounder harvested from the

North Carolina winter trawl fishery. Vessels in
this fishery are tonnage classes 2 and 3. Land-
ings are not partitioned by size composition or
trawl type. Thus, a few trips, but not more than
1% of the total trips sampled in any year, are
included from the flynet fishery (the flynet is a
high-profile high-rising otter trawl used for school-
ing fish swimming higher in the water column
than typical groundfish). Recent index estimates
are lower relative to peak levels observed in 1983
and 1984, but show an increasing trend since
1989 (Table 17). The same caveats noted for the
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Table 15. General Linear Model (GLM) of commercial welghout landings and effort (10% trips} data to develop
standardized index of abundance for years 1982-1988!

Dependent variable: LN LPUE

Source DF 88 MSE F PR>F R-8quare
Model 9 5282.1 586.9 840.5 0.0 .22
Error 26934 18806.8 0.7
Total 26943 31945.7
MODEL s8
Variable DF TYPEIII S8 F PR>F
YR 6 1440.7 343.9 0.0
TC 2 2525.0 1808.1 0.0
AREA 1 1316.3 1885.2 0.0
Corrected, retransformed NER commercial LPUE at cge
YR parameter estimates (numbers)
Age
Estimate Lower Upper L8] 1 2 3
95% CI 95% CI
1982 1.875 1.796 1.958 1982 0.346 1.639 1.343 0.055
1983 1.748 1.683 1.816 1983 0.316 1.972 0.708 0.090
1984 1.599 1.541 1.658 1984 0.194 1.501 0.943 0.227
1985 1.265 1.221 1.310 1985 0.096 0.739 1.156 0.110
1986 1.129 1.080 1.170 1986 0.045 0.775 0.701 0.243
1987 1.050 1.013 1.088 1987 0.031 0.877 0.735 0.092
1988 1.600 1988 0.022 0.841 0.682 0.097

! Variation in LPUE is modeled as a result of year (YR}, vessel tonnage class (TC), and fishing area (AREA; north and south of
Delaware Bay) maln effects, with no interactions. The corrected, transformed YR parameter estimates are used as {ndices of
stock blomass (mt per day fished). Index Is disaggregated to numbers at age using proportions and mean weights at age from
the NER commercial landings.

NER commercial fishery index, concerning the
appropriate time periods and ages to use for
tuning given inclusion of discards in 1989 to
1991, apply for this index.

RECREATIONAL LANDINGS

Recreational landings (catch type A+B1, Na-
tional Marine Fisheries Service, Marine Recre-
ational Fishery Statistics Surveys, MRFSS) in
1992, at 3,364 mt (7.4 million 1b) were well below
the 1979 to 1991 average of 8,200 mt (18.1
million 1b; Figure 1}. The share of total landings
taken by the recreational sector was 32% in
1992. Summary catch and effort statistics for
the recreational fishery are presented in Tables
18 to 24.

The length frequency sampling intensity for
the recreational fishery for summer flounder was
calculated by MRFSS regions (North: Maine to
Connecticut; Mid: New York to Virginia; South:
North Carolina) on a metric tons of landings per
hundred lengths measured basis (Burns et al
1983). For 1992, aggregate sampling intensity
averaged 61 mt per 100 fish measured (Table 25).
Generally, the South region was the “best”
sampled, and the North region the “worst.”

Marine Recreational Fishery Statistics Sur-
veys samnple length frequency data, NEFSC com-
mercial age-length data, and NEFSC survey age-
length data were examined in terms of number of
fish measured/aged on various temporal and
geographical bases. Correspondences were made
between MRFSS intercept date (quarter), com-
mercial quarter, and survey scason [spring and
summer/fall) on temporal bases, and between
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Table 16. General Linear Model (GLM) of commercial welghout landings and effort (10% trips) data to develop
standardized index of abundance for years 1989-1992!

Dependent variable: LN LPUE

Source DF Ss MSE F PR>F R-Square
Model 6 901.7 150.30 224.8 0.0 .12
Error 9445 6313.6 0.67
Total 9451 7215.2
MODEL S8
Variable DF Type III 88 F PR>F
YR 2 80.6 40.2 0.0001
TC P 722.0 540.0 0.0000
AREA 1 99.1 148.3 0.0001

Corrected, retransformed NER commercial LPUE at age

YR paramneter estimates (numbers)

Estimate Lower Upper Age
95% CI  85% CI 0 1 2 3

1989 1.100 1.054 1.149 1989 0.034 0.592 0.852 0.104
1990 0.845 0.805 0.887 1960 0.000 0.762 0.247 0.131
1991 1.006 0.961 1.053 1891 0.000 0.814 0.706 0.020
1992 1.00G 1962 0.018 0.912 0.528 0.045

Variation In LPUE Is modeled as a result of year (YR), vessel tonnage class (T'C), and ifishing area (AREA; north and south of
Delaware Bay) main effects, with no interactions, The corrected, transformed YR parameter estimates are used as indices of
stock blomass (mt per day fished). Index s disaggregated to numbers at age using proportions and mean weights at age from

the NER commercial landings.

MRFSS region, cornmercial statistical areas, and
survey depth strata on geographic bases in order
to integrate data from the different sources.
Based on the number, size range, and distribu-
tion of lengths and ages, a semiannual (quarters
1 and 2, quarters 3 and 4), regional basis of
aggregation was adopted for matching commer-
cial and survey age-length keys with recreational
length frequency distributions for conversion of
the lengths to ages.

The MRFSS intercept age-length data were
then aggregated to bimonthly/regional/fishing
mode (shore, party and charter boat, private and
rental boat)/distance from shore (area: < 3 mi, >
3 mi) strata, with intercept sample proportions at
age within each stratum applied to correspond-
ing estimates of recreational landings in num-
bers (catch types A + B1l), and summed to provide
annuai totals. The recreational landings are
dominated by relatively young fish. Over the

1982 to 1992 time series, age 1 fish accounted for
an average of 50% of the landings by number;
summer flounder of ages O to 4 account for an
average of more than 99% of landings by number.
No fish from the recreational landings were deter-
mined to be older than age 7 {Table 26).

Small intercept length sample sizes for larger
fish resulted in a high degree of variability in
mean length for older fish, especially at ages 5
and older. Attempts to estimate length-weight
relationships from MRFSS biological sample data
for use in estimating weight at age provided
unsatisfactory results. As a result, quarterly
length (mm) to weight (g) relationships from Lux
and Porter (1866), which are employed in the
conversion of length to weight in NEFSC compi-
lation of commercial fishery statisties for sum-
mer flounder, were used to calculate annual
mean weights at age from the estimated age-
length frequency distribution of the landings.
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Table 17. Catch per unit effort (kilograms per trip) for summer flounder from the North Carolina winter trawl

fishery, 1982-1991

Year Number of Mean kg Standard Standard cv Relative
Trips per Trip Deviation Error to 1991
1082 24 3.875 3,402 694 88 1.198
1983 30 5,489 5,998 1,095 109 1.697
1984 62 5,575 6,805 864 122 1.724
1985 680 3.185 3,219 416 101 0.985
1986 72 2,306 2,576 304 112 0.713
1987 a1 2.435 3,091 324 127 0.753
1988 71 3,217 3,215 382 100 0.995
1989 76 2,772 2,679 307 97 0.857
1990 93 2,494 1,999 207 - 82 0.771
1991 80 3,234 2,134 239 65 1.000
Mean 3,458 1.069
NC Commercial LPUE at age (aumbers)
Age

Year g 1 2z 3

1982 0.389 1.374 0.056 0.021

1983 0.231 1.773 0.742 0.135

1984 0.240 1.497 1.029 0.146

1985 0.044 0.664 0.787 0.075

1986 0.047 0.541 0.414 0.105

1987 0.070 0.728 0.391 0.080

1988 0.000 0.872 0.665 0.141

1989 0.001 0.023 0.687 0.342

1990 0.002 0.106 0.541 0.310

1891 0.000 0.196 0.842 0.267

RECREATIONAL DISCARDS

MRFSS catch estimates were aggregatedona
regional basis for calculation of the proportion of
live discard {catch type B2) to total catch (catch
types A+B1+B2) in the recreational fishery for
summer flounder. Examination of catch data in
this manner shows that the live discard has
varied from about 12% (1979} to about 62%
(1991) of the total catch (Table 21). To account
for all removals from the summer flounder stock
by the recreational fishery, some assumptions
about the biclogical characteristics and hooking
mortality rate of the recreational live discard
needed to be made, because no biological samples
are taken from catch type B2. In previous
assessments, data available from New York De-
partment of Environmental Conservation (NYDEC)
surveys of New York party boats suggested the
following for this component (Mid-Atlantic subre-
gion, anglers fishing from bhoats) of the recre-
ational fishery:

1) nearly all (>95%]) of the fish released alive
were below the minimum regulated size

(currently 14 in {36 cm] in New York state
waters}, and

2 nearly all of these fish were age 0 and age 1
summer flounder, and 3) age 0 and 1 sum-
mer flounder occurred in approximately the
same proportions in the live discard as in
the landings (SAW Summer Flounder Work-
ing Group 1991}

The WG assumed that all B2 catch would be
of lengths below regulated size limits, and so
either age O or age 1 in all three regions. Catch
type B2 was therefore allocated on a regional
basis in the same ratio as the annual age O to age
1 proportion cbserved in the landings. Mean
weights at age were assumed to be the same as in
the landings.

The NYDEC data have recently been revised
and updated through 1992 (Table 27}. The
revised data suggest that it is reasonable to
assume that the recreational fishery discard is
dominated by age O and 1 fish, but the further
assumption that they occur in the subregional
discard in the same relative proportions as the

. age 0 and 1 fish in subregional landings seems
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Table 18. Estimated total landings (catch types A + Bl, [thousands]) of summer flounder by recreational
fishermen, MRFSS 1979-92!

Region Yeay -
Mode 1978 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

North {(Maine to Connecticut)

Shore 47 27 54 172 152 63 9 92 51 56 4 19 11 31
P/C 24 9 <1 170 189 5 2 71 6 <1 <1 1 4 I
P/R 492 928 180 1,430 1,236 723 487 2,756 700 462 142 105 182 227
Total 5683 964 234 1,772 1,577 791 498 2,919 757 518 146 125 187 259

Mid (New York to Virginia)

Shore 7,511 2,709 2,188 725 4,338 1,318 286 464 274 733 95 96 447 192
P/C 571 849 1,431 5,232 4,155 3,140 1,337 1,681 1,180 1.522 145 422 328 339
P/R 11,152 17,145 4,759 6,425 15,309 19,002 11,105 5,706 6,1v8 9,165 1,255 2,860 4,784 4,294
Total 19,234 20,703 8,378 12,382 23,802 23,460 12,728 7,851 7,642 11,420 1,495 3,378 5,569 4,823

South (North Carolina)

Shore 440 230 502 305 588 336 1,074 960 113 233 68 162 47 47
F/C 4 7 <l 89 156 313 529 6 <1 <1 <1 <1 <1l I
P/R 587 309 218 1,441 417 1,328 282 234 162 317 112 362 155 160
‘Total 1,031 546 720 1,835 1,161 1,977 1,885 1,200 275 350 180 525 202 208
All Regions

Shore 7,999 2,966 2,744 1,203 5078 1,717 1,389 1,518 438 1,022 167 277 504 270
P/C 599 865 1,431 5,491 4,500 3,457 1,888 1,759 1,196 1,523 145 423 333 341

P/R 12,230 18,382 5,158 9,295 16,962 21,053 11,873 8,695 7,040 9,844 1,509 3,328 5,131 4,681
Total 20,828 22,213 9,333 15,989 26,540 26,227 15,110 11,970 8,674 12,489 1,821 4,028 5968 5,292

! Shore = Fish taken from beach/bank and man-made structures; P/C = Catch taken from party/charter boats; P/R = Fish
taken from private/rental boats.

Table 19. Estlinated total landings fcatch types A + Bl, mt) of sumnmer flounder by recreational fishermen,
MRFSS 1979-92¢

Region Year
Mode 1879 1880 1981 1982 1983 1984 1983 1984 1987 1688 1880 1990 1981 1862

North (Majne to Connecticut)

Shore 28 20 15 92 42 13 3] 32 19 38 2 20 6 24
P/C 22 7 <1 4 82 i <1 17 1 1 <] 1 1 <1
P/R 334 849 134 1,105 772 494 232 2,886 671 385 130 105 152 174
Total 384 876 149 1,201 896 508 238 2,935 691 424 132 126 159 198

Mid (New York to Virginia} .

Shore 1,561 1,188 692 304 1,660 499 143 319 125 404 56 41 277 116
P/C 710 705 959 3,780 3,130 1,829 886 1,125 717 1.035 123 247 201 222
P/R 7,753 10,990 2,827 3,571 10,394 9,551 5,516 3,474 4,031 6,393 1,037 1,774 2,793 2,710
Total 10,024 12,883 4,478 7.664 15,184 11,979 6,545 4,918 4,873 7,832 1,216 2,062 3,271 3,048

South (North Carolina}

Shore 185 128 180 103 156 108 306 568 39 81 44 84 25 24
pPsC 1 4 <1 21 34 67 131 <1 <1 <1 <1 <] <1 <1
P/R 340 258 66 632 87 485 137 76 55 150 68 163 79 94
Total 506 390 226 756 277 660 774 844 94 231 112 247 104 118
All Regions

Shore 1,755 1,336 866 499 1,858 620 655 919 183 523 102 145 308 164
P/C 733 716 958 3,814 3,246 1,998 1,018 1,141 718 1,036 123 248 201 222
P/R 8,427 12,097 3,027 5,308 11,253 10,5329 5,885 6,437 4,757 6,928 1,235 2,042 3,024 2,978

Total 10,815 14,149 4,852 9,621 16,357 13,147 7,538 8,497 5,658 8,487 1,460 2,435 3,333 3,364

! Shore = Fish taken from beach/bank and man-made structures; P/C = Catch taken from party/charter boats; P/R = Fish
taken from private/rental boats.
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Table 20. Estimated total catch (catch types A + B1 + B2, [thousands}) of summer flounder by recreational
fishermen, MRFSS 1979-921
Region Year
Mode 1o79 1980 1981 1982 1983 1984 1985 1988 1987 1988 1989 1990 1991 1992
North {(Maine to Connecticut)
Shore 56 46 110 228 319 77 16 126 71 119 8 35 22 55
P/C 27 9 1 170 180 5 2 81 9 <1 <1 2 9 1
P/R 615 1,010 205 1,542 1,250 1,228 518 4,099 924 592 175 188 247 406
Total 698 1,085 316 1,941 1,759 1,310 536 4,306 1,004 712 183 225 278 465
Mid {New York to Virginia)
Shore 7.834 3,701 2,850 1,388 8,151 2,113 510 1,197 960 1,335 175 477 1,345 767
P/C 581 977 1,837 9,110 5,450 4,953 1,517 2,916 2,402 2,373 182 740 760 769
P/R 13,398 22,120 7,693 8,129 23,338 32,546 13,209 14,248 16,953 15,246 1,797 6,81912,310 10,134
Total 21,813 26,799 12,381 18,637 36,939 39,612 15,236 18,361 20,315 18,954 2,154 8,036 14,41511,670
South (North Carclina)
Shore 480 290 660 499 778 516 1,368 1,117 235 574 155 606 379 119
p/C 4 7 4 224 333 433 712 4] <1 <1 <1 <1 2 <1
P/R 642 317 312 2,009 591 1,465 320 349 245 516 218 687 503 289
Total 1,127 G6l4 976 2,733 1,702 2414 2400 1,472 480 1,090 373 1,263 884 408
All Reglons
Shore 8,370 4,038 3,620 2,126 9,248 2,706 1,893 2,440 1,266 2,028 338 1,118 1,746 941
pP/C G613 994 1,841 9,504 5973 5,390 2,231 3,003 2,411 2,373 182 742 771 770
P/R 14,655 23,446 8,212 11,681 25,179 35,240 14,047 18,696 18,122 16,354 2,1900 7,554 13,060 10,828
Total 23,638 28,478 13,673 23,311 40,400 43,336 18,171 24,13 21,799 20,755 2,710 9,554 15,576 12,539

! Shore= Fish taken from beach/bank and man-made structures; P/C =catch taken from party/charterboats; P/R - Fish

taken from private/rental boats

lesslikely. The data suggest this assumption will
tend to underestimate the relative proporticn of
age O fish in the recreational discard. The WG
considered three options for treating recreational
fishery live discard:

1) omit them from the catch at age matrix,

2) assume the NYDEC party boat sample data
to be characteristic of the age frequency of
the discard in all subregions, or

continue with the assumptions made in the
past.

3)

The WG accepted option 3, because option 1
seemed unacceptable given the large proportion
of recreational catch that may be discarded, and
because it seemed likely that options 2 and 3
would provide similar VPA results, given the
limited recruitment of age O fish to the recre-
ational fishery. The WG recognized that the
assumption employed for recreational fishery
diseards likely underestimates the relative pro-
portion of age O flsh in the discarded catch, and
overestimates the relative proportion of age 1
fish.

Studies conducted cooperatively by the NEFSC
and the state of Massachusetts to estimate hook-

ing mortality for striped bass and black sea bass
suggest a hooking mortality rate of 8% for striped
bass [Diodati 1991) and 5% for black sea bass
(Bugley and Shepherd 1991). Work by the states
of Washington and Oregon with Pacific halibut
(potentially a much larger flatfish species, but
otherwise morphologically similar to summer
flounder) found “average hooking mortal-
ity...between eight and 24 percent” (IPHC 1988).
An unpublished tagging study by the NYDEC
{Weber 1984) on survival of released sublegal
summer flounder caught by hook-and-line sug-
gested a total nonfishing mortality rate of 53%,
which included hooking plus tagging mortality as
well as deaths by natural causes (i.e., predation,
disease, senescence). Assuming deaths by natu-
ral causes to be about 18% (an instantaneous
rate of 0.20), the WG noted that an annual
hooking plus tagging mortality rate of about 35%
could be derived from the NYDEC results. After
much discussion of the results of these four
studies, the WG assumed a 25% hooking mortal-
ity rate was reasonable for summer flounder
released alive by anglers, so 25% of the total B2
catch at age was added to estimates of summer
flounder landings at age to provide estimates of
summer flounder recreational fishery discard at
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Table 21. Estimated summer flounder landings (catch types A + B1), live discard (catch type B2), and total
catch {catch types A + Bl + B2) in numbers (thousands), and live discard {catch type B2) as a
proportion of total catch, MRFSS 18979-1962.

Year Reglon A+Bl B2 A+B1+B2 B2 Yesr Region' A+Bl Bz A+Bl+B2 B2

(A+B1+R2) (A+B1+B2)
1979 North 563 133 698 193 1986 North 2,919 1,387 4,308 322
Mid 19,234 2,579 21,813 .118 Mid 7,851 10,510 18,361 572
South 1,031 96 1,127  .085 South 1,200 272 1,472 .185
Total 20,828 2,811 23,838 .119 Total 11,970 12,169 24,139 .504
1980 North 984 101 1,065 095 1987 North 757 247 1,004 248
Mid 20,703 8,096 26,799 227 Mid 7,642 12,673 20,315 624
South 546 68 614 d11 South 275 205 480 427
Total 22,213 6,265 28,478 220 Total 8,674 13,125 21,799 602
1981 North 234 82 316 259 1988 North 519 192 712 270
Mid 8,378 4,003 12,381 323 Mid 11,420 7.534 18,954 397
South 720 258 9786 262 South 550 540 1,090 495
Total 9,333 4,340 13,673 317 Total 12,489 8,266 20,756 .398
1982 North 1,772 169 1,941 .087 19389 North 148 a7 183 202
Mid 12,382 6,255 18,837 .336 Mid 1,495 659 2,154 306
South 1,835 898 2,733 .329 South 180 193 373 517
Total 15,985 7.322 23,311 314 Total 1,821 B89 2,710 328
1983 North 1,577 182 1,759 103 1990 North 125 100 225 444
Mid 23,802 13,137 36,939 358 Mid 3,378 4,658 8,036 580
South 1,161 541 1,702 318 South 525 768 1,293 594
Total 26,540 13,860 40,400 343 Total 4,028 5,525 9,554 578
1984 North 791 520 1,310 397 1981 North 197 8O 278 .288
Mid 23,460 16,152 39,612 408 Mid 5,568 8,847 14,415 614
South 1,977 437 2,414 .181 South 202 681 884 770
Total 26,227 17,109 43,336 .305 Total 5,968 9,608 15,576 617
1985 North 498 38 536 071 1992 North 259 203 482 439
Mid 12,728 2,508 15,236 ,1658 Mid 4,825 6,844 11,669 .587
South 1,885 515 2,400 215 South 208 201 409 491
Total 15,110 3,061 18,171 .168 Total 5,292 7.248 12,540 .578

age (Table 28), total catch at age in numbers
{Table 29) and mean weights at age (Table 30).

RECREATIONAL FISHERY-BASED
CPUE INDICES

The raw intercept sample data from the 1982
to 1992 MRFSS were used to provide Indices of
abundance. Asimple total catch rate (mean total
catch number per angler per trip; CPUE) was
calculated for the Mid-Atlantic private/rental
boat component of the flshery. This intercept
Index included both landed fish and live discard.
This index suggested a variable trend in summer

flounder abundance since 1887 (Table 31).

A GLM (SAS 1985) was used to analyze the
variation in MRFSS intercept CPUE for all inter-
cepts coastwide, and produce a standardized
index of abundance based on year category re-
gression coefficients. Since intercepts from the
Mid-Atlantic, private/rental boat, Inshore waters
(inland and territorial sea) stratum were the
major component of the fishery In terms of catch
and total intercepts, that subregion/fishing mode/
fishing area stratum was selected as the stan-
dard for the procedure. Aweighted least-squares
regression procedure (with each CPUE estimate
weighted by the inverse of the variance of logged
CPUE) was employed because of the highly vari-
able coefficients of variation of the stratum CPUE
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Table 22. Number of recreational fishing trips (thousands) for all species in bimonthly state/flshing mode/
fishing area cells with summer flounder catch, compared with numbers of summer flounder
recreational trips {thousands) in these cells (as deflned (n the text), aggregated at the reglonal level,
MRFSS 1978-1992

Year Region All Species Nominal Proportion of
Trips Summer Flounder Summer Flounder Trips
Trips to All Specics Trips
1979
North 3.414 481 0.141
Mid 15.355 5,760 0.375
South 3.036 687 0.226
Total 21,805 6.928 0.318
1980
North 2.626 277 0.106
Mid 21,097 9,295 0.441
South 2,270 287 g.126
Total 25,992 9,859 0.379
1981
North 1.701 196 0.115
Mid 10,919 4,532 0.415
South 1,740 623 0.358
Total 14.361 5,351 0.373
1982
North 3.607 551 0.153
Mid 11,483 5,541 0.483
South 2,805 1.010 0.358
Total 17,974 7,102 0.395
1983
North 4,792 745 0.155
Mid 19,407 10,100 0.520
South 3,396 855 0.252
Total 27,595 11,700 0.424
1984
North 2,996 667 0.223
Mid 17,018 9,075 0.533
South 3.811 1.348 0.354
Total 23.826 11.090 0.465
1985
North 3.369 388 0.115
Mid 12,152 5,311 0.437
South 3.584 1,501 0.419
Total 19,105 7.200 0.377
1988
North 4,653 670 0.144
Mid 17,428 6,578 0.377
South 2,090 666 0.318
Total 24,172 7,914 0.327
1987
North 3,396 505 0.149
Mid 13,910 5,611 0.403
South 2,333 244 0.105

Total 19.639 6,360 0.324



Page 21

Table 22. Continued.
Year Region All Species Nominal Proportion of
Trips Summer Flounder Summer Flounder Trips
Trips to Al Species Trips

1988
North 3,780 586 0.155
Mid 15,305 8,164 0.533
South 3.572 767 0.215
Total 22,657 9,517 0.420

1989
North 2,370 230 0,120
Mid 11,082 3.017 0.272
South 2,732 285 0.104
Total 16,184 3,531 0.218

1990
North 4,074 246 0.060
Mid 12,048 4,543 0.377
South 3.556 1,090 0.307
Total 19,678 5.879 0.299

1991
North 5,175 425 0.082
Mid 14,078 5,684 0.404
South 2,598 466 0.179
Total 19,678 6,575 0.301

1992
North 4,635 432 0.083
Mid 11,200 5,091 0.455
South 2,540 456 0.180
Total 18,375 5,979 0.325

coefficlents. A main effects (year, subregion, from data for Great South Bay, N.Y. for 1985 to

fishing mode) model accounted for about 41% of
the variation in intercept CPUE. This coastwide
index also suggests a variable trend in summer
flounder abundance since 1987. Both recre-
ational fishery-based indices reached a low point
in 1989, probably reflecting the influence of the
poor 1988 year class on catches of age 1 fish. As
with the commercial fishery indices, the annual
proportions at age were applied to the standard-
ized index to provide indices of abundance at age
(Table 31}.

NYDEC staff have surveyed the catches of
anglers aboard party boats fishing from ports
along the Long Island coast since 1985. Samples
of catch per angler, total effort in angler hours,
and length and age frequency of the kept and
discarded catch are taken. An index of abun-
dance at age for summer flounder was developed

1992 (Table 32}.

TOTAL CATCH COMPOSITION

NER total commercial landings and discards
at age, North Carolina winter trawl landings and
discards at age, and MRFSS recreational land-
ings and discards at age totals were summed to
provide a total fishery catch at age matrix for
1982 to 1992. The numbers and proportions at
age of fish age 4 and older are low and quite
variable, reflecting the limited numbers of fish
available to be sampled. Forthe total catch atage
during 1982-1992, the average catch composi-
tion at age was: age 0: 12%, age 1: 51%, age 2:
29%, and age 3: 6%. Summer flounder age 4 and
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Table 23. Estimated number {thousands) of summer flounder fishing trips by annual regfon/mode strata,
MRFSS 1979-1992!
Reglon Year
Mode 1979 1080 1981 1982 1983 1984 1983 1986 [987 1988 1988 1990 1981 1982
North (Maine to Connecticut)
SHORE 43 28 86 219 196 123 43 155 63 283 31 98 196 146
P/C g9 19 <1 31 21 10 16 19 10 5] <1 3 5 4
P/R 429 230 110 301 528 534 324 496 432 297 198 145 224 282
Total 481 277 196 551 745 667 388 670 305 586 229 246 425 432
Mid (New York to Virginia)
SHORE 924 2,2Y6 1,316 1,292 2,862 1,558 731 1,785 1,126 1,635 534 563 1,146 947
P/C 332 341 476 1,113 1,649 814 814 788 668 7158 242 642 221 325
P/R 4,504 6,678 2,740 3,136 5,789 6,703 3,766 4,005 3,817 5,814 2,241 3,338 4,317 3,819
Total 5,760 9,295 4,332 5,541 10,100 8,075 5,311 6,578 5,611 8.164 3,017 4,543 5,684 5,091
South (North Carclina)
SHORE 284 96 308 412 343 621 669 376 94 545 181 567 309 300
P/C 5 9 4 77 91 243 548 <1 <1 <1 <l 2 <1 <1
P/R 398 182 313 521 421 484 284 289 150 222 104 521 157 156
Total 687 287 623 1,010 855 1,348 1,501 666 244 767 285 1,080 466 456
All Regions
SHORE 1,251 2,400 1,708 1,923 3,201 2,302 1,448 2316 1,283 2,463 746 1,228 1,651 1,383
F/C 346 369 480 1,221 1,761 1,067 1,378 808 678 721 242 647 226 329
P/R 5,331 7,090 3,163 3,958 6,738 7,721 4,374 4,790 4,399 6,333 2,543 4,004 4,698 4,257
Total 6,928 9,859 5,351 7,102 11,700 11,090 7,200 7,914 6,360 9,517 3,531 5,879 6,575 5,979

! SHORE =Fish taken from beach/bank and man-made structures; P/C = Catch taken from party/charter boats; P/R = Fish
taken from private/rental boats

Table 24. Precision of key summer flounder flshery statistics: estimated total catch (catch types A + B1 + B2, [thousands}}
of surmnmer flounder caught by recreational fishermen and estimated number (thousands) of summer flounder
recreational fishing trips, and respective approximate 95% confldence intervals (L95, U935}, for the Mid-Atlantic
private/rental boat (P/R) fishery, and for all fishery strata (ALL), MRFSS 1979-1982

Region Year

Mode 1278 1980 1981 1982 1983 19884 1985 1986 1987 1988 1989 1990 1991 1992

Total Catch

Mid P/R 13,398 22,120 7,693 8,129 23,338 32,546 13,209 14,248 16,953 14,736 1,797 6,819 12,310 10,134

Ccv 7 4 12 10 10 i4 18 10 8 5] 3 3 3 5

L85 11,703 20,23% 5,831 6,580 19,046 23,742 8,597 11,368 15,089 13,078 1,971 6,203 11,095 9,192

ua9s 15,092 24,009 9,557 9,677 27,630 41,350 17,821 17,129 18,817 16,395 1,623 7,433 13,531 11,076

ALL 23,638 28,478 13,673 23,311 40,400 43,336 18,171 24,139 21,799 19,239 2,710 9,554 15,719 12,420

CV (%) 26 4 10 35 12 11 14 8 5 5 4 2 4 4

L85 11,554 26,329 11,014 7,419 31,338 34,112 13,248 20,577 19,793 17,455 2,510 9,234 14,225 11,43

ugs 35,723 30,628 16,332 39,203 49,461 52,561 23,095 27,701 23,807 21,023 2,910 9,873 17,918 13,402

Tripe

Mid P/R 4,504 6,678 2,740 3,136 5,789 6,703 3,766 4,005 3,817 5,814 2,241 3,338 4317 3,819

CV (%) 2 2 11 10 12 14 12 9 6 6 5 3 5 5

L95 4,367 6,419 1,266 2,531 4486 4,921 2834 3,336 3,445 5,119 2472 3,044 3,881 3,416

Ugs 4,661 6,992 3,327 3,742 7,093 8,488 4,675 4.673 4,180 6,509 2,010 3,631 4,753 4,222

ALL 6,928 9,859 5,35@1 7,102 11,700 11,090 7,200 7.914 6,360 9,517 3,531 5879 6,575 5,678

CV (%) 4 2 7 7 8 8 7 5 3 4 3 2 3 3

L85 6481 9,642 4,632 6,186 9,769 9,400 6,224 7,075 5,948 8,789 3,760 5,723 6,143 5,309

uas 7.406 10,147 5,073 8,013 13,632 12,758 8,181 8,733 6,773 10,244 3,302 6,034 7,008 6,047
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Table 25. Intercept sampling intensity for summer flounder by region, MRFSS

Year Reglon Landings Numberof Mt/100 Year Region Landings Number of H»Mt/100

(A+B1) Summer Lengths (A+B1} Summer Lengths
(mt) Flounder (mt) Flounder
Measured Measured

1979 North 384 175 210 1986 North 2,935 266 1103
Mid 10,024 2,367 423 Mid 4,918 1,809 272
South 506 170 208 South 644 281 229
Total 10,915 2,712 402 Total 8.497 2.356 361
1980 North 876 104 842 1987 North 691 218 317
Mid 12.883 4,027 320 Mid 4.873 1,897 257
South 390 169 231 South 24 474 20
Total 14,149 4,300 329 Total 5,658 2,589 219
1988 North 424 309 137

1981 North 149 56 266
mid 4,478 2,670 168 Mid 7,832 2,865 273
South 226 178 127 South 231 717 32
Total 4,852 2,904 1687 Total 8,487 3.891 218
1982 North 1,201 228 527 1989 Ihxldorth 132 10; 123
Mid 7.664 2,902 264 id 1.216 1,58 77
South 756 562 135 South 112 a38 33
Total 9,621 3,692 243 Total 1,460 2,027 48
1983 North 896 310 289 1990 North 126 110 115
Mid 15,184 4,704 323 Mid 2,062 2.667 77
South 277 150 185 South 247 1,285 19
Total 16,357 5.164 317 Total 2,435 4,062 60
1984 North 508 168 302 1991  North 159 182 87
Mid 11,979 2.193 546 I\S/Hd 3.271 4,452 73
South 660 244 270 Toutalth lgg 752 14
Total 13,147 2.605 505 o 3.5 5,386 66
1985 North 238 78 305 1992 North 198 425 47
Mid 6,545 1,930 339 Mid 3,048 4'503 68
South 781 274 985 South 118 568 21
Total 7,558 2,282 331 Totat 3.364 5.49 61

Table 26. Estimated recreational landings at age of summer flounder (thousands), MRFSS 1982-1992 (catch

type A+B1)
Age
Year o 1 P 3 4 5 ] 7 8 Total
1982 2,363 7.336 5,678 440 167 <1 5 0 0 15,989
1983 8,328 15,122 2,857 231 2 <1 0 0 10 26,540
1984 8,078 12,641 3,619 1,233 393 157 106 0 0 26,227
1985 1,269 6,877 3,913 1,511 1.315 120 105 0 0 15,110
1986 2,693 4,704 2,394 1,472 108 371 120 12 0 11,874
1987 1,197 5,060 1.671 451 247 4 8 37 0 8,674
1988 2,475 5,750 3.187 693 289 44 44 7 0 12,489
1989 109 507 747 427 19 12 - Q 0 0 1.821
1990 179 3.159 566 118 4 1 1 0 0 4,028
1991 399 2,983 2,443 96 37 10 <1 0 0 5,968
1992 122 3,196 1,687 276 <1 31 0 0 0 5,292
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Table 27. Age composition of discarded and kept summer flounder in Great South Bay, Western South Shore,
and Eastern Long Island regions of New York waters, NYDEC party boat survey, 1985-1992

Age 1885 1986 1987 1988 1889 1890 1991 1992 Total Percent Age G+11
Percent
Great South Bay: Discard
0 24 45 2 5 113 26 37 50 232 15 16
i 89 167 176 155 5 162 135 339 1228 80 84
2 41 4 15 3 3 1 3 0 70 5
1530 100 100
Great South Bay: Kept
0 18 i 1 0 o 0 0 0 20 1 1
1 111 264 138 232 31 267 200 238 1481 63 99
2 196 73 131 102 119 21 88 59 789 34
3 4 14 10 4 2 14 1 2 51 2
4 0 1 1 1 0 1 0 1 5 <1
2046 100
Western South Shore: Discard
Age 1987 1988 1989 1990 Total Percent Age O+11
Percent
0O 2 1 0 0 3 2 1
I 80 78 1 45 204 91 99
2 7 2 6 1 16 7
223 100 100
Western South Shore: Kept
Age 1987 1988 1989 1990 Total Percent Age 0+11
Percent
0 1 0 0 0 1 <1 2
1 138 232 31 267 668 62 98
2 131 102 119 21 373 35
3 10 4 2 14 30 3
4 1 3 0 1 3 <1
1075 100 100
Eastern Long Island: Discard
Age 1987 1988 1989 1990 Total Percent Age 0+11
Percent
0 4 1 0 10 15 14 14
1 45 24 ] 21 90 82 86
2 1 2 2 0 5 4
110 100 10
Eastern Long Island: Kept
o 0 0 0 o O C 0
I 21 17 2 46 88 35 100
2 33 54 27 4 118 47
3 9 16 4 4 33 13
4 6 2 o 4 11 5
251 100 100
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Table 28. Estliated recreational fishery discard at age of summer flounder, MRFSS 1682-1992 (catch type

B2)t
Numbers at Age (thousands) Metric Tons at Age
Year 0 1 Total o i Total
1982 439 1,392 1.831 97 612 709
1983 1.213 2,252 3.4865 230 991 1,221
1984 1.668 2.609 4,277 350 991 1,341
1983 122 641 763 29 257 286
1886 1.095 1.947 3.042 274 876 1.150
1987 631 2,650 3,281 139 1,113 1,252
1988 629 1,438 2,067 176 719 895
1989 41 181 222 11 g8 109
1990 71 1,310 1,381 22 629 651
1991 278 2,124 2,402 78 956 1,034
1992 65 1,747 1,812 15 896 g1l

! Discards allocated to age groups in same relative proportions as ages 0 and 1 in the subreglonal catch, and assuming 25%
hooking mortality.

Table 28, Estimated recreational catch at age of summer flounder (thousands), MRFSS 1982-1892 (catch type

A+Bi+B2)!
Age
Year O 1 2 3 4 5 53 7 8 Total
1982 2,802 8,728 5,678 440 167 <1 5 0 0 17,820
1983 9,541 17,374 2,857 231 2 <1 0 0 0 30,005
1984 9,746 15,250 3.619 1,233 393 157 106 4] 0 30,804
1985 1,391 7,518 3.913 1,611 1.315 120 105 0 0 15,873
1986 3,788 6,651 2,394 1,472 108 371 120 12 0 14916
1987 1.828 7.710 1,671 451 247 4 8 37 0O 11,955
1988 3,104 7,188 3,187 693 289 44 44 7 0 14,556
1989 150 688 747 427 19 12 ] 0] ¢ 2,043
1990 250 4,469 566 118 4 1 1 0 0 5,409
1991 677 5,107 2,443 96 37 i0 <] 0 G 8,371
1992 187 4,943 1,667 276 <1 31 0 Y] ¢ 7,105

! Includes catch type B2 (fish released alive) allocated to age groups 0 and 1 with 25% hooking mortality.

Table 30. Mean weight (kilograms) at age of summer flounder landed in the recreational fishery, 1982-1992

Age

Year 0 1 2 3 4 5 6 7 8

1982 0.22 0.44 0.67 1.74 2.21 2.09 2.21 0.00 Q.00
1983 c.19 0.44 0.79 1.25 2.02 2.57 0.00 0.00 0.00
1982 0.21 0.38 0.64 1.01 1.85 2.29 4.34 0.00 0.00
1985 0.24 0.40 0.62 1.07 1.80 2.49 3.97 0.00 0.00
1986 0.25 0.45 0.72 1.29 1.88 2.70 3.30 5.96 0.00
1987 0.22 0.42 0.77 1.25 1.85 2.85 4.27 4.64 0.00
1988 0.28 0.50 0.73 1.05 1.94 2.45 4.78 3.95 0.00
1989 0.27 0.54 0.83 1.12 2.16 2.82 0.00 0.00 .00
199G 0.31 0.48 1.00 1.64 2.52 4.07 2.91 0.00 .00
1991 0.28 0.45 0.71 1.19 1.39 2.55 3.97 0.00 .00

1992 0.24 0.51 0.75 1.80 2.28 3.34 3.80 0.00 0.00
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Table 31.

Indices of abundance (mean total catch number per angler per trip with upper and lower 95%

confidence intervals) for summer flounder calculated from MRFSS 1982-1991 intercept data catch

types A + Bl + B2)!

Mid-Atlantic, New York to Virginia

(Private/Rental Boat)

Coastwide GLM Index

Year Mean Lo5 uU9s Mean La5 uss
1982 4.421 4,137 4.705 1.825 1.393 2.392
1983 5.243 4,929 5.557 1.827 1.347 2.478
1984 5.307 4,931 5.683 1.295 1.021 1.642
1985 3.324 3.106 3.542 1.152 0.876 1.514
1986 4.503 4,250 4.756 1.801 1.362 2.384
1987 5.965 5.632 6.298 1.583 1.179 2.126
1988 4,756 4.495 5.017 1.554 1.122 2.154
1989 2.145 1.992 2.229 1.022 0.799 1.309
1990 3.704 3.499 3.909 1.227 0.996 1.511
1991 2.650 2.306 2.994 1.598 1.183 2.158
1992 4.512 4,324 4.700 1.000
Coastwide GLM index
Recreational CPUE at age (numbers)
Age

Year 0 1 2 3

1982 0.287 (.894 0.582 0.046

1983 0.581 1.058 0.174 0.011

1984 0.413 0.648 0.154 0.052

1985 0.101 0.546 0.284 0.109

1986 0.4586 0.798 0.288 0.177

1987 0.242 0.988 0.218 0.059

1988 0.337 0.763 0.337 0.076

1989 0.075 0.343 0.372 0.213

1990 0.056 1.012 0.129 0.027

1991 0.128 0.975 0.463 0.016

1992 0.026 0.696 0.235 0.039

Indices calculated for the Mid-Atlantic private/rental boat strata, and for all reglon/mode strata coastwide. Coastwide indices

are corrected, retransformed year category regression coeflicients estimated by a weighted least-squares regression model of
log transformed mean total catch number per angler per trip (year, region, and fishing mode main effects) with the catch rate
for the 1991, Mid-Atlantie, private/rental boat stratum designated as the standard. Coastwide index disaggregated to age using

recreational flshery proportions and mean weights at age.

older constituted an average of less than 3% of
the catch during 1982-1992. Inclusion of com-
mercial flshery discards for 1989 to 1992 pro-
vides a more complete estimate of total summer
flounder catch at age for use in this assessment
as input to the VPA ({Tables 33 and 34). Qverall
mean lengths and weights at age for the total
catch were calculated as weighted means (by
number in the catch at age) of the respective
mean values at age from the NER comunercial
(Maine to Virginia), North Carolina commercial
winter trawl, and recreational (Maine to North
Carolina) fisheries (Tables 35 to 36).

RESEARCH SURVEY ABUNDANCE
AND BIOMASS INDICES

NEFSC SPRING

Long-term trends in summer flounder abun-
dance were derived from a stratified random
bottom trawl survey conducted in spring by
NEFSC between Cape Hatteras and Nova Scotia
since 1968 {Clark 1978). Recent NEFSC survey



Table 32. Party boat survey index of abundance for
summer flounder, Great South Bay, New
York, 1985-1992, New York Department

of Environmental Conservation

Party Boat Angler CPUE at Age (Numbers)

Year Age
o 1 2 3
1985 0.060 0.289 0.285 0.009
1986 0.089 0.604 0.087 0.013
1987 0.005 0.524 0.285 0.017
1988 0.006 0.502 0.156 0.005
1989 0.046 0.027 0.087 0.002
1990 0.023 0.501 0.028 0.018
1991 0.036 0.485 0.160 0.002
1992 0.030 0.339 0.035 0.001

indices (1991 to 1992) appear to be about one-
half (in number} to one-third (in weight) of the
level of indices from the mid- tolate 1970s: catch
~ number/tow (fitted delta mean) averaged 1.15
fish/tow between 1991 and 1892 compared with
2.20 fish/tow between 1975 and 1978, while
catch kg/tow {fitted delta mean) averaged 0.41
kg/tow between 1991 and 1992 compared to
1.54 kg/tow between 1975 and 1978 (Tables 37
to 38). Age composition data from the NEFSC
survey (Table 39) indicate a substantial reduc-
tion in the number of ages in the stock between
1976 and 1992, years for which age data are
available. Between 1976 and 1981, fish of ages
5 to 8 were captured regularly in the survey, with
the oldest individuals aged 8 to 10 years. Be-
tween 1982 and 1986, fish aged 5 and older were
only occasionally observed in the survey and by
1886, the oldest flsh observed in the survey were
age 5. In 1990, only three ages {1 to 3) were
observed in the survey catch, and there was an
indication that the 1988 year class was very
weak. In 1991 and 1992, no fish from the 1988
year class were captured.

NEFSC WINTER

A new series of NEFSC winter trawl surveys
started in February 1992 specifically to provide
improved indices of abundance for flatfish, in-
cluding summer flounder. This survey targets
flatfish during the winter when they are concen-
trated offshore. A modified 36 Yankee trawl is
used in the winter survey that differs from the
standard trawl employed during the spring and
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autumn surveys in that 1) long trawl sweeps
(wires) are added before the trawl doors, to better
herd fish to the mouth of the net, and 2) the large
rollers used on the standard gear are absent, and
only a chain “tickler” and small spacing “cookies”
are present on the footrope.

Based on a comparison of summer flounder
catches during the two winter surveys completed
to date with recent spring and autumn surveys,
the current design and conduct of the winter
survey (timing, strata sampled, and the use of the
modified 36 Yankee trawl gear] has resulted in
greater catchability of summer flounder com-
pared to the other surveys. Most fish have been
taken in survey strata 61 to 76 (27 to 110 m; 15
to 60 fathoms), off the Delaware and Chesapeake
Bays. Other concentrations of fish were found in
strata 1 to 12, south of the New York and Rhode
Island coasts, in slightly deeper waters. A few
large summer flounder were captured along the
southern flank of Georges Bank.

The performance of the winter frawl survey
indices as tuning indices cannot be assessed at
this point, because only two observations are
available. Based on the characteristics men-
tioned above, however, the performance is likely
to be superior to NEFSC spring survey indices
currently used for tuning. The length distribu-
tion sampled from fish available at the time of the
survey indicates that fish aged 1 and older are
avallable to the survey. Although fishery-inde-
pendent estimation of relative abundance of age
0 fish will remain problematic in future assess-
ments, the quality of abundance indices of fish of
aged 1 and older may improve as the time series
available from the winter trawl survey lengthens
{Table 40, Figure 6).

MASSACHUSETTS DMF

Fishery-independent bottom trawl surveys
conducted by the Massachusetts Division of
Marine Fisheries (MADMF) during spring and fall
show a decline in abundance in numbers of
summer flounder from recent high levels in 1986
to record lows in 1990 (MADMF fall survey), and
1991 (MADMF spring survey}. The MADMF fall
survey showed increased abundance in 1992,
with the highest index value since 1987 (Table
41). .

CONNECTICUT DEP

A spring to fall bottom trawl survey con-
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Table 33. Total catch at age of summer flounder (thousands), Maine to North Carclina, 1982-1992

Year Age Total
o i p 3 4 5 6 7 8 8
1982 5,225 19,070 12,329 814 280 116 68 26 4 0 37,932
1983 11,989 33,271 8,790 1,072 167 103 18 20 5 2 55,436
1984 12,0568 31,614 14,242 3,401 1,075 247 110 5 1 4 62,755
1985 2,427 16,933 17,510 2,805 1.663 313 135 5 2 1 41,794
1986 4411 16,170 10,665 4,166 295 496 150 20 86 0 36,458
1987 2,393 19,038 10,426 1.651 609 28 32 63 i1 0 34,251
1988 3,409 21,221 14404 2,444 843 162 63 22 6 0 42,574
1989 1,217 5,263 7,131 1.984 356 65 8 3 7 .0 16,034
1990 2,062 10,723 2,241 995 202 36 8 2 1 0 16.259
1991 1,791 13,524 7.340 759 214 40 4 1 Q 0 23,674
1992 1,457 13,463 6,491 1,565 167 78 2 1 0 0 23,223
Table 34. Total fishery percentage age composition of summer flounder (numbers), Maine to North Carclina,
: 1982-1992
Year Age
O 1 2 3 4 ] G 7 8 2
1982 13.8 50.3 32.5 2.1 0.7 0.3 0.2 0.1 <0.1 0.0
1683 21.6 60.0 15.9 1.9 0.3 0.2 <0.1 <01 <0.1 <0.1
1984 19.2 50.4 22.7 5.4 1.7 0.4 0.2 <0.1 <0.1 <0.1
1985 5.8 40.5 41.9 6.7 4.0 0.7 0.3 <0.1 <0.1 <0.1
1986 12.1 44.4 29.3 11.4 0.8 1.4 0.4 0.1 0.2 0.0
1987 7.0 55.6 30.4 4.8 1.8 0.1 0.1 0.2 <0.1 6.0
1988 8.0 49.8 33.8 5.7 2.0 0.4 <0.1 <0.1 <0.1 0.0
1989 7.6 32.8 44.5 124 2.2 0.4 '<0.1 <0.1 <0.1 0.0
1990 12.6 65.9 13.8 6.1 1.2 0.2 <0.1 <0.1 <0.1 0.0
1991 7.6 57.1 31.0 3.2 0.9 0.2 <0.1 <0.1 0.0 0.0
1992 6.3 58.0 27.9 6.7 0.7 0.3 <0.1 <0.1 0.0 0.0
Mean 12.4 51.3 28.6 5.5 1.5 0.4 0.2 <0.1 <0.1 <0.1
Table 35. Mean length (cm) at age of summer flounder catch, Maine to North Carolina, 1982-1992
Year Age Mean Length
o 1 2 3 4 5 G 7 8 9 All Ages
1682 258.1 34.8 39.3 52.5 56.8 61.0 60.3 68.0 70.6 36.2
1983 28.0 35.1 41.9 48.9 50.3 53.6 60.6 65.1 69.4 72.0 35.0
1984 28.8 33.8 39.1 46.0 51.9 58.3 70.8 68.4 74.0 70.7 35.2
1985 30.3 34.6 38.7 46.5 54.5 58.9 68.1 74.5 73.3 75.0 38.0
1986 29.8 35.4 39.6 47.6 54.3 59.3 65.2 72.4 77.8 38.0
1987 29.2 35.3 39.6 46.5 55.6 63.1 66.5 70.6 73.5 37.2
1988 31.3 35.8 39.1 46.2 54.3 60.0 72.7 68.7 72.8 37.7
1989 27.0 35.5 40.7 45.7 50.8 58.7 60.0 63.1 59.0 38.9
1990 29.3 35.1 42.0 47.0 51.4 59.3 64.2 71.4 75.2 36.3
1991 28.7 34.3 40.6 47.0 54.4 60.9 65.6 68.4 36.3
1992 26.9 35.9 41.2 48.7 54.6 63.4 61.4 74.0 37.9
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Table 36. Mean welight (kg) at age of summer flounder catch, Maine to North Carclina, 1982-1992

Year Age Mean Weight
o 1 2 3 4 5 € 7 8 8  All Ages
1982 0.254 0.435 0.654 1.687 2.135 2.795 2.621 3.762 4.284 0.534

1983 0.218 0.447 0786 1.297 1.466 1.706 2.567 3.168 3.875 4.370 0.475
1984 0.228 0.398 0.640 1.055 1.592 2.245 3.476 3.620 4.640 4.030 0.484
1985 0.282 0426 0.612 1.092 1.782 2.343 2.670 4.682 4.780 4.800 0.610

1886 0.256 0.454 0.658 1.173 1.790 2.503 3.268 29894 4.415 0.622
1987 0.239 0.446 0.648 1.117 1.934 2.853 3.080 3.020 4.140 0.559
1988 0.287 0.468 0.628 1.109 1.787 2.480 3.888 3.701 4.319 0.581
1989 0.208 0451 0711 1.041 1.504 2.454 2.577 3.105 2.251 0.655
1990 0.244 0.432 0800 1.176 1.561 2.519 3.026 4.555 5.029 0.528
1991 0.184 0402 0700 1.167 1.892 2.874 3.394 3.817 0.520
1992 0.208 0.458 0.756 1.380 1.9556 3.005 2.878 4.590 0.607

Table 37. NEFSC spring trawl survey (offshore  Table 38. NEFSC spring trawl survey (offshore strata)

strata), mean number of summer flounder mean weight (kilograms) of summer
per tow! flounder per tow!

Year Delta Fitted Fitted Fitted Year Delta Fitted Fitted Fitted

Mean Mean Upper Lower Mean Mean Upper Lower

95% ci 98396 ci 5% ci 98% ci

1988 0.15 0.15 1968 0.16 0.16
1969 0.19 0.17 1969 0.16 0.15
1970 0.09 0.13 1870 0.09 0.13
1871 .22 0.23 0.417 0.124 1971 0.28 0.23 0.390 0.136
1972 0.47 .44 0.813 0.243 1972 0.21 0.26 0.447 0.156
1973 0.75 0.75 1.382 0.412 1973 0.52 0.53 0.892 0.311
1974 1.40 1.30 2.386 0.712 1974 1.27 1.08 1.833 0.639
1975 1.98 1.89 3.463 1.033 1975 1.63 1.51 2.563 0.894
1976 2.72 2.46 4,502 1.343 1978 1.94 1.77 2.999 1.045
1977 2.82 2.51 4,590 1.369 1977 1.84 1.66 2.816 0.982
1978 2.58 1.92 3.524 1.051 1978 1.50 1.22 2.071 0.722
1979 0.40 0.73 1.336 0.399 1979 0.35 0.55 0.931 0.324
1980 1.31 1.18 2.154 0.643 1980 0.79 0.73 1.241 0.432
1981 1.50 1.46 2.681 0.800 1981 0.81 (.81 1.378 0.480
1982 2.23 1.72 3.149 0.939 1982 1.15 0.91 1.546 0.539
1983 0.95 1.08 1.979 0.590 1983 0.52 0.59 0.996 0.347
1984 0.66 0.93 1.697 0.508 1984 0.38 0.51 0.863 0.301
1985 2.38 1.80 3.292 0.982 1985 1.21 0.89 1.514 0.528
1986 2.15 1.78 3.252 0.970 1986 0.85 0.76 1.281 0.446
1987 0.93. 1.11 2.029 0.605 1987 0.39 0.48 0.817 0.285
1988 1.46 1.08 1.920 0.627 1988 0.66 0.51 0.864 0.311
1989 0.32 .51 0.899 0.307 1989 0.24 0.30 . 0.491 0.182
1990 0.71 0.71 1.270 0.401 1990 0.27 0.30 0.485 0.180
1991 1.11 1.00 1.789 0.564 1991 0.37 0.36 0.597 0.220
1992 1.18 1.14 2.157 0.598 1992 0.45 0.42 0.734 0.244
! Delta values fitted to an ARIMA model with theta value = ! Delta values fitted to an ARIMA model with theta value =

0.240. 0.240.
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Table 39. NEFSC spring trawl survey (offshore strata) mean number of summer flounder per tow at age (delta
values)!
Year Age Total
1 2 3 4 B 7 8 ) 10
1976  0.03 1.70 0.68 0.28 0.01 0.01 0.01 2,72
1977 0.61 1.30 0.70 0.10 0.09 0.01 0.01 2.82
1978  0.70 0.95 0.66 0.19 0.04 0.03 0.03 0.02 2.62
1979 0.06 0.18 0.08 0.04 0.03 0.01 0.40
1980 0.0l 0.71 0.31 0.14 0.02 0.06 0.03 0.01 0.0l 1.31
1981  0.59 0.53 0.17 0.08 0.05 0.03 0.02 0.01 1.48
1982 0.69 1.41 0.12 0.03 2.24
1983  0.32 0.39 0.19 0.04 0.01 6.01 0.95
1984  0.17 0.33 0.09 0.05 0.01 0.01 0.66
1885 0.55 1.566 6.21 0.04 0.02 2.38
1986  1.49 0.43 0.20 0.02 0.01 2.15
1687 0.46 .43 0.02 0.02 0.92
1988 0.59 0.79 0.07 0.03 1.47
1989 0.06 0.23 0.02 0.01 0.32
1990 0.62 0.03 0.06 0.71
1961  0.81 0.28 0.02 1.11
1892  0.75 0.41 0.01 0.01 1.19
! Totals may not exactly match those in Table 31 due to round-off error.
ducted by the Connecticut Departmentof Environ- DELAWARE DFW

mental Protection (CTDEP) shows a decline In
abundance in numbers of summer flounder from
recent high levels in 1986 to record lows in 1989.
The CTDEP survey also shows increased abun-
dance in 1992, with the third largest value in the
1984 to 1992 time series (Table 42).

RHODE ISLAND DFW

A standardized bottom trawl survey has been
conducted during the fall months in Narragansett
Bay and state waters of Rhode Island Sound by the
Rhode Island Department of Fish and Wildlife
(RIDFW) since 1979, Indices of abundance for ages
0 and 1 summer flounder have been developed
from these data for the 1980 to 1992 year classes
(stratified mean number per tow, age O fish sepa-
rated by visual inspection, fish less than 30 em
total length; age 1 flsh separated by visual inspec-
tion, fish between 30 and 40 cm total length). The
1988, 1989, and 1992 year classes are the weakest
in recent years in this time series, and the index
shows the 1984 to 1987 year classes to have been
the strongest (Table 43).

The Delaware Division of Fish and Wildlife
{DEDFW] has conducted a standardized bottom
trawl survey (16 ft headrope trawl with 0.5 in.
stretch mesh) since 1980. A recruitment index
{age O fish) has been developed from these data
for the 1980 to 1992 year classes. The index
incorporates data collected from June through
October (arithmetic mean number per tow),
with age O summer flounder separated from
older fish by visual inspection of the length
frequency. This index shows very low recruit-
ment in 1988, and improved recruitment since
then, with the highest value of the time series
recorded in 1992 (Table 44).

MARYLAND DNR

The Maryland Department of Natural Re-
sources (MDDNR) has conducted a standard-
Ized trawl survey in the seaside bays and estu-
aries around Ocean City since 1972. Samples
collected during May to Cctober with a 16 ft
bottom trawl have been used to develop a
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Table 41. Stratifled mean number per tow at age from MADMF Spring and Fall survey cruises, 1978-1992

Age Total
0 1 P 3 4 5 8 7 B8+ :

Spring
1978 0.097 0.520 0.274 0.221 0.042 i.15
1979 0.084 0.087 0.147 0.048 0.011 0.37
1980 0.055 0.061 0.052 0.075 0.053 0.055 0.011 0.36
1981 0.010 0.395 0.558 0.074 0.031 0.043 0.060 0.031 1.20
1982 0.376 1.424 0.118 0.084 0.020 0.010 2.03
1983 0.241 1.304 0.544 0.021 0.009 0.003 2.12
1984 0.042 0.073 0.063 0.111 0.010 0.30
1985 0.142 1.191 0.034 0.042 1.41
1986 0.966 0.528 0.140 0.008 1.64
1987 0.615 0.583 0.012 0.011 1.22
1988 0.153 0.966 0.109 0.012 1.24
1989 0.338 0.079 0.010 0.43
1990 0.247 0.021 0.079 0.012 0.36
1991 0.029 0.048 0.010 0.09
1992 0.274 .320 0.080 0.011 0.011 0.70
Fall
1978 0.011 0.124 0.024 0.007 0.17
1979 0.047 0.101 0.019 0.17
1980 0.114 0.328 0.020 0.020 0.010 0.49
1981 0.009 0.362 0.367 0.011 0.75
1982 0.255 1.741 0.016 2.01
1983 0.026 0.583 0.140 0.004 0.75
1984 0.033 0.453 0.249 0.120 0.008 0.86
1985 0.051 0.108 1.662 0.033 1.85
1986 0.128 2.149 0.488 0.128 2.89
1987 1.159 0.598 0.010 0.004 1.77
1988 0.441 0.414 0.018 0.87
1989 0.286 0.024 0.31
1990 0.108 0.012 0.12
1991 0.021 0.493 0.262 0.010 0.79
1992 1.055 0.233 1.29

Table 42. Summer flounder index of abundance from the CTDEP spring to fall {April to September) trawl
survey, 1984-1992!

Year Age Total
1 2 3 4 5 [+ 7 8
1984 0.609 0.201 0.042 0.027 0.014 0.005 0.98
1985 0.486 0.344 0.061 0.024 0.016 0.012 0.95
1986 1.775 0.278 0.107 0.020 0.004 0.004 2.19
1987 1.347 0.205 0.031 0.021 0.003 0.007 1.61
1988 0.680 0.382 0.064 0.034 0.008 ) 1.17
1989 0.021 0.082 0.023 0.009 0.003 0.003 0.15
1990 0.524 0.205 0.037 0.013 0.007 0.78
1991 0.780 0.324 0.118 0.009 0.003 0.006 1.23
1992 0.821 0.411 0.127 0.028 0.006 0.004 0.004 1.40

! Delta mean number per tow at age.
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Table 43. Summer flounder index of abundance, RIDFW fall trawl survey
Year Mean Mean Proportion'!  Mean Age G Proportion* Mean Age 1
# [tow kg/tow Age O #ftow Age 1 #/tow

1979 0.24 0.13 0.00 0.00 0.67 0.16
1980 0.81 1.37 0.10 0.08 0.31 0.25
1981 3.24 2.13 0.05 0.16 0.65 2.13
1982 0.83 0.68 0.00 0.00 0.43 0.36
1983 0.62 0.57 0.03 0.02 0.40 0.25
1984 1.35 0.95 0.12 0.16 0.63 0.85
1985 0.95 0.52 0.35 0.33 0.35 0.33
1986 3.49 2.05 0.18 0.63 0.63 2.20
1987 141 0.90 0.31 0.44 0.51 0.72
1988 0.57 0.42 0.03 0.02 0.71 0.40
1989 0.07 0.10 0.00 0.00 0.60 0.04
1990 0.83 0.54 0.07 0.06 0.57 0.47
1991 0.23 0.23 0.19 0.04 0.31 0.07
1992 1.26 1.11 0.00 0.00 0.56 0.71

! Proportlon of catch < 30 cm
2 Proportlon of 30 cm < catch < 40 cm

Table 44. Summer flounder index of recruitinent,

DEDFW Delaware Bay trawl survey

Table 45, Summer flounder Index of abundance,
MDDNR trawl survey

Year Mean Number
Per Tow
1980 ¢.18
1981 0.06
1982 0.19
1983 0.04
1984 0.07
1985 0.11
1986 0.14
1987 0.18
1988 0.01
1989 0.21
1990 0.41
1991 0.14
1992 0.66

recruitment index for summer flounder for the
period 1972 to 1991.

This index suggests that weakest year class
in the time series recruited to the stock in 1988,
and the strongest in 1986 (Table 45).

VIRGINIA INSTITUTE OF MARINE
SCIENCE

The Virginia Institute of Marine Science (VIMS)
has conducted a juvenile fish survey using trawl
gear in Virginia rivers since 1979. An index of

Year Geometric Standard Proportion Geometric
Mean Deviation Age©® Mean Age©

(#/tow) {#/tow}
1972 21.82 1.25 0.54 11.68
1973 7.27 2.02 0.59 4.29
1674 10.33 1.50 0.69 6.31
1975 3.91 1.36 0.39 1.53
1976 3.68 1.51 0.71 2.62
1977 3.50 1.08 0.55 1.93
1978 4.01 1.30 0.70 2.81
1979 4.90 1.56 0.86 4.20
1980 6.80 1.42 0.69 4.71
1981 5.46 1.31 0.84 4.56
1982 1.79 1.68 0.80 1.61
1983 16.35 2.40 0.76 12.46
1984 19.83 2.10 0.89 17.72
1985 8.20 1.80 0.89 7.31
1986 27.98 2.84 0.94 26.24
1987 12.76 2.68 0.84 10.72
1988 0.51 0.70 0.89 0.46
1989 2.05 1.55 0.93 1.90
1990 4.28 1.88 0.90 3.87
1991 6.40 1.80 0.93 5.96

recruitment developed from these data suggests
weak year classes recruited to the stock during
1987 to 1989, with strong year classes recruiting
during 1980 to 1983. The 1992 index suggests
another weak year class (Table 46).
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Table 46. Summer flounder index of recrujtment, VIMS juvenile flsh trawl survey
Year Number of Lower 95% Geometric Mean Upper 95%
Hauls Confidence Mean Catch Confidence
Limit per Trawl Limit
1979 80 0.66 0.83 3.02
1980 62 3.79 4.89 8.24
1981 59 3.20 4.16 7.33
1982 81 1.94 2.47 5.08
1983 106 1.62 1.96 4.35
1984 98 0.68 0.84 3.02
1985 53 0.55 0.72 2.91
1986 85 0.63 0.81 3.01
1987 67 0.40 0.52 2.66
1988 85 0.25 0.35 2.44
1989 85 0.39 0.50 2.62
1980 85 0.88 1.12 3.40
1991 85 0.98 1.24 3.53
1992 85 0.24 0.44 2.54

NORTH CAROLINA DMF

The NCDMEF has conducted a trawl survey in
Pamlico Sound since 1987. A index of recruit-
ment developed from these data suggest a weak
year class in 1988, and strongest year classes in
1987 and 1992.

SUMMARY OF RECRUITMENT TRENDS
IN RESEARCH SURVEYS

Indices of abundance for summer flounder
from research surveys were used to qualitatively
detect recent trends in recruitment. Most sur-
veys agreed that the 1980, 1983, 1985, and 1986
year classes were the largest of the past decade,
with the 1988 year class the poorest since 1980.
Most surveys reflect a trend of improved recruit-
ment since 1988 {Table 47).

Five indices (MADMF, RIDFW, DEDFW, VIMS,
and NCDMF) are available to estimate the strength
of the 1992 year class. The MADMF beach seine
survey caughtno age O summer flounderin 1992.
Avalue of 1 was added to each value of the series
when used in the VPA tuning so that the informa-
tion content of the 1992 data point could be
included in the estimation of the size of the 1992
year class (observations were the value equals O
are treated as missing in the VPA tuning proce-
dure, because the natural logarithm of O is
undefined). The RIDFW recruitment index from
the trawl survey had several ocbservations with a

value of 0 (1979, 1982, 1989, and 1992), and so
as with the MADMEF time series a value of 1 was
added to each cbservation in the VPA tuning
(Table 47).

The DEDFW survey indicates that recruit-
ment in 1992 was the best since that time series
began in 1880. The NCDMF survey suggests
recruitment was stronger in 1992 than in 1991,
and was the best since 1987. The VIMS index
suggests that recruitment is 1992 was relatively
poor, at less than 50% of the 1981 level, with
1991 the best year class since 1983 {Table 47).

ESTIMATES OF MORTALITY
AND STOCK SIZE

NATURAL MORTALITY RATE

Instantaneous natural mortality rate (M) was
assumed to be 0.2 (Henderson 1978} in all analy-
ses, although alternative estimates of M have
been considered by the WG In previous assess-
ments (SAW Summer Flounder Working Group
1991). Estimates were derived with the methods
described by 1) Pauly (1980) using growth pa-
rameters derived from NCDMF age-length data
and a mean annual bottom temperature (17.5°C)
from NC coastal waters, and 2} Hoenig {1983)
using a maximum age for summer flounder of 15
years. These methods provided alternative val-
ues for M of 0.27 and 0.28, respectively
(Monaghan, personal communication 1992).
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Table 47. Summary of recruitment indices from state, federal and university research surveys,North Carolina
to Massachusetts

Survey Year Classg
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 18680 1991 19892

NEFSC! 0.59 069 032 0.17 0.55 1.49 046 059 006 062 081 0.75
(age 1)

NEFSC! 141 039 0.33 1.6 0.43 043 0.79 023 0.03 0.28 041
(age 2)

MA? 0.40 038 0.24 004 0.14 097 082 015 000 025 003 027
(age 1)

MA? 1.42 130 0.07 1.19 053 0.58 097 034 002 005 032

{age 2)

CT3 0.50 1.78 1.3 088 002 052 078 0.82

{age 1}

RI* 2.13 036 025 085 033 220 072 040 004 047 007 071

(age 1)

RIS 008 0.16 000 002 0.16 033 063 044 002 000 008 004 0.00
(age Q)

MAS® 3.00 3.00 1.00 19.00 5.00 5.00 2.00 3.00 11.00 4.00 0.00
{age )

DE? 0.18 0.06 0.19 0.04 0.07 0.11 0.14 0.18 0.01 0.21 0.41 0.14 (.66
{age Q)

MD*® 471 456 161 1246 17.72 731 2624 10.72 046 190 3.87 5096
(Age 0}

VIMS® 489 4.16 247 196 084 072 081 052 035 050 1.12 124 044
(age O}

NC™® 13.25 1.70 4.77 4.56 5.92 1097
(age O)

Number per tow (fitted delta stratified mean number per tow), NEFSC spring offshore trawl survey

Number per tow (stratified mean number per tow), MADMF spring trawl survey

Number per tow (delta mean number per tow), CTDEP traw! survey

Number per tow (stratified mean number per tow), RIDFW fall trawl survey

Number per tow (stratified mean number per tow), RIDFW fall trawl survey - value of 1 was added to each observation in VPA
tuning

% Total number, MADMF beach seine survey (fixed stations) - value of 1 was added to each observation in VPA tuning
7 Number per tow, DEDFW 16 foot headrope trawl survey

¢ Geometric mean number per tow, MDDNR Seaside trawl survey

* Gebmetric mean number per tow, VIMS young fish survey (fixed stations)

10 Number per tow {stratified mean number per tow}, NCDMF Parnlico Sound trawl survey

[ S R
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VIRTUAL POPULATION ANALYSIS
AND TUNING

Terminal F values In 1992 were estimated
using the ADAPT method for calibration of the
VPA (Parrack 1986, Gavaris 1988, Conser and
Powers 1920}. Because an average of less than
1% of the catch was older than age 4, ages O to 4
were included in the analysis as true ages, with
ages 5 and older combined as a plus group. The
selection at age pattern used in the terminal year
was 0.05 for age O, 0.50 for age 1, and 1.00 for age
2 and older In the VPA (NEFSC 1992).

Indices initially included in tuning were:

1} MADMTF beach seine survey (age 0),

2) DEDFW 16 foot headrope trawl survey
(age Q)

3} MDDNR Seaside trawl survey {(age 0},

4}  VIMS juvenile fish trawl survey (age Q)

5} NCDMF Pamlico Sound trawlsurvey (age
0)

6) RIDFW fall trawl survey (ages Oto 1)

7) NEFSC spring offshore survey(ages 1
to 4)

8) NEFSC winter offshore survey (ages 1 to
4)

9) MADMTF spring survey (ages 1 to 4)

10) MADMF fall survey {ages 1 to 3}

11} CTDEP trawi survey (ages 1 to 4)

12} standardized LPUE index for NER com-
mercial fishery {weighout) (ages 0 to 3)

13} commercial LPUE index for the North
Carolina winter trawl fishery (ages O to 3)

14) standardized CPUE index from MRFSS
data, collected coastwide, from the rec-
reational fishery (ages O to 3), and

15) NYDEC party boat survey in Great South
Bay, NY (ages O to 3).

Winter and spring survey indices and all
survey recruitment indices were compared to
population numbers of the same age at the
beginning of the same year. Fall survey indices
were compared to population numbers one year
older at the beginning of the next year. Indices
derived from fishery data were compared with
population numbers of the same age at mid-year
of the same year.

Stock sizes in 1993 were directly estimated
for ages 1 to 3, while ages 4 and 5+ were calcu-
lated from F's estimated in 1992 and the input
partial recruitment pattern. Stock size at age O
in 1983 was not estimated because no recruit-
ment indices were yet available. Indices were
welghted by the inverse of their varlance. Fishing

mortality at the cldest age (4) in the years prior to
the terminal year was estimated from back-
calculated stock sizes for ages 210 4. Fonthe age
5+ group was assumed equal to the F for age 4.

The WG performed several preliminary VPA
runs to examine how individual abundance indi-
ces can influence results. The NEFSC spring
trawl survey indices for ages 1 to 4 were used in
3 different runs with the DEDFW, VIMS, and
NCDMF recrultment indices, respectively, with
special focus on how VPA estimated the size of the
1992 year class. Next, all four data sources were
included in unweighted and weighted runs, to
help the WG better understand how the weight-
ing of indices influences VPA results (SAW Sum-
mer Flounder Working Group 1992).

An unweighted ADAPT run incorporating all
fishery and research survey tuning indices was
performed (“all indices” run) and compared with
an unweighted run using only research survey
indices (“survey indices” run). Results were
comparable, with the “all indices” run providing
slightly more precise estimates of 1993 stock
sizes (coefficients of variation of 33% for age 1,
37% for age 2, 61% for age 3) than the “survey
indices” run {coefficients of variation ranging
from 39 to 809%). Fully recruited F in 1992 (age
2 to 4,u} was 1.9 in the “all indices” run, and 1.4
in the “survey indices” run. Absclute values of
the correlations among estimated parameters in
both runs were generally small (r<0.26). Exami-
nation of standardized residuals for the “all indi-
ces” run revealed trends in residuals for some of
the indices of abundance derived from fishery
data (e.g., NER LPUE at ages 0 and 1, North
Carolina LPUE at ages 0O, 1, and 3, and MRFSS
CPUE at age 1). The WG felt these trends
indicated significant changes in the catchability
coefficient for these indices over the time series,
possibly reflecting 1) changing catchability in the
fisheries due to declining stock size and/or 2)
varying discard levels that may be only partially
accounted for in the catch at age matrix and in
the fishery indices. The indices that demon-
strated trends in residuals are also among the
best fitting, and so tended to have high weight in
the estimation process. The WG felt these trends
might cause biased estimation of fishing mortal-
ity rates in the "all indices” VPA. The WG also
noted that because proportions at age from the
individual fisheries are used to disaggregate the
fisheryindices toage, they are not independent of
the catch at age matrix.

Given the trends in residuals of some indices
based on fishery data, and their lack of indepen-
dence from the catch at age maltrix, the WG
adopted the “survey indices” run for further



adopted the “survey indices” run for further
evaluation. Next, the NEFSC winter trawl indices
were dropped because only two years of data were
available, and the WG felt the resulting small
residuals for this index might unduly influence
the results (F in 1992 was estimated at 1.7 in the
“survey indices” run including the winter indices,
and at 1.1 with the winter indices excluded;
precision of the estimates of numbers at age in
1993 was very similar).

A “survey indices” run Incorperating one
iterative re-weight was adopted as the final VPA.
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Estimates of stock size in 1993 from the “survey
indices” run were comparable in precision to
those from the “all indices” run (ranging from 26
to 69%; coefficients of variation for survey
catchability coefficients ranged from 13 to 47%}.
Absolute values of the correlations among esti-
mated parameters were all less than 0.26. Ex-
amination: of standardized residuals for this run
revealed no trends. This final VPA, including
input data and assumptions, solution statistics,
residuals, and estimates of F at age, stock num-
ber, and biomass at age is presented in Table 48,

Table 48. Summer {lounder VPA tuned with survey indices only. one iterative reweight

Qutput option selected for input parameters: full

Qutput option selected for results:

full

INPUT PARAMETERS AND OPTIONS SELECTED

Natural mortality is 0.2

Oldest age {not in the plus group) is 4

For all yrs prior to the terminal year (1992), backcalculated
stock sizes for the following ages used to estimate

total mortality (2) for age 4:

234

This method for estimating F on the cldest age is generally used
when a flat-topped partial recruitment curve is thought te be

characteristic of the stock.

F for age S5+ is then calculated from the following

ratios of Flage 5+] to Flage 4]

1982 1.0000
1983 1.0000
1984 1.0000
1985 1.0000
1986 1.0000
1987 1.0000
1988 1.0000
1989 1.0000
1990 1.0000
1991 1.0000
1992 1.0000

Stock size of the 5+ group is then calculated

using the following method:

CATCHEQ

partial recruitment estimate for 1992

0 0.0500
1 0.5000
2 1.0000
3 1.0000
4 1.0000

Objective function is

SUM W*{ LOG(OBS) - LOG(PRED) )**2

Indices normalized (by dividing by mean cbserved vatue}

before tuning to VPA stocksizes

The residuals for years prior to the terminal year are downweighted

using the following algorithm:

NONE

Biomass estimates {other than SSB) reflect mean stock sizes.
$SB calculated as in the NEFSC projection program
(see note below SSB table for description of the algorithm).
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Table 48. Continued.

Initial estimates of parameters for the Marquardt algorithm
and lower and upper bounds on the parameter estimates:

Par.
N1
N 2
N3
¢MA
qMA
aMA FAL
gMA SPR
qMA SPR
aMA SPR
qsV SPR
qSV SPR
qsv SPR
qsv SPR
qCT 1
qcT 2
qcT 3
qcT 4
gMASS YOY
qvA YOY
gR1 AGE 1
gR1 AGE O
gNC Yoy
gMD YOY
gDE YOY

FAL
FAL

Eall PN NIRRT N IR N VR

The

PO P P ed and ot md ok
WO ~NFUNOOENTWV WA

Ll LA LA L
Wig—= O

Indices that will

Initial Est
1.0000000E5
5.0000000E4
2.5000000E4
1.0000000E~-4
1.0000000E-4
1.0000000E-4
1.0000000E-4
1.0000000E-4
1.0000000E-4
1.00000Q00E-4
1.0000000E-4
1.0000000E-4
1.000G000E-4
1.000GC00E-4
1.0000000E-4
1.0000C00E-&
1.000C000E-4
1.0000000E-4
1.0000000E-4
1.0000000E-4&
1.000C000E-4&
1.0000000€E-4
1.0000000E-3
1.0000000E-4

MA FAL
MA FAL
MA FAL
MA SPR
MA SPR
MA SPR
SV SPR
SV SPR
SV SPR
SV SPR
cT 1
CT 2
cT 3
CT &
MASS YOY
VA YOY
R1 AGE 1
R1 AGE O
NC YOY
MD YOY
DE YOY

LA S L e W

7 28 29 30 31 32 33

Lower Bnd
0.0000000EQ
0.0000000EQ
0.000Q000EQ
0.0000000E0
0.0000000E0Q
0.0000000EQ
0.00GO000ED
0.0000000ED
0.0000000EQ
0.0000000EQ
0.0000000E0
0.0000000E0
.0000000ED
.0000000EQ
.0000000ED
.0000000EQ
.D000000ED
.0000000EQ
.D000000ED
.0000000ED
. 0000000ED
.0000CCCED
.0000000ED
.00000CoED

COOOCQCOLOOOOOO

be used in this run are:

A T U N U U A VS O S S U G G

Upper Bnd

.0000000ES
.0000000E6
00000006
. 000000080
.0000000£0
-C000000ED
-C000QQDED
.GC000000ED
-C000000ED
.0000000£0
.0000000£0
.0000000E0
.0000000E0
.0000000EQ
.0000000ED
.0000000ED
-0000000EQ
.0000000ED
.0000000CED
.000000CED
.0000000ED
.0000000E0
.0000000ED
.0000000ED

following indices of abundance are available:

12345678910 111213 142
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WA DI RS b s — — —
DU YF WO =000~ NN
EEEnmEREESEEReEeR BEEOHERBRER

[ R
[N N

O~ g -

+ B

+@

Obs Indices (before transformation) by index & yr; with index means

1982 1983 1984 1585
~999.000 0.255 0.026 0.453
-999.000 1.741 0.583 0.24%
-$99.000 G.016 0.140 0.120

0.376 0.241 0.042 0.142
1.424 1.304 0.073 1.191
0.118 0.544 0.063 0.034
0.690 0.320 0.170 0.350
1.4170 0.3%90 0.330 1.560
0.120 0.190 0.090 0.210
0.030 0.040 0.050 0.040
-999.000 -999.000 0.609 0.496
~999.000 -999.000 0.201 0.344
-999.000 -999.000 0.043 3.061
-$99.000 -999.000 0.027 0.024
4.000 4.000 2.000 20.000
2.470 1.960 0.840 0.720
2.130 0.360 0.250 0.850
1.000 1.020 1.160 1.330
-$99.000 -999.000 -999.000 -999.000
1.610 12.460 17.720 7.310
0.190 0.040 0.070 -999.000
1990 1991 1992 1993 kxR as
¢.000 0.108 0.493 -999.000 0.577
0.286 0.000 0.262 -999.000 0.698
0.624 0.0t2 0.010 -999.000 0Q.051
0.247 0.029 0.274 -999.000 0.308
0.021 0.048 0.320 -999.000 0.61B
¢.079 0.010 0.080 -999.000 0.115
0.620 0.810 0.750 -999.000 0.592
0.030 0.250 0.410 -999.000 0.569
0.060 0.000 0.010 -999.000 0.099
0.000 0.020 0.000 -999.000 0.029
0.526 0.780 0.821 -999.000 0.784
0.205 0.32¢ 0.127 -999.000 0.239
0.037 0.118 0.028 -999.000 0.057
0.013 0.090 0.060 -999.000 0.033
12.000 5.000 1.000 -999.000 &.000
1.120 1.240 0.440 -999.000 0.%97
0.040 0.470 0.070 -999.000 0.711
1.060 1.040 1,000 -999.000 1.155
4.560 5.920 10.970 -999.000 6.862
3.870 5.960 9.280 -999.000 B8.866
C.410 0.140 0.660 -999.000 0.205

1.630
-999.000
26,240
0.140

0.460

0.010
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Table 48. Continued.

SUMMARY OF WEIGHTIWG USED IN THE OBJECTIVE FUNCTION

B
s
o
o
[

WP — — s —a s
OOV NSWMN 2O~ g —
BEEsREEEREEBEE RS EEE B Rt
'
o
0
[
(=]

L L L
g —=

]
—_
g
b3y
~n

+

1.00
1.00
1.00

PO B P and ek ek ek
VMO ~NPFHEN= OO T PN —
BEREBEEREENBEREEEEEREaERR
-
<
o

LN LN W
W —a O

EXCGENOUS WEIGHTS BY INDEX AND YR (cmega)

-99.00

1.00

.00
1.00
1.00
1.00

-99.00
1.00
-99.00

. . a o
OO0 OoO0O OO0 OoCODoO
OO0 0000D00000C0C0O000O00O0000

Hegative weights in the above table indicate missing values
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DCOWNWEIGHTS BY YEAR (delta)
B 1982 1983 1984 1985 1986 1987 1988 1989

1990

19

91

# 1.0000 4.0000 1.0000 1.0000 1.0000 1.0000 %.0000 1.0000 1.0000 1.0000

1992 1993
1.0000 1.0000

ITERATIVE RE-WEIGHTS BY INDEX (chi)

0.0189
0.0187
0.0191
0.0362
0.0602
0.0207
0.0561
0.0287
0.0743
0.0373
0.0191
0.0273
0.1565
0.0262
0.1045
0.1344
0.0266
0.0185

0.0185

B 33
dmemmmnn
20,0185
FINAL SS WEIGHTS BY INDEX WUMBER AND YR - SAW16
] 1982 1983 1984 1985 1986 1987
e e e e m e emmAeTamm e meemma--eeemamm =t araa—m—eve—mommmmmmmm————
1 & -99.0000 0.0124 0.0124 0.0124 0.0124 0.0124
2 8 -99.0000 0.059% 0.0595 0.0595 0.0595 0.0595
I -99.0000 0.0450 0.0450 0,0450 0.0450 0,0450
(A ] 0.018¢9 0.0189 0.018¢9 0.0189 0.0189 0.0189
5 # 0.0187 0.0187 0.0187 0.0187 0.0187 0.0187
6 B 0.0191 0.01%1 0.019% 0.0191 0.6191 0.01:M
7@ 0.0362 0.0382 0.0362 0.0362 0.0362 0.0362
8 & 0.0602 0.0402 0.0602 0.0602 0.0602 0.04802
9B 0.0207 0.0207 0.0207 0.0207 0.0207 0.0207
08 0.0561 0.0561 0.0561 0.0581% 0.0561 0.0561
11 8 -99.0000 -99.0000 0.0287 0.0287 0.0287 0.0287
12 8 -99.0000 -99.0000 0.0743 0.0743 0.0743 0.0743
13 B -99.0000 -99.0000 G.0373 0.0373 0.0373 0.0373
14 & -99.0000 -99.0000 0.0191 0.0191 0.0191 ¢.0191
27 0.0273 0.0273 0.0273 0.0273 0.0273 0.0273
28 | D. 1565 0.1565 0.1565 0.1565 0.1565 0.1565
29 H 0.0242 0.0262 0.0262 G.0262 0.0262 0.0262
30w 0.1045 0.1045 0.1045 0.1045 0.1045 0.1045
318 -99.0000 -99.0000 -99.0000 -99.0000 -99.0000 0,1344
32\ 0.0266 0.0266 0.0266 0.0266 0.0266 0.0266
33 B 0.0185 0.0185 0.0185 -99.0000 0.0185 0.0185
(] 1990 1991 1992 1993
e ebemmmeemmeameemmomatemmmmame— e mnsa———
1 & -99.0000 0.0124 0.0124 -99.0000
Z B8 0.0595 -99.0000 0.0595 -99.0000
ie 0.0450 0.0450 0.0450 -99,0000
[ 0.0189 0.0189 0.0189 -99.0000
5 B 0.0187 0.0187 ¢.0187 -99.0000
6 & 0,019 0.0191 0.019%  -99.0000
7e 0.0342 0.0362 0.0362 -99.0000
8 e 0.0602 0.0602 0.0602 -99.0000
9B 0.0207 -99.0000 0.0207 -99.0000
10 8 -99.0000 0.0561 -99.0000 -99.0000
e 0.0287 0.0287 0.0287 -99.0000
12 & 0.0743 0.0743 0.0743 -99.0000
13 & 0.0373 0.0373 0.0373 -99.0000
14 & 0.0191 0.0191 0.0191 -99.0000
2T & 0.0273 0.0273 0.0273 -99.0000
28 & 0.1565 0.1565 0.1365 -99.0000
29 B 0.0262 0.0262 0.0262 -99.0000
il 0.1045 0.1045 0.1045 -99.0000
3t e 0.1344 0.1344 0.1344 -99.0000
2 E G.0266 0.0266 0.0266 -99.0000
]

i3 0.0185 0.0185 0.0185 -99.0000
Negative weights in the above table indicate missing values
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Table 48. Continued.

]
iy
~0
==
L¥]

CATCH AT AGE {thousands} - SAW14

11989.000
33271.000
8790.000
1072.000
167.000
146,000

12056.000
31614.000
14242.000
3401.000
1075.000
367.000

2427.000
16933.000
17510.000

2805.000

1663.000

456.000

B 3409.000
B 21221.000
B 14404.000
B 2444.000
i 843.000
& 253.000

B 17944.000

1217.000
5263.000
7131.000
1984.000
356.000
83.000

10173.000
1989

2052.000
10723.000
2241.000
995.000
202.000
47.000

16260.000

1791.000
13524.000

7340.000

759.000
214.000
45.000

23673.000

CAA summary for ages

1984
19085.000
1990

22434 .000
1991

1457.000
13463.000
6491.000
1565.000
167.000
81,000

23224.000
2-5+

15878.000
1992

9554.000 3485.000 B8358.000 B304.000

12820.000
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Table 48. Continued.

W AT AGE (MID-YR) in kg. - SAW16

B 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
kA e eeemmsammeemGemecemmemmAi-meseemmemmcaEEAEdeemeeemaetdddn -
08 0.25 0,218 0.228 0.282 0.25% 0.239 0.287 0.207 0.244 0.184
1 B 0.435 0.447 0.399 0.426 0.454 0.446 0.468 0.452 0.432 0.402
2 B 0.654 0.786 0.640 0.612 0.659 0.648 0.628 0.711 0.800 0.700
38 1,687 1.297 1.055 1,092 1.173 1.117 1,109 1.041 1,176 1.1867
4@ 2,135 1.466 1.592 1.782 1.790 1.934 1.787 1.504 1.561 1.892
S+@ 2.888 2.112 2.324 2.425 2.6%2 3.104 2.803 2.473 2.727 2.762
& 1992
e ma .
0 & 0.208
18 0,458
28 0,736
3 ® 1.380
4@ 1,955
S5¢@ 3.025
WT AT AGE (JAN 1) in kg. - SAW1S
@ 1982 1983 1984 1985 1986  t9B7 1988 1989 1990 1991
T L L L T L R R
0® 0.191 0.161 0.167 0.222 0.19 0.171 0.229 0,143 0.190 0.117
18 0.326 0.337 0.295 0.312 0.358 0.338 0.334 0.360 0.299 0.313
28 0.464 0.585 0.535 0.4946 0.530 0.542 0.52¢ 0.577 0.401 0.550
38 1.810 0.921 0.911 0.836 0.847 0.858 0.848 0.809 0.914 0.966
L B 1,898 1,573 1.437 1371 1.398 1,506 1.413  1.291 1.275 1.492
S+@ 2.888 2.112 2.324 2.425 2.692 3.104 2.803 2.473 2.727 2.762
B 1992 1993
e m e
0w 0,149 0.173
1® 0.290 0.290
2 B 0.551 0.723
3B 0,983 1.037
4 ® 1.510 1.938
S+# 3,025 3.025

Weights at age at the start of the spawning season are assumed
to be the same as the mid-year weight at age estimates,

PERCENT MATURE (females) - SAW16
B 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
+

o® 38 38 38 38 38 38 38 38 38 38 38
1® 72 72 T2 72 72 72 72 72 Ve o2 T2
2 90 90 990 90 90 90 90 Q0 S0 90 90
3@ 100 100 100 100 100 100 100 100 100 100 100
4 ® 100 100 100 100 100 100 100 110G 100 100 100
S+® 100 100 100 100 100 100 100 100 100 100 100
SEX RATIO (Percent Female) - SAW16

B 1982 1983 1984 1985 1986 1987 1988 198¢ 1990 1991 1992
N L L L T R E TR Y
g® S50 50 50 50 50 50 50 50 530 S0 50
te 50 S0 S50 530 S0 50 50 50 50 50 50
2@ 5 S0 S0 S0 SO 50 50 S0 50 50 SO
3® 50 S0 SO 50 50 50 50 50 50 50 50
48 50 S0 50 560 50 50 50 S0 50 S50 50
s+@m 50 50 S0 50 50 50 S0 S0 50 50 S50
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Table 48, Continued.

APPROXIMATE STATISTICS ASSUMING LINEARITY NEAR SQLUTION

qsv
qCT
qCT
g7
qcT

FAL
FAL
FAL
SPR
SPR
SPR
SPR
SPR
SPR
SPR
1

2

3

4

E R U P o R ¥ S

GMASS YOY

qvA

Yoy

aR1 AGE 1
qRI AGE 0O

gNC
gD
qDE

CATCHABILITY

gqsv
gCT
qcT
qCT
qCT

Yoy
Yoy
YOy

FAL
FAL
FAL
SPR
SPR
SPR
SPR
SPR
SPR
SPR
1

2

3

4

S NP = W WP =

GMASS YOV

qvA

Yoy

GRE AGE 1
gR1 AGE O

ghC
gMD
POE

YOy
Yoy
Yoy

.28868E4
.20004E4
.04197E3
L33459E-5
.34228BE-4
L93526E-4
.59383E-5
.B6BBIE-5
.10987E-4
L 16454E-5
LS1118E-5
LA9941E-4
.32439€-3
.05743E-5
.91063E-5
L0303E-4
.20848E-3
S5743E-5
1.76512E-5
4.0B718¢-5
2.08631£-5
2.30430E-5
1.31055€-5
1.30915E-5

wd =PI =N PRI N W= DR W NN W

ESTIMATES IN ORIGINAL LNITS

ESTIMATE

LF2369E-5
L63517€E-4
.87252E-5
.F1696E-6
.39022E-3
L43211E-5
.28101E-5
LT9491E-3
LATT42E-5
3.82603e-5
1.61234E-5
1.64934E-3
1.85150E-5
4.00140E-5
9.34461E-5
1.76031E-5
2.90561E-5
2.40B74E-5
1.58113€-4
1.16198E-4
2.68376E-6

NN =S PP

4.514738

0.000635

0.024537
STD. ERR. T-STATISTIC
8.44856E3 3.89260E0
8.00997E3 2.74663EQ
2.09730E3 1.45043E0
1.57575€-5 2.11620E0
5.08403€-5 4.60714E0
2.26138E-4 4.21657E0
5.79228E-6 2.73164E0
1.34966E-5 2.86652E0
7.26555E-5 2.90394E0
5.43350E-6 3.98368E0
9.61995E-6 5.10521E0
7.63023E-5 2.88250E0
2.93673E-4 4.50976E0
6.41321E-6 3.20811€0
1.35442E-5 5.10229€E0
7.95298E-5 3.65024E0
&.61198E-4 2.462030E0
4.510426-6 3.45297EQ
2.21368E-6 7.97371€0
1.20413€E-5 3.39429€0
3.15703€-6 6.60846E0
4.32289E-6 5.33046E0
3.84671E-6 3.40694E0
6.81822¢-6 2.71708E0
STD. ERR. C.v.
9.09032E-6 0.47
3.54922E~5 0.22
1.15556E-5 0.24
1.7B692E-6 0.36
8.33842E-6 0.35
8.37520E-6 0.34
3.21565E-6 0.25
5.47463E-6 0.20
7.55393€-6 0.35
B.48387E-6 0.22
5.02582€-6 0.31
3.23254E-6 0.20
4.52436E-6 0.27
1.52708E-5 0.38
2.70625E-5 0.29
2.20764E-6 0.13
8.56030E-6 0.29
3.64494E-5 0.13
2.96622E-5 a.19
3.41063E-5 0.2¢9
9.87735E-7 0.37

c.v.
0.26
0.36
0.69
0.47
0.22
C.24
0.36
0.35
0.34
0.25
6.20
0.35
0.22
0.3
0.20
G.27
0.38
0.29
0.13
0.29
0.15
0.19
0.29
0.37



Table 48.

Continued.

Page 45

CORRELATION BETWEEN PARAMETERS ESTIMATED

1.06 0.72 0.09 -0.01 -0.01 -0.01 -0.01 -0.0% -0.01 -0.92 -0.01 -0.01 -0.00 -
0.
g.
-0,

-0.02 -0.02 -0.19
1.00 0.
.01 -0.01 -0.13

0.02 -0.02 -0.01 -6.0% -0.09 -0.2% -0.01 -0.17 -0.26 -0.09 -0.08

12 1.00 0.0% -0.01 -0.01 -0.01 -0.07 -0.01 -0.01 -0.09 -0.01 -0.01 -0.00 -

2.09 -0.,02 -0.01 -

09 0.09

1.00 -0.97 -0.13 -0.14 -0.05 -0.09 -0.09 -0.07 -0.15 -0.07 -0.04 -
0.06 -0.19 -0.13 -0.10 -0.06 -0.14 -0.10 -0.12 -0.17 -0.06 -0.

01 -0.01 -D.07
0.00 0.07
-0.01 -0.01 -0.13 0.0

0.01
Q.01
0.0
0.01
0.0t
0.01
G.0%

0.03 1.
.01 -0.0% -0.14
0.03 0.
.01 -0.07 -0.05

0.01%

.01 -0.01 -0.09
0.02 0.
.01 -0,0% -0.09
0.02 0.
.02 -0.09 -0.07

0.0t

.01 -6.01 -0.15
0.03 0.
.01 -0.0t -0.07

0.00 0.01

.00 -0.00 -0.04

0.00 0.01

1.00
0.0t
0.0
0.01
D.01

.01

.M
0.01

.02 -0.09 -0.06

0.0

0.03

.01 -0.01 -0.10
0.02 0.
.09 -0.08 -0.06

0.01

.21 -0.20 -0.14
0.02 0.03 0.
.01 -0.01 -0.10
0.02 0.
A7 -0.16 -0.12
0.02 0.02 0.
.26 -0.24 -0.17
0.03 0.03 o0.
.09 -0.08 -0.06

0.01

.08 -0.07 -0.05

0.01

0

0.

0.

Q.
0.
0.

1

0.

0.
0.

0.01 -0.08 -0.20 -0.0%1 -0.16 -9.26 -0,08 -0.07

1.00 0.01

.01

02
0.01
02

G.01%

0.01
0.00

0.0¢ 0.01
0.07 0.01 0.

1.00 0.02 0.07 0.01

0.0
0.02
0.01

0.00 0,01

1
0.01
01
0.01
01

Q.00
0.01

0.0
0.01

0.7

0.00 0.0

n
0.01

0.0
o1

0.01

0.01

¢.02 0.0% 0.

1.00 0.0t 0.01

0.1
0.01
0.01
0.01
0.01
0.0
0.01
0.01
a.01

0.02 0.0% 0.
1.00 0.c0
0.02 ¢.00 0.
.00 1.00
0.01 0.01 0.
0.00 0.M
0.01 0.0t 0.
0.01 0.01
0.62 ¢.01 0.

¢.02 0.02 0.01 0.0%
02 0.02 0.01

0.01
0.01

0.01
0.00

¢.00 0.00 C.0%
00 0.00 0.00 0.01 0.00 0.
0.00 0.01

01
0.01

0.01

.00

0.0t
01

0.0

0.01
0.01

0.02 0.02 Q.
0.00 0.01
0.01 0.0t 0.
0.06 0.00

0.01 0.0
0.02 0.01 0.

0.03 0.03 0.01 0.02
03 0.02 0.01

0.03 0.02 0.

0.02 0.2 0.01 0.01

0.0
G.01
1.00

0.00 0.0t

N
0.01
02
0.o1
01
0.01
02

6.01

0.01
0.01

0.01
0.01%

1.00

0.02 g¢.01 O.
a.c0 0.01
0.01 0.01 0.
0.01 0.01
0.04 0.01 0.

0.02 0.02 0.02 0.01

a0
0.01
0.1

0.04
0.0
0.01

1.00 0¢.01 0.
0.00 0.01
9.01 1.00 0.

¢.02 0.02 0.02 0.01

0.

0.03

0.0v 0.1 1

0.0 0.02 0.02 0.02 0.0%
02 0.02 o0.04 0.10 0.02 0.
¢.00 0.01

01

0.0

0.00 0.0

01

0.01

¢.01
0.02

0.01
0.0

0.01 0.01
0.04 0.0% 0.
0.01 0.00
0.03 0.01 0.

0.01 0.00 0.0

1 0.01 2.00 0.

0.01 0.01 0.02
02 0.02 0.0t
0.0% 0.01 0.02
02 0.02 0.7
0.00 0.01 0.01
02 Q.02 0.01
.01 0.01 0.01
01 0.01 4.09
1.0 0.01 0.1
01 0.01 0.0t
0.01 1.00 0.0
02 0.03 0.01
6.01 0.01 1.00
02 0.03 05.01
0.01 0.00 0.01

01 0.01 0.00 0.

0.00 6.00 0.01

90 0.01 0.00 0.

0.01 0.0t 0.01
a2 0.03 0.01
0.02 0.01 0.03
02 0.03 0.0
0.01 0.01 0.02
02 0.02 0.0t
0.91 0.01 0.02
01 0.02 0.01
0.01 0,01 0,01

03 0.04 0,02 0.

0.1 0.02 0.02

07 0.10 0.04 0.

0.017 0.01 0.02
01 0.02 0.0t
0.01 0.02 0.02

0.01 0.03 0.03

09 1.00 0.04 O,

0.01 0.0t 0.0%

03 0.04 1,00 0.

0.00 90.01 0.0%
03 0.04 0.01

0.
0.
0.
0.
0.
0.
a.

0.
0.
0.
0.

0.
.00 0.09 0.03 0.

1

a5
0.01
00
0.01
0
0.
Q1
Q.00
01
0.01
00
0.0%
0o
0.00
Q9%
0.0
01
1.00
0o
¢.00
00
Q.00
01
0.0
G1
0.01
01
0.01
Q1
0.00
01
¢.01
03
0.01
01
0.01
03
0.01
04
0.00
01
0.00

.00
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Table 48, Continued.

CORRELATION BETWEEN PARAMETERS ESTIMATED (SYMBOLIC FORM)

N1 o

N2 * . .t

N3 o F L. . e e e

gMA FAL 1 . x )

QMA FAL 2 . LE .

gMa FAL 3 . * . .

oMA SPR 1 . LI .

oMA SPR 2 ., LA .

QMA SPR 3 . A e . .

qsv SPR 1 . . .

gsV SPR 2 . . . . L . C

Gqsv SPR 3 . * . - . .

SV SPR & « v v v v e e e e e

qcT 1 e e e e e e e e e e e L Ll e

qCT 2 e e e e e e e e e e R Ll e

qcT 3 e e e e e e e e e e e e s Lo .

qcT & e e e e e e e e e e e e . oL . ..

GMASS YOY . . v . e e e e e e e e e e e R

VA YOY = o e e e e e e e e e e e e e e F

qRI AGE T . . . . . . e e e e e e e e e ...

Y- N T

o 0 e

o 1 O

GQDE YOY ., . . . . . .. e e e e e e e e e e

SYMBOLS: = LARGE NEGATIVE CORRELATION whenever -1 <=

MODERATE NEGATIVE CORRELATION whenever -l <=

. SMALL CORRELATIDN whenever -M <=
+ MODERATE POSETEIVE CORRELATION whenever +H <
* LARGE POSITIVE CORRELATION whenever +L <

Where R is the estimated correlation, M is 0.2 and L is 0.5

AA A

R0 XX
A

A
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SUMMARY OF RESIDUALS

Index T MA FAL 1
index is tuned to the
for ages: 2
SCRTED BY YEAR
Yr Observed
1983 -0.8164
1984 -3.099%6
1985 -0.2418
1986 -1.6755
1987 1.3151
19588 0.6977
1989 -0.2686
1991 -1.6755
1992 -0.1571

Partial variance for this index is 0.02465%9

Index is tuned to the sum of Jan1 full stock sizes (in number)

Index 2 MA FAL 2

for ages: 3

SORTED BY YEAR
Yr Cbhserved
1983 0.9138
1984 -0.1802
1985 -1.0309
1984 0.8674
1987 -0.3581
1588 -0.1548
1989 -0.5225
1990 -0.8924
1992 -0.9800

sum of Janl full stock sizes (in number)

Pred
-0.5173
-0.3979
-0.1294
-0.6513
-0.6588
-0.4%16
-1.1281
-0.9744
-1.0731%

Pred
-0.3083

0.4481
-0.1588

0.2%941
-0.3036
-0.2662
~0.4969
-1.0498
-0.4862

Weight
0.1113
0.1113
0.1113
0.1113
0.1113
0.1113
0.1113
c.1113
0.1113

HWeight
L2439
L2439
L2439
L2439
. 2439
L2439
L2639
L2439
2439

CODODOQOOOo OO

Partial variance for this index is 0.024571

Index 3 MA FAL 3
Index is tuned to the
for ages: &
SORTED BY YEAR

Yr Observed
1983 -1.1612
1984 1.0079
1985 0.8537
1986 -0.4373
1987 0.9182
1983 -1.6312
1989 -1.0434
1990 -0.7557
1991 -1.4489
1992 -1.6312

Partial variance for this index is 0.02460%

Index 4 MA SPR 1

Index is tuned to the

for ages: 1

SORTED BY YEAR
Yr Observed
1982 0.1979
1983 -0.2469
1984 -1.9941
1985 -0.7759
1986 1.1414
1987 0.6899
1988 -0.7013
1990 -0.2223
1991 -2.3644
1992 -0.1186

Partial variance for this index is 0.024704

sum of Jan! full stock sizes (in number)

Pred
-1.0945
0.4213
0.8255
-0.9283
-0.1299
0.0351
-0.80%90
-1.1518
-1.1774
-1.3200

sum of Janl full stock sizes {in number}

Pred
-0.3799
-0.0220

0.0675
-0.5064
-0.5329
-0.3467
-0.5749
-0.8935
-0.7981
-0.4073

Weight
0.2120
0.2120
0.2120
0.2120
0.2120
0.2120
0.2120
0.2120
0.2120
0.2120

Weight
0.137%
0.1374
0.137%
0.1374
0.1374
0.1374
0.1374
0.1374
0.1374
0.137%

Wt
-0.
-0.
-0.
-0
0.
Q.
Q.
-0.
Q.

Wt
.
-0.
-0.
c.
-0.
g.
-0.
qQ.
-0.

Wt
-0.
Q.
9.
0.
0.
-0.
-0.
0.
-0,
-0.

Wt
0.
-0.
-0.
-0.
0.

0.
-0,
0.
-0.
0.

Res

0333
3008
0125

L1140

2198
1280
0957
0781
0953

Res

2981
1533
2103
1398
0133
0272
0062
0384
1204

Res

0141
1244
0060
1041
2222
3533
0497
0840
0576
0660

Res

0794
0309
2833
0370
23
1425
0174
a2
2152
0397

Std Res

-0.
-1
-0.
-0.
1
Q.
Q.
-0.
0.

2126

.9203

a799
7280

L4030

8169
6109
4984
4084

$td Res

1
-0.
-1

.
-0.

.
-0.

0.
-0.

.9030

9784

.3425

8927
0847
1735
0399
2451
7689

Std Res

-0.
0.
0.
0.
1.

-2.

-0.
0.

-0.

-0.

0%02
7940
0382
6647
4187
255¢4
nr
3361
3675
4212

$td Res

0.
-0.
-1.
-0.

1

0.
<0.

Q.
-1.

0.

5069
1973
8085
2364

. 4688

9094
1109
5888
374
2533

Pred Stocksize
17877.227
20144 .53%
26349.066
15635.632
15518.228
19091.520

9706.08%
11318.631
10889.13¢%

Pred Stocksize
3136.734
6683.115
3606.256
5729.087
3151.281
3271.415
2597.536
1494.278
2625 .405

Pred Stocksize
351.004
1598.155
2394 .319
414 484
921.027
1086.164
466,986
331.485
323.098
280.155

Pred Stocksize
42910.904
61374.733
67121.695
37811.263
36824 ,620
44358.679
35307.875
25675.355
28246.356
4£1750.275
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Table 48. Continued.

Index is tuned to the sum of Janl full stock sizes (in number)

Index 5  MA SPR 2
for ages: 2
SORTED BY YEAR
Yr Observed
1982 0.8350
1983 0.7470
1984 -2.1357
1985 0.6564
1986 -0.1571
1987 -0.0580
1988 G.4470
1989 -(.6031
1990 -3.3817
1991 -2.5550
1992 -0.6579

Pred
-0.3925
-0.3687
-0.2493

0.0192
-0.5027
-0.5102
-0.3030
-0,9795
-1.8863
-0.8258
-0.8645

Wweight
L1366
L1366
L1366
L1388
L1366
L1366
L1386
L1366
L1366
L1364
L1366

COOOOOoOoOoO0Oo0o

Partial variance for this index is 0.024624

Index & MA SPR 3
Index is tuned to the
for ages: 3
SORTED BY YEAR
Yr Cbserved
1982 0.0234
1983 1.5516
1984 -0.6042
1985 -1.2209
1986 G.1943
1987 -2.2624
1988 -0.0540
1989 -0.3779
1990 -0.3779
1991 ~2.4447
1992 -0.3453

sum of Jan1 full stock sizes (in number)

Pred
-1.2720
-0.4128

0.3436
-0.2733

0.18%96
-0.4081
-0.3707
-0.6014
-1.1543
-1.38%96
-0.5907

Weight
0.1384
0.1384
0.1384
0.1384
0.1384
0.1384
0.1384
0.1384
0.1384
0.1384
0.1384

Partial variance for this index is 0.024639

Index 7 SV SPR 1
Index is tuned to the
for ages: 1

SORTED BY YEAR
Yr Observed
1982 0.1535
1983 «0.614%9
1984 -1.2474
1985 -0.0733
1986 0.9233
1987 -0.2520
1988 -0,0031
1989 -2.2R89
1990 0.0465
1991 0.3138
1992 0,23469

sum of Janl full stock sizes (in number)

Pred
-0.0738

0.2840

0.3735
-0.2004
-0.2268
-0.0407
-0.2689
-1.4718
-0.5874
-0.4920
-0.1013

Weight
0.1902
0.1902
0.1902
0.1902
0.1%902
0.1902
0.1902
0.1902
0.1902
0.1902
0.1902

Partial variance for this index is 0.024859

=

COOOoOOCQOO OO

Res
L1676
L1524
.2576
. G870
L0472
.0618
L1024
L0514
.2042
L2362
.0282

Wt Res
0.1792
0.2718

-0.1311

-0.1311
0.0007
-0.2565
0.0436
0.0309
0.1074

~0.1460
0.0312

Wt Res
0.0432
-0.1710
-0.3083
0.0242
0.2187
-0.0402
0.0505
-0.155%4
0.1206
0.1533
0.0643

$td Res
1.0703
0.9728
-1.8448
0.5555
0.3013
0.3943
0.6539
0.3281
-1.3037
-1.5077
0.1801

Std Res
1.1442
1.7351

-0.8371

-0.8370
0.0042

«1.6378

0.2780

0.197%

0.6858

0.9319

0.1991

Std Res
0.2760
-1.0%814
-1.9680
0.1543
1.3964
-0.2566
0.3227
-0.9920
0.7697
0.9784
0.4105

Pred Stocksize
17456.868
17877.227
20144 .535
26349.066
15635.632
15518.228
19091.520

F706.089
3919.173
11318.431
10889, 139

Pred Stocksize
1328.326
3136.734
£683.115
3606.256
5729.087
3151.281
3271.415
2597.536
14694.278
1181.007
2625.405

Pred Stocksize
42910.904
61374 .733
67121.695
37811.263
36824.620
44358.679
35307.875
10603.403
25675.355
2B246.356
41750.275
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Index 8 SV SPR 2
Index s tuned to the
for ages: 2
SORTED BY YEAR
Yr Cbserved
1982 0.%073
1983 -0.3779
1984 -0.5449
1985 1.0084
1984 -0.2803
1987 -0.2803
19588 0.3280
1989 -0.9060
1950 -2.9428
1991 -0.8226
1992 -0.3279

Partial variance for this index is 0.02464%9

Index 9 SV SPR 3
index is tuned to the
for ages: 3
SORTED BY YEAR
Yr Cbserved
1982 0.1924
1983 0.6519
1984 -0.0953
1985 0.7520
1986 0.7032
1987 -1.3994
1988 -0.3466
1989 -1.599%4
1990 -0.5008
1992 -2.2925

Partial variance for this index is 0.024564

Index 10 SV SPR 4
Index is tuned to the
for ages: &
SORTED BY YEAR

Yr Observed
1982 0.0377
1983 0.3254
1584 0.5486
1985 0.3254
1986 -0.3677
1987 -0.3677
1988 0.0377
1989 -1.0609
1991 -0.3677

Partial variance for this index is 0.024657

Index 11

Index is tuned to the

for ages:

T 1

1

SORTED BY YEAR

e
1984
1985
1986
1987
1988
1989
1990
1991
1992

Partial variance for this index is 0.024754

Observed

-0.2522
-0.4574
0.8176
0.5417

-0.

1419

-3.6195
-0.4025
-0.0047

0.

0465

sum of Janl full stock sizes (in number)

P

-0.
-0.
0.

0.
-0.
-C.
-0.
-0.

-1

-0.

-0

sum of Jant full stock sizes (in number)

P
-1

-0.

0.
-0.

.
0.
-0.
-0.
“1.
-0,

sum of Janl full stock sizes (in number)

red

1539
1301
0107
2578
2641
2716
0644
7409
L6478
5872
L6259

red

. 2305
3712
3852
2317
2312
3666
3292
5598
1128
5492

Pred

-0
-0
0
1
-0
0
0
-0
-0

sum of tan! full stock sizes {in number)

L6602

. 7660
L7498
1541
.5998
1987
.3636
4805
.8488

Pred

0
-0
-0
-0
-0
-1
-0
-0
-0

3228

.2511

2775
0914
L3196
.3225
.6382
.5427

.1520

Weight
0.2453
0.2453
0.2453
0.2453
0.2453
0.2453
0.2453
0.2453
0.2453
0.2453
0.2453

Weight
0.1439
0.1439
0.1439
0.1439
0. 1439
0.1439
0.1439
0.1439
0.1439
0.1439

Weight
0.2368
0.2368
0.2368
0.2368
0.2368
0.2368
0.2368
0.2368
0.2348

Weight
0.1693
0.1693
0.1693
0.1693
0.1693
0.169%
0.1693
0.1693
0.1693

Wt

a.
-0.
-0,

c.
-0,
-0.

0.
-9,
-0.
-0.

0.

Wt

Q.
0.
-0.
a.
a.
-0.
-0.
-a.
0.
-0.

Wt

0.
0.
-0.
-0.
Q.
-0.
-0.
-0.
0.

Wt

-0.
-0.
0.
0.
.
-0.
0.
g.
0.

Res

2603
0608
1310
1841
0040
0021
oe62
0405
3176
0577
G731

Res

2047
1472
0691
1416
0679
1774
0025
1496
0a81
2509

Res

1653
2585
0477
1962
0550
1341
0772
1374
1139

Res

0973
0349
1854
1072
0301
3550
0399
0911
0336

Std Res

1

-0.
-G.
L1753

]

-0,
-0.

a.
-0.
-2.
-Q.

0.

6616

3879
8364

0253
0135
6144
2584
0277
3685
4666

Std Res

1.
0.
0.
0.
0.
-1.
-0.
-0.
Q.
-1.

3071
9399
4414
9037
4336
1325
0160
9550
3622
6015

Std Res

1.
1.
-G.
-1.

0551
6500
3042
2527

0.3508

-0.
-0.
-0.

0.

8563
4926
8774
7274

Std Res

-0.
-0.
1.
0.
0.
-2.
0.
0.
0.

6214
2230
1836
6842
1921
2663

2547 -

2815
2146

Pred Stocksize
17456.
17877,
20144,
26349,
15635.
15518.

.520
9706.
3919,

11318.

1088%.

19091

Pred Stocksize
1328.
3136.
£683.
3606.
5729.
3151.
3271.
2597.
1494,
2625.

Pred Stocksize
290.
351,
1598.
23%4.
414,
921.027
1086.
466,
323.

Pred Stocksize
67121.
37811,
36824,
44358,

268
227
535
066
632
228

089
173
631
139

326
73
15
256
osy
281
415
536
278
405

184
004
155
319
484

164
986
098

695
263
620
679

35307.875

10603.
25675.
28246.
&1750.

403
355
356
275
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Table 48. Continued.

Index 12 CT 2

Index is tuned to the

for ages: 2

SORTED BY YEAR
Yr Observed
1984 -0.1718
1985 0.3656
1986 0.1526
1987 -0.1521
1988 0.4704
1989 -1.0683
1990 -0.1521
1991 0.3057
1992 -0.6309

sum of Jani full stock sizes (in number)

Pred

.3308
.3993
0774
0699
.2TN
L3994
.3062
L2457
. 2843

Weight
L2726
2726
L2726
L2726
L2726
L2726
L2726
L2726
L2726

OO oOoOoDOO

Partial variance for this index js 0.024625

Index 13 CT 3
Index is tuned to the
for ages: 3
SCORTED BY YEAR

Yr Cbserved
1984 -0.2799
1985 0.0698
1986 0.6317
1987 -0.6071
1988 0.1178
1989 -0.90%6
1990 -0.4302
1991 0.7294
1992 -0.7089

sum of Janl full stock sizes {in number)

Pred

0.
0.
0.
-C.
-0,
-0.
-0.

-1

6628
0458
5087
08%0
0516
2823
8352

.0705
-0.

2716

Weight
0.1933
0.1933
0.1933
0.1933
0.1933
0.1933
0.1933
0.1933
0.1933

partial variance for this index is 0,024649

Index 14 CT &

Index is tuned to the

for ages:
SORTED BY
Yr
1984
1985
1986
1987
1988
1989
1990
1991
1992

4

YEAR

Observed
-0.
-0.
-0,
-0.

2040
3218
5041
4353

0.0265
-1.3026

-0.

9343

0.9999

0.

5945

sum of Jan1 full stock sizes (in number)

Pred

0.
1.
-0.
0.
0.
-0,
-0.
-0.
“1.

6582
0625
6914
1071
2720
3721
9148
9404
0831

Weight
0.1382
0.1382
0.1382
0.1382
0.1382
0.1382
0.1382
0.1382
0.1382

Partial variance for this index is 0.02474%

Index 27  MASS YOY
Index is tuned to the
for ages: 0
SORTED BY YEAR

Yr Observed
1982 -0.4055
1983 -0.4055
1984 -1.0986
1985 1.2040
1986 0.0000
1587 0.0000
1988 -0.6931
1989 -0.6931
1990 0.6931
1991 -0.1823
1992 -1.7918

sum of Jani full stock sizes (in number)

Pred

0.

0.
-0.
-0.
-0.
-0.
-1.
0.
-0.
-0.
-0.

2291
3942
0760
2980
0837
3383
3456
6746
5575
1923
4298

Weight
L1652
. 1652
L1652
L1652
L1652
L1652
1652
.1652
.1652
L1652
0.1852

QCOOOO0O0000

Partial variance for this index is 0.023012

Wt

-0.
-Q.

0.
-0.
0.
-0.
Q.
Q.
-0.

Wt
-0.
Q.
0.
-0.
0.
-0.
G.
a.
-0.

Wt
-0.
-0.
0.
-0.
-0.
-0.
-0.
0.
0.

Wt
-0.
-0.
-0.
a.
0.
0.
0.
-0.
0.
0.
-0.

Res

1370
0637
0205
0505
0527
1824
3147
1503
0945

Res

1822
0046
0238
1001
0327
1205
0783
3479
0845

Res

119
1912
0259
0777
033¢
1009
G028
2681
2318

Res

1048
1321
1689
2481
0138
0539
1078
0031
2066
0017
2250

Std Res

-0.
-0.
0.
-0.
0.
-1.
2.
0.
-0.

8747
4068
1307
3863
3363
1644
0088
9596
6031

Std Res

-1.
0.
0.

-0.
Q.

-0.
0.
2.

-0.

1630
0295
1518
6392
2090
7691
4997
2208
5395

Std Res

-0.
-1.
0.
-0.
-0.
-0.
-0,
1
1

7605
2209
1651
4961
2163
6443
077

T4
AT96

Std Res

-0.
-0.
-1,
1.
0.
Q.
a.
-0.
1,
0.
-1.

6693
B434
0785
5842
0882
3570
6882
0196
319
0106
4365

Pred Stocksize
20144535
2634%.0654
15635.632
15518.228
19091.520

9706.089
3919173
11318_631
1088%.139

Pred Stocksize
6683.115
3606.256
5729.087
3151.281
3271.415%
2597.534
14094.278
1181.007
2625.405

Pred Stocksize
1598.155
2394.319

414,484
$21.027
10856, 164
466,986
331.485
323.0%8
280.155

Pred Stocksize
80737.786
95232.518
59506.721
47659.942
59054.722
45769.811
16718.554
32704 .943
36767.988
52973.242
41778.275
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Table 48. Continued.

Index 28 VA YOY

Index is tuned to the sum of Janl full steck sizes (inm mumber)

for ages: 0

SORTED BY YEAR
Yr Observed Pred Weight Wt Res Std Res  Pred Stocksize
1982 0.9069 0.3543 0.3956 0.2186 1.3957 80737.786
1983 0.6757 0.5194 0.3956 0.0618 0.3947 95232.518
1984 -¢.1718 0.0491 0.395% -0.0873  -0.557% 59506.721
1985 -0.3258 -0.1729 0.3556 -0.0605  -0.3862 47659.942
1986 -0.2080 0.0415 0.3954 -0.0987  -0.6301 59054.722
1987 -0.6512 -0.2133 0.3956 -0.1732 -1.1058 45769.811
1988 -1.0471 -1.2204 0.3958 0.0686 0.4377 16718.554
1589 -0.6904 -0.5494 0.395%6 -0.0558  -0.3560 32704.943
1990 0.1161 -0.4323 0.3956 0.2169 1.3848 34767 988
1991 0.2178 -0.0672 0.393%6 g.1127 0.7187 52973.262
1992 -¢.8182 -0.3044 0.3955 -0.2032  -1.2%72 41778.275

Partial variance for this index is (.021458

Index 29 RI AGE 1
Index is tuned to the
for ages: 2
SORTED BY YEAR
Yr Observed
1982 1.0973
1983 -0.6804
1984 -1.0451
1985 0.1787
1986 -0.7675
1987 1.1297
1988 0.0127
1989 -0.5751
1990 -2.8777
1991 -0.4138
1992 -2.3180

sum of Janl full stock sizes (in number)

Pred

-0.
_0‘
-0.

0.
-0.
-0.
-0.
-0.
-1,
-0.
-0.

3376
3138
1944
0741
4478
§333
2481
9246
8314
7709
8095

Weight
0.1620
0.1520
0.1620
0.1620
0.1620
0.1620
0.1620
0.1620
0.1620
0.1620
0.1620

Partial variance for this index is 0.024%564

[ndex 30 RI AGE O

Index is tuned to the

for ages: 0

SORTED BY YEAR
Yr Observed
1982 -0.1437
1983 -0.1239
1984 0.0047
1985 0.1415
1986 0.3449
1987 0.2209
1988 -0.123%9
1989 -0.1437
1990 -0.0854
1991 -0.1045
1992 -0.1437

sum of Janl full stock sizes (in number)

Pred

0.

5214

0.6865

0.

2163

-0.6057

0.
-0.
-1.

2087
0461
0533

-0.3822

-0.
0.
-0.

2651
1000
1374

Weight
0.3232
0.3232
0.3232
0.3232
0.3232
0.3232
0.3232
0.3232
0.3232
0.3232
0.3232

Partial variance for this index is 0.023847

Index 31  NC YOY
Index is tuned to the
for ages: O
SCRTED BY YEAR
Yr Observed
1987 0.6580
1988 -1.3953
1989 -0.3636
1990 -0.4085
1991 -0.1476
1992 0.4692

sum of Janl fuil stock sizes (in number)

Pred

0.0532
-0.9539
-0.282%

-0.
0.
-0.

1658
1994
0380

Weight
0.3666
0.3646
0.3666
0.3666
0.3666
0.3666

Partial variance for this index is (.027781

Wt
0.
-0.
-0,
Q.
-0,
0.
0.
Q.
-a.
0.
-0.

Wt

-0.
-0.
-0.

Do O0COOoOCOo

Wt
0.
-0.
-0.
~0.
-0.
0.

Res

2324
0594
1378
0169
0518
2567
422
0566
1695
0578
2443

Res

2150
2619
0684

L0476
0440
0863
.3004
L0771
.0581
. 0661
.0020

Res

2217
1618
0296
0890
1272
1860

Std Res

1.
-0.
-0.

Q.
-0.

1.

0.

¢,
-1.

0.
-1.

4837
3791
8796
1081
3306
6388
2696
3614
0818
3692
5598

Std Res

-1,
-1,

3724
6722

-0.4366
0.3036

a.
Q.
1.
0.
Q.
-0.
-0.

2810
551%
9175
4922
3708
4219
0130

Std Res

1.
-1.
-0.
-0.
-0.

1.

4156
0332
1890

5684

8122
1872

Pred Stocksize
17456.868
17877.227
20144 .535
26349 .066
15635 .632
15518.228
19091.520

9706.089
3919.173
11318.631
1088%.139

Pred Stocksize
80737.788
95232.518
59506.721
47659.942
59054.722
45769.811
16718.554
32704 .943
34767.988
52973.262
41778.275

Pred Stocksize
45769.811
16718.554
32704 ,943
346767.988
52973.262
41778.275



Page 52

Table 48. Continued.
Index 32  MD YOY
index is tuned to the sum of Janl full stock sizes (in number)
for ages: O
SORTED BY YEAR
Yr Observed Pred Weight Wt Res Std Res Pred Stocksize
1982 -1.7060 0.0565 0.1630 -0.2872  -1.8338 BO737.786
1983 0.3403 0.2216 0.1430 0.0193 0.1235 $5232.518
1984 0.6924 -0.2486 0.1630 0.1534 G.9791 59506.721
1985 -0.1930 -0.4706 0.1630 0.0452 0.2888 47659.942
1986 1.0850 -0.2563 0.1430 0,2186 1.3955 59054 .722
1987 0.1898 -0.5111 0.1630 0.1142 0.7293 45769.811
1988 -2.9588 -1.5182 0.1630 -0.2348  -1.4988 16718.554
1989 -1.56404 -0.8472 0.1630 -0.1130 -0.7212 32704943
1990 -0.8290 -0.730 0.1630 -0.0141  -0.1029 34767.988
1991 -0.3972 -0.3649 0.1630 -0.0053 -0.0338 52973.262
1992 0.0456 -0.6023 0.1630 0.10%6 0.8741 41778.275

Partial variance for this index is

Index is tuned to the sum of Jani full stock sizes (in number)

Index 33 DE YOY
for ages: 0
SORTED BY YEAR

Yr Observed
1982 -0.07640
1983 -1.6341
1984 -1.0745
1986 -0.3814
1987 -0.1301
1988 -3.0204
1989 0.0241
1990 0.6931
1991 -0.3814
1992 1.1692

Pred

0.0554

G.2205
-0.2497
«0.2573
-0.5122
-1.5193
-0.8483
-0.7312
-0.3660
-0.6034

0.025221

Weight

Partial variance for this index is

0.1361
0.1361
0.1361
0.1361
0.1361
0.
0
0
0
0

1361

L1361
.1361
L1361
L1361

0.026098

Wt

-0.
-0.
-Q.
-0.
0.
-0.
a.
Q.
-0.
a.

Res

0179
2524
1122
0169
0520
2043
1187
1938
0021
2412

Std Res

-0.
-1,
-0.
-0.
0.
-t
0.
1.
-0.
1.

1141
6111
7165
1078
3319
3040
7578
2373
0133
5399

Pred Stocksize
80737.786
§5232.518
59506.721
59054.722
45769.811
16718.554
32704.943
36767.988
52973.262
41778.27%
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-99 in

Standardized residuals by index & yr; with row/column/grand means

-99.0000 -0.2126 -1.9203
-99.0000 1.9030  -0.9784
-99.0000 -0.0902 0.7940
0.5069 -0.1973  -1.8085
1.0703 0.9728 -1.6448
1.1442 1.7351  -0.837
0.2760  -1.0914  -1.9680
1.6616 -0.3879 -0.8344
1.307 0.9399  -0.4614
1.0551 1.6500  -0.3042
-99.0000 -99.0000 -0.6214
-99.0000 -99.00C0 -0.8747
-99.0000 -99.0000 -1.1630
-99.0000 -99.0600 -0.7605
-0.6693  -0.8434  -1.078%
1.3957 0.3947  -0.5575
1.4837  -0.3791 -0.B796
-1.3726  -1.6722  -0.4366
-99.0000 -99.0000 -9%%.0000
-1.8338 0.1235 0.9791
-0.1141 -1,6111 -0.7165
0.4547 0.0771  -0.8027

0.6109 -99.0000 -0.4984
-0.0399 0.2451 -99.0000
-0.3172 0.5361 -0.3675

-9%.0000 0.5888 -1.3741

0.3281 -1.3037 -1.5077

0.1974 0.6858 -0.9319
-0.9920 0.7697 0.9784
-0.2584 -2.0277  -0.3685
-0.9550 0.5622 -99.0000
-0.8776 -99.0000 0.7274
-2.2663 0.2547 0.5815
-1.1644 2.0088 0.95%96
-0.7691 0.4997 2.2208
-0.6443  -0.0177 1.7114
-0.0196 1.3191 0.0106
-0.3560 1.3848 0.7197
0.3614  -1.0818 0.3692
0.4922 0.3708  -0.4219
-0.1890  -0.3684  -0.8122
-0.7212  -0.1029 -0.0336
0.7578 1.2373  -0.0133
-0.34M 0.2821 0.1026

1
-1
-1
-1

1
0
1

-0.

6015
.0000
L2146
-0.
-0.
L4796
L4365
.2972
.5598
-0.

6031
5395

0130

.1872
6741
.5399

0514

-0.7280

0.8927 -40.

0.6647
1.4688
0.3013
0.0042 -
1.3964 -
-0.0253 -
0.4336 -
0.3308 -
1.1836
0.1307 -
0.1318 -
0.1651 -
0.0882
-0.6307 -
-0.3306
0.2810
=99.0000
1.3955
-0.1078
0.3543

1993www

the above table indicates a missing value

1.4187
0.90%4
0.3943
1.6378
0.2566
0.0135
1.1325
0.8563
0.6842
0.3863
0.6392
0.4%61
0.3570
1.1058
1.6388
0.5511
1.4156
Q.7293
0.3319
0.1536

Wk ek

-99.0000 -0.
-99.0000 -0.
-99.0000 -0,
-99.0000 -0.
-99.0000 -0.
-99.0000 -9.
-99.0000 -0.
-99.0000 -9.
-99.0000 -0.
-99.0000 -0.
-99.0000 -0.
-99.0000 -0.
-99.0000 -0,
-99.0000 -0,
-99.0000 -0,
-99.0000 -0.
-99.0000 -0.
-99.0000 -0.
-99.0000 -0,
-99.0000 -0.
-99.0000 -0.

1.0000 -0.

COoOCOoOOCOoOOoOoOOONOO
P

....
Cmabhamoo
SRR
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Table 48. Continued.

Percent of total sum of squares by index & yr; with row/column sums

® 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
RSOSSN AT A USRI A SRS O
18 -99.00 0.02 2.60 0.00 0.29 1.07 0.36 0.20 -99.00  0.13
28 -99.00 1.97 0.52 0.98 0.43 0.00 0.02 0.00 0.03 -99.00
3@ -99.00 0.00 0.3% 0.00 0.26 1.09 2.76 0.05 0.16  0.07
4@ 0.14 0.02 1.78  0.03  1.17 0.45 0.01 -99.00 0.19  1.03
5@ 0.62 0.5 1.47 0.17 0.05 0.08 0.23 0.06 0.92 1.2
6® 0.7 1.4 0.38 0.38  0.00 1.46 0.04 0.02 0.26  0.47
7® 0.06 0.65 2.10 0.01 1.06 0.04 0.06 0.53 0.32  0.52
8® 1,50 0.08 0.38 0,75 0.00 0.00 0.21 0.04 2.23  0.07
9 & 0.93 0.8 0.11 0.44 0.10 0.70 0.00 0.50 0.17 -99.00
08 0.61 1.48 0.05 0.8  0.07 0.40 0.13  0.42 -99.00  0.29
11 ® -99.00 -99.00 0.21 0.03 0.76 0.25 0.02 2.79 0.04  0.18
128 -99.00 -99.00 0.42 0.09 0.01 0.08 0.06 0.7 2.19  0.50
13 & -99.00 -99.00 0.7 0,00 0.01 0.22 0.02 0.32 0.14 2.68
148 -99.00 -$9.00 0.31 0.81  0.01 0.13 0.03 0.23 0.00 1.59
27® 0.2 0.39 0.63 1.36 0.00 0.07 0.26 0.00 0.95  0.00
28 106 0.08 0.17 0.08 0.22 0.66 0.10 0.07 1.04  0.28
29m  1.20 0.08 0.2 0.01 0.06 1.46 0.06 0.07 0.6  0.07
308 1.02 1.52  0.10  0.05 0.04 0.17 2.00 0.13  0.07  0.10
31 8 -99.00 -99.00 -99.00 -99.00 -99.00 1.09 0.58 0.02 0.18  0.36
32@ 1.85 0.01 0.52 0.05 1.06 0.2% 1.22 0.28  0.01  0.00
3@ 0.01 1.41  0.28 -99.00  0.01 0.06 0.92 0.31 0.83  0.00
@ 9.91 10.35 12.96 6.10 5.60 9.78 9.07 6.78 10.36  9.59
B 1992 1993kmesanw
e teeaaas
18 0.20 -99.00 4.29
2m  0.32 -99.00 4.28
3@ 0.10 -99.00 4.83
4® 0.05 -99.00 4.85
58 0.02 -99.00 5.38
6® 0.02 -99.00 5.38
78 0.09 -99.00 5.43
88 0.12 -99.00 5.38
9@ 1.39 -99.00 4.82
108 -99.00 -99.00 4.29
18 0.03 -99.00 4.3t
128 0.20 -99.00 4.29
3@ 0.16 -99.00 4.29
% & 1.19 -99.00 4.3
7@ 1.12 -99.00 5.02
288 0.91 -99.00 4.68
29®  1.32 -99.00 5.36
308 0.00 -99.00 5.21
31@  0.77 -99.00 2.99
328 0.25 -99.00 5.5
338 1.29 -99.00 5.12
** @ 9.53  0.00 100.00

-99 in the above table indicates a missing value
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Partial variance (and proportion of total) by i

.02778117 0.02522093
.05370597 0.04875658

0.04756600 0.04774122

0.02456438 0.02465705
0.04748735 0.04766649

0.0230123% 0.02145766
0.0444B707 0.,04148150

33***********

0.02609812 0.517282567
0.05045234 1.00000G00

L02465926 0.02457071 0.02460507 0.02470605 0.02462388
04767077 0.04749937

0.04760238

0.02475351
0.04785296

0.02456401
0.04748662

0.02463849
0.0476305%

02485874 0.02464%462
.04805639 0.04765174

0.02462539
0.04760529

.02464871 0.02474097
.04765037 0.C47B2BT3

0.02384657
0.04609948
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Table 48. Continued

STOCK WUMBERS (Jan 1) in thousands - SAW 16

[}

+

B 80737.786
B 42910.904
B 17456.848
L 1328.326
L 390.184
L] 290.356

95232.518
61374.733
17877.227
3136.734
351.004
302.619

59506.721 474859,
67121.695 37811,
20144.535  26349.
6683.115 3606.
1598.155 2394,
532.925 640.

L7222  45789.811
620 44358.679
632 15518.228
.087 3151.281
484 §21.027
214 198.091

36767.988 52973.262
25675.355 28246.354
3919173 11318.631
1494.,278  1181.007
331.485 323.098
75.613 66.406

41778.275
41750.275
70889.139
2625.405
280.155
133.306

0.00¢
32886.810
22000.408
3041.973
733.429
115,504

] 1988
et -
0B 16718.554
1 B 35307.875
2 8 19091.520
38 3271.413
4 @ 1086.164
S+& 315.716
.-t
0+B 75791.244
B 1982
B 19465.734
-1 1988
B 23764.815

12876.207

68263.892 94108.760

Summaries for ages
1984 1985
28958.730 32989.948

1950 1991

5820.549 12889.142

P7456.555

2-5+
1986
22808.417
1992

19788.627
- 1993

13928.005 25891.314
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Table 48, Continued.

FISHING MORTALITY - SAW1é

a 1982 1983 1984 1985 1986 1987 1988 1989 1990
s reci e samMemmmaramEmEAeSTeYEEAdmmmmee--mEEuASTeTEEEESs-~-—-"aTrEsu-=aTrwwm
0 @ 0.0742 0.1498 0.2535 0.0579 0.0862 0.0595 0.2553 0.0420 0.0637
18 0.6756 0.9141 0.735% 0.6831 0.6642 0.6431 1.0914 0.7953 0.6191
2 & 1,5166 0.7839 1.5203 1.3259 1.4017 1.3568 1.7947 1.6711 0.9995
38 1.1309 0.4743 0.8265 1.9634 1.6278 ¢.8652 1.7467 1.8587 1.3314
4 B 11,5754 0.7662 1.3602 1.4593 1.5445 1.3121 11,9502 1.8484 13.1192
S+8 1,5754 0.7462 1.3602 1.4593 1.5443 1.3121 1.9502 1.8484 1.1192
L] 1991 1992
P g U
0 & 0.038t 0.0393
18 0.7532 0.4406
2B 1.2612 1.0753
3B 1.23388 1.0753
4 B 13168 1.0753
S5+8 1.3168 1.G753

Avg F for ages 2-4,u

8 1982 1983 1984 1985 1986 1987 1988 1989 1990

B 1.4076 0.6681 1.4582 1.5829 1.5247 1.1780 1.8305 1.7927 1.1150

& 1.2723 1.0753

BACKCALCULATED PARTIAL RECRUITMENT

B 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
R
0 ®0.05 0.16 0.17 0.03 0.05 0.04 0.13 0.02 0.05 0.03 0.04
1 B0.43 1.00 0.48 0.35 0.47 0.47 0.56 0.43 0.46 0.57 0.41
2 B0.960.86 1.00 0.68 0.86 1.00 0.92 0.90 0.75 (.96 1.00
3 0,72 0.52 0.54 1.00 1.00 0.64 0.90 1.00 1.00 Q.94 1.00
4 B1,00 0.82 0.89 ¢.74 0.95 0.97 1.00 0.99 0.84 1.00 1.00
S5+& 1.00 0.82 0.89 0.74 0.95 0.97 1.00 0.99 0.84& 1.00 1.00
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Table 48. Continued.

MEAN BIOMASS (MT)}

@

+

8 17936.046 17518.329 10907.95%6 11846.721 13147.323  9634.74%
B 12436.810 16542.926 17397.843 10697.887 11193.760 13366.899
¥ 5455.921  8942.152 6152.B38 8270.280 5136.395 5097.618
¥ 1238.83%9 2959.278  4407.934  1611.089 3085.5860 2165.631
a 389.717 332.714  1288.115  2082.088 350.981 $18.304
a 392.293 413,252 627.040 757.745  1310.703 316.988
+

C+a 37B49.625 46708.451 40781.726 35265.809 34224.723 31500.209

B 3854.334 6013.045 7886.117 8673.634  7728.323
B 5278.361  3035.556 7572.025 7320.197 14119.268
B 5192.922 3120.392 1826.185 4164.519  4651.961
8 1597.650  1145.829 899.353 730.685  2047.369
u 797.572 298,665 287.375 314.598 309.504
L 363.638 111.047 114.516 94.391 227.875
+

O+® 21084.477 13724.534 18585.570 21298.023 29084.300
Summaries for ages 2-5+
] 1982 1983 1984 1985 1986 1987 1988
B 7476.770 12647.395 12475.927 12721.207 9883.640 8498.541 7951.782
] 1589 1990 1991 1992
B 4675.933 3127.429 5304.193 7236.709

CATCH BIOMASS (MT)

B 1331.006 2624.493  2764.973 686.217  1132.722 573.449
B 8402.287 15121.313 12788.711 7307.241 7434.350 B595.773
B B274.183 7010.142  9353.931 10965.371 T199.908 6916.411
B 1400.975  1403.681 3643.092 3163.198 5022.742 1873.610
L] 613.973 248.257  1752.112  3038.455 562.091 1204.9%1
] 618.032 308.352 852.908 1105.800 2024.384 415.936
-

0+8 20640.457 26716.239 31155.727 26266.281 23356.198 19580.129

L 1988 1989 1990 1991 1992
B ey
08 98.181 252.516  502.055 330.303 303.760
18 10125.966  2414.161 4687.700 5513.562  6221.585
2 8  9319.637 5214.519 1825.296 5252.355  5002.065
3@ 2790.582 2129.793 1197.437 905.157  2201.453
4 8 1555.409 552.053 321.638 414,248 332.797
5+@ 709.15¢ 205.259 128.169 124,290 245.025
D L LT L

Ce® 254B4.933 10768,300 B662.294 12539.915 14306.685

Summaries for ages 2-5+

] 1982 1983 1984 1985 1986 1987 1988

e m e e m e e e e e e M e ecem e e issssssseaans
E 10907.164 8970.433 15602.043 18272.823 14789.126 10410.907 14374.788
B 1989 1990 1991 1992

B 8101.624 3472.540 6696.050 7781.340
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Table 48. Continued.

SSB AT THE START OF THE SPAWNING SEASON - males & females (MT)

& 1982 1983 1984 1985 1986 1987 1988
e e mrrmmeeeEemsEu A NS sTTERAMe e~ EEA Ao mm T T TR E A A e e a e ————
0 m 6206.571 5901.057 3538.509 4123.002 4530.322  3351.300 1249.479
1B 6497.816 7835.176 BBY3.7S1  5572.544 5875.310 7075.406 4073.458
28 2671.901 5588.414  2782.827  4090.109  2453.98%  2485.944 2060.778
iwm 742,482  2324.582 3007.59¢9 633.813  1474.072  1454.083 721,039
4 ® 190.847 234.633 696.884  1076.366 174,393 507.754  325.804
S+E 192.109 291.430 339.235 391.727 651,253 175.271  148.544
e mEEEMEMM S EEEmEM-m s aTEEAEEEA-mmmEmEEsmNEE---mEEEEA-eeeTESsAEdum-TrTEeTE=m.
O+& 16301.725 22175.291 19238.804 15907.562 15159.336 15049.758 8579.102
a 1989 1990 1991 1992
e ieo - mmEmmsssum——cmEmEmas---~rT-aEsmm=—-=-—=
0 8 2104.442 2739.064 3039.733 2707.301
1 & 1510.595 4046.532 3706.183 8089.610
2 8 1314.279 1042.666 2120.403 2570.823
3B 489.679 492.956 417.536  1257.158
4 ® 128,285 173,115 173.588 190.046
5+8 47.698 68.984 52.083 139.924
e tdsdmmmmeeTEmaMsmmmmmmTTEmEmELaa—TEEn
0+B 5594.977 8563.316 9509.545 14954.861

The above $SBs by age (a) and year (y) are calculated following the
algorithm used in the NEFSC projection program, i.e.

$§SB{a,y) = W(a,y) x P(a,y} x N(a,y} x exp(-Z(a,y)]
where Z(a,y) = 0.83 x M(a,y) + 0.83 x F(a,y)
N(a,y) - Jan 1 stock size estimates (males & females)
P(a,y) - proportion mature (generally females)
W(a,y) - weight at age at the beginning of the spawning season

The W(a,y) are assumed to be the same as the mid-year weight at age estimates
(see “WT AT AGE" table in input section).

MEAN STOCK NUMBERS (thcusands) - SAW1é

B
0
=]
[a%]
-
0
[»-]
(%]
-
e ]
[+-]
.~
—
O
=]
wn
-
O
[
o
0
-]
~

B 70614.353 BO359.309 47841.913 42009.648 51356.731 40312.841
B 28590.367 37D08.784  43603.616 25112.411 24655.858 29970.625
B 8342.387  11376.783 9613.809 13513.530 7794.227  7B66.695
& 734,344 2281.633 4178.137  1475.356  2630.486 1938.792
[ 182.537 226.953 809.118 1148.400 196.079 474.821
[ 135.835 195.669 269,811 312.472 486,888 102.123

B 1988 1989 1990 1991 1992
T
0 B 13429.735 29048.527 32320.1%2 47139.313 37135.397
T B 19825.558 6715.833 17527.833 18209.445 30828.096
2 B B26B.984  4388.737 2282.731 5949.313  6153.388
38 1440.622 1100.70% 764.756 626.122  1483.601
4 o 466.319 198.580 184.097 166.278 158.314
S+E 129.732 44,904 41.993 34.175 75.331

O+@ 43540.950 41497.281 53121.563 72124.647 T75854.127
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TRENDS IN SSB AND RESULTING RECRUITMENT
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Figure 7. Summary of summer flounder 1982-1992 final VPA results.
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Table 49. Commercial and recreational fishery landings, estimated discard, and total catch statistics (metric
tons) as used in the assessment of summer flounder, Maine to North Carolina, 1982-1992, compared

with VPA estimates of total catch blomass

Commercial* Recreational Total VPA Calculated

Landings Discard Catch  Laadings Discard Catch Landings Discard Catch Catch Biomass
1982 10,400 N/A 10,400 9,621 709 16,330 20,021 709 20,730 20,640
1983 13,403 N/A 13,403 16,357 1,221 17,578 29,760 1,221 30,981 26,716
1984 17,130 N/A 17,130 13,147 1,341 14,488 30,277 1,341 31,618 31,156
1985 14,675 N/A 14,675 7,558 286 7,844 22,233 286 22,519 26,266
1986 12,186 N/A 12,186 8,497 1,150 9,647 20,683 1,150 21,833 23,356
1987 12,271 N/A 12,271 5,658 1,252 8,910 17,929 1,252 19,181 19,580
1988 14,8686 N/A 14,686 8,487 895 9,382 23,173 895 24,068 25,484
1989 8,125 886 9,011 1,460 109 1,569 9,585 995 10,580 10,768
1990 4,199 1.516 5,715 2,435 651 3,086 6,634 2,167 8,801 8,662
1991 6,224 1,315 7.539 3.533 1,034 4,567 9,757 2,349 12,106 12,539
1892 7,302 1,111 8,413 3,364 911 4,275 10,666 2,022 12,688 14,307

' Includes forelgn catch {directed foreign and joint venture fishing}

¢ N/A = not available

A comparison between catch blomass as calcu-
lated in the VPA and reported landings plus
estimated discard is made in Table 49.

ESTIMATES OF FISHING MORTALITY
RATES

Fishingmortalityrates on fullyrecruited ages
have on average exceeded 1.0 between 1982 and
1992 (except for 1983}, varying between 1.1 and
1.8, but with a declining trend since 1988. The
WG concluded that F on fully recruited ages (2 to
4,u) was about 1.1 in 1992,

RECRUITMENT, STOCK SIZE,
AND SSB ESTIMATES

Summer flounder spawn in the late autumn
and into early winter (peak spawning on Novem-
ber 1}, and age O fish recruit to the fishery the
autumn after they are spawned. For example,
summer flounder spawned in autumn 1990 (from
the 1990 spawning stock biomass) recruit to the
fishery in autumn 1991, and appear in VPA
tables as age O fish in 1991. This assessment
indicates that the 1982 and 1983 year classes
were the largest of the VPA serles, at 81 and 95
million fish, respectively. The 1988 year class
was the smallest of the series, at only 17 million
fish. The size of the 1992 year class, as estimated
from the recruitment indices, was about 42 mil-
lion fish. Total stock size in 1992 {ages O and
older) was estimated at about 97 million fish,
about 55% of the peak abundance estimated for

1983 (178 million). Spawning stock blomass on
November 1, 1992 was estimated to be about
15,000 mt, about 68% of the peak estimated for
1983 (22,200 mt}.

In summary, the VPA results indicate that
fishing mortality rates on summer flounder have
declined since 1989, but remained above 1.0
during 1992, well above the fishing mortality
target for 1993 (F_ = 0.53) and the overfishing
definition (F_, = 523). Improved recruitiment
since 1988 has resulted in an increase in spawn-
ing stock biomass, but this biomass continues to
be concentrated in a few age classes {Table 48,
Figure 7).

PRECISION OF F AND SSB ESTIMATES

To evaluate the precision of the final VPA
estimates, a bootstrap procedure (Efron 1982)
with 200 iterations was used to generate distri-
butions of the 1992 fishing mortality rate and
spawning stock biomass. This method accounts
for random variation in the tuning data (survey,
LPUE, and CPUE indices). The distribution of the
estimates indicates the amount of uncertainty by
visually depicting variability. The cumulative
probability can be used to evaluate the risk of
making a management decision based on the
estimated value. [t expresses the probability
(chance) that the fishingmortality rate was greater
than a given level when measurement errors are
considered (e.g., some target fishing mortality
rate). For spawning stock biomass, the cumula-
tive plot indicates the probability that it was less
than a given level (e.g., some desired minimum
spawning stock biomass).
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The precistion and blas of the fishing mortality
rates are presented in Table 50. The bootstrap
coefficients of variation on the F's of individual
ages areranged from 25% for age 0, to 34% for age
1, to 149% for fully recruited ages. The fully
recruited F was imprecise because of the highly
skewed distribution of the bootstrap estimates
(Figure 8). This distribution also results in the
bootstrap mean (1.4} being higher than the point
estimate from the VPA [1.1}, although the mode
of the bootstrap distribution (about 1.0} was
slightly lower than the VPA value, Thereis almost
no chance that Fin 1992 was less than the target
value of 0.53.

The bootstrap estimate of spawning stock
. blomass was relatively precise, with a CV of 26%
(Table 50). The bootstrap mean (15,450 mt) was
slightly higher than the VPA point estimate (14,950
mt). The bootstrap results suggest a high prob-
ability that spawning stock biomass in 1992 was
at least 10,000 mt (Figure 9), a substantial
increase over thie VPA estimate of 5,600 mt in
1989.

7 BIOGLOGICAL REFERENCE POINTS

The calculation of biological reference points
for summer flounder using the Thompson and
Bell(1934) model was detailed in the Report of the
Eleventh SAW (NEFC 1930). Since the partial
recruitment pattern has remained stable (in spite
of the addition of commercial discards in the
catch at age matrix for 1989 to 1992), no revised
analysis was performed. The 1990 analysis
indicated F,, = 0.136, F__ = 0.232, and F,, =
0.270.

A scatter plot of spawning stock biomass and
subsequent recruitment is presented in Figure 7.
The plot shows that recruitment in recent (1990
to 1992) years has been sufficient, in spite of high
fishing mortality rates, to slowly increase stock
size from the low levels reached during 1989-
1990.

PROJECTIONS

Yield and stock size projections were made for
1993 to 1995 assuming that the 1993 quota
would be landed, and that fishing mortality tar-
gets In 1994-1995 would be achieved. Thus,
fishing mortality in 1993 (F_ ) was assumed to be
the Frealized if total 1993 landings were 9,400 mt
(5,600 mt commercial, 3,800 mt recreational).
Fishing mortality in 1994-1995 was assumed to

be 0.53. The projections also assume that pat-
terns of discarding, currently due to the impact of
minimum size regulations, will continue over the
time span of the projections. Different patterns
that could develop during 1993 to 1995, due to
trip and bag limits and fishery closures, have not
been evaluated. The partial recruitment pattern
{including discards) used in the projections was
estimated as the geometric mean of F at age for
1990 to 1992. Mean weights at age were esti-
mated as the geometric means of 1980 to 1992
values. Separate mean weight at age vectors
were developed for the spawning stock, landings,
and discards (Table b1).

Three options for initial stock sizes in 1993
were evaluated. Recruitment at age O In 1993
was assumed equal to the geometric mean of VPA
estimmates during 1988-1992, + one standard
error. Stock size at age 1 in 1993 was assumed
equal to the VPA point estimate, + one standard
error. Stock sizes at ages 2 to 5+ were assumed
equal to the VPA point estlmates. These combi-
nations of starting stock sizes in 1993 provided
worst, average, and best case scenarios that -
bracket the range of uncertainty ahout the esti-
mates of stock sizes at ages 0 and 1 in 1993.

Projection results under these three options
are summarized in Table 51. If the 1993 catch
quotas are landed and current relative discard
levels remain stable, Fin 1993 will be about 0.48
with average recruitthent in 1993. Given average
recruitment again in 1994 and 1995, the flshing
mortality target in 1994-1995 (F,, = 0.53) could
be met with a total landings quota of about
14,400 mt (31.7 million pounds) in 1994 and
16,200 mt (35.7 million pounds) in 1995, As-
sumption of the worst and best case scenarios
will result in landings 20% below or 20 to 30%
above the average case in 1994-1995.

CONCLUSIONS AND DISCUSSION

MAJOR DATA AND ANALYTIC NEEDS

The WG identified the following major data
and analysis needs for future assessments:

1} Examine the North Carolina sea sam-
pling data (Observer Program to esti-
mate turtle by-catch) to see how dis-
cardrates and total discard estimates
from those data compare with esti-
mates from the NEFSC sea sampling
program,

2} Develop a standardized index
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Table 50. Bootstrap results for summer flounder VPA, 1982-1992, tuned with research survey indices only,
and one iteratve reweight :

SEED FOR THE RANDOM NUMBER GENERATOR:

MAIN LOOP LIMIT IN MARQUARDT ALGORITHM: 50
NUMBER OF BOQOTSTRAP REPLICATIONS ATTEMPTED:

NUMBER FOR WHICH NLLS CONVERGED:

200

74747

200

Results from the converged replications are used for computing the

statistics that follow.

BOOTSTRAP QUTPUT VARIABLE: _
Age-gspecific stocksizes {on Jan 1,

N hat

Other replications are ignored.

1993) estimated by NLLS

AGE

b B

AGE

1
2
3

BOOTSTRAP OUTPUT VARIABLE:

NLLS
ESTIMATE

3.289E4

2.200E4
3.042E3

BIAS

ESTIMATE

1.641E3
5.137E2
2.142E2

BOOTSTRAP
MEAN

3.453E4
2.251E4
3.256E3

BIAS
STD ERROR

5.936E2
5.280E2
1.362E2

BOOTSTRAP
STD ERROR

8.395E3
7.467E3
1.926E3

PERCENT
BIAS

4.99
2.34
7.04

g_unscaled

C.V. FOR
NLLS SOLY

0.26
0.34
0.63

NLLS EST
CORRECTED
FOR BIAS

3.125E4
2.149E4
.2.827E3

C.V FOR
CORRECTED
ESTIMATE

0.27
0.35
0.68

Catchability estimates (g) for each index of abundance used in the ADAPT

run.

Note that these g'se have been re-scaled to original units.

INDEX

NO.

O 00~ o R

NLLS
ESTIMATE

1.924E-5
1.635E-4
4.873E-5
4.917E~-6
2.390E-5
2.432E-5
1.281E~5
2.798E-5
2.177E-5
3.826E-5
1.612E~5
1.649E-5
1.652E-5
4.001E-5
9.345E-5
1.760E=-5
2.906E-5
2.409E-5
1.581E~-4
1.162E-4
2.684E-6

BOOTSTRAP
MEAN

2.202E-5
1.700E-4
4.950E-5
5.150E-6
2.494E-5
2.598E~5
1.305E-5
2.792E-5
2,407E-5
3.887E-5
1.634E-5
1.678E-5%
1.694E-5
4.430E-5
9.634E~-5

1.762E=-5

2.874E-5
2.454E~-5
1.575E~-4
1.1B1E-4
2.847E-6

BOOTSTRAP
STD ERROR

1.02%E~5
3,381lE-5
1.152E=5
1.778E-86
8.772E-6
8.406E-6
3.13BE-6
4.653E-6
8.587E-6
7.467E-6
4.768E-6
3.014E-6
4.271E-6
1.583E-5
2.714E-5
2.005E=-6
8.444E~6
3.607E-6
2.779E-5
3.029E-=5
1.088E~-6

C.V. FOR
NLLS SOLN

0.53
0.21
0.24
0.36
0.37
0.35
0.24
0.17
0.39
0.20
.30
0.18
0.26
0.40
0.29
0.11
0.2%
0.15
.18
0.26
C.41
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Table 50. Continued.

INDEX
NO.

OO 3 v N e L B g

BOOTSTRAFP QUTPUT VARIABLE:
Full vector of age-specific stocksizes on Jan 1,

BIAS
ESTIMATE

2.785E-6
6.43SE-6
7.735E~7
2.730E-7
1.041E~-6
1.66Q0E~6
2.421E-7
-2.737E-8
2.291E-6
6.3103E~7
2.177E-7
2.872E-7
4.253E-7
4.287E=6
2.894E-6
1.187E-8
~3.168E=7
4.572E=7
-6.604E-7
1.855E-6
1.636E-7

BIAS
STD ERROR

. 250E-7
.391E-6
c144E-7
.257E-7
.203E-7
.944E~-7
.219E-7
+290E=-7
LQ72E-7
.280E-7
. 371E-7
-131E-7
.020E-7
.119E-6
.91%E-6
.417E-7
«971E-7
.551E-7
.965E~6
.142E~6
.695E-8

SN NUORRRDLTONMNDO R DS

N_tl

PERCENT
BIAS

14.48
3.94
1,59
5.55
4.35
6.82
1.89

-0.10

10.52
1.60
1.35
1.74
2.58

10.71
3.10
0.07

-1.09
1.90

~0.42
1.60
6.10

NLLS EST
CORRECTED
FOR BIAS

1.645E-5
1.571E~4
4.795E-5
4.644E~6
2.286E-5
2.266E-5
1.257E-5
2.798E-5
1.948E-5
3.7658E-5
1.591E-5
1.621E-5
1.609E-5
3.873E-5
9.055E-5
1.75%9E-5
2.937E-5%
2.363E-5
1.588E~-4
1.143E~4
2.520E-6

1993

AGE

U W= O

AGE

+

(1 I R PO S Rl ]

NLLS
ESTIMATE

4.725E4
3.289E4
2.200E4
3.042E3
7.333E2
1.155E2

BIAS
ESTIMATE

1.224E2
1.641E3
5.137E2
2.142E2
5.164E1l
8.223EQ

BOOTSTRAP
MEAN

4.738E4
3.453E4
2.251E4
3.256E3
7.85Q0E2
1,237E2

BIAS
STD ERROR

1.079E2
5.936E2
5.280E2
1.362E2
3.284E1
5.187E0Q

BOOTSTRAP
S8TD ERROR

1.526E3
8.395E3
7.467E3
1.926E3
4.644E2
7.336E1

PERCENT
BIAS

0.26
4.99
2.34
7.04
7.04
7.12

N

F

4

O R W

C.V. FCR
NLLS SOLN

.03
.26
.34
-63
.63
.64

[eNeoleluie o)

LLS EST

CORRECTED

OR BIAS

.713E4
.125E4
.149E4
.827E3
-817E2
.073E2

C.V FOR
CORRECTED
ESTIMATE

0.62
0.22
0.24
0.38
0.38
0.37
0.25
0.17
0.44
0.20
0.30
0.19
0.27
0.44
0.30
0.11
0.29
0.15
0.18
0.26
0.43

C.V FOR
CORRECTED
ESTIMATE

0.03
0.27
0.35
.68
0.68
0.68
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BOOTSTRAP OUTPUT VARIABLE:

F t

Full vector of age-specific terminal F’'s (in 1992)

NLLS
AGE ESTIMATE

3.930E-2
4.406E-1
1.075E0
1.07SE0
1.07SEQ
+ 1.075EQ

e WO

BIAS
AGE ESTIMATE

3.445E-4
2.810E-2
3.120E-1
3.120E-1
3.120E-1
+ 3.120E-1

s W= O

BCOTSTRAP OUTPUT VARIABLE: _ _
Fullv-recruited F in the terminal vear (1992)

BOOTSTRAP BOOTSTRAP
MEAN STD ERROR
3.9658E=2 9.663E-3
4.687E~-1 1.416E-1
1.387E0 1.134E0
1.387E0 1.134E0
1.387EQ 1.134E80
1.387E0 1.134E0
BIAS PERCENT
STD ERROR BIAS
6.833E-4 0.88
1.001E-2 6.38
8.020E-2 29.01
8.020E-2 29.01
8.020E-2 29.01
8.020E-2 29.01
F full ¢

NLLS
AGE ESTIMATE

2-4,u 1.075E0

BIAS
AGE ESTIMATE

2-4,u 3.120E-1

BOOTSTRAP
MEAN

1.387E0

BIAS
STD ERROR

8.020E-2

BOOTSTRAP
STD ERROR

1.134E0

PERCENT
BIAS

29.01

C.V. FOR
NLLS SOLN

0.25
0.32
1.05
1.05
1.05
1.05

NLLS EST
CORRECTED
FOR BIAS

3.896E-2
4.125E-1
7.634E-1
7.634E-1
7.634E-1
7.634E-1

Cc.V. FOR
NLLS SOLN

1.05%

NLLS EST
CORRECTED
FOR BIAS

7.634E-1
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C.V FOR
CORRECTED
ESTIMATE

0.25
0.34
1.49
1.49
1.49
1.49

C.V FOR
CORRECTED
ESTIMATE

1.49
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Table 50.

Continued.

BOOTSTRAP CUTPUT VARIABLE:

PR t

Partial recruitment vector in the terminal vear (1992)
BOOTSTRAP BOOTSTRAP C.V. FOR
AGE ESTIMATE MEAN STD ERROR NLLS SOLN
0 3.6558-2 3.710E~2 1.686E-2 0.46
1 4.098E-1 4.412E-1 2.152E-1 0.53
2 9.980E-1 2.088E-2 0.02
3 1.000ED 9,980E-1 2.088E-2 0.02
4 1.000E0 9,980E~1 2.088E-2 0.02
5+ 1.0C0ED 9,980E-1 2.088E~2 $.02
NLLS EST
BIAS BIAS PERCENT CORRECTED
ESTIMATE STD ERROR BIAS FCR BIAS
5.501E-4 1.192E-3 1.50 3.600E~2
3.138E-2 1.521E-2 7.66 3.784E-1
-1.993E-3 1.476E=-3 =0.20 1.002E0
-1,993E-3 1.476E~3 -0.20 1.002E0
«~]1.993E=~3 1.476E-3 =-0.20 1.002E80
-1.993E-3 1.476E-3 -0.,20 1.002E0
BOOTSTRAP OQUTPUT VARIABLE: PRmmean
Average partial recruitment over 1990-1992
BOOTSTRAP BOOTSTRAP Cc.V. FOR
AGE ESTIMATE MEAN STD ERROR NLLS SOLN
o] 3.697E-2 3.652E=-2 7.023E-3 0.19
1 4.777E=1 4.7458-1 8.092E-2 0.17
2 8.959E~1 8.948E~-1 6.852E-3 0.01
3 g.799E~-1 9,789E=1 7.481E~3 0.01
4 9,438E~1 9.430E-1 7.757E-3 0.01
5+ 9.438E-1 9.430E~1 7.757E-3 0.01
NLLS EST
BIAS PERCENT CORRECTED
AGE ESTIMATE STD ERROR BIAS FOR BIAS
0 -4,520E-4 4.966E~4 ~-1.22 3.743E-2
1 =-3.177E-3 5.722E=-3 ~0.67 4.808BE-1
2 -1.047E-3 4.845E-4 -0.12 8.969E-1
3 -1.005E-3 5.290E-4 -0.10 9.809E-1
4 -8.141E-4 5.485E~4 -0.09 9.446E-1
5+ -8.141E-4 5.485E-4 =-0.09 9.446E~1
BOOTSTRAP QUTPUT VARIABLE: B mean t

Mean stock biomass during the terminal vear (1992)

NLLS
ESTIMATE

2.908E4

BIAS

ESTIMATE

7.708E2

BOOTSTRAP
MEAN

2.985E4
BIAS
STD ERROR

3.824E2

BOOTSTRAP
STD ERROR

5.409E3
PERCENT
BIAS

2.65

C.V. FOR
NLLS SOLN

0.19

NLLS EST
CORRECTED
FOR BIAS

2.831E4

C.V FOR
CORRECTED
ESTIMATE

0.47
0.57
0.02
0.02
0.02
0.02

C.V FOR
CORRECTED
ESTIMATE

0.19
0.17
0.01
0.01
0.01
0.01

C.V FCR
CORRECTED
ESTIMATE

0.1%
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Table 50. Continued.

BOOTSTRAP OUTPUT VARIABLE: SSB f mean t
Mean female $SB during the terminal vear (19%2)

NLLS BOOTSTRAP BOOTSTRAP C.V. FOR
ESTIMATE MEAN STD ERROR NLLS SOLN
9.937E3 1.01784 2.049E3 0.21
NLLS EST C.V FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
2.291E2 1.449E2 2.31 9.708E3 0.21

BOOTSTRAP OUTPUT VARIABLE: S8B_spawn_t
SSB (males & females) at start of spawning seascn {1992}

NLLS BOOTSTRAP BOOTSTRAP C.V. FOR
ESTIMATE MEAN 5TD ERROR NLLS SOLN

1.495E4 1.545E4 3.712E3 0.25

NLLs EST C.V FCR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIaS FOR BIAS ESTIMATE

5.002E2 2.625E2 3.34 1.44%E4 0.26
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Figure 8. Precision of the estimates of fully recruited F (ages 2-4,u} in 1992 for summer flounder. Vertical bars

display the range of the bootstrap estimate and the probability of individual values in that range. The
dashed line gives the probabllity that F is greater than any value along the X axis.
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Figure 8. Precislon of the estimates of spawning stock blomass on November 1. 1992 for summer flounder.

Vertical bars display the range of the bootstrap estimate and the probability of individual values in
that range. The dashed line gives the probability that SSB is less than any value along the X axis.

3)

of abundance from existing NEFSC
sea sample data (catch = kept + dis-
card) to provide a commercial fishery
index that accounts for all removals
by the fishery.

Continue the NEFSC sea sampling
program collection of data for sum-
mer flounder, with special emphasis
on a) improved areal and temporal
coverage, b) adequate length and age
sampling, and c) continued sampling
after commercial fishery quotas are
reached. Maintaining adequate sea
sampling will be especially important
in the next few years, In order to
monitor a) the effects of implementa-
tion of gear and closed/exempted area
regulations, both in terms of the re-
sponse of the stock and the fisher-
men, b) potential continuing changes
in “directivity” in the surnmer floun-
der fishery, as a results of changes in
stock levels and regulations, and ¢)
discards of summer flounder in the
otter trawl fishery once quota levels
have been attained and the summer
flounder fishery is closed or restricted
by trip limits.

4] The 1989 to 1992 NEFSC sea sample

data show that summer flounderland-
ings and discard occur in many differ-
ent components of the Southern New
England (SNE) and Mid-Atlantic (MA)
otter trawl fishery, as characterized
by area and time strata (fisheries sta-
tistical division and calendar quar-
ter]. In the current estimation proce-
dure, the geometric mean discardrate
(kg/day fished) from the sea sampling
data Is multiplied by the number of
days fished recorded by the weighout
sampling program, within divislon/
quarter strata, to estimate total dis-
card. The basis for combining the two
sampling programs to estimate dis-
cards rests with the good agreement
between a} landings estimated from
the sea sample landings rates and
days flshed recorded in the welghout
database (SS_est), and b) landings
reported directly in the welghouts
(WO_est).

Consideration of the variation in catch
anddiscardrates inthe differentarea/
time strata has proven necessary to
obtain what appear to be reasonable
estimates of summer flounder dis-
card during 1989 to 1992, Valuable
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Table 51. Inputparameters and projectionresults for summer flounder, landings, discard, and spawning stock
blomass {(mt)!
Stock Size Fishing Proportion Proportion Mean Mean Mean
in 1993 Mortality Landed Mature Weights Welghts Weights
Pattern Spawning  Landings Discards
Stock
0 22721,33858, 50453 0.04 0.180 0.38 0.211 0.282 0.192
1 24492, 32887,41282 0.49 0.580 0.72 0.430 0.491 0.352
2 22000 0.91 0.990 0.90 0.751 0.801 0.604
3 3042 1.00 1.000 1.00 1.237 1.237 1.237
4 733 1.00 1.000 1.00 1.794 1.794 1.794
5+ 116 1.00 1.600 1.00 2.835 2.835 2.835
F,, = F realized if 1993 quota is taken
Stock size Stock size 1993 1994 19385
atage 0 atagel 000s mt 000s mt 000s mt
F, 1r 1993-95 im 1993 Land. Disc. SSB ) Land. Disc. $8B Land. Disc. S8B
0.62 22721 24492 9.4 09 182 F_~0.53 12.1 06 21.0 126 0.7 21.8
0.48 33858 32887 9.4 1.1 211 F@-‘O.53 i44 1.0 26.1 162 1.0 28.8
0.46 50453 41282 9.4 1.3 244 F@-O.53 170 1.5 326 20.8 1.5 38.1

! Starting stock slzes on 1 January 1993 are as estimated by VPA, except age O which Is the geometric mean of VPA estimated
nurnbers at age 0 (thousands) for 1988-92, + 1 standard error. Steck size at age 1 is also examined for a range of values (VPA
point estimate + 1 standard error). Fishing mortality was apportioned among landings and discard based on the proportion of
F associated with landings and discard at age during 1990-92. Mean welghts at age (spawning stock, landings, and discards)
are geometric means of 1990-92 values. Recrultment levels In 1994-85 are also estimated as the geometric mean of numbers
atage 0 {thousands), + 1 standard error, during 1988-92. F_, 1s the F realized {f fishery landings quotas, plus assoclated discard,
are caught in 1993 (commercial landings = 5600 mt, recreational landings = 3800 mt). F, , = 0.53 s the target designated by
the MAFMC, Proportion of F, M before spawning = 0.83 {spawning peak at 1 November).

information on summer flounder catch
and discard rates is received from sea
sample trips that do not target sum-
mer flounder. Current sea sampling
effort (Le., number of trips) for sum-
mer flounder varies considerably
across division and quarter. To evalu-
ate the efficacy of the current alloca-
tion of sea sampling in the SNE/MA
otter trawl fishery for summer floun-
der, the WG examined the relative
error between landings estimated from
data collected by the sea sampling
and weighout systems.

Relative error was defined as
{SS_est aq " WOWesty’ d‘q) / WO_estyv dq
where é'S_esty 4. 18 the sea sampling
estimate of lahgings for year y, divi-
sion d, and guarter g and VVOmestMq
is the associated weighout estimate.

Standard sampling theory suggests
that the accuracy of estimate should
improve with the number of represen-
tative samples per cell. A plot of
relative error versus the number of
sea sampling trips per division/quar-
ter stratumn illustrates the expected
pattern of decreasing error with in-
creasing number of trips (Figure 10}.
When no sample trips were conducted
in a given cell, estimates were im-
puted frem appropriate adjacent cells.
The analysis suggests that little re-
duction in relative error occurs at
sampling intensities grater than six
trips per, cell, and that the overall
relative error of the discard estimates
could be minimized by doubling the
current sea sampling effort in the
SNE/MA otter trawl fishery (from the
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Relative Error = (SS_est—WO_ES'I)}'WO_est
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Figure 10. Relative error in the estimates of landings from sea sample and weighout data versus the number
of sca sampling rips per year in division/quarter stratum. Sea sampling trips are those catching
any summer flounder, split by division, in the Southern New England/Mid-Atlantic otter trawl
fishery, 1989-1992.

1989 to 1992 average of 78 trips per
year, split by division, which caught

rate projections of landings, discard,
and spawning stock biomass under
any sumimer flounder, to 156 trips per various mesh size/minimum length/
year]). A preliminary examination ofa quota combinations.

GLM (SAS 1985) with year, division, 7) The WG urges continuation of the
quarter, and number of sea sampling NEFSC winter trawl survey, as initial

5)

6)

trips as factors showed significant
division and division by sea sampling
trip interaction effects, suggesting
varying allocation of trips by division
will be-necessary to optimize sam-
pling effort. Allocation of effort armnong
cells should be investigated further.
The WG encourages continuing re-
search to determine length and age
frequency and discard mortality rates
of commercial and recreational fish-
ery summer flounder discards.

The WG encourages review of avail-

analyses of winter survey data sug-
gest that this series will provide more
reliable and precise indices of abun-
dance for use in mortality estimation
and VPA tuning than those provided
by the NEFSC spring and autumn
survey time series.

MAJCR SOURCES OF ASSESSMENT
UNCERTAINTY

The WG identified the following major
sources of uncertainty in the current assess-
ment:

1} VPA estimates of stock size in 1993

able nformation on mesh selectivity
of diamond and square mesh for sum-
mer flounder, This information will be
important in the future to make accu-



are not precise because they depend
on imprecise survey indices. Pro-
jected landings should be considered
with caution.

2) Indices of recruitment are not avail-
able for 1993, and so estimates of age
0 in 19983 for projections are based on
a geometricmean, * 1 standard error.

3) Sea sampling length frequency data
for 1992 are unavailable, and so 1889
to 1991 mean proportions at age,
length at age, and weights at age have
been used to characterize the 1992
commercial fishery discard. Effects of
quotarestrictions on discard patterns
in 1893 cannot be incorporated into
projections.

4) North Carolina commercial landings
at age for 1992 are based on provi-
sional length frequency data {data for
quarters 1 and 4 only), and may be
revised somewhat in the future.

5} The current assumptions accepted to
allow characterization of the age com-
position of the recreational live dis-
card are based on data from a limited
geographic area (Long Island, New
York}.

6) The present maturity ogive for sum-
mer flounder is based on simple gross
examination of ovaries, and may not
accurately reflect the spawning po-
tentlal of summer flounder, especially
age 0 and age 1 fish.
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