G. Witch Flounder by S. Wigley and L. Col
1.0 Background

Witch flounder, Glyptocephalus cynoglossus, are assessed as a unit stock from the Gulf of Maine
southward. An analytical assessment was last conducted for this species in 2003 (Wigley et al.
2003) for SAW/SARC 37 (NEFSC 2003). The 2003 assessment indicated average fishing
mortality (ages 8-9, unweighted) increased from 0.26 in 1982 to 0.67 in 1985, declined to 0.22 in
1992, increased to 1.13 in 1996, then declined to 0.41 in 2002. Spawning stock biomass
declined from 16,897 tons in 1982 to about 3,800 tons in 1996 and then increased sharply to
18,296 mt in 2002. Since 1982, recruitment at age 3 has ranged from approximately 3 million
fish (1984 year class) to 67.6 million fish (1997 year class) with a mean (1979 — 2000 year
classes) of 19.6 million fish.

This report updates catch through 2004, survey indices through spring 2005, and estimates 2004
fishing mortality and spawning stock biomass for stock status determination.

2.0 Assessment Data
The Fishery

Significant proportions of the U.S. nominal catch have been taken from both the Georges Bank
and Gulf of Maine regions. Canadian landings from both areas have been minor (not more than
68 mt annually). USA landings generally increased from the early 1960s, peaked in 1984 at
6,666 mt. Subsequently, landings declined and have fluctuated about 2,300 mt. In 2004,
landings were 2,917 mt (Table G.1 and Figure G.1).

Sampling intensity of landings during 2003 and 2004 increased over recent years (Table G.2),
however, as in previous years, it was necessary to pool some quarters for some market
categories. To estimate landings at age and mean weights at age, quarter, semi-annual or annual
age-length keys were applied to corresponding commercial landings length frequency data by
market category.

Discard estimation

Discards-at-age were updated using the same estimation methods used in the 2003 assessment
for the northern shrimp fishery and the large-mesh otter trawl fishery (Wigley et al 2003).

Discards from the northern shrimp fishery were estimated using two methods: when no observer
data were available (1982-1988, 1998-2002), a regression of age 3 fish in the autumn NEFSC
survey and observed discard rates were used to estimate ratios of discard weight to days fished
(d/df) ratios. When observer was available (1989-1997, 2003-2004), d/df ratios were calculated
by fishing zone (a surrogate for depth). To estimate discard weight, the mean discard ratio
(weighted by days fished in each fishing zone) was expanded by the days fished in the northern
shrimp fishery.

For 2003 and 2004, witch flounder discards in the northern shrimp fishery were estimated to be
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near zero. This is attributed to the short northern shrimp season and the shift in effort to near-
shore waters, inshore of the witch flounder distribution

Witch flounder discarded in the northern shrimp fishery range in age from 0 to 6, with the
majority at ages 1-3. The number of fish discarded in the shrimp fishery is small compare to the
landings (Figure G.2).

The estimation of large-mesh otter trawl discards is based upon two methods. For 1982 to 1994,
a method which filters survey length frequency data through a commercial gear retention ogive
and a culling ogive was used and then a semi-annual ratio estimator of survey-filtered ‘kept’
index to semi-annual numbers landed was used to expand the estimated ‘discard’ survey index to
numbers of fish discarded at length. For 1989 to 2004, discard weight to kept weight ratios (d/k)
were calculated from observer data on a semi-annual basis. Total discard weight was derived by
multiplying the d/k ratio by the commercial landings. Given the limited sample size (number of
trips) prior to 1995, discards at age were estimated from 1995 onward. Observed discard length
frequencies are used to estimate discarded fish at length. Semi-annual numbers of fished
discarded were apportioned to age using the corresponding seasonal NEFSC survey age/length
key. Witch flounder discarded in the large mesh otter trawl fishery range in age from 0 to 6,
with the majority at ages 4 to 5. The number of fish discarded in the large-mesh otter trawl
fishery is small compare to the landings (Figure G.2).

The total catch (landings + otter trawl discards + shrimp trawl discards) at age is presented in
Table G.3 and Figure G.2. The age composition data reveal strong 1979- 1981 year classes;
the 1989 and 1993 year classes also appear strong. The poor 1984 year class is also evident as
well as a truncated age-structure since the early 1990’s. As observed in recent years, the mean
weights-at-age in the catch continue to decline (Figure G.3).

Research Vessel Survey Indices

The NEFSC bottom trawl survey indices generally declined from the early 1960s to record low
levels in the late 1980s and early 1990s. Since then survey indices increased but have exhibited
a declining trend since 2000 (Table G.4, Figure G.4a-b). Survey age compositions (mean
number per tow at age)are presented in Table G.5. The survey mean weights and mean lengths
at age show a similar decline as reported in the commercial landings. Survey maturity-at-age
has remained stable in recent years.

3.0 Assessment Results

Since the last assessment, minor VPA software changes have occurred and additional age and
length data have become available. These changes had only a minor impact on the SARC 37
assessment results (Table G.6). For the current assessment, the VPA formulation is the same as
the 2003 assessment and uses catch (landings and discards) through 2004 and NEFSC spring and
autumn survey indices through 2005 and 2004, respectively, to estimate stock sizes for ages 3 to
10. The VPA had a mean square residual of 0.81, the coefficients of variation (CVs) for
estimated ages ranged between 27% and 65% (Table G.6), and the CVs for survey catchability
coeffiecients (q) were consistent, ranging from 11% to 25%.
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VPA results indicate average fishing mortality (ages 8-9, unweighted) increased from 0.26 in
1982 to 0.68 in 1985, declined to 0.22 in 1992, increased to 1.12 in 1996, then declined to 0.20 in
2004 (Tables G.7 and G.8, Figure G.5). Spawning stock biomass declined steadily from 16,897
mt in 1982 to 3,901 mt in 1996, and has increased to21,175 mt in 2004 (Tables G.7 and G.8,
Figure G.6). Since 1982, recruitment at age 3 has ranged from approximately 3 million fish
(1984 year class) to 45 million fish (1997 year class) with a mean of 15.5 million fish (median of
14 million; Table G.7, Figure G.6). The addition of the 2000 to 2002 year classes to the stock-
recruit data continued the negative trend observed in this relationship in the previous assessment.
The current age composition of the spawning stock is approaching the equilibrium age
composition. However, given the recent poor year classes (2000-2002), spawning stock biomass
will eventually decline as these poor classes enter the fishery (Figure G.6).

The retrospective analysis indicates that average F was underestimated in the late 1990s and
early 2000s (Figure G.7a) and spawning stock biomass was consistently overestimated (Figure
G.7b). The retrospective analysis indicated a pattern of relatively consistent estimates of the
number of age 3 recruits, with the notable exception of the 1992, 1993 and 1996 year classes,
which were considerably overestimated (Figure G.7c¢).

Bootstrap results suggest that the estimates of F and spawning stock biomass are relatively
precise with CVs of 30% and 14%, respectively. The 80% confidence interval for F,004=0.20
was 0.15 and 0.28, and for SSBygo4 = 21,175 mt the 80% confidence interval was 18,192 mt and
26,121 mt.

4.0 Biological Reference Points

Based on yield and spawning stock biomass per recruit analyses and the arithmetic mean of the
VPA age 3 recruitment (NEFSC 2003), the biological reference points are:

SSBmsy = 25,248 mt
Fmsy = F40% = 0.23
MSY =4,375 mt.

The 2004 spawning stock biomass (21,175 mt) was above Y2 SSBmsy (12,624 mt), the
overfished threshold, and 2004 fishing mortality (0.20) was below Fmsy (0.23), the overfishing
threshold; therefore, witch flounder was not overfished and overfishing was not occurring in
2004.

Amendment 13 Projections and current status

There is no formal rebuilding program required for witch flounder, thus there is not a rebuilding
biomass trajectory. Amendment 13 is designed to end overfishing of witch flounder; a spawning
stock biomass trajectory at Fmsy was conducted for Amendment 13. The spawning stock
biomass estimates from this assessment are below what was projected for the Amendment 13.
The fishing mortality estimated for 2004 is below the Fmsy used in the Amendment 13
projections (Figure G.8).
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5.0 Panel Comments

The Panel discussed the adequacy of the age-length information used to estimate the commercial
landings-at-age. There is now sufficient information for some of the years to develop estimates
by quarter and market category, and given continued adequate sampling, this should be
continued in the future. This may be important as the fishery has apparently shifted from
peewees and smalls to smalls and mediums. There is some caution about simply using the
number of samples as an indication about sample size. In the past, a sample normally consisted
of about 100 fish. With potentially smaller catches, this criterion for sampling has been relaxed
in order to get samples. Given that witch flounder is very slow growing, the pooling effect may
not be as much of an issue.

There was some discussion of the apparent expansion in age structure of the discards beginning
in 1995. It was suggested that this may be an artifact of the change in estimation method
beginning in 1995. However, another expansion of the age structure was apparent in 2002 with
the same method. Observed discards of large fish may be due to the inclusion of trips from other
fisheries that do not require use of a DAS, although trips targeting Lol/igo were excluded.

The panel discussed the recent declines in mean weights. It is possible that fishing patterns have
changed in relation to the distribution of the stock to areas that are less favorable for growth. The
distribution of the fishery and survey should be investigated in the future.

The short term decline in size at maturity in the late 1980s was discussed. This short term decline
coincided with very low biomass. It was not possible to examine the decline on an annual basis
due to low sampling (sparse data).

The difference in current estimate of 2004 biomass compared to the estimate projected from the
last assessment may be due to an increase in the estimate of realized F being higher than that
used in the projections, lower recruitment than expected and a retrospective underestimate of
SSB.

The Panel noted that the recent increase in SSB has been mostly driven by the good recruitment
of the 1996-1998 year classes. If catches remain constant, SSB will eventually decline as the
following poor year classes enter the fishery.

Projection Advice - The Panel recommended using an average of the mean weights from 2002-
2004 for projections. The same years are suggested for the partial recruitment and maturity (5
year average of 2001-2005) vectors. Given the declining trend in recruitment, the panel
recommended using the estimated value of the 2002 year class although it was an uncertain
estimate. For 2006-2008, the panel suggested re-sampling just the 2000-2002 year classes (not
the entire series). Given that witch flounder is long-lived and late maturing, the values of
recruitment should not be influential in the projections.

6.0 Sources of Uncertainty

. Low frequency of samples across market category and quarter results in imprecise mean
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weights at age and estimates of numbers at age.

. Lack of data to support direct estimates of discards at age requires use of various
surrogate survey-based methods.

. Retrospective patterns suggest that estimates of SSB may be overestimated (e.g. future
assessments may have lower estimates of SSB).

. The research bottom trawl survey catches very few witch flounder; in most years, the
stratified mean number per tow of witch flounder is less than 5 fish. Abundance of witch
flounder in the late 1980s and early 1990's may have gone below levels that provide
reliable estimates of trends in abundance and biomass
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Table G.1.

Witch flounder landings, discards and catch (metric tons, live) by country, 1937-2004
[1937-1959 provisional landings reported in Lange and Lux, 1978; 1960-1963 reported to
ICNAF/NAFO (Burnett and Clark, 1983)].

LANDINGS
USA USA
Year Subarea  Subarea USA USA USA
4,5&6 3 Total CAN Other Total Discards Catch
1937 5000 5000
1938 3600 3600
1939 3100 3100
1940 3000 3000
1941 2000 2000
1942 1800 1800
1943 1000 1000
1944 1000 1000
1945 1000 1000
1946 1500 1500
1947 1500 1500
1948 1000 1000
1949 3600 3600
1950 3000 3000
1951 2600 2600
1952 3700 3700
1953 4200 4200
1954 4000 4000
1955 2400 2400
1956 2000 2000
1957 1000 1000
1958 1000 1000
1959 1000 1000
1960 1255 1255 1255
1961 1022 1022 2 1024
1962 976 976 1 977
1963 1226 1226 27 121 1374
1964 1381 1381 37 1418
1965 2140 2140 22 502 2664
1966 2935 2935 68 311 3314
1967 3370 3370 63 249 3682
1968 2807 2807 56 191 3054
1969 2542 2542 1310 3852
1970 3112 3112 19 130 3261
1971 3220 3220 35 2860 6115
1972 2934 2934 13 2568 5515
1973 2523 2523 10 629 3162
1974 1839 1839 9 292 2140
1975 2127 2127 13 217 2357
1976 1871 1871 5 6 1882
1977 2469 2469 11 13 2493
1978 3501 3501 18 6 3525
1979 2878 2878 17 2895
1980 3128 3128 18 1 3147
1981 3442 3442 7 3449
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Table G.1. continued. Witch flounder landings, discards and catch (metric tons, live).

LANDINGS
USA USA

Year Subarea Subarea USA USA USA

4,5&6 3 Total CAN Other Total Discards Catch
1982 4906 4906 9 4915 48 4954
1983 6000 6000 45 6045 162 6162
1984 6660 6660 15 6675 100 6760
1985 6130 255 6385 46 6431 61 6191
1986 4610 539 5149 67 5216 25 4635
1987 3450 346 3796 23 3819 47 3497
1988 3262 358 3620 45 3665 60 3322
1989 2068 297 2365 13 2378 133 2201
1990 1465 2 1467 12 1479 184 1649
1991 1777 1777 7 1784 95 1872
1992 2227 2227 7 2234 171 2398
1993 2601 2601 10 2611 376 2977
1994 2665 2665 34 2699 422 3087
1995 2209 2209 11 2220 193 2402
1996 2087 2087 10 2097 254 2341
1997 1771 1771 7 1778 300 2071
1998 1848 1848 10 1858 286 2134
1999 2121 2121 19 2140 213 2334
2000 2439 2439 53 2492 115 2554
2001 3019 3019 32 3051 224 3243
2002 3188 3188 34 3222 279 3467
2003 3124 3124 30 3154 381 3505
2004 2917 2917 2917 233 3150
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Table G.4. Stratified mean number, weight (kg), length (cm), and individual weight (kg) per tow of witch flounder in
NEFSC offshore spring and autumn bottom trawl surveys in Gulf of Maine-Georges Bank region
(strata 22-30,36-40), 1963-2005.

SPRING AUTUMN

Number Weight Length  Ave. wt. Number Weight Length  Ave. wt.
Year per tow per tow per tow per tow per tow per tow pertow  per tow
1963 - - - - 5.52 3.46 39.7 0.627
1964 - - - - 2.89 2.00 44.2 0.691
1965 - - - - 3.94 2.27 40.6 0.577
1966 - - - - 7.80 4.56 41.2 0.584
1967 - - - - 3.01 2.02 43.7 0.673
1968 4.83 3.35 423 0.695 4.82 3.49 44.8 0.724
1969 3.74 2.53 453 0.676 5.81 4.40 43.5 0.757
1970 6.39 4.49 44.7 0.702 4.89 3.71 45.0 0.760
1971 2.70 2.04 46.5 0.756 4.32 2.95 42.1 0.683
1972 5.35 4.01 45.8 0.749 3.24 242 43.9 0.747
1973 8.20 6.21 44.8 0.758 3.18 2.05 43.6 0.646
1974 6.23 3.62 39.3 0.581 2.38 1.58 41.0 0.666
1975 3.72 2.75 43.9 0.739 1.66 1.03 39.8 0.621
1976 5.50 3.70 423 0.673 1.34 0.94 41.9 0.699
1977 4.20 1.96 37.2 0.467 5.06 3.38 42.0 0.669
1978 3.87 2.56 41.7 0.662 4.04 2.94 42.8 0.727
1979 291 1.71 38.2 0.587 1.94 1.62 45.2 0.838
1980 8.46 3.89 36.0 0.460 2.62 2.04 43.7 0.777
1981 8.14 4.05 38.0 0.497 3.66 2.19 40.4 0.600
1982 3.64 1.87 37.2 0.513 0.99 0.83 44.7 0.842
1983 6.41 2.74 36.3 0.427 4.72 2.12 36.7 0.448
1984 3.00 1.66 39.9 0.554 4.37 2.34 39.7 0.534
1985 5.18 2.75 40.3 0.531 2.76 1.59 41.9 0.577
1986 2.07 1.35 44.1 0.650 1.59 1.09 433 0.683
1987 1.01 0.65 43.4 0.646 0.48 0.37 43.9 0.774
1988 1.43 0.85 423 0.590 1.38 0.57 352 0.414
1989 1.95 0.74 35.8 0.382 0.89 0.38 314 0.423
1990 0.63 0.24 352 0.378 2.00 0.40 24.7 0.200
1991 1.68 0.57 31.5 0.341 2.08 0.54 29.2 0.258
1992 1.26 0.48 34.8 0.383 0.94 0.24 29.5 0.254
1993 1.47 0.36 30.3 0.245 5.15 0.54 17.0 0.105
1994 3.13 0.53 27.4 0.170 2.21 0.42 24.9 0.191
1995 1.88 0.47 30.6 0.248 4.74 0.62 25.7 0.132
1996 1.36 0.28 30.5 0.204 5.38 1.02 29.7 0.189
1997 2.22 0.43 31.0 0.195 5.11 0.77 24.9 0.150
1998 4.27 0.77 29.0 0.179 3.70 0.47 242 0.127
1999 3.15 0.48 28.1 0.153 592 0.88 26.3 0.148
2000 3.45 0.52 27.3 0.151 6.63 1.11 27.1 0.167
2001 4.41 0.75 29.5 0.171 7.94 1.71 32.3 0.216
2002 8.10 1.62 314 0.199 431 1.06 332 0.247
2003 5.20 1.30 34.2 0.250 2.66 0.79 354 0.298
2004 3.80 1.08 35.5 0.285 3.82 1.03 333 0.271
2005 3.36 0.89 34.6 0.264

Note: No significant differences in catchability were found for witch flounder between BMV and polyvalent doors, no significant differences were found
between research vessels, therefore no adjustment have been made (Byrne and Forrester, MS 1991). Spring surveys during 1973-1981 were accomplished with a
41 Yankee trawl; in all other years, a 36 Yankee trawl was used. No adjustments have been made.
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Table G.6. Parameter estimates (with associated statistics) and estimates of terminal F from ADAPT VPA

formulations for witch flounder; stock sizes in ‘000s.

Notes: SARC 37 Re-Run of Revised CAA GARM 2005
SARC 37 (age and length) BASE RUN

Software NFTv2011 NFTv222 NFTv222/231 NFT 231

CAA 1982-2002 1982-2002 1982-2002 1982-2004
3-11+ 3-11+ 3-11+ 3-11+

Est.Ages 3-10 3-10 3-10 3-10

NMFS-s 3-11+ 3-11+ 3-11+ 3-11+

NMFS-a 3-11+ 3-11+ 3-11+ 3-11+

M.S.R. 791 191 793 811

N3 (cv) 19,759 (.64) 19,759 (.64) 19,752 (.64) 3,902 (.65)

N4 (cv) 25,441 (.45) 25,441 (.45) 25,432 (.45) 4,053 (.46)

N5 (cv) 42,739 (.37) 42,739 (.37) 42,727 (.37) 9,206 (.39)

N6 (cv) 41,657 (.33) 41,657 (.33) 41,640 (.33) 14,614 (.35)

N7 (cv) 21,203 (.31) 21,203 (.31) 21,204 (.31) 19,943 (.32)

N8 (cv) 10,370 (.32) 10,370 (.32) 10,362 (.32) 17,315 (.30)

N9 (cv) 3,903 (.33) 3,903 (.33) 3,931 (.33) 8,815 (.27)

N10 (cv) 791 (.45) 791 (.45) 792 (.45) 2,245 (.37)

Age 3 in T+1 19,760 19,760 19,752 3,902

('000s)

F1 - - - -

F2 - - - -

F3 0.0015 0.0015 0.0015 0.0058

F 4 0.0161 0.0161 0.0160 0.0323

F5 0.0268 0.0268 0.0269 0.0661

F6 0.0595 0.0595 0.0591 0.0690

F7 0.1741 0.1741 0.1748 0.0772

F38 0.2648 0.2648 0.2622 0.1136

F9 0.5526 0.5526 0.5570 0.2838

F10 0.4087 0.4087 0.4096 0.1987

F11+ 0.4087 0.4087 0.4096 0.1987

Ave F 7-9 - - - -

Ave F 8-9 0.4087 0.4087 0.4096 0.1987

SSB (‘000 mt) | 18,296 18,369 18,370 21,175
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Figure G.1. Historical USA witch flounder landings (mt), excluding USA landings from the
Grand Banks in the mid-1980's. The thin line represents provisional landings data taken from
Lange and Lux (1978). Discards are from the northern shrimp and large-mesh otter trawl
fisheries.
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Figure G.2. Number of witch flounder (‘000 of fish) at age in the total catch, by fishery, 1982-2004. Open bar
represents discards in the shrimp fishery, diagonal bar represents discards in large-mesh fishery and hatched bar
represents landings.
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Figure G.2 continued.
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Figure G.3. Witch flounder mean weights at age in the catch, 1982 — 2004.
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Figure G.4. Stratified mean weight (kg) per tow (A) and mean number per tow (B) of
witch flounder in the NEFSC spring and autumn bottom trawl surveys, 1963-2005.
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Figure G.5. Trends in total catch and fishing mortality for witch flounder, 1982-2004.
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Figure G.6. Trends in spawning stock biomass and recruitment (age 3) for witch flounder; 1982 — 2004.
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Figure G.7. Retrospective analysis results of fishing mortality(A), spawning stock biomass (B), and
age 3 recruitment (C) for witch flounder.
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Figure G.8 . Comparisons of Amendment 13 projected and 2004 assessment estimates of witch flounder spawning
stock biomass (A) and fishing mortality (B), 2003 - 2014. Solid lines represent the median values and dash lines
represent the 25 and 75 percentiles.
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