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INTRODUCTION 

The stock Assessment Review Committee 
(SARC) of the 15th Regional stock Assessment 
Workshop (1 5th SAW) met at the NortheastF1sh
erles Science Center (NEFSC) , Woods Hole, Mas
sachusetts during December 7-11. 1992. The 
thirteen members of the SARC were from a 
number of organizations within the region and 
Canada (Table 1). Nearly 50 Individuals partici
pated In the meeting overall (Table 2). 

The SARC agenda Included five species/ stocks 
and gear research (Table 3). Analytical assess
ments for surfclrun, ocean quahog, Gulf of Maine 
cod, and Georges Bank cod were reviewed. An 
update of abundance indices and catch were 
provided forredfish and a review of old and recent 
studies on mesh selectivity was discussed. 

The SARC technically evaluated the assess
ments to determine the current status of each 
resource. Additional analyses were conducted 
and new working papers were presented in re
sponse to technical questions that were raised 
and to support specific recommendations for 
improving the existing analyses. 

Common problems that plague many of our 
assessments In the Northeast and which were 
important at this review of cod assessments 
were: 

• recreational harvest amounts were 
not known 

• discard data were not available 
• the analyses of effort data were un

able to take changes In technology 
into account over time. 

Both cod stocks are fished recreationally byparty 
and charter boats and the catches are signifi
cant. Major problems with recreational catches 
are 

• lack of catch estimates in January 
and February 

• estimates of catch, in general, from 
long-range trips to Georges Bank 

• length frequencies of recreational 
catches. 

The effect of these problems on the assess
ments is an underestimation of the fishing mor
tality rate and abundance in general. 

The quantity of discards is not specifically 
available, so the assessment were done on land-

ings rather than on catches. Conducting assess
ments on landings certainly underestimates the 
overall fishing mortality on the stock and In 
particular the fishing mortality on the younger 
fish and the abundance of recruitment, since 
these are the ones that are generally discarded. 
The exploitation pattemas determined from land
Ings data is wrong, which also affects the esti
mates of potential equilibrium yield per recruit 
and potential spawning stock biomass per re
cruit. If discard rates vary little, if they are not 
large, and if they are addressed consistently in all 
phases of the assessment, they should not pose 
a problem in the proviSion of scientific advice. 

IUs well known that fishermen dUring the last 
decade have increased their efficiencies through 
the use of new technology such as electronics, 
higher horsepower-to-vessel size ratios. and other 
gear efficiencies that increase the mortality rate 
per day fishing over that of earlier periods. The 
effect of increased technology has not been deter
mined and is not factored into the assessments. 
Fishing effort for cod stocks is standardized by 
vessel class, area, and time in terms of days 
fishing, but without taking increased technology 
effects into account. This underestimates the 
Increase in fishing mortality rate for a unit of 
effort in recent years. Even if fishing effort in 
terms of number of days fished did not increase, 
fishing mortality would be expected to Increase, 
and perhaps substantially. 

The eight working papers presented by scien
tists at the beginning of the meeting, as well as 
those produced during the meeting, will not be 
aVallable after the SARC. The revised procedure 
for conducting assessment activities allows a 
Variety of working papers to be presented and 
discussed at the SARC, but these papers have no 
status anmd are discarded after the meeting. 
Selected papers wil be upgraded to NEFSC Refer
ence Documents (Table 4), and will be available 
for distribution shortly after the SARC. 

As a step toward the stock assessment pro
cess, the Stock Assessment Review Committee 
not only prepared the Consensus Summary of 
Assessments (CRD 93-06), but also the first draft 
of the Advisory Report on Stock status (CRD 93-
07). The advisory report was presented to the 
SAW Steering Committee at the Plenary session 
of the SAW, January 26-27, 1992. 
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A. SURFCLAM ASSESSMENT 

INTRODUCTION 

The status of the surfclam, SpisuJasoUdlssima, 
off the Atlantic coast of the United states Is 
updated through 1992. Data analyzed Include 
commercial landings and effort, as well as re
search vessel surveys conducted by NMFS using 
a hydraulic dredge. Spatial and temporal trends 
In resource abundance and size frequency distri
bution are reported, along with a medium-tenn 
prognosis for the resource. 

Thls stock has been assessed throughout the 
1970s and 1980s (e.g., Murawski 1986). The 
recent 1989 assessment (NEFC 1989) stressed 
the lack of prerecruit sized clams In the popula
tion and noted some Indication of declining catch 
rates. 

Management of the surf clam resource has 
changed Significantly over time, due to imple
mentation of the FMP In 1977 (MId-Atlantic 
Fishery Management Council 1992). Since the 
Inception of the Plan, there has been an overall 
quota on commercial landings. To llm!t harvest
Ing and to protect prespawning individUals, a 
variety of regulations have been In effect for 
various amounts of time between 1977 and 1990. 
Regulations have Lncluded closures of areas where 
there were concentrations of small clams (off 
Atlantic City, N.J., Ocean City, Md., and 
Chincoteague, VIr.), regional and annual quotas, 
weekly and quarterly time restrictions, and mini
mum size llm!ts. MInImum size llm!ts changed 
from 5.5 In. (14.0 em) In 1981-1984, to 5.25 In. 
(13.3 cm) In 1985, to 5 In. (12.7 em) In 1986-
1989. During this period, 1981-1989, discards 
may have been substantial. In 1990, when the 
individual transferable quota (ITQ) system was 
initiated, regulations on harvesting time and 
legal size were dropped. As a result, discards 
have represented a negligible fraction of total 
catch from 1990-1992. 

ANALYSIS OF COMMERCIAL DATA 

Commercial fishery data from 1980 onward 
were obtained from vessel logbooks, required of 
all participants In the surfclam fishery. The 
logbooks contain Infonnatlon on landings, effort, 
date and location of catch, and ship weight. 

The major obstacle to analyzing commercial 
landings data has been In detennlning the loca
tions of catches. Thls problem was overcome In 
this assessment. Amlnor change has been made 
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Figure AI. Landings of surf clams (1,000 mt of meats), 
1965-1992. EEZ landings for 1992 are a 
predIction for the entire year based on 
logbook data avaJlalbe as of October 20, 
1992. Total Is all areas; EEZ Is the 
Exclusive Economic Zone. 3 to 200 mI 
from the coast; state Is the Inshore waters. 
o to 3 mI from coast. 

In the vessel size class categories from those used 
In previous assessments. All tables and figures 
In the current report have been updated and 
converted to the metric system (1 bushel of 
surfclams = 17lbs = 7.711 kg). 

COMMERCIAL FISHERY 

Total surfclam landings In 1991 were 30,000 
mt of shucked meats (Table AI; Figure AI), 
representing a 7.7% decrease from landings In 
1990. EEZlandlngsdecreasedfrom24,OOOmtin 
1990 to 20,600mtln 1991 (-14.1%). EEZland
Ings for 1991 werethelowest since 1983. Surfclam 
landings from state waters Increased from 8,500 
mt In 1990 to 9,400 mt (+ 10.2%) In 1991. 

Catch quotas for the Mid-Atlantic region have 
been In effect since 1984, and EEZ surfclam 
landings have stabUized between 20,400 and 
24,900 mt. Thls stability Is reflected by a reduc
tion In the CV (SD/Mean). The CV for EEZ 
surfclam landings decreased from 0.51 for the 
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TableAl. Total U.S. surfc1am landings (mt of meats). total landings from the Exclusive Economic Zone (EEZ). 
landings from state waters. and percent of total from the EEZ 

Total EEZ :itate Waters Percent Landed' 

Year landings landings landings from EEZ 

1965 19.998 14.968 5.029 75 
1966 20,463 14.696 5.766 72 
1967 18.168 11.204 6.964 55 
1968 18.394 9.072 9.322 49 
1969 22,487 7.212 15.275 32 
1970 30.535 6.396 24,139 21 
1971 23,829 22.704 1,126 95 
1972 28.744 25.07t 3.674 67 
1973 37,362 32.921 4.441 88 
1974 43,695 33,761 9,834 77 
1975 39,442 20.060 19.362 51 
1976 22,277 19.304 2,982 67 
1977 23.149 19,490 3,660 64 

1978 17.796 14.240 3,658 60 
1979 16,836 13,186 2,650 83 

1960 17,117 15.748 1.369 92 
1981 20,910 16,947 3,964 81 
1982 22,652 16,688 5,873 74 
1983 25,373 20.485 4.887 61 
1964 31,862 24.776 7,066 76 
1985 32,694 23.691 9.204 72 
1986 35,720 24.923 10.797 70 
1987 27.553 22.147 5.406 60 
1988 26.623 23.950 4.673 83 

1989 30,423 22.334 6.089 73 
1990 32,555 24.027 6.526 74 
1991 30.036 20.637 9.399 69 
1992 20.7372 

Proportions for 1971-1988 based on data presented In ·Flsherles of lhe Untted Stales·. Current Fishery 
Statistics Series. NOM/DOC. Earlier data based in NMFS/BCF dockside Interviews. 

2 1992 landings reported as of October 20, 1992. and expanded by 1.245 to predict the entire year's landings. 
Of this total. 20,730 mtons were landed from the Middle Atlantic Bight. and 6 mtons were from Southern 
New England. 

1965-1976 period, to 0.06 for the 1984-1991 
period. The CV for state landings for the period 
1984-1991 was 0.26. Thus, restrictive manage
ment In the EEZ since 1984 has stabilized the 
annual catch when compared with that In the 
EEZ before 1984 and compared with catches 
from state waters since 1984. The previ
ous clam assessment (NEFC 1989) evaluated the 
surfclam resource as three separate regions: 
Middle Atlantic. Southern New England and 

Georges Bank (Mid-Atlantic Fisheries Manage
ment Council 1989; Figure A2). To maintain 
continuity with past assessments. results are 
presented here for each of the three areas (Table 
A2). The Middle Atlantic region is further divided 
Into 5 areas for analysis: Long Island, Northern 
New Jersey. Southern New Jersey, Delmarva, 
and Southern Virginia-North Carolina. The en
tire surfclam EEZ resource is now managed 
under a single quota. The 1992 surfclam quota 
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Table A2. Total EEZ surf clam landings (mt), by management area, 1983-1992. Data are as reported in 
mandatory logbooks reported by each vessel. Also glvcn are EEZ totals, as given in the Fishery 
Statistics oj the United states series. 

Middle Southern 

Year Atlantic New England Georges Bank Total FSUS Total 

1983 17,913 679 18,591 20,488 

1984 19,763- 486 2,637 22,886 24,775 

1985 19,331 918 2,236 22,478 23,688 

1986 21,074 1,596 1,851 24,521 24,922 

1987 19,702 1,172 871 21,745 22,146 

1988 21,136 1,504 740 23,380 23,950 

1989 20,095 1,357 432' 21,884 22,331 

1990 23,010 1,010 0 24,020 24,027 

1991 20,612 0 0 20,612 20,635 

1992 20,7302 s2 0 20,7372 

'Flshery closed due to PSP contamination as of late summer, 1989. 

21992 landings reported as of October 20,1992, and expanded by 1.245 to predict the entire year's landings. 

Figure A2. Ocean she1Iftsh survey assessment areas off the Northeastern United states. 

for the EEZ was set at 2,850 thousand bushels 
(22,000 mtof shucked meats) (MId-Atlantic F1sh
ery Management Council 1992). 

Distribution of Landings and Landings 
per Unit Effort (LPUE) 

Between 1990 and 1992, more than 99% of 
the commercIal EEZ surfclam landings were 

taken from the MIddle Atlantic area, and EEZ 
landlngs have been fairly stable in this region 
since 1983 (Table A2). Landlngs from Southern 
New England and Georges Bank have always 
been approxlmatelyone order ofmagnttude lower 
than the MIddle Atlantic landlngs. While they 
have always been relatively low, Southern New 
England landlngs declined drastically in 1991 
and 1992. Georges Bank has been closed since 
1989 due to paralytic shellfish poIsoning (PSP). 
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TableA3. EEZ surf clam landings and percent of catch from areas of the Mid-Atlantic region by year. Data are 
as reported In logbooks by each vessel. 

Mid-Atlantic Area 

Year U NNJ SNJ DMV SVA-NC 
mt % mt % mt % mt % mt % 

1980 - 1,244 (10.1) 504 (4.1) 10,556 (85.6) 33 (0.2) 
1981 - 5,546 (45.5) 137 (1.1 ) 6,196 (50.8) 321 (2.6) 
1982 3,879 (37.0) 692 (6.6) 4,686 (46.7) 1016 (9.7) 
1983 8 (0.0) 5,634 (35.4) 802 (5.0) 7,170 (45.1) 2300 (14.5) 
1984 0 (0.0) 8,964 (50.1) 1,501 (8.4) 6,127 (34.2) 1315 (7.3) 
1985 0 (0.0) 8,504 (51.3) 899 (5.4) 6,630 (40.0) 558 (3.3) 
1986 0 (0.0) 14,294 (75.0) 1,420 (7.4) 3,102 (16.3) 249 (1.3) 
1987 0 (0.0) 16,815 (88.3) 560 (2.9) 1,545 (8.1) 139 (0.7) 
1988 0 (0.0) 18,780 (91.5) 123 (0.6) 1,441 (7.0) 186 (0.9) 
1989 1 (0.0) 15,907 (82.3) 59 (0.3) 3,347 (17.3) 14 (0.1) 
1990 0 (0.0) 16,589 (75.2) 740 (3.4) 4,678 (21.2) 49 (0.2) 
1991 0 (0.0) 17,092 (85.7) 1,234 (6.2) 1,625 (8.1) a (0.0) 
19921 0 (0.0) 17,657 (86.8) 2,158 (10.6) 537 (2.6) a (0.0) 

119921and1ngs reported In logbook database as of October 20, 1992, and expanded by 1.245 to predict the entire year's 
landings. 

The first full year of mandatory' logbook sub
missions w-as 1978. In 1980, 86% of the WJ.d
Atlantic region's catch came from the Delmarva 
area (Table A3). Beginning In 1981, recruitment 
by an abundant 1976 cohort In Northern New 
Jersey ~s accompanied by Increased fisbWrrg 
effort In that area. By 1984, the majority of the 
catch was being taken from NorthernNewJersey. 
Since 1986, apprOximately 80% of the EEZ catch 
has been from Northern New Jersey (TableA3). 
The fishery has concentrated In Northern New 
Jersey because that area has had a greater 
proportion oflarge clams (> 12.7 em In length) (see 
section on Research Vessel Surveys) and, report
edly, because shucked meat yields per bushel 
were greater than those of Delmarva. 

LPUE data are potentially valuable because 
they can provide an estimate of population abun
dance through time. In the case of surfclams, 
however, these data are difficult to Interpret 
because several factors that affect LPUE, other 
than clam abundance, were not constant over 
time. The most significant of these are changes 
through time In discard rates, changes In fisbWrrg 
gear, and suspected changes In accuracy of 
reported time fisbWrrg. These changes are as
sumed to be due to changes In fisbWrrgregulations 
and growth of a cohort over the minimum size. In 
spite of these problems, LPUE hasdecl!ned steadily 

since 1986 (Table A4; Figures A3-A5) In the 
region where the surfclam fisherj' is focused, the 
Mid-Atlantic (Table A2). Historically, this region 
has had higher LPUEs than other regions (FIgure 
A3). 

Large Class 3 vessels take the majOrity of 
landings (Table A4). LPUE of Class 3 vessels In 
the Mid-Atlantic has changed drastically through 
time (FIgure A3). LPUE ranged from 200 to 700 
kg/hr during 1978-1984. It Increased to a range 
of 1,500 to 1,850 kg/hr during 1985-1990, and 
dropped to 900 to 1,110 kg/hr during 1991-
1992. The Increase In LPUE was primarily the 
result of recruitment to the fishery by clams born 
In the mld-1970s. The recent decllne In LPUE 
probably reflects lower abundance and biomass 
per tow of surf clams In the Middle Atlantic region. 

Most of the Mid-Atlantic catch Is taken from 
the Northern New Jersey area; between 1986-
1992 the average percentage of total Mid-Atlantic 
catch from this area was 84% (Table A3). The 
LPUE generally decllned for all three vessel classes 
after 1986 off Northern New Jersey (Table A4; 
Figure A4). 

Southern New Jersey Is a relatively small 
area, that typically accounts for 3 to 10% of the 
landings from the Middle Atlantic. In contrast to 
Northern New Jersey, catch rates Increased In 
recent years off Southern New Jersey. 
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TableA4. Comparison of the Middle Atlantic surfclam landlngs per unit (LPUE) statistics. 1978-1992. LPUE 
data are ky of surfclams per hour offlshlngtlme reported In mandatory logbooks submitted by each 
vessel. l Assessment areas are defined in the text. Data in parentheses are percentages of total catch 
by area taken by the vartous vessel size classes.2 

YEAR/Area • Vessel Class 1 Vessel Class 2 Vessel Cless 3 

lPUE X lPUE X lPUE X 
Northern NJ 

1978 ( OX) 123 (42X) 170 (58X) 
1979 239 ( 8X) 185 (33X) 262 (58X) 
19BO 247 ( 6X) 362 (38X) 648 (56X) 
1981 231 ( 4X) 370 (35X) 478 (61X) 
1982 In ( 4X) 208 (40X) 324 (55X) 
1983 208 ( 6X) 347 (68X) 378 (26X) 
1984 339 ( 5X) 571 (71X) 686 (23X) 
1985 594 ( 4X) 979 (57X) 1218 (38X) 
1986 740 ( 3X) 1303 (36X) 1851 (61X) 
1987 733 ( 2X) 1211 (35X) 1712 (63X) 
1988 725 ( 2X) 1157 (33X) 1696 (64X) 
1989 748 ( 3X) 1172 (35X) 1550 (62X) 
1m 733 ( 2X) 1187 (32X) 1565 (66X) 
1991 401 ( OX) 956 (29i:) 1064 (71X) 
1992 362 ~ OX! 1026 ~24X! 864 !75Xl 

Southern NJ 
1978 93 ( 9%) 139 (33X) In (58X) 
1979 In ( 8X) 139 (33X) 200 (59%) 
19BO 93 ( 3X) 123 (40X) 324 (56X) 
1981 69 (11X) 270 (33X) 339 (56X) 
1982 93 ( 7X) 224 (36X) 270 (57X) 
1983 123 (11X) 231 (48X) 424 (41X) 
1984 270 (11X) 355 (24X) 601 (65X) 
1985 578 ( 5X) 833 (11X) 1303 (84X) 
1986 547 ( 3X) 1110 <16X) 1542 (S1X) 
1987 ( OX) 941 (25X) 1550 (75X) 
1988 ( OX) nl (38X) 1388 (62X) 

~"'">.: 1989 ( OX) 864 (43X) 1342 (57X) 
1m 231 ( OX) 1072 (41X) 1157 (58X) 
1991 247 ( OX) 1465 (4OX) 1866 (59%) 
1992 ( OX) 1581 (46X) 2090 (54X) 

Delmarve 
1978 123 ( 4X) 154 (25X) 224 (71X) 
1979 123 ( 3X) 147 (22X) 254 (75X) 
19BO 116 ( 2X) 154 (22X) 308 (76X) 
1981 200 ( 2X) 216 (13X) 424 (85X) 
1982 In ( 4X) 200 (11X) 324 (85X) 
1983 293 ( 4X) 231 (12X) 432 (83X) 
1984 347 ( 4X) 447 ( 12X) 725 (84X) 
1985 694 ( 3X) 1218 (11X) 1881 (86X) 
1986 625 ( 3X) 1033 (lOX) 2036 (8lX) 

1987 486 ( 2X) 733 ( 3X) 1920 (95X) 
1988 532 ( 2X) 1681 ( 5X) 1897 (93X) 
1989 563 ( OX) 1403 (11X) 1951 (88X) 
1990 ( OX) 1303 (15X) 1527 (85X) 
1991 ( OX) 1010 (20X) 1403 (BOX) 
1992 ( OX) 1126 (28X) 1195 (72X) 

Values for 1978-1979 are from MAsses~t Updates for Middle Atlantic, Southern New England, and Georges Bank SUrf 
Clam Popullltionsu• \lorking Paper #4, 9th SA\I, by S. A. MUfawskL Values for 1980-1992 lire from the 51032 logbook 
database as of Oct. 20, 1992. 

2 For 1978-1979, class 1 = 1-50 GRT, class 2 = 51·100 GRT. class 3 = 101 + GRT. For 1980-1992, class 1 = '-50 CRT, 
class 2 = 51-104 GRT, class 3 = 105+ GRT. 
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FlgureA3. Landings per unit effort (kg per hour fisWng) for Class 3 vessels (defined In Table A4) operating In 
Mid-Atlantic •. Southern New England. and Georges Bank waters. 1978-1992. Data were derived 
from vessel trip logbooks for all sizes of clams combined. 
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Page 10 

Table A5. Stratified mean number and weight (meats only, kg) per tow of surfclams from NMFS surveys off 
Nor!hernNewJersey,1965-1992. Dataarestandardizedtoa 60-ln. wide dredge towed for 5 minutes. 

-Total Index-

Numbers Weight 

--<14 cm- ----> 14 cm---- ---%>14 cm

Numbers Weight Survey Numbers Weight Numbers Weight 

May 1965 

Oct 1965 

Aug 1966 

Jun 1969 

Aug 1970 

Jun 1974 

Apr 1976 

Jan 1977 

Jan 1918 

Dec 1978 

Jan 1980 

Aug 1980 

Aug 1981 

Aug 1982 

Aug 1983 

Jut 1984 

Jul 1986 

Jul 1989 

Jut 1992 

38.01 4.19 

35.13 5:27 

30.44 4.51 

34.26 5.37 

25.73 4.12 

21.40 3.37 

12.92 2.06 

2.45 0.23 

2,06 0.16 

44.88 1.20 

31.70 1.95 

53.56 3.74 

39.10 3.23 

112.79 8.78 

72.91 5.94 

64.88 5.47 

45.57 4.57 

58.89 5.71 

47.44 4.41 

15.44 

6.18 

5.44 

3.93 

4.84 

2.75 

2.39 

1.39 

1.48 

43.85 

27.52 

50.66 

31.15 

101.53 

63.06 

52.71 

30.81 

35.95 

32.65 

For Delmarva, the pattern of change In LPUE 
with time Is similar to that described for the 
Northern New Jersey area [fable A4; Figure A5). 
LPUE was hlgh for Class 3 vessels between 1985 
and 1989, In the range of 1,881 to 2,036 kg/hr. 
LPUE fell steadily from 1989 to 1992. Current 
LPUE levels are slightly higher In Delmarva than 
Northern New Jersey. In the previous assess
ment (NEFC 1989), the Delmarva area was viewed 
as an unused supply of surfclams. While Itls true 
that there has been relatively little exploitation 
from the Delmarva area to date, the reduction In 
LPUE [fableA4; FlgureA5) suggests that natural 
mortality has reduced surfclam abundance In 
the Delmarva area (see section on Research 
Vessel Surveys.) Therefore, the resource will 
probably not be as large as had been expected. 

There were no reported logbook landings 
from Southern New England In 1991 or 1992. In 

1.17 

0.51 

0.36 

0.30 

0.30 

0.19 

0.12 

0.05 

0.06 

1.03 

1.22 

3.24 

2.04 

7.11 

4.42 

3.70 

2.37 

2.77 

2.17 

22.62 

29.55 

24.99 

30.33 

20.89 

18.66 

10.53 

1.06 

0.58 

1.01 

4.17 

2.90 

8.03 

11.26 

9.85 

12.17 

14.76 

19.94 

14.80 

3.62 

4.76 

4.15 

5.07 

3.82 

3.17 

1.93 

0.19 

0.11 

0.17 

0.75 

0.50 

1.19 

1.67 

1.52 

1.77 

2.20 

2.94 

2.23 

59 

63 

82 

89 

81 

87 

82 

43 

28 

2 

13 

5 

21 

10 

14 

19 

32 

34 

31 

76 

90 

92 

94 

93 

94 

94 

81 

65 

15 

38 

14 

36 

19 

26 

32 

48 

51 

51 

previous years, Southern New England LPUE 
was about an order of magnitude lower than the 
LPUEs from the Middle Atlantic and Georges 
Bank (Figure A3). Although LPUE on Georges 
Bank was relatively high, there are no estimates 
ofLPUE after 1989 because the region has been 
closed to shellfishing due to PSP contamination. 
This fishery Is stlllin an exploratory phase. 

RESEARCH VESSEL SURVEYS 

Stratified random research vessel surveys 
have been conducted to evaluate the distribu
tion, relative abundance and size composition of 
surfclam populations In the Middle Atlantic, 
Southern New England and Georges Bank re
gions (FlgureA2). Standardized sampllngproce-
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standardized survey tow at each 1 cm 
length group In NMFS hydraulic dredge 
surveys off Northern New Jersey, 1983-
1992. 

dures used tn these SUIVeyS are described tn 
Murawski and Serchuk (1989). 

Northern New Jersey 

The total number and weight per tow declined 
slowly between 1965-1974, and then declined 
sharply between 1976 and 1978 [fableA5). The 
rapid decline Is attributable to hypoxic water 
conditionstn 1976 (Murawski and Serchuk 1989). 
Subsequent to that event, an abundant 1976 
cohort has domtnated the population. Stratified 
mean numbers per tow at length are shown tn 
FlgureA6. There Is no evidence of another strong 
cohort that will recruit to the fishery and replace 
the 1976 cohort. Between 1982 and 1992, 
surfclam abundance declined from an average of 
112 to 47 tndlvlduals per tow, and meat weight 
declined from 8.8 to 4.4 kg [fable A5). 

Northern New Jersey Is composed of five 
survey strata. Examining the average number of 
clams of a given length per towtn the 1992 survey 
for these five strata also demonstrated that small 
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surf clams were generally absent from this area. 
For strata #21, #25, #88, #89, and #90, the 
average number oftndivlduals pertowwere 37. 1, 
20.3,95.2,88.7, and 0.0, respectively. For the 
same five strata, average number of tndivlduals 
per tow smaller than 7 em tn shell length were 
1.4,2.7,0.2, 1.3, and 0.0, Based on studies by 
Jones et aL (1978), surfclams from this region 
require approximately 3 years to attain a shell 
length of 7 cm. 

A regression model was fit to In(abundance) 
vstime to estimate the tnstantaneous rate of 
mortality, Z, under the assumption of no migra
tion or recrulbnent between 1982 and 1992. 
Both assumptions are fairly reasonable because 
adult clams do not move, and there Is no evidence 
of any substantial recrulbnent during the last ten 
years. The estimate ofZ from these data Is 0.06, 
or equivalently, a probability of annual survival, 
S, of 0.94. Because a mtnor amount of recruit
ment has occurred, 0.06 Is probably an underes
timate of Z. Furthermore, the estimate of Z Is 
imprecise because the coefficient of detenntna
tion, R2, for the regression model Is only 55%. 

Southern New Jersey 

Average numbers and weights per tow off 
Southern New Jersey are currently much lower 
than tn the 1960s [fable A6). Based on the 1992 
survey, abundance off Southern New Jersey is 
substantially lower than off Northern New Jer
sey. Furthermore, the Southern New Jersey 
population Is domtnated by much larger clams 
than are found tn other Middle Atlantic assess
ment areas (Figure A7). Most of the survey 
catches tn this area are composed of individuals 
larger than 15 cm, While densities of recruits are 
low, there appears to have been some recruit
ment tnto the fishery between 1986 and 1992 
(FIgure A 7). 

Delmarva 

Based on the 1992 survey, Delmarva has the 
second highest clam denSity of all areas (behind 
NorthernNewJersey) [fableA7). Stratified mean 
numbers per tow atlength are shown tnFigureA8 
for surveys conducted between 1983 and 1992. 
A recruibnent event is evident from the 1984 
survey, and numbers have declined steadily. 
There is no evidence from subsequent surveys of 
another new cohort that will recruit to the fishery 
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TableA6. Stratified mean number and weight (meats only, kg) per tow of surfc1ams from NMFS surveys off 
Southern New Jersey, 1965-1992. Data are standardized to a 60-1n. wide dredge towed for 5 
minutes. 

-Total Index- -<14 em-- -->14 em--- --%>14 em-

Survey Numbers Weight Numbers Weight Numbers Weight Numbers Weight 

May 1965 105.98 8.88 78.08 4.37 27.93 4.49 26 50 

Oct 1965 82.84 10.64 33.32 2.73 49.52 7.93 60 74 

Aug 1966 69.55 9.95 14.62 1.39 54.93 8.56 79 86 

Jun 1969 59.73 9.08 5.46 0.42 54.27 8.66 91 95 

Aug 1970 16.18 2.65 2.73 0.20 13.45 2.45 83 92 

Jun 1974 49.31 8.65 2.22 0.16 47.10 8.69 96 98 

Apr 1976 5.20 0.97 0.64 0.03 4.57 0.94 88 96 

Jan 1977 2.25 0.23 1.22 0.03 1.03 0.20 46 89 

Jan 1978 14.91 2.23 3.65 0.22 11.06 2.00 74 90 

Dec 1978 8.60 0.97 4.45 0.23 4.15 0.75 48 76 

Jan 1980 13.59 2.29 2.53 0.22 11.06 2.09 81 91 

Aug 1980 14.57 2.59 2.95 0.20 11.62 2.39 80 92 

Aug 1981 10.47 2.06 0.56 0.03 9.91 2.03 95 99 

Aug 1982 20.61 3.51 3.62 0.19 16.99 3.32 83 95 

Aug 1983 11.51 2.15 1.50 0.10 10.01 2.05 87 95 
,:;":(-: 

Jul 1984 10.30 1.93 0.84 0.06 9.46 1.87 92 97 

Jun 1986 18.96 3.17 4.29 0.19 14.67 2.98 77 94 

Jul 1989 13.20 1.96 3.80 0.20 9.40 1.76 71 90 

Jul 1992 10.51 1.42 4.44 0.24 6.07 1.18 58 83 

(Figure A8). Between 1984 and 1992, surf clam Both assumptions are fairly reasonable, for the 
abundance declined from an average of 129 to 36 same reasons stated earlier. The estimate of Z 
individuals per tow, and mean meat weight de- from these data Is 0.17, or equivalently, S~0.84. 
cllned from 5.68 to 2.8 kg (Table A7). This parameter estimate Is more precise because 

The De1marva area Is composed of nine strata. the coefficient of detennlnatlon, R2, for the re-
EXamining the average abundance per tow by gresslon model was 97%. Thus, It appears that 
size In the 1992 survey demonstrates that small the total mortality rate In this area has been 
surf clams are rare In these strata. For example, greater than In the more heavily harvested area, 
In strata #9, #10, #13, #14, #82, #83, #84, #85 Northern New Jersey. 
and #86, the mean number of individuals per tow 
were 69.1, 0.3, 23.3, 0.0, 0.0,1.0,7.0, ll.8 and 
0.3, respectively. For the same nine strata, mean Southern Virginia-North Carolina 
numbers of clams that were smaller than 70 mm 
(Le. ,less than 3 years old) In shelllength were 1. 7, 

The abundance per tow Is approximately half 0.0,0.1,0.0,0.0,0.5,0.8,0.4,0.0. 
that of Northern New Jersey (TableA8). Indivldu-A regreSSion model was fit to In(abundance) 
als less than 7 em shell length are rare, as at other vs time to estimate Z, under the assumption of no 

migration or recruitment between 1984 and 1992. areas. 
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Table A7. Stratlftcd mean number and weight (meats only. kg) per tow of surfc1ams from NMFS .surveys off 
Delmarva. 1965-1992. Data are standardized to a 60-1n. wide dredge towed for 5 minutes. 

--Total Index-- ---<14 cm--- ---->14 cm---- ---X>14 cm---

Survey Nunbers "'eight Nurbers "'eight N....ooers "'eight NLltbers \leight 

Hay 1965 27.68 2.26 15.82 0.83 11.86 1.44 43 63 
Oct 1965 28.02 2.81 10.76 0.58 17.25 2.23 62 79 
Aug 1966 32.53 3.54 10.75 0.64 21.78 2.90 67 82 
JU"l 1969 26.26 2.78 8.03 0.50 18.22 2.28 69 82 
Aug 1970 19.64 2.34 4.71 0.30 14.93 2.04 76 88 
JU"l 1974 36.66 4.59 6.68 0.42 29.98 4.17 82 91 
Apr 1976 21.93 2.37 7.30 0.25 14.63 2.12 67 90 
Jan 1977 11.37 1.40 2.68 0.09 8.69 1.31 76 93 
Jan 1978 11.61 1. 15 4.90 0.17 6.71 1.00 58 85 
Dec 1978 621.33 6.02 616.44 5.32 4.88 0.72 88 
Jan 1980 68.50 3.17 58.07 1.62 10.44 1.54 15 49 
Aug 1980 48.53 2.64 39.39 1.26 9.14 1.37 19 52 
Aug 1981 162.89 6.91 156.86 6.02 6.02 0.89 4 13 
Aug 1982 109.14 5.68 102.53 4.71 6.61 0.97 6 17 
Aug 1983 51.39 3.79 39.36 2.14 12.03 1.65 23 44 
Jut 1984 129.19 5.58 119.17 4.27 10.02 1.31 8 24 
JU"l 1986 104.62 7.28 94.49 5.91 10.13 1.37 10 19 
Jut 1989 48.86 3.78 39.49 2.64 9.37 1.14 19 30 
Jut 1992 36.31 2.81 28.18 1.75 8.13 1.06 22 38 
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length group In NMFS hydrauUc dredge length group In NMFS hydrauUc dredge 
surveys off Southern New Jersey. 1983- surveys off Delmarva. 1983-1992. 
1992. 
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Table AB. Stratified mean number and weight (meats only. kg) per tow of surf clams from NMFS surveys off 
Southern Virglnia·North Carolina. 1965-1992. Data are stsndardlzed to a 6O-1n. wide dredge towed 
for 5 minutes. 

--Total Index-

"'eight 
- - - <14 em- -- ---->14 em---- ---X>14 cm--

Numbers ueight Survey NlIIt>ers Number. Ueight Nl.Bbers Uei ght 

Hay 1965 
Oct 19651 

Aug 19661 

Joo 1969 
Aug 19701 

Joo 1974 
Apr 1976 
Jan 1978 
Jan 19801 

Aug 1981 1 

Aug 19821 

Aug 1983 
Jut 1984 
Jun 1986 
Jut 1989 
Jut 1992 

3.n 
11.93 
17.56 
80.02 
3.20 

30.09 
6.21 
3.24 

87.02 
25.89 

2.06 
10.25 
20.78 
16.56 
,11.70 
22.67 

0.55 
1.32 
1. 14 
o.n 
1.26 

2.78 
11.81 
16.28 
78.68 
0.74 

12.66 
1.11 
1.06 

86.15 
17.97 

1.18 
9.11 

15.50 
12.91 
6.30 

20.12 

'Only a portion of totel essessment area surveyed. 

Southern New England-Long Island
Georges Bank 

Based on surveys conducted between 1986 
and 1992, Southern New England and Long 
Island populations have low denSity and there
fore, low weight per tow (Table A9). 

Based on four surveys, Georges Bank has a 
relatively high abundance of surfclams (Table 
A9). Based on the 1992 survey, only 15% of the 
Georges Bank popUlation Is greater than 14 cm 
in shelliengtb. Clams less than 7 em make up a 
larger fraction of the Georges Bank population 
than in other areas surveyed. Strata with high 
surfclam abundance include #67, #68, #72 and 
#73. 

Comparison of All Areas 

For the three most recent research vessel 
surveys (1986, 1989, 1992), m!n!rnum 95% con
fidence intervals were computed for the stratified 
mean of each reglon (FlguresA9 and AlO). These 
are m!nimum sized intervals because the maxi
mum possible degrees of freedom for the strati
fied means were used in the computations (see 
Cochran, 1977). While the size of the intervals 
might be reduced if they were recomputed using 
log transformed data, the intervals are in general 

0.44 
0.82 
0.83 
0.33 
1.05 

0.90 
0.12 
1.27 
1.34 
2.46 

17.42 
5.10 
2.18 
0.87 
7.92 

0.88 

1.14 
5.28 
3.65 
5.40 
2.55 

0.11 
0.50 
0.31 
0.44 
0.26 

24 
1 

7 
2 

n 
58 
82 
67 

1 
31 

43 
11 

25 
22 
43 
11 

20 
38 
27 
43 
17 

wide. Therefore, apparent changes in stratified 
mean abundance or biomass per tow should be 
interpreted with caution. There appears to have 
been a decrease in surfclam denSity in the 
Delmarva region from 1986 to 1989-1992. Al
though 75 to 87% of the 1990-1992 surfclam 
landings were taken from Northern New Jersey, 
the decline in average abundance from 1989 to 
1992 does not appear to be statistically signifi
cant (FIgure A9). 

Table AlO gives the m!nimum stock biomass 
in each geographical area sampled in the 1992 
survey. With respect to biomass, the areas can 
be ranked from high to low as follows: 

1. Northern New Jersey 
2. Delmarva 
3. Georges Bank 
4. Southern Virg!n!a-North Carolina 
5. Southern New England 
6. Southern New Jersey 
7. Long Island 

The depletion equation, 
Bt+l =(BtCJe_m 

where 
t=time, 
B=stock biomass, 
C=annual catch, and 
m=instantaneous natural mortality rate, 
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TableA9. Stratifledmean number and weight (meats only. kg) per tow of surfclams from NMFS surveys off Long 
Island and Soutbern New England. and off Georges Bank. 1984-1992. Data are standardized to a 
60-ln. wide dredge towed for 5 mtnutes. 

--Total Index-- -<14 cm-- ->14 cm-- -%>14 cm-

Survey Numbers Weight Numbers Weight Numbers Weight Numbers Weight 

Long Island 

Jun 1986 1.79 0.23 0.58 0.03 1.20 0.21 67 88 

Jul 

Jul 

Jun 

Jul 

Jul 

Jul 

Jun 

Jul 

Jul 

1989 5.87 0.67 2.57 0.15 3.30 0.52 56 77 

1992 6.20 0.46 5.53 0.35 0.67 0.10 11 23 

Southern New England 

1986 6.34 0.84 1.51 0.06 4.83 0.78 76 93 

1989 7.14 0.99 2.14 0.13 5.00 0.86 70 87 

1992 3.75 0.43 1.37 0.04 2.38 0.39 63 90 

Georges Bank 

1984 6.25 0.58 3.88 

1986 19.77 1.31 17.21 

1989 29.34 3.01 19.58 

1992 23.71 1.63 20.20 

was used to estimate how long the stock can 
support current rates of harvesting. Estimates 
were made for two values of m, both of which 
seem reasonable based on survey data. Although 
the equation does not consider growth, recruit
ment, or the possibility of rare but high m values 
tn some years, the results suggest that the entire 
stock can support the fishery for 14 to 18 more 
years ([able AlOl. The biomass of the Mld
Atlantic can support its current annual catch for 
another 11 to 14 years. The biomass of the 
Northern NewJerseyarea can support its annual 
catch for 6 to 7 more years. Assumtng m=0.06, 
the corresponding estimate for Delmarva is 30 
years; however, If m is as high as 0.1, as 
suggested by the regression model (see section on 

0.24 2.37 0.34 38 58 

0.93 2.56 0.38 13 29 

1.71 9.76 1.30 33 43 

1.13 3.52 0.49 15 30 

Research Vessel Surveys, discussion ofDelmarval , 
then the supply will last only 22 years at the 
current harvest rate. 

OVERVIEW AND PROGNOSIS 

Assumtng natural mortality rates remain at their 
current low levels, commercial catch and re
search vessel survey data tndicate that the Mid
Atlantic region can support its current level of 
catch for another 11 to 14 years. Almost 75% of 
surfc1am stock biomass is tn the Mid-Atlantic 
region. In recent years, landtngs per unit effort 
have decreased, and LPUE will continue to de
crease by a substantial amount each year in the 
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Figure A9. Minimum 95% confidence intervals for the stratified mean of surfc1am abundance per tow Jor 
Southern regions for three research vessel surveys (1986. 1989. 1992). Computations were made 
on untransformed data. 
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major clamming areas. Unless a major recruit
ment event takes place in the Mid-Atlantic re
gion, those stocks of surf clams will become de
pleted. If a major recruitment event were to occur 
in 1993, it would take at least until 2000 for the 
clams to grow to the size at which they are 
typically harvested now. Although LPUE has 
declined, Northern New Jersey and Delmarva 
still have higher surfclam densities and weights 
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per tow than other geographical areas (based on 
the 1992 survey); thus, it is unlikely that the 
fishery will migrate to a new area yet. 

Considering the decline in LPUE in the Mid
Atlantic region, the Georges Banksurfclam popu
lation may be targeted for harvesting, assuming 
it is reopened. Surfclam biomass on Georges 
Bank is relatively high, and LPUE was histori
cally almost as high as in the Middle Atlantic. 
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Table AIO. Landings, biomass (mt), and current supplies of surf clams. expressed in number of years~ by 
geographical area. Estimates of " supply years" are based on 1991 landing rates, unless there were 
no landings In 1991, and do not consider changes that might occur In the population In the future 
due to recnIitment. growth. or catastrophic mortality. :ill -instantaneous rate of natural mortality. 

Minimum 
Geographical Stock Supply Years 

Area 1991 Landings Blomass1 m c O.02 m c O.06 

GBK 0 87,133 282 202 

SNE 0 17,867 102 g2 

U 0 12,590 72 fi2 

NNJ 17,092 141,941 7 6 

SNJ 1,234 16,344 11 9 

DMV 1,625 133,745 48 30 

SV NC 0 35,261 182 142 

Mid AIlantlc3 19,952 339,881 14 11 

Total 19,952 444,881 18 14 

1 :z..8iomUl values are derived from the research vessel survey of 1992. 
Supply years" atO based on 1G90 annual quotas. Hypo1hotical annual landings by region ato assumed to be 2,313 m10ns (GBK), 

31,542 mton. (SNE), 1,542 mtons (U), and 1,542 m10ns (SV NC). 
Tho Mid Atlantic Region Is 1ho sum of 1h. 1991 landings from U, NNJ, SNJ, OMV, and SV_NC. 

SURFCLAM RECOMMENDATIONS/RESEARCH NEEDS 

1. Investigate the possibility of reduced survey 
sampling In Georges Bank, Southern New En
gland and Long Island so that sampling and 
survey precision can be increased In the M1d
Atlantic. 

2. Calculate precision estimates for R/V survey 
data using appropriate statistical transforma
tions. 

3. Explore logbook data on a vessel by vessel 
basis to determine whether LPUE has declined 
over time. 

4. Investigate further the apparent differences 

In natural mortality rates between the assess
ment areas NNJ and DMV. Examine any data 
sets that might provide estimates of predation on 
surfclams. 

5. Develop stock depletion models for surfclams, 
Incorporating LPUE data (adjusted for discards), 
catch length frequency data, research survey 
data, and aglng studies. The objective of these 
models Is to estimate absolute stock size and 
fishing mortality rates. 

6. May need to evaluate commerciallenglli com
pOSition to determine if commercial size sampling 
is currently adequate. 
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B. OCEAN QUAHOG ASSESSMENT 

INTRODUCTION 

The status of the ocean quahog, Arctlca 
islandtca, off the Atlantic coast of the United 
states is updated through- 1992. Connnercial 
landings and effort data are analyzed, as well as 
results from NEFSC research vessel surveys. 
Spatial and t=J.poral trends In resource abun
dance and size composition are presented, and a 
medium-term resource prognosis is provided. 

Indicated that commercial CPUE had declined In 
the Delmarva and New Jersey areas In both 1989 
and 1990, although declines In abundance were 
not evident In the research vessel survey Indices 
for these areas. Size composition data from the 
1980-1989 surveys Indicated a lack of signlflcant 
recruitment of quahogs during the preceding 20 
to 30 years. 

Presently, the entire EEZ ocean quahog re
source is managed under a single catch quota 
(Mld-Atlantic FlsheryManagernent Council 1992). 
The 1992 quota for the EEZ is 5.3 million bushels 
lequivalent to 24,040 (mt) of shucked meatsl. 

This stock was last assessed at the 10th SAW 
In 1990 (NEFC 1990). The 1990 assessment 

Table B 1. Landings of ocean quahog (mt meats) from state waters and the Exclusive Economic Zone, 1967-
1992. 

Year State Waters 

1967 20 

1968 102 

1969 290 

1970 792 

1971 921 

1972 634 

1973 661 

1974 365 

1975 569 

1976 656 

19n 1,118 

1978 1,218 

1979 1,404 

1980 1,458 

1981 410 

1982 207 

1983 701 

1984 1,200 

1985 

1986 814 

1987 569 

1988 412 

1989 lB4 

1990 116 

1991 40 

1992 NA 

1 Estimated 

EEZ 

1,854 

7,293 

9,197 

14,344 

13,885 

15,966 

15,572 

15,228 

16,401 

23,566 

19,nl 
22,226 

20,594 

22,996 

21,079 

22,246 

22,6401 

Total 

20 

102 

290 

792 

921 

634 

661 

365 

569 

2,510 

8,411 

10,415 

15,748 

15,343 

16,375 

15,n9 
15,978 

17,602 

23,566 

20,585 

22,795 

21,006 

23,145 

21,195 

22,287 

Percent EEZ 

0 

0 

0 

0 

0 

0 

0 
0 

0 

74 

87 

88 

91 

90 

97 

99 

96 

93 

99 

96 

98 

98 

99 

99 

100 
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Figure B 1. Landings of ocean quahog from the EEZ. 
1976-1992. Data are given In 1.000mtof 
shucked meats. Landings for 1992 are 
predicted for the entire year. based on 
logbook data avallable as of October 20. 
1992 In the S1032 database. 

ANALYSIS OF COMMERCIAL DATA 

Commerclal fishery data from 1980 onward 
were obtalned from vessel logbooks required by 
all participants In the ocean quahog fishery. The 
logbooks contaln Information on landings, effort, 
catch location, and vessel characteristics. 

A minor change was made In the vessel size 
class categories used In the current assessment 
vs those used In previous assessments. As well, 
data presented in all tables and figures are now 
given In metric units (1 bushel of ocean quahogs 
~ 10 Ibs ~ 4.536 kg). 

COMMERCIAL FISHERY 

Since the Inception of the offshore ocean 
quahog fishery In 1976, cumulative landings of 
ocean quahogs from the Exclusive Economic 
Zone (EEZ) have totaled 283,752 mt of shucked 
meats [fable Bl; Figure Bl). EEZ landings 
Increased from 21,079 mt In 1990 to 22,246 mt 
In 1991 (+5.5%). Landings from state waters 
decreased from 116 mt In 1990 to 40 mt In 1991 

(-65.5%). Total ocean quahog landings in 1991 
were 22,287 mt of shucked meats, representing 
a 5.2% increase from 1990. 

Since 1977, the offshore fishery has been 
regulated by catch quotas under prOvisions of the 
Surf Clam and Ocean Quahog Fishery Manage
ment Plan (FMP) developed by the Mid-Atlantic 
Fishery Management Council. Since 1985, an
nual EEZ landings have remained falrly stable, 
ranging between 19,000 and 24,000 mt [fable 
B1;Flgure Bl). 

Distribution of landings and Catch per 
Unit Effort 

During the last 10 years, the majority of 
ocean quahog landings have been from the Middle 
Atlantic Bight, especially off the coast of New 
Jersey and Delaware (FIgure B2). TIlis has been 
attributed to the proximity of land-based shuck
ing facilities rather than to hIgh quahog abun
dance. TIlis fishery has expanded since 1983 to 
Involve the entire Middle Atlantic region, as well 
as a portion of the Gulf of Maine (FIgure B2). Less 
than 1% by weight of the 1992 quahog landIngs 
(Table Bl) were taken from the Gulf of Maine. 

Tables B2 and B3 and FIgures B2-B6 provide 
data on catch, effort, and CPUE for various 
fishIng areas during the 1979-1992 period. An
nual landings from the Middle Atlantic region 
have been relatively stable since 1987, ranging 
between 19,000 and 21,000 mt (Table B2). Dur
ing 1990-1992, Class 3 vessels accounted for 
about 80 to 85% of the total Middle Atlantic 
catch. PrIor to 1990, landIngs and fishIng effort 
were hIghest In the Delmarva area. Since 1990, 
however, most landings have come from the New 
Jersey area. In 1991, of the total Mid-Atlantic 
harvest of 19,708 mtofquahogmeats, 39.1%was 
from the Delmarva area and 60.9% from New 
Jersey. 

There have been no regulations regarding 
legal minimum landing sizes for quahogs, and 
little dlscardlng occurs In the fishery. The recent 
shIft In the fishery from Delmarva to New Jersey 
is related to changes In CPUE [fable B2; Figure 
B3). Although CPUE has been declining In both 
areas since 1988, CPUE In New Jersey has been 
greater (10%) than In Delmarva from 1990 on
ward (Table B2). 

Estimates of the Instantaneous rate of total 
mortallty (Z) In each area were obtalned by re
gressing In(CPUE) vs time (1986-1992) [e.g., the 
slope of the regression provides an estimate of Z). 
For the Delmarva, New Jersey, and the total Mid-
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TableB2. Summary of ocean quahog catch and CPUE data for the Middle Atlantic fishery. 1979-1992. 
Landings Inmt; Effort In 1.000 hours fished; CPUE1s kg per hour fished; Sum Is sum of all landings 
by vessel class; catch Is catch by Class 3 vessels (l 0 1 + GR1) used In the CPUE Index; Eff Is effor!. 

Total Area Delmarva New Jersel 
Year Sum catch Elf CPUE SUM catch Elf CPUE SUM catch Elf CPUE 

1979 12.859 8.759 14.5 603 3.125 1.941 2.8 699 9.680 6.772 11.6 585 
1980 12.143 10.746 20.4 526 4.568 4.409 7.4 599 7.570 6.332 13.0 485 
1981 9.598 8.845 -15.2 585 3.656 3.620 5.7 635 5.869 5.166 9.3 553 
1982 9.122 8.600 13.0 662 6.976 6.845 9.5 721 2.118 1.728 3.5 499 
1983 13.630 12.923 19.4 667 9.675 9,430 13.0 721 3.960 3.493 6.4 549 
1984 15.921 14.420 23.3 671 11.213 10.523 16.1 653 4.699 3.887 7.2 535 
1985 18.048 16.456 25.1 653 10.891 10.120 14.7 669 6.994 6.184 10.3 599 
1986 17.513 15.644 23.3 671 10.192 8.904 13.1 676 7.321 6.740 10.1 662 
1987 20.416 18.824 28.2 667 12.936 11.984 17.8 671 7,480 6.840 10.4 658 
1968 18.910 18.103 29.9 608 14.161 13,481 22.5 599 4.704 4.577 7.3 630 
1989 20.697 18.157 32.5 558 11.975 10.188 18.5 549 8.723 7.965 14.0 567 
1990 19.636 16.824 32.0 526 7.611 6.459 13.1 490 12.011 10.351 18.8 549 
1991 19.708 16.864 37.4 449 7.706 6.473 15.6 413 12.002 10.392 21.7 476 
1992' 9,480 7.607 16.9 449 3.279 2.708 6.5 417 6.201 4.894 10.4 467 

, Data through October 20. 1992 only 
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Figure B2. Geographic dlstrlbution of ocean quahog landings from the Middle Atlantlc Bight to the Gulf ofMalne. 
1983 and 1991. Data were derived from mandatory logbook submissions and are expressed In 
bushels of quahogs landed by lO-min square. 
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Figure B3. Catch per unit effort (CPUE. kg per hour 
fished) for Class 3 vessels (1979: 101+ 
GRr; 1980-1992: 105+ GIn). fishing In 
two areas of the Middle Atlantic Bight. 
1979-1992. Data were derived from 
mandatoI)' logbook submission data. 

Atlantic areas. the regression analyses gave esti
mates ofZ = 0.09. 0.06. and 0.08, respectively. In 
all three regressions. the data fit was good (Le .• 
R2 >94%). Other estimates ofZ. Independent of 
those presented above. were derived using re
search survey data (see section on Research 
Vessel Surveys.) 

A Leslie model was used to estimate the virgin 
biomass (how much resource was present when 
the quahog fishery began), and the fraction re
maining today (Hilborn and Walters 1992). The 
analysis assumes no recruitment. balanced im
migration/ emigration and little or no growth. 
Although these assumptions are not strictly true. 
they are reasonable for ocean quahogs given the 
very slow growth rate of the species and the 
absence of Significant recruitment In the Middle 
Atlantic region during 1979-1992. The estima, 
tion procedure Involves regressing CPUE at time 
t+ I on cumulative catch at time t. and then 
extrapolating from the regression the cumulative 
catch when CPUE Is O. For the Delmarva area, 
cumulative catch to date has been 118,000 mt 
(Figure B4); the corresponding estimate of 
prefisheryblomass (In 1982) Is 263,000 mt. This 
result suggests that 45% (118/263) of the 
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Figure B4. Relationship between CPUE (kg per hour 
fishing by Class 3 vessels. 105+ GRI1 and 
cumulative ocean quahog catch In the 
Delmarva assessment area. 1982-1992. 
Regression statistics Indicate the 
theoretical cumulative population extant 
at the beginning of the series to be 262.000 
mt of meats. CPUE Is for time t+ 1. while 
cumulative catch Is for time 0 to t. 

Dehnarva resource has been harvested to date. 
The same analysis was applied to six ten

minute squares In the Mid-Atlantic to derive 
estimates of past and present quahog biomass on 
a finer geographical scale (FIgure B5). The ten
minute squares selected were areas In which 
intensive harvesting of quahogs has occurred 
(Table B3). For the three ten-minute squares 
analyzed In the Dehnarva area, estimates of the 
percentage of resource harvested were 76.4%. 
72.6%. and 52.8%. For the two Southern New 
Jersey squares, the estimates of resource har
vested to date were 42.7% and 44.2%. The 
proportion removed from the single lO-mlnute 
square analyzed In Northern New Jersey was 
34.5% (FIgure B6). In five of the six cases, the 
data fit the models well, with R2 values greater 
than 88%. 

RESEARCH VESSEL SURVEYS 

Stratified random research vessel surveys 
have been conducted between 1980 and 1992 to 
evaluate the distribution, relative abundance 
and size composition of ocean quahog popula-



tions In the Middle Atlantic, Southern New En
gland, and Georges Bank regions (FIgure B7). 
Standardized sampling procedures used In these 
surveys are described In Murawski and Serchuk 
(1989). In 1992, a set of nonrandom dredge hauls 
were also made In the Gulf of Maine. 

Delmarva 

The Delmarva area was the focus of the 
quahog fishery from 1982 to 1989. Survey 
abundance and biomass Indices obtaIned during 
thls period were relatively stable ffable B4), but 
markediydeclined between 1989 and 1992 (num
ber/tow: 45 us 28). The highest survey abun
dances have been In sampling stratum # 14 ffable 
B7). 

Between 1980-82 and 1992, mean weight per 
tow In the Delmarva area declined by 38% ffable 
B4: 1.68 to 1.04 kg/tow). Survey size composi
tion data Indicate that small quahogs « 70 mm 
In shell length) are rare In the Delmarva area 
(FIgure B8). Individuals may take as long as 20 
years to attain a shell length of 70 mm (Ropes et 
aI. 1984a,b). To estimate total mortality (Z) from 
the survey data, a regression model was fit to 
In(surveyabundance Index) vs time (1981-1992), 
under the assumption that no migration or re
cruitment occurred of quahogs durIng this pe
riod. These assumptions are fairly reasonable 
since adult quahogs do not move, and there has 
been no evidence during the last ten years of any 
substantial recruitment. For the 1981-1992 
period, Z Is estimated to be 0.03 (implying an 
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Figure B5. Locations of six lO-min squares for flne
scale analysis of the relationship between 
cumulative ocean quahog catch and CPUE 
(FIgure B6). These squares represent 
locations of previous or current intensive 
harvesting. 

Table B3. Cumulative ocean quahog catch (1,000 mt of meats) and CPUE (kg meats per hour) by Class 3 vessels 
for six lO-min squares (see Figure B5) In the Middle Atlimtic Bight, 1983-1992 

Ten Minute Square -----------------------.-
377422 377431 377441 387462 387463 41)7346 

Year CUM CPUE CUM CPUE CUM CPUE CUM CPUE CUM CPUE CUM CPUE 

1983 1.68 814 1.94 816 0.06 862 0.38 619 1.42 740 

1984 2.75 687 4.10 862 1.16 799 1.42 633 3.44 668 

1985 3.76 782 6.00 742 3.66 852 3.91 604 4.73 644 0.15 841 

1986 5.71 675 8.13 734 4.77 732 5.12 593 5.30 646 0.99 999 

1987 7.56 753 10.84 718 6.87 637 6.42 607 5.91 597 1.70 625 

1986 9.28 619 13.60 664 9.52 577 7.32 538 6.96 536 2.90 806 

1989 9.54 439 14.12 514 10.81 497 9.59 513 8.41) 545 3.99 728 

1990 9.81 408 14.76 451 11.38 562 11.27 479 9.82 523 4.88 680 

1991 10.04 259 15.55 362 12.24 404 12.43 396 10.67 435 6.44 672 

1992 10.33 401 15.66 286 12.52 365 13.41) 384 11.29 418 7.02 596 
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FIgure B7. Ocean shellflsh survey strata off the Northeastern United States. Stratification plan is used both 
for surveys and for sea scallop dredge surveys. 

Table B4. Research vessel indices for ocean quahog in the Delmarva assessment area, 1980-1992. Data are 
stratified mean numbers and weights per standardized (5 min) survey tow. 

length ---------- Year of Survey Data ------------------

Inlerval (mm) 1980-1982 1986 1989 1992 All Data 

10-19 0.12 0.02 

20-29 0.00 0.00 

30-39 0.03 0.01 0.01 

40-49 0.06 0.01 0.Q1 

SO-59 0.07 0.13 0.04 0.07 0.07 

60-69 0.75 0.21 0.63 0.02 O.SO 

70-79 7.42 6.21 21.59 1.68 8.53 

80-69 15.30 15.47 11.94 8.66 13.48 

90-99 16.07 15.09 6.27 11.73 13.36 

100-109 7.18 4.84 3.93 5.25 6.03 

110-119 0.80 1.49 0.52 0.66 0.86 

120·129 0.03 0.14 0.04 

130-139 0.47 0.01 0.00 

Total 47.63 43.57 45.01 28.21 42.92 

SO 9.99 10.54 27.67 9.40 7.03 

CV 0.21 0.24 0.61 0.33 0.16 

n 2SO 76 88 75 489 

Area of 
Surveyed 

Strata (nm2) 5,926 5,715 5,715 5,715 5,926 

Mean Weight 
Per Tow (kg) 1.68 1.51 1.26 1.04 1.44 
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rumual survival rate of 0.97). However, this 
estimate may be Inaccurate because the coeffi
cient of detennlnation, R2, for the regression 
model was only 33%. 

New Jersey 

Since 1990, the NewJersey area has been the 
focus of the ocean quahog fishery. Surveyabun
dance Indices were high durtng 1980-82 and 
1986 (Table 85) but have since been about 40% 
lower. Prior to 1989, quahog densities were 
highest in sampling stratum #18 (Table B7); by 

1992, however, the abundance Index for this 
stratum had declined 84% [from the 1980-82 
levell. 

Between 1986 and 1992, mean weight per 
tow In the New Jersey area declined by 41%. 
(Table B5: 4.08 to 2.39 kg/tow). As In the 
Delmarva area, the 1980 to 1992 survey size 
composition data from New Jersey Indicate that 
small quahogs have been virtually absent (Figure 
89). 

Total rumual mortality of quahogs In the New 
Jersey area was estimated from regression analy
sis of the survey data to beZ=0.04 (S=0.96). The 
coefficient of detenntnatlon, R2, for the regres
sion model was 57%. 

Table 85. Research vessel indices for ocean quahog in !he New Jersey assessment area, 1980-1992. Data are 
stratlfled mean numbers and weights per standardized (5 min) survey tow. 

Length ------------------- Year of Survey Data -------------------------------------

Interval (mm) 1980-1982 1986 1989 1992 All Data 

10-19 

20-29 0.08 0.01 

30-39 0.01 0.02 0.02 0.04 0.02 

40-49 0.06 0.02 0.10 0.03 0.06 

SO-59 0.23 0.01 0.35 0.13 0.20 

60-69 1.99 1.42 3.05 0.53 1.83 

70-79 10.17 6.83 9.01 3.89 8.46 

80-89 33.08 30.90 21.79 20.52 28.45 

90-99 36.80 54.41 20.85 28.61 34.80 

100-109 14.42 20.55 6.30 11.17 13.19 

110-119 2.19 2.70 1.34 2.68 2.09 

120-129 0.19 0.16 0.16 0.41 0.20 

130-139 0.01 0.02 0.04 0.G1 

Total 99.16 117.05 63.06 68.05 69.34 

SO 11.81 26.48 14.24 14.15 7.74 

CV 0.12 0.23 0.23 0.21 0.09 

n 360 105 111 104 680 

Area of 
Surveyed 

Strata (nm2) 7,601 6,856 7,332 6,856 7,601 

Mean Weight 
Per Tow (kg) 3.25 4.08 1.92 2.39 2.96 



Gulf of Maine and Massachusetts Bay 

Nonrandom samples were collected during 
the 1992 survey to obtain Initial estimates of the 
density and size structure of ocean quahogpopu
lations located north of Georges Bank. These 
estimates should be Interpreted cautiously be
cause samples were taken in commercial beds 
where quahogs were thought to be most dense. 

Gulf ofMalne samples averaged 170 quahogs 
per tow, but the mean weight per tow was very 
low, 0.4 kg rrable B6). The Gulf ofMalne samples 
consisted of many small «70 mm) Individuals. 
Ocean quahogs from Malne have slow growth 
rates (Kraus and Beal 1990), slrniJar to those 
from Georges Bank and Long Island. Given the 
predOminance of small Indlvlduals In the Gulf of 
Malne survey tows, the quahogs sampled were 
probably relatively young Individuals, Ito 20 
years of age. 

The population density and size structure of 
the quahogs sampled In Massachusetts Baywere 
more slrniJar to those from the Middie Atlantic 
Bight than from the Gulf of Malne rrable B6). 
Most Individuals were larger than 70 mm. Mas
sachusetts Bay survey catches averaged 64 qua
hogs per tow. 

Comparison of All Areas 

There is little Interannual variability in' ocean 
quahog population size or structure In the Middie 
Atlantic, Southern New England, or Georges 
Bank regions. This is due to absence of recruit
ment, slow adult growth rates and low rates of 
adult mortallty. Accordingly, to derive a long
term depletion of the populations within each of 
these assessment areas, data from several differ
ent surveys were combined and analyzed rrable 
B8; Figure BI0). Such pooling of survey data 
appears justified since these popUlations have 
not substantially changed over time spans of3 to 
6 years. 

Each of the areas is dominated by individuals 
greater than 70 mm (Figures B8 and B9). With 
respect to mean catch (number) per tow, the six 
geographical areas can be ranked from high to 
low as follows rrable B8): 

1. Southern New England 
2. Long Island 
3. Georges Bank 
4. New Jersey 
5. Delmarva 
6. Southern Virginia-North Carolina 
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Table B6. Research vessel indices for ocean quahog 
In the Gulf of Maine (GOM) and 
Massachusetts Bay (MB), July 1992. 
Stations were not chosen at random. Data 
are mean abundance and weight (meats, 
kg) per standardized (5 min) survey tow 

length ----------- Area ---'-

Interval (mm) 

10-19 

20·29 

30-39 

4049 

SO-59 

60-69 

70-79 

8O-Il9 

90·99 

100-109 

110-119 

120-129 

130-139 

Total 

n 

Mean Weight 

per Tow (kg) 

GOM 

10.50 

82.58 

30.48 

16.08 

28.13 

2.59 

170.37 

41 

0.42 

MB 

0.10 

0.50 

1.27 

0.90 

1.79 

10.13 

24.26 

18.97 

5.67 

0.77 

0.08 

64.45 

108 

1.30 

A slrniJar ranking of areas also occurs based 
on average meat weight per tow rrable B8). 
Minimum swept-area biomass estimates for each 
area, derived from the survey results, are listed in 
Table· B8 and plotted on a percentage basis In 
Figure B 10. Areas with the highest biomass are 
Southern New England, Georges Bank. and Long 
Island. The New Jersey and Delmarva areas 
combined only account for 20% of the total 
region-wide biomass. 

Abundance Indices and size frequency distri
butions from the most recent (1992) survey are 
presented, by geographical area, In Figures B 11-
B13. The highest abundance Indices were ob
tained In the Southern New England and Long 
Island areas, rather than In New Jersey or 
Delmarva where most of the present commercial 
fishery occurs (Figure Bll). All areas, exceptfor 
the Gulf of Malne, are characterized by unimodal 
size distributions comprised of mostly larger
sized individuals (Figures B12 and BI3). 
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Table B7. Research vessel survey abundance indices for ocean quahog, by Indiv1dual survey strata, 1980-
1992. Data are mean numbers per standardized survey tow. coefficient of variation (SO/mean) Is 
In parentheses, and number of survey tows Is below estimate. 

Survey ------------------------------------

Stmtum 1980-1982 1986 

Qj1I!llilrva 

9 15.72(4.68) 3.45(4.45) 
103 29 

10 77.00(1.33) 9.67(0.99) 
8 3 

11 27.25(0.62) 16.50(0.81 ) 
4 2 

13 66.45(2.82) 81.25(2.61 ) 
60 20 

14 501.50(1.11 ) 449.67(0.23) 
8 3 

15 106.17(1.59) 117.25(0.78) 
12 4 

Nj1W Jj1,sey 

17 193.16(1.51) 126.42(1.26) 
44 12 

18 333.91 (1.55) 250.67(1.25) 
11 3 

19 115.22(1.43) 79.67(0.44) 
9 3 

For the three most recent surveys (1986, 
1989, 1992), minimum 95% confidence Intervals 
(Cochran 1977) were calculated for the stratified 
mean number per tow Index In each reglon [fable 
B9: Figure B14J. In almost all cases, the confi
dence Intervals are rather wide and overlap one 
another. Hence, temporal changes In mean 
abundance and biomass values should be inter
preted with caution. However, In the New Jersey 
reglon [where most of the harvesting now takes 
placel, quahog abundance appears to have de
clined between 1986 and 1989-92. 
The depletion equation, 

B"t =(B,-C,Je-m where 
t == time, 
B = stock biomass, 
C = annual catch, and 
m = natural mortality rate 

was used to estimate how long the stock might 
support current rates of harvesting. Estimates 

Yea, of Survey Data -----_._. 

1989 1992 All Data 

4.41 (3.69) 4.30(4.21) 10.02(5.38) 
37 33 202 

28.33(1.67) 31.00(1.73) 48.41 (1.61) 
3 3 17 

9.00(0.94) 23.00(0.61 ) 20.60(0.68) 
2 2 10 

40.85(1.74) 74.06(1.78) 65.71 (2.58) 
20 17 117 

176.00(0.66) 221.33(1.28) 385.47(1.07) 
3 3 17 

397.75(1.92) 25.33(1.04) 148.26(2.24) 
4 3 23 

190.42(1.64) 80.83(1.18) 165.89(1.55) 
12 12 80 

67.00(1.51; 54.66(0.66) 242.50(1.69) 
3 3 20 

35.00(1.54) 198.66(0.78) 109.83(1.24) 
3 3 18 

were made for two values of m (0.02 and 0.06), 
both of which seem reasonable based on survey 
and CPUE data. Although the equation 
does not consider growth, recruitment, or the 
possibility of rare but high m values In some 
years, the results suggest that the entire stock 
can support annual landings at the 1991 level for 
22 to 32 more years [fable BlOJ. However, for 
this to occur, the quahog fishery will have to shift 
northward (to Southern New England/Long Is
land and Georges BankJ because, at current 
harvest levels, the New Jersey and Delmarva 
resources areestlmated to last for only another 6 
to 10 years. 

OVERVIEW AND PROGNOS[S 

At present, the total estimated biomass of ocean 
quahogs located between Georges Bankand North 
Carolina should be sufficient to support the 
fishery at the 1991 quota level for the next 2 to 3 
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Figure B8. Survey length composition of ocean 
quahogs from the Delmarva assessment 
areadurlngfourtlmeperlods: 1980-1982. 
1986.1989. and 1992. Daiaareexpressed 
as the stratifled mean number per tow 
taken In each 1 em size Interval. 

decades. However. ocean quahogs take at least 
20 years to grow to 70 mm (Le., commercial size) 
and good recruitment events are very rare and 
unpredictable. These characteristics make the 
species very vulnerable to exploitation. Once 
depleted, ocean quahog stocks may take 50 to 
100 years to replenish themselves. 

The concentration of the fishery off ofDe1marva 
and, more recently, off of New Jersey is causIng 
local stock depletions and a reduction ln CPUE. 
At current removal rates, quahog supplies In 
these two areas may be exhausted within ten 
years. To maintain perfonnance durlngthe next 
5 to 10 years, the fishery will have to move north 
to less depleted areas. 
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TableB8. Minlmum population biomass estimates (mt ofmcats) by area for ocean quahog, based on swept-
area estimates from NMFS hydraulic clam surveys, 1986-1992. Minimum biomass estimated, 
based on a standardized tow sweeping 0.0001069 square nautical miles. Years Indicates which 
research vessel surveys were used to compute biomass. 

Area Mean 'Mean Minimum 
no. Weight Biomass 

Area Years TfYoNS (sq.naut.mlles) per tow CV per tow (kg) (mt meats) % 

S. VA-NC 
1989, 
1992 67 3,106 0.11 1.00 0.01 154 0.01 

Delmarva 
1989, 
1992 163 5,715 38.18 0.41 1.18 62,999 6.01 

New Jersey 
1989, 
1992 

Long Island 
1986-
1992 

S. New England 
1986-
1992 

Georges Bank 
1986, 
1992 

Sum 

215 7,332 

119 4,478 

91 5,370 

122 7,937 

777 33,938 

SNE 
30.33 

GBK 
27.56 

63.41 0.16 

238.08 0.15 

241.33 0.14 

178.03 0.24 

SVA-NC 
0.01 

2.08 

5.61 

6.32 

3.89 

LI 

DMV 
6.01 

142,525 

235,139 

317,599 

288,539 

1,046,954 

NJ 
13.61 

13.61 

22.46 

30.33 

27.56 

100.00 

Figure BIO. Relative distribution of ocean quahog biomass, based on research vessel survey data (fable B8). 
Total minimum swept-area biomass estiamte for the entire region Is 1.047 million mt of shucked 
meats. 
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quahogs from Northern regions based on 
data from the 1992 survey. 
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Figure B12. Size frequency distribution of ocean 
quahogs from Southern regions based on 
data from the 1992 survey. 

Ropes, J. W., S. A. Murawski, and F. M. Serchuk. 
1984b. Size, age, sexual maturUy, and sex 
ratio tnoceanquahogs,Arctica tslandlcaUnne, 
off Long Island, New York. Fish. Bull. (U.S.) 
82(2):253-267. 

OCEAN QUAHOG RECOMMENDATIONSI 
RESEARCH NEEDS 

1. Investigate the possibility of reductng survey 
sampltng on Georges Bank, Southern New En
gland and Long Island so that sampltng and 
survey precision can be tncreased in the Mid
Atlantic region. 

2. For those areas where survey sampltng is 
increased (see 1.), make detailed comparisons 
between the survey and commercial data sets 
regardtng quahog abundance and size structure. 

3. Calculate precision estimates for R/V survey 
data, ustng appropriate statistical transforma
tions. 

15 
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Table B9. Summary statistics for ocean quahog abundance by region and year. Computation made using 
untransfonned data from three research vessel surveys. 

STRATIFIED STANDARD MINIMUM UPPER LOWER 
REGION YEAR MEAN PER TOW ERROR OF MEAN N max 95% CI UMIT UMIT 

DMV 1986 43.56 10.54 76 20.98 64.54 

1989 45.01 27.67 88 55.06 100.07 

1992 28.21 9.40 75 18.71 46.92 

NJ 1986 117.05 26.47 105 52.68 169.76 

1989 63.06 14.24 111 28.34 91.40 

1992 68.05 14.15 104 28.16 96.21 

U 1986 243.51 56.02 38 113.22 356.73 

1989 185.78 69.42 41 140.30 326.10 

1992 263.89 48.18 40 97.37 361.26 

SNE 1986 208.64 63.78 28 130.88 339.52 

1989 208.75 49.27 28 101.10 309.85 

1992 270.53 55.49 35 112.70 383.23 

GBK 1986 197.8 42.48 63 84.96 282.76 

1989 41.09 12.80 41 25.87 66.96 

1992 207.56 51.48 59 102.96 310.52 

Table B1O. Landings. biomass (mt meats), and current suppUes of ocean quahogs, expressed In number of 
years, by geographical area. Estimates of Supply Years are based on 1991 landing rates, unless 
there were no landings In 1991, and do not consider changes that might occur In the population In 
the future due to recruitment. growth. catastrophic mortality or movementofftshingvessels to new 
areas; m is the instantaneous rate of natural mortality. 

Geographical Area 1991 Landings Minimum Stock Supply Years 
Biomass m-O,02 m-O.06 

GOM 166.4 unknown unknown unknown 
GBK 0.0 288,539 50+' 36+ 1 

SNE+ U 2,327.5 522,738 50+ 45 
NJ 12,732.0 142,525 10 8 
DMV 7,738.9 62,999 7 6 
SV-NC 0.0 154 0 0 
Mid-Atlantic' 20,470.9 205,677 9 8 

Total 22,798,4 1,046,954 32 22 

1 Supply yean are computed based OD the 1991 landings fom 8NE + U. Adjacent areas, 8NE and U are treated as a single 
unit becaUIJe they are underutl11zed and have high quahog biomaaa. 

:II. The Mid-Atlantic region i. the sum of the 1991 landings from NJ, DMV and 8V-NC 

22.59 

·10.05 

9.50 

64.37 

34.72 

39.89 

130.30 

45.48 

166.52 

77.76 

107.65 

157.83 

112.84 

15.22 

104.60 



4. A survey should be made of the Gulf ofMalne 
to detennlne the areal distribution, density, 
and sl=/ age composition of the quahogpopu
lations. 

5. Explore all existing data for insights into what 
conditions are necessary for successful re
cruitment. These include GOM data, MAFMC 
1991 survey data, Rutgers survey data, and 
NEFSC data. 
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6. Analyze logbook data, on an individual vessel 
basis, to examine further the apparent de
creases in CPUE. 

7. Develop stock depletion models for ocean 
quahogs (incorporating LPUE data, catch 
length frequency data, research survey data, 
and aging studies) to estimate absolute stock 
sl= and fishing mortality rates. 

Figure B14. Minimum 95% confidence InteIVais forlhe stratlfted mean of ocean quahog abundance per tow by 
region. Computations were made on untransfonned data from three research vessel sUIVeys: 1986. 
1989, and 1992. 
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C. GULF OF MAINE-GEORGES BANK REDFISH UPDATE 

INTRODUCTION 

Recent trends In landings, abundance, and 
recruitment of Gulf of Maine and Georges Bank 
redfish were reviewed by the SARC. Estimates of 
FO.I, Fmax, and F20% were also reviewed, and 
the results from the most recent analytical as
sessment (NEFC 1986) were considered. 

Relative abundance and biomass indices from 
autumn NEFSC bottom trawl surveys declined 
by more than 90% between the mid- to late 1960s 
and mid 1980s. Likewise, commercial CPUE in 
recent years has declined by more than 80% from 
levels observed during the 1960s. Since the late 
1980s, spring and autumn survey indices have 
Increased slightly. Landings have remained at 
historic low levels « 1,000 t) since 1989, after 
declining from more than 13,000 t during 1977-
1979. 

As a consequence of extremely poor recruit
ment since the mid-1960s, the age structure of 
the population has narrowed considerably to 
only one or two significant year classes. 

Background 

Redfish, Sebastes jasclnius Storer, are rela
tive�y long-lived, slow growing fish compared to 
most highly exploited species. Growth studies 
have indicated maximum ages ranging from 50 to 
60 years at lengths of 45 to 50 em (18 to 20 in.) 
(Mayo et aL 1990). Consequently, an instanta
neous natural mortality rate of 0.05 has been 
employed in virtual popUlation, yield, and spawn
Ing stock biomass (SSB) per recruit analyses, 
consistent with the longevity of this species. The 
most recent estimates of redfish maturation sug
gest a median age of about 5.5 years (Mayo et aL 
1990; O'Brien et aL In press). 

Redfish have supported a substantial domes
tic fishery In the Gulf of Maine and the Georges 
Bank (Great South Channel) regions off the north
east coast of the United States (Northwest Atlan
tic Fisheries Organization INAFO] Subarea 5) 
since the late 1930s, when the development of 
freezing techniques enabled widespread distri
bution of the frozen product throughout the 
country. Landings by domestic vessels rose 
rapidly, peaking at 56,000 tin 1942 In Subarea 
5, then declined throughout the 19408 and 1950s 
(Table C I, Figure C 1). As landings declined In 

local waters, U.S. fishing effort began to expand 
to the Scotian Shelf and the Gulf of St. Lawrence 
(NAFO Subarea 4), and finally to the Grand Bank 
of Newfoundland (NAFO Subarea 3) (Mayo et aL 
1983). This expansion continued throughout the 
1940s and early 1950s, culminating with a peak 
U.S catch ofl30,OOO tin 1952 (Figure Cl). By the 
mid-1950s, redfish stocks throughout the North
west Atlantic were heavily exploited by U.S and 
Canadian fleets (Atkinson 1987), and total land
ings began to decline In all Subareas. 

Redfish have been harvested primarily by 
domestic vessels, although some distant-water 
fleets took considerable quantities for a brief 
period during the early 1970s. Redfish are 
harvested almost exclusively by otter trawlers 
fishing out of Maine and Massachusetts ports. 
United States landings have declined from more 
than 13,000 tons during 1977-1979, to less than 
1,000 t since 1989. Landings in 1991 (525 t) 
reached a historic low level. 

Data Sources 

Commercial catch per u.nit effort (CPUE) indi
ces for directed redfish trips, standardized by 
vessel tonnage class as described by Mayo et aL 
(1979) have declined steadily from more than 6 
tons per day fished during the late 1960s to 
approximately one-half a ton per day fished after 
1985 (Table Cl). Total fishing effort, after peak
Ing during the late 1970s (coincident with the 
highest estimates of fishing mortality [NEFC 
1986]), appeared to stabilize during the mid-
1980s before declining precipitously through 
1989. 

An evaluation of effort data is presented In 
Figure C2. Historically, 80 to 90% of the total 
redfish catch and 20 to 40% of the total number 
of trips on which redfish were taken were ac
counted for in the directed CPUE calculation 
(50% redfish trips). These percentages declined 
sharply between 1979 and 1982, and are now at 
levels that preclude any deflnitive Interpretation 
of the CPUE and effort trends. Despite these 
limitations, It Is clear that commercial CPUE 
remains extremely low relative to earlier periods. 

The catch at age matrix based on all commer
ciallength and age data from 1969 through 1985 
Is given in Table C2. The sharp discontinuity in 
the age structure of the population created by 
poor recruitment since the 1960s can be inferred 
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Table C 1. Nominal redflsh catches (mt). actual and standardized catch per unit effort. and calculated 
standardized U.S. and total effort for tbe Gulf of Maine-Georges Bank redflsh fishery 

Nominal Catch (Metric tons) 
Year 

1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 
1986 
1987 
1986 
1989 
1990 
1991 
1992* 

... Preliminary 

USA Othlilr3 Total 

519 
7549 

23162 
14823 
20640 
25406 
26762 
50796 
55892 
48348 
60439 
37912 
42423 
40160 
43631 
30743 
34307 
30077 
21377 
16791 
12988 
13914 
14388 
18490 
16043 
15521 
11373 
14040 
12541 
8871 
7812 
6988 
7204 

10442 
6576 

12041 
15534 
16267 
13157 
11954 

6677 
9075 

10131 
13012 
13991 
14722 
10085 
7696 
6735 
5215 
4722 
4164 

2790 
1859 
1076 
626 
588 
525 
900 

4 

2 
61 

1593 
1175 
501 

1071 
1365 
422 
199 
414 

1207 
3767 
5938 
5406 
1794 
1497 
565 
211 

92 
33 
96 
19 

168 
113 

71 
118 
139 
35 

101 
9 

13 

519 
7549 

23162 
14823 
20640 
25406 
26762 
50796 
55692 
48346 
50439 
37912 
42423 
40160 
43631 
30743 
34307 
30077 
21377 
16791 
12988 
13914 
14388 
18490 
16047 
15521 
11375 
14101 
14134 
10046 
6313 
6057 
6569 

10864 
6777 

12455 
16741 
20034 
19095 
17360 
10471 
10572 
10696 
13223 
14063 
14755 
IOI~ 

7915 
6903 
5326 
4793 
4262 
2929 
1694 
1177 
637 
601 
525 
900 

USA Catch per Unlt 
Effort (tona/day) 

Actual Standard 

6.9 
6.7 
5.4 
4.5 
4.7 
4.9 
5.4 
3.3 
4.1 
4.1 
3.5 
3.6 
3.4 
4.5 
4.4 
4.3 
4.4 
4.3 
3.8 
4.6 
5.4 
4.1 
4.3 
7.0 

11.7 
12.4 
14.7 
11.4 
9.0 
7.0 
5.7 
5.3 
5.0 
4.0 
4.6 
4.9 
4.8 
3.6 
3.2 
2.7 
2.7 
2.1 
1.9 
1.4 
1.0 
1.1 
0.9 
1.1 
•• 
•• 
•• 

6.9 
6.7 
5.4 
4.5 
4.7 
4.9 
5.4 
3.3 
4.1 
4.1 
3.4 
3.6 
3.1 
4.0 
3.6 
3.6 
3.6 
3.5 
3.0 
3.5 
4.0 
3.0 
2.9 
4.4 
6.4 
5.6 
6.1 
4.9 
4.0 
3.2 
2.9 
2.9 
2.6 
2.2 
2.3 
2.5 
2.4 
1.9 
1.6 

1.4 
1.5 
1.2 
1.1 
0.9 
0.6 
0.7 
0.5 
0.6 
•• 
•• 
•• 

** CPUE and effort not calculated due to sharpreduction in directed redfish trips 

Calculated Standard 
Effort (days flshlild) 

USA Total 

8100 
7216 
9341 
8425 
9026 
8196 
6080 
9316 
6368 
7336 
6287 
4664 
4190 
3479 
3766 
5136 
4456 
4435 
3791 
4011 
3135 
2957 
2694 
1588 
1126 
1665 
1078 
2457 
3884 
5063 
4537 
4122 
3337 
4125 
4405 
5205 
5630 
7748 
6303 

5640 
4490 
4346 
4293 
4627 
4650 
2656 
2152 
1047 

8100 
7216 
9341 
8425 
9026 

6196 
6060 
9316 
6366 
7336 
6267 
4664 
4190 
3479 
3766 
5136 
4458 
4435 
3792 
4029 
3534 
3349 
2667 
1631 
1339 
1940 
1111 
2542 
4165 
6261 
6584 
5966 
4027 
4605 
4650 
5269 
5668 
7766 
6364 

5654 

4602 
4440 
4357 
4758 
4662 
2706 
2354 
1062 
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Figure C1. U.S. Iandlngs ofredfish (1 ,000 t) from the NorthwestAtlantlc, 1934-1991. Subarea 3 - Grand Banks; 
Subarea 4 - Scotlan Shelf and Gulf ofSt. Lawrence; Subarea 5 - Gulf of Maine and Georges Bank. 

from fue age composition of fue catch. The most 
striking feature Is the singular presence of the 
1971 year class progressing through the fishery 
since 1974. 

Bottom trawl surveys have been conducted 
by fue Northeast Fisheries Science Center In the 
Gulf of Maine - Georges Bank region since the 
autumn of 1963 and thesprlngofl968 (Azarovltz 
1981). Abundance (stratified mean number per 
tow) and biomass (stratified mean weight per tow) 
Indices have been calculated for Inshore and 
offshore strata sets (Tables C3 and C4) In order to 
detect recruitment trends from Western Gulf of 
Maine coastal nursery areas as described by 
Mayo et aL (1990). Overall Indices were also 
computed for bofu the spring and autumn sur
veys based on a combined strata set. Prerecrult 
Indices, listed In Table C5, have been derived 

from the Inshore autumn data by computing the 
summed stratified mean number per tow within 
prescribed length ranges corresponding to ages 1 
to 3 as detennlned by Inspection of historical 
length frequency data. 

Yield and (SSB) per recruit were calculated 
according to the methods described by Thomp
son and Bell (1934) and Gabriel et aL (1989). 
Partial recruitment was taken from the most 
recently published VPA (NEFC 1986), which re
flects the recruitment of fue 1971 year class. 
Natural mortalltywas assumed to be 0.05. Mean 
weights at age for fue yield per recruit calcula
tions were taken as fue 1969-1984 mean of the 
commerclal mean weights at age (Table C2). 
Mean weight and maturation data for SSB/R 
analysiS were taken from fue female data pre
sented by Mayo et aL (1990). 
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Figure C2. Percentage of total redflsh landings and total trips In which redflsh composed 50% or more of the 
total landings on a trip basis, 

RESULTS 

Relative abundance of redflsh has declined 
sharply in both survey series, from peak levels of 
more than 100 fish per tow in the late 1960s and 
early 1970s to generalIyless than 10 fish per tow 
during the mid 1980s, The decline in biomass 
has been of the same order [Figures C3 and C4), 
Both series suggest a slight increase in abun
dance and biomass In 1990-1992, but the overall 
levels continue to remain well below historic 
values, 

The 1965 year class appeared very strong in 
the autumn NEFSC surveys at ages 0 to I, and 
the 1961 through 1965 year classes were very 
strong at age 2, When the good 1971 year class 
appeared in the surveys, it was very strong at age 

0, but was not as evident at ages 1 and 2 as were 
year classes from the early 1960s (fable C5). 
Viewed in this perspective, the 1978 year class 
and those which have appeared since the mid-
1980s are relatively weak 

The redflsh population was composed of a 
relatively broad range of sizes in the 1960s [Fig
ure C5), This resulted from consistent recruit
ment of year classes from the 1950s and 1960s. 
By the 1970s, however, abundance of large fish 
had declined substantially and the 1971 year 
class dominated the population size structure. 
Consistency of the survey indices began to erode 
by the beglnnlng of the 1980s and, throughout 
the decade, only sporadic indications of the 1978 
and subsequent year classes were evident, In 
1992, however, substantial numbers of redflsh 



Table C2. Total catch at age and mean weigbts at age for Gulf of Maine-Georges Bank redfish. 1969-1985 

Age 

Year 2 J 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26+ 

HlI!!?er landed COOOs) 

69 22 421 439 laOS 6065 2513 6717 2660 3975 3287 2221 2820 1348 751 526 606 426 451 345 469 38 100 847 
70 146 4055 4048 1060 9692 3221 8351 2734 4702 2672 2302 3489 1778 1640 393 662 368 529 572 488 64 1743 
71 72 1941 4430 1536 7907 2767 6504 3088 4267 3680 2895 2206 2765 1347 1163 560 1048 559 282 138 2439 
72 933 3296 7401 1712 7580 2782 2884 1994 3531 2449 1205 1276 2245 734 1011 1172 718 538 1280 2874 
73 235 2463 7938 8391 2201 7337 2078 3100 2376 2024 1799 1380 864 933 411 590 426 295 289 1977 
74 308 105 17 8 174 1886. 4724 2945 2435 1709 1115 1302 935 1454 910 640 661 589 730 271 285 250 1755 
75 4 695 72 11 30 124 1944 4360 2154 1932 1442 1009 1344 1360 1235 945 1116 608 887 492 294 298 1282 
76 196 8961 439 21 48 467 2706 3375 1702 1725 1388 1233 1166 1424 608 769 681 323 672 94 201 I 
77 234 16747 311 81 2127 1262 4012 1823 2747 1466 1190 1064 461 706 541 117 571 1013 2157 
78 271 24569 215 34 33 182 1689 1484 2948 1748 1310 866 899 1283 895 734 500 192 530 2220 
79 25 205 849 23729 152 117 48 168 541 1228 1972 1299 1580 983 845 100S 798 594 532 538 427 2506 
80 U2 175 1110 16900 20S 44 46 217 491· 830 1221 860 664 564 452 473 370 349 294 265 1308 
81 23 77 40 57 47 223 12380 84 22 104 317 364 1274 506 534 396 318 381 306 326 350 1540 
82 3 271 123 60 92 30 157268 56 32 21 128 185 582 452 840 324 501 484 301 134 104 2270 
83 11 1687 159 46 43 86 49 141 4959 58 106 64 42 85 319 270 551 169 224 314 195 131 1817 
84 46 11 51 6674 20 40 35 15 3571 44 49 34 92 210 166 324 215 144 157 162 1807 -
85 F 146 ~~ 3] ~18 Z8 1] 13 __ 40 .12 32Q2 
A dash (.) in the table indicates less than 1,000 individuals. 

25 11 _'01 116 260 230 187 197 142 107 1489 

Mean weight (ke) 

69 .010 .020 .052 .113 .115 .142 .169 .195 .219 .260 .320 .339.366 .404 .425 .473 .495 .457.589 .497 .515 .594 .589 .705 .7OS .591 
70 .010 .020 .052 .092 .172 .168 .170 .189 .221 .236.290 .339 .356 .367 .340 .418 .427 .438 .523 .579 .505 .450 .464 .476 .345 .541 
71 .010 .020 .052 .092 .135 .172 .242 .244 .265 .304 .333 .369 .399 .437 .445 .468 .435 .449.541 .553 .514 .544 .581 .481 .473 .540 
72 .010 .020 .052 .092 .135 .171 .197 .240 .257 .289 .334 .367 .399 .427 .451 .472 .490 .515 .509 .562 .581 .565 .604 .489 .560 .668 
73 .010 .020 .052 .092 .135 .171 .162 .213 .257 .281 .343 .341 .384 .402 .482 .454 .500 .492 .523 .525 .529 .641 .633 .568 .653 .620 
74 .010 .020 .064 .080 .135 .195 .150 .233 .270 .326 .331 .378 .399 .427 .449 .442 .503 .527.540 .565 .525 .578 .585 .641 .633 .642 
75 .010 .020 .039 .098 .161 .221 .195 .383 .349 .317 .342 .394 .399 .420 .460 .469 .533 .527 .522 .550 .600 .547 .595 .607 .663 .662 
76 .010 .020 .052 .076 .135 .199 .195 .245 .345 .278.296 .347 .395 .389 .405 .427 .511 .469.542 .517 .518 .552 .645 .577 .628 .630 
77 .010 .020 .052 .092.090 .173 .288 .245 .277 .297.350 .413 .412 .4OS .433 .454 .462 .534 .537 .610 .466 .595 .611 .544 .552 .605 
78 .010 .020 .052 .092 .135 .135 .209 .300 .277 .311 .383 .468 .402 .433 .423 .458 .551 .504 .526 .547 .523 .537.633 .551 .606 .641 
79 .010 .020 .052 .092 .135 .200 .191 .251 .304 .295 .248 .402 .5OS .472 .474 .564 .526.543 .551 .617.664 .597 .567 .605 .567.647 
80 .010 .020 .052 .092 .135 .IOS .175 .188 .283 .371 .421 .362 .424 .454 .506 .478 .499 .518 .554 .595 .647 .664 .629 .599 .681 .695 
81 .010 .020 .080 .092 .117 .150 .143 .195 .247 .318 .374 .466 .404 .532 .592 .543 .528 .499 .537 .550 .594 .617.560 .633 .552 .650 
82 .010 .020 .052 .142 .203 .256 .242 .252 .277 .383 .395 .491 .563 .383 .544 .475 .540 .504 .564 .583 .592 .563 .621 .499 .535 .699 
83 .010.020.052.107.172 .198 .249 .329 .252 .368 .396 .425 .381 .471 .504 .595 .494 .579 .639 .580 .614 .647 .622 .630 .589 .682 
84 .010 .020 .110 .092 .206 .197 .195 .311 .252 .297 .333 .377 .403 .420 .497.630 .569 .529 .519 .499 .610 .547 .568 .600 .517 .619 
85 .010 .020 .092 .146 .154 .177 .Z39 .Z45 ,279 ,345 .421 .362 ,525 .443 .44] .59] .494 .545 ,599 .552 .603 .635 ,605 .699 .624 ,692 

.;:: 
-~, 

I 
~ 



Page 39 

Table C3. Sprlng NEFSC bottom trawl survey stratified mean catch per tow Indices, mean weights and mean 
lengths of redllsh In the Gulf of Maine-Georges Bank region 

INSHORE 1 OFFSHORE 2 COMBINED 3 
Stratified Mean Ave. Ave. Stratified Mean Ave. Ave. Stratified Mean 
Catch per Tow Wt. Length Catch per Tow Wt. Length Catch per Tow 

Year Number kg kg em Number kg kg em Number kg 

1968 7.9 1.2 0.152 17.9 51.7 19.8 0.383 26.4 45.2 17.0 
1969 59.0 8.3 0.141 20.3 44.2 21.7 0.491 30.6 46.4 19.7 
1970 29.7 9.3 0.313 24.4 59.1 20.6 0.349 26.4 54.7 18.9 
1971 49.9 13.3 0.267 24.9 176.0 81.7 0.464 29.8 157.2 71.6 
1972 23.8 4.6 0.193 18.6 114.7 51.3 0.447 28.9 101.2 44.4 
1973 14.4 4.6 0.319 22.0 49.6 28.9 0.583 31.4 44.4 25.3 
1974 25.7 6.1 0.237 19.7 35.8 21.0 0.587 31.5 34.3 18.8 
1975 50.9 18.9 0.371 25.5 37.4 17.4 0.465 28.5 38.9 17.6 
1976 45.9 6.4 0.139 19.8 65.1 29.6 0.455 29.2 62.2 26.2 
1977 79.1 24.0 0.303 25.3 15.6 9.4 0.603 32.1 25.1 11.6 
1978 33.7 10.4 0.309 25.0 22.3 12.5 0.561 30.2 24.0 12.2 
1979 27.5 8.5 0.309 25.4 67.5 36.4 0.539 30.0 61.6 32.3 
1980 8.5 2.2 0.259 25.3 33.5 23.5 0.701 32.4 29.8 20.3 
1981 3.0 1.0 0.333 22.5 38.9 21.7 0.558 30.5 33.6 18.6 
1982 5.0 1.4 0.280 24.7 19.0 10.8 0.568 30.1 16.9 9.4 
1983 4.8 0.9 0.188 21.6 10.7 7.0 0.654 31.0 9.9 6.1 
1984 5.4 1.6 0.296 25.1 4.9 2.9 0.592 30.2 5.0 2.7 
1985 1.2 0.4 0.333 24.8 13.6 7.7 0.566 30.1 11.7 6.6 
1986 9.5 5.4 0.568 29.9 4.5 2.8 0.622 31.4 5.3 3.2 
1987 5.5 1.4 0.255 23.9 27.8 14.9 0.536 30.5 24.5 12.9 
1988 11.7 2.6 0.222 23.0 7.5 3.4 0.453 28.4 8.1 3.3 
1989 17.6 2.7 0.153 17.5 6.5 3.0 0.462 27.8 7.6 2.9 
1990 0.8 0.2 0.250 23.1 14.4 8.0 0.556 30.2 12.3 6.8 

.;,.:'" 1991 5.5 0.8 0.145 19.4 10.2 4.9 0.480 28.0 9.5 4.3 
1992 76.8 15.8 0.206 23.5 31.0 9.8 0.316 26.1 37.8 10.7 

1. Strata Set: 26,27,39,40 
2. Strata Set: 24, 28-30, 36-38 
3. Strata Set: 24, 26-30, 36-40 
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Table C4. Autumn NEFSC bottom trawl survey stratified mean catch per tow indices. mean weights and mean 
lengths of redftsh In the Gulf of Maine-Georges Bank region 

INSHORE 1 OFFSHORE 2 COMBINED 3 
Stratified Mean Ave. Ave, Stratified Mean Ave. Ave. Stratified Mean 
Catch per Tow WI. Length Catch per Tow WI. Length Catch per Tow 

Vear Number kg kg em Number kg kg em Number kg 

1963 86.3 7.6 0.088 17.4 87.5 27.0 0.309 26.4 87.3 24.1 
1964 81.3 13.5 0.186 20.2 122.3 61.8 0.505 30.8 116.3 54.6 
1965 189.5 22.3 0.118 17.7 33.9 11.5 0.339 25.3 57.0 13.1 

1966 172.8 17.0 0.098 16.2 77.8 31.2 0.401 27.4 91.9 29.1 
1967 62.9 5.3 0.084 17.7 107.1 27.6 0.258 23.6 100.5 24.3 
1968 41.1 4.7 0.114 18.3 161.3 46.6 0.289 25.1 143.4 40.4 

1969 105.9 16.0 0.151 20.7 65.2 24.8 0.380 27.4 71.2 23.5 
1970 18.2 2.8 0.154 20.3 107.2 38.2 0.356 26.3 94.0 32.9 
1971 20.7 4.7 0.227 21.8 52.8 26.7 0.506 29.7 48.0 23.4 
1972 36.4 6.6 0.181 20.8 58.9 27.8 0.472 29.2 55.6 24.6 
1973 26.2 2.1 0.080 15.6 41.4 19.7 0.476 29.7 39.2 17.0 
1974 44.4 4.7 0.106 18.0 49.0 27.6 0.563 30.1 48.3 24.2 
1975 45.7 6.0 0.131 19.6 79.9 45.9 0.574 30.6 74.8 39.9 
1976 11.6 2.5 0.216 22.6 31.9 17.5 0.549 30.2 28.9 15.3 
1977 54.6 12.3 0.225 23.4 37.9 18.1 0.478 28.5 40.4 17.3 
1978 20.4 5.5 0.270 24.6 49.5 23.4 0.473 29.0 45.2 20.7 
1979 6.2 2.1 0.339 26.5 32.8 18.4 0.561 30.5 28.9 16.0 
1980 20.6 6.2 0.301 24.6 20.6 13.8 0.670 31.8 20.6 12.6 
1981 6.6 1.9 0.279 24.9 22.7 14.0 0.617 31.6 20.4 12.2 
1982 28.2 4.6 0.163 21.2 5.6 3.2 0.571 31.5 9.0 3.4 
1963 30.2 8.7 0.288 24.8 6.5 3.3 0.506 29.1 10.0 4.1 

1984 7.7 3.2 0.416 27.9 7.8 4.1 0.526 29.0 7.6 3.9 

1985 7.2 2.1 0.292 24.8 14.0 6.3 0.450 28.0 13.0 5.7 

"."::-: 1986 67.6 15.3 0.226 23.3 18.8 6.7 0.356 26.1 26.1 8.0 

1987 26.5 4.8 0.181 21.9 11.5 5.6 0.487 29.2 13.7 5.5 
1988 18.5 5.1 0.276 21.9 11.4 6.5 0.570 29.1 12.4 6.3 
1989 14.0 2.9 0.207 22.6 21.3 7.5 0.352 25.9 20.3 6.8 

1990 57.6 14.5 0.252 23.8 31.7 11.7 0.369 26.7 35.5 12.2 
1991 7.2 1.1 0.153 20.4 21.1 9.6 0.455 28.5 19.1 8.4 

1992" 9.1 2.1 0.231 23.9 9.3 0.389 21.7 8.2 

• preliminary 
1. Strata Set: 26, 27, 39, 40 
2. Strata Set: 24, 28-J0, 38-J8 
3. Strata Set: 24, 28-J0, 36-40 
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Table C5. PrerecnIit indices for Gulf of Maine redflsh derived from NEFSC autumn sUIVeys conducted in 
western Gulf of Maine Inshore strata (26, 27, 39, and 40) 

Age 0 Age 1 Age 2 
------------------------------------- ----------------------------------- ------------------------------------

Length Length Length 
Year Range (em No/tow Range (em No/tow Range (em No/tow 

1963 4-7 0.621 8-12 1.772 13-16 40.426 
1964 4-7 0.975 8-12 1.303 13-16 21.252 
1965 3-7 2.555 8-12 21.729 13-16 52.540 
1966 4-7 0.467 8-12 44.896 13-16 63.257 
1967 4-7 0.067 8-12 1.731 13-16 24.910 
1968 4-7 0.000 8-12 0.617 13-16 14.870 
1969 4-7 0.000 8-12 0.063 13-16 6.976 
1970 4-7 0.000 8-12 0.063 13-16 2.633 
1971 4-7 1.750 8-12 0.000 13-16 0.806 
1972 4-7 0.000 8-12 6.560 13-16 0.911 
1973 4-7 0.000 8-12 3.402 13-16 18.433 
1974 4-7 0.000 8-12 0.511 13-15 6.658 
1975 4-7 0.000 8-12 0.000 13-16 4.606 
1976 4-7 0.000 8-12 0.095 13-16 0.761 
1977 4-7 0.000 8-12 0.000 13-16 0.179 
1978 4-7 0.034 8-12 0.000 13-16 0.022 
1979 4-7 0.000 8-12 0.057 13-16 0.000 
1980 4-7 0.000 8-12 0.964 13-16 2.185 
1981 4-7 0.000 8-12 0.000 13-16 0.934 
1982 4-7 0.000 8-12 0.111 13-16 0.356 
1983 4-7 0.000 8-12 0.479 13-17 1.993 
1984 4-7 0.000 8-12 0.000 13-18 0.701 
1985 4-7 0.000 8-12 0.067 13-17 0.497 
1986 4-7 0.133 8-12 0.067 13-16 0.318 
1987 4-7 0.000 8-12 0.189 13-16 1.086 
1988 4-7 0.134 8-12 1.370 13-17 3.840 
1989 4-7 0.063 8-12 0.308 13-17 0.992 
1990 3-7 0.222 8-12 1.125 13-17 6.503 
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between 20 and 26 em, from the 1986 or 1987 
year classes, appeared In survey catches. 

Estimates of F and F are 0.06 and 0.13, 
0.1 max 

respectively. F at 2()O;6 of maximum spawning 
potential was estimated as 0.12lTable C6, Figure 
C6), slightly below the estimate ofF~. 

The most recent VPA was performed In 1986 
using catch at age data from 1969 to 1983. It 
Indicated that age 9+ fishing mortality rates 
ranged from 0.12 to 0.26 during the 1970s and 
early 1980s (FIgure C7) (NEFC 1986). Exploitable 
biomass (age 5+) had been reduced by 75% from 
1969 to 1984. The VPA was discontinued after 
1986; recent declines In redflsh landings suggest 
that F IS now likely to be rather low (possibly In 
the range ofM), causing the convergence of a VPA 

to be a lengthy process. 

SARC REVIEW 

The steep decline In directed redflsh trips 
since 1986 led to the conclusion that calculations 
of 1991 and 1992, and perhaps 1990 CPUE and 
total effort were not useful. Examination of 
recent survey data revealed an apparent trend, 
where Increases or decreases In age 2 abundance 
Indices coincide with similar changes In age 1 
Indices. There was some concern that It may be 
related to changes In survey vessel and doors. 
The 1992 spring survey data suggests that the 
1986 year class may be better than other year 
classes. 

Figure C3. Gulf of Maine·Georges Bank redftsh NEFSC spring bottom trawl Indices 
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FigUre C4. Gulf of Maine-Georges Bank redftsh NEFSC autumn bottom trawl Indices 

160 

140 

120 

• .2 100 
~ 
"-
~ 80 
.n 

§ 60 
z 

40 

2 0 

0 

r-----
J 

A 1 
IfI /\ ( ,II 
d! ; \v ,.\ 1\ 
i ILl '/ '~) \ 

'" 
V 'v V\: 1:\ A 

~/,~. 

1963 1966 1969 1972 1975 1978 1981 1984 1987 1990 
Year 

Mean Number{Tow Mean Weight(kg)fTow 

BO-

70 

60 • 2 
50 ~ 

"-

40 Oi 
"'-:c 

30 0> .. 
20 

:;: 

10 

0 



Page 43 

Figure C5. Gulf of Maine redfish length composition, stratlfted mean number per tow from spring and autumn 
bottom trawl surveys. 1963-1991. 
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Figure C5, Continued. 
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Figure C5_ Continued. ' 
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Figure CS. Continued. 
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F1gure C5. Continued. 
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Table C6. Yield and SSE per recruit analysis for Gulf of Maine redfish 

the WEfe yield eoa Stock She per Recruit Progf"1IIII - POBYPRC 
PC Ver.l.2 [Methoo of Th~oo and Bell (1934») l-Jan-1992 

RI.rI Date: 23-11-1992; Tf_: 12:51:50.48 
REafIS" UPOATED AVE illS, MAT VECTOR (MAYO £T AL 1WO). 1971 YC fPAT 

Proportion of F before spawning: .4000 
Proportion of " before spawning: .4000 
NaturaL Mortal ity fs Constant at: .050 
Initial age Is: '; last age is: 30 
last age is • PLUS gr~; 
OriginaL age-specific PRs, Mau. and Meen \It Ii frC* file: 
,."",. YRREO. 0" T 

Age-specific Input data for Yield per Recruit AnaLysis 

Age I fish Mort Nat Mort I Proportion I Average Weights 
Pattern Pattern Mature Catch Stock 

1 .0000 1.0000 .0100 .002 .002 
2 .0000 1.0000 .0200 .012 .012 
3 .0230 1.0000 .0500 .074 .033 
4 .0580 1.0000 .1500 .097 .064 
5 .3260 1.0000 .- .153 .103 
6 .5230 1.0000 ~ .6400 .179 .1" 
7 .8660 1.0000 .8500 .199 .196 

• .9650 1.0000 .9500 .253 .246 
9 1.0000 1.0000 .9800 .271 .295 

10 1.0000 1.0000 .9900 .310 .343 

" 1.0000 1.0000 1.0000 .341 .388 
12 1.0000 1.0000 1.0000 .394 .430 
13 1.0000 1.0000 1.0000 .413 .469 
14 1.0000 1.0000 1.0000 .428 .505 
15 1.0000 1.0000 1.0000 .464 .537 
16 1.0000 1.0000 1.0000 .... .566 
17 1.0000 1.0000 1.0000 .504 .592 ,. 1.0000 1.0000 1.0000 .5OS .615 
19 1.0000 1.0000 1.0000 .545 .636 
20 1.0000 1.0000 1.0000 .558 .654 
21 1.0000 1.0000 1.0000 .562 .669 
22 1.0000 1.0000 1.0000 .m .683 
23 1.0000 1.0000 1.0000 .594 .696 
24 1.0000 1.0000 1.0000 .575 .706 
2S 1.0000 1.0000 1.0000 .588 .716 
26 1.0000 1.0000 1.0000 .624 .724 
27 1.0000 1.0000 1.0000 .624 .131 
2. 1.0000 1.0000 1.0000 .624 .737 
29 1.0000 1.0000 1.0000 .624 .742 
30+ 1.0000 1.0000 1.0000 .624 .760 

SUlJlMry of Yield per Recruit Anllysis for: 
REOFISK UPDATED AVE \ITS, MAT VECTOIt (MAYO ET Al. 1990), 1971 YC FPAT 

Slope of the Yleld/Recrult curve at F:cO.OO: --:> 7.4657 
F level at slope-lt10 of the .bow slope (FO.1): •••.. :> .060 

Yield/Recruit corresponding to FO.l: ..... :> .1639 
F level to prO<b:e Maxf_ Yield/Recruit (F_x): ••••• :> .132 

Yield/Recruit corresponding to f-.x: ••... :> .1619 
level .t 20 X of Max SJ-wning Potential (F20): •••• -:> .116 
SS8/Recruit corresponding to flO: •••••• --:> 1.7605 

-- -.- _ ... _. _.- -_. -_. --- -._ .. _ .. -_. _. _ ..... --_. _ ... ---_. -_ ......... ----- .. -
listing of Yield per Recruit Results for! 
REOFlSH UPDATED AVE \ITS, MAT VECTOR. (MAYO ET Al. 1990), 1971 YC FPAT .. _ .... _._. _.- _ .. _ ........ _._._ .. _. -- -_. _. ---_.- -_ ... _ ..... --_ .. _. -._. _ .... -

f"""T TOTCTK .. TOTCTIN TOTSTKN TOTST~ SPNSTKlt SPNSTK\I X MSP 
••••••••• _. __ " _____ • _. _____ • ______ • _ •••••••••••• 00 ___ ~ _ •••••••• _ ••• _ •••• _._ 

.000 .00000 .00000 20.5042 9.2036 15.7030 6.8055 100.00 

.025 .25729 .11261 15.3600 5.6199 10.5714 5.2426 59.54 

.050 .38630 .15495 12.7813 3.9256 8.0049 3.5651 40.49 
fO.l .060 .42199 .16394 12.0681 3.4774 7.2965 3.1229 35.47 

.075 .46399 .1m3 11.2269 2.9656 6.4643 2.6169 29.74 
_ 100 .51602 .17961 10.1698 2.3604 5.4367 2.0253 23.00 

F20X .116 .54001 .16132 9.1014 2.0893 4.9553 1.7605 19.99 
.125 .55337 .18176 9.4441 1.9506 4.7023 1.6253 18.46 

f_ .132 .56220 .18186 9.2679 1.8572 4.5292 1.5345 17.43 
.150 .58155 .18148 8.8619 1.6562 4.1510 1.3415 15.23 
.175 .60361 .17999 8.4421 1.4412 3.7218 1.1319 12.85 
.200 .62138 .17791 •• 0880 1.2750 3.3781 .9m 11.04 
.225 .63602 .17558 7.7963 1.1443 3.0965 .8475 9.63 
.250 .64833 .17318 7.5514 1.0394 2.8616 .7479 6.49 
.275 .65882 .17081 7.3427 .9536 2.6625 .6670 7.57 
.300 .66790 .16851 7.1623 .8823 2.4916 .6002 6.82 
.325 .67583 .16632 7.0047 .8223 2.3433 .5443 6.18 
.350 .68284 .16425 6.8655 .7712 2.2133 .4969 5.64 
.375 .68909 .16230 6.7417 .nn 2.0983 .4565 5.16 
.400 .69469 .1"" 6.6306 ..... 1.9959 .4215 4.79 
.425 .69976 .15874 6.5303 .6554 1.9041 .3911 4.44 
.450 .70436 .15712 6.4391 .6258 1.8214 .3645 4.14 
.475 .70857 .15560 6.3559 .5995 1.7463 .3409 3.87 
.500 .71244 .15417 6.2794 .5159 1.6779 .3200 3.63 
.550 .71932 .15155 6.1436 .5356 1.5578 .2846 3.23 
.600 .nS26 .14922 6.0264 .502] 1.4557 .2558 2.90 
.650 .73047 .14714 S.9ZJ8 .4744 1.3671 .2319 2.63 
.700 .73509 .14526 5.8331 .4506 1.2911 .2119 2.41 
.750 .73921 .14356 5.7520 .4301 1.2237 .1949 2.21 
.800 .74294 .14201 5.6789 .4121 1.1639 .1803 2.05 
.850 .74632 .14060 5.6126 .3964 1.1105 .1676 1.90 
.900 .74941 .13930 5.5521 .3824 1.0624 .1565 1.78 
.950 .75226 .13809 5.4964 .3698 1.0189 .1467 1.67 

1.000 .75488 .13698 5.4451 .3585 .9793 .1380 1-57 
.. ---.-.--~ .. --... -..... --.-.--.-.-.~~.~.-.. ~ ... -~ .. ---_ ........ _._ .. _-_ .... 
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Figure C6. Yield and spawning stock biomass per recruit results for Gulf of Maine-Georges Bank redftsh. 
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Figure C7. Trends In yield (1,000 t) and Instantaneous fishing mortality (F) for Gulf of Maine-Georges Bank 
rcdftsh, 1969-1992. 
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GULF OF MAINE-GEORGES BANK 
REDFISH RECOMMENDATIONS/RESEARCH NEEDS 

1. Shrimp fishery sea sampling data should be 
examined to determine age or size composi
tion and discard rates. 

2. Gulf of Malne summer survey should be 
examined. 

3. Survey vessel and door conversion factors 
should be examined to determine if they 
affect the apparent trend in Age 1 and 2 
survey indices. 

4. A suffiCient sample of redflsh otoliths should 
be aged to update the catch at age matrix. 
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D. GULF OF MAINE COD ASSESSMENT 

INTRODUCTION 

Atlantic cod (Gadus morlula) In the Gulf of 
Maine region have been commercially exploited 
since the 17th Century. Reliable landings sta
tistics are avallable since 1893. Historically, 
the Gulf of Maine fishery can be separated Into 
four periods (FIgure D 1): 

(1) anearlyerafrom 1893-1915Inwhlchrecord
hlghlandlngs (> 17,OOOt) In 1895 and 1906 
were followed by about 10 years of sharply
reduced catches 

(2) a later period from 1916-1940 In which 
annual landings were relatively stable, fluc
tuating between 5,000 and ll,500 t and 
averaging 8,300 t per year 

(3) a period from 1941-1963 when landings 
sharply increased (1945: 14,500 tons) and 
then rapidly decreased, reaching a record 
low of 2,600 tin 1957 

(4) the most recent period, from 1964 onward, 
during which Gulf of Maine landings have 
generally Increased. Total landings doubled 
between 1964 and 1968, doubled again be
tween 1968 and 1977, and averaged 12,200 t 
per year during 1976-1985 (Table D 1). Al
though Gulf of Maine landings declined be
tween 1984 and 1987, landings have since 
Increased, reaching 17,800 t In 1991, the 
highest level since the early 1900s. 

This report presents an updated and revised 
analytical assessment of the Gulf of Maine cod 
stock (NAFO Division 5Y) for the period 1982-1991 
based on analyses of commercial and research 
vessel survey data through 1991. More specific 
details regarding the assessment are presented by 
Mayo et aI. (1993). An Initial analytical assess
ment of this stock was presented at the Seventh 
NEFC Stock Assessment Workshop In November, 
1988 (NEFC 1989) and a subsequent revision was 
presented at the Twelfth Northeast Regional Stock 

Figure D 1. Tots! commercial landings of Gulf of Maine cod. NAFO Division 5Y. 1893-1992. 
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Assessment Workshop in June, 1991 (NEFSC 
1991). 

COMMERCIAL FISHERY LANDINGS 

Total commercial landings in 1991 were 
17,781 t, 15% greater than in 1990 and 71% 
greater than in 1989 [fable D 1), the highest catch 
on record. Since 1977, the U.S. fishery has 
accounted for all of the commercial catch. Cana-
dian landings reported as Gulf of Maine catch 
during 1977-1990 are believed, by Canadian 
scientists, to be misreported catches from the 
Scotian Shelf stock (Campana and Simon 1985; 
Campana and Hamel 1990). 

Otter trawl catches accounted for most (74%, 
by weight) of the 1991 landings [fable D2). Gill 
net catches, which comprised about 40% of the 
total landings during 1987-1989, accounted for 
only 23% in 1991. 

CATCH COMPOSITION 

U.S. length frequency sampling averaged one 
sample per 155 to 200 t landed during 1983-
1987 but, since 1988, has decreased (1990: I 
sample per 387 t; 1991: 1 sample per 318 tJ. 
Virtually all of the U.S. samples have been taken 
from otter trawl landings, but sampling is propor-
tionally stratified by market category (scrod, 
market, and large). Of the 56 samples collected 
in 1991, 19 were scrod samples (34%), 30 were 
market (54%), and 7 were large (13%). Compared 
with the 1991 market category landings distribu-
tion (by weight - scrod: 26%; market: 51 %; large: 
20%), 'scrod cod' were slightly oversampled and 
'large cod' undersampled. 

Age Composition 

Age composition of landings during 1982-
1991 was estimated, by market category, from 
monthly length frequency and age samples, pooled 
by calendar quarter. Quarterlymeanweights, by 
market category, were obtained by applying the 
U.S. cod length-weight equation (In Weight (kg,l1vej 

~ -11.7231 +3.0521 In Length ,=,) to the quarterly 
market category sample length frequencies. Mean 
weight values were then divided into quarterly 
market category landings to derive estimated 
numbers landed by quarter, by market category. 
Quarterly age/length keys were then applied to 
the quarterly market category numbers atlength 
distributions to provide numbers at age. These 
values were summed over market categories and 

Table D 1. Commercial landings (mt. live) of Atlantic 
cod the Gull of Maine (NAFO Division 5y), 
1960-1992' 

Gulf of Maine 
Year USA Canada USSR Other Total 

1960 3448 129 3577 
1961 3216 18 3234 
1962 2989 83 3072 
1963 2595 3 133 2731 
1964 3226 25 3251 
1965 3780 148 3928 
1966 4008 384 4392 
1967 5676 297 5973 
1968 6360 61 6421 
1969 8157 59 268 8484 
1970 .7812 26 423 8261 
1971 7380 119 163 7662 
1972 6776 53 11 77 6917 
1973 6069 68 9 6146 
1974 7639 120 5 7764 
1975 8903 86 26 9015 
1976 10172 16 10188 
1977 12426 12426 
1978 12426 12426 
1979 11680 11680 
1980 13528 13528 
1981 12534 12534 
1982 13582 13582 
1983 13981 13981 
1984 10806 10806 
1985 10693 10693 
1986 9664 9664 
1987 7527 7527 
1988 7958 7958 
1989 10397 10397 
1990 15154 15154 
1991 17781 17781 
1992 11000 11000 

1 U.S. landings from NMFS. NEFC Detailed Weighout Files 
and Canvass data. 
Provisional 

quarters to derive the annual catch-at-age ma
trix [fable D3). Derivation of catch by quarter, 
rather than by month, was performed since not 
all months had at least two length frequency 
samples per market category (Le., minimum de
sired for monthly catch estimates). 

For many of the length frequency samples, 
sample weights were also available. These were 
converted (x 1.17) to live weights and compared 
to the calculated weights from the length-weight 
equation. In most cases, the differences were 
small «5%) Implying that use of the length
weight equation to derive the number of fish 
landed Imparted little, if any, bias to the calcula
tion of catch in numbers. Gulf of Maine cod 
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Table D2. Distribution of U.S. conunerclallandings (mt, live) of Atlantic cod from the Gulf of Maine (Area 5y), 
by gear type, 1965-1991. The percentage of total U.S. commercial landings of Atlantic cod from the 
Gulf of Maine, by gear type, Is also presented for each year. Data only reflect Gulf of Maine cod 
landings that could be Identified by gear type. 

Landings (mt, live) Percentage of Annual Landings 

Otter Sink Line Other Otter Sink Line Other 
Year Trawl Gillnet Trawl Handline Gear Total Trawl Gillnet Trawl Handline Gear Total 

1965 2480 501 462 168 1 3612 68.7 13.9 12.8 4.6 100.0 
1966 2549 830 308 150 4 3841 66.4 21.6 8.0 3.9 0.1 100.0 
1967 4312 734 206 274 <1 5526 78.0 13.3 3.7 5.0 100.0 
1968 4143 1377 213 339 4 6076 68.2 22.7 3.5 5.6 100.0 
1969 6553 851 258 162 4 7828 83.7 10.9 3.3 2.1 100.0 
1970 5967 951 407 178 9 7512 79.4 12.7 5.4 2.4 0.1 100.0 
1971 5117 1043 927 98 8 7193 71.1 14.5 12.9 1.4 0.1 100.0 
1972 4004 1492 1234 54 2 6786 59.0 22.0 18.2 0.8 100.0 
1973 3542 1182 1305 23 9 6061 58.4 19.5 21.5 0.4 0.2 100.0 
1974 5056 1412 904 36 17 7425 68.1 19.0 12.2 0.5 0.2 100.0 
1975 6255 1480 920 12 8 8675 72.1 17.1 10.6 0.1 0.1 100.0 
1976 6701 2511 621 4 41 9878 67.8 25.4 6.3 0.1 0.4 100.0 
1977 8415 2872 534 6 166" 11993 70.2 23.9 4.5 1.4 100.0 
1978 7958 3438 393 10 91' 11890 66.9 28.9 3.3 0.1 0.8 100.0 
1979 7567 2900 334 19 167' 10987 68.9 26.4 3.0 0.2 1.5 100.0 
1980 8420 3733 251 48 61 12513 67.3 29.8 2.0 0.4 0.5 100.0 
1981 7937 4102 276 23 45 12383 64.1 33.1 2.2 0.2 0.4 100.0 
1982 9758 3453 188 46 34 13479 72.4 25.6 1.4 0.3 0.3 100.0 
1983 9975 3744 77 4 67 13867 71.9 27.0 0.6 0.5 100.0 
1984 6646 3985 22 3 69 10725 62.0 37.2 0.2 0.6 100.0 
1985 7119 3090 55 6 326d 10596 67.2 29.1 0.5 0.1 3.1 100.0 
1986 6664 2692 56 12 180' 9604 69.4 28.0 0.6 0.1 1.9 100.0 
1987 4356 2994 70 13 68 7501 58.1 39.9 0.9 0.2 0.9 100.0 
1988 4513 3308 68 27 22 7938 56.9 41.7 0.8 0.3 0.3 100.0 
1989 6152 4000 72 36 119' 10379 59.3 38.5 0.7 0.4 1.1 100.0 
1990 10420 4343 126 20 186< 15095 69.0 28.8 0.8 0.1 1.2 100.0 
1991 13049 4158 212 59 266h 17744 73.5 23.4 1.2 0.3 1.5 100.0 

Of 166 mt landed. 107 mt were by mid-water pair trawl and 42 mt were by drifiting gill nets. 
h Of 91 mt landed. 1S6 mt were by Danish seine and 27 mt were by drifting gill nets. 

Of 167 mt landed. 199 mt were by drifting gill nets and 38 mt were by Danish seine. 
d Of 326 mt landed. 268 mt were by longline and 37 mt were by Danish seine. 

Of 181 mt landed. US2 mt were by longline and 23 mt were by Danish seine. 
f Of 199 mt landed. 71:5 mt were by longline and 27 mt were by Danish seine. 
I[ Of 186 mt landed. 159 mt were by longlinc and 16 mt were by Danish seine. 
h Of 266 mt landed, 245 mt were by longllne and 9 mt were by Danish seine. 

landings in 1991 were dominated by fish from the 
1987 year class with secondary contributions 
from the 1986 and 1988 year classes [fable D3). 
Together these three cohorts accounted for 91 % 
of the total catch, by number , and 87% byweight. 

Mean Weights at Age 

Mean weights at-age in the catch for ages I to 
11 + during 1982-1991 are given in Table D3 and, 
based on landings patterns, are considered mid
year values. Apart from 1990, only slight varia
tions are apparent among years with no consis
tent trends evident. In 1990, mean weights at age 

for age groups 2 to 4 were the lowest in the nlne
year time series while mean weights for age 
groups 6 and 7 were the highest. These changes, 
however, may be artifacts of the reduced sam
pling intensity of the landings in 1990 as indi
cated by the increase in mean weights at ages 2 
and 4 in 1991. Catch at age and recalculated 
mean weights at age for the 8+ group which are 
used in the VPA are given in Table D4. Mean 
weights at age for calculating stock biomass at 
the beginning of the year are prOvided in Table 
D5. These values were derived from the catch 
mean weight at age data (Table D3) using the 
procedures described by Rivard (1980). 
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Table 03. Catch at age (thousands of flsh; mtl and mean weight (kg) and mean length (eml at age of total 
commerclallandings of Atlantlc cod from the Gulf of Malne stock (NAFO Division 5y). 1982-1991 

Age 
Year 1 2 3 4 5 6 7 8 9 10 11+ ToW 

Total Commercial Catch in Numbers (000'5) at Age 
1982 30 1380 1633 1143 633 69 91 61 41 4 33 5118 
1983 866 2357 1058 638 422 47 61 23 9 15 5496 
1984 4 446 1240 1500 437 194 74 19 15 11 17 3957 
1985 407 1445 991 630 128 78 32 4 11 11 3737 
1986 84 2164 813 250 177 39 24 20 4 8 3583 
1987 2 216 595 1109 277 66 51 9 8 8 3 2344 
1988 160 1443 953 406 43 9 17 1 2 1 3035 
1989 337 1583 1454 449 81 35 6 3 5 7 3960 
1990 205 3425 2064 430 157 27 30 10 15 17 6380 
1991 344 934 4161 851 143 41 30 6 1 1 6512 

Total Commercial Catch in Weight (Tons) at Age 
1982 24 1595 2717 3160 3019 461 813 608 531 41 613 13582 
1983 1009 3913 2619 2410 2518 271 643 227 102 269 13981 
1984 3 516 2071 4080 1607 1145 603 186 193 152 250 10816 
1985 513 2523 2816 2814 705 615 363 51 141 152 10693 
1986 110 3976 2375 1153 1072 296 243 253 54 132 9664 
1987 2 283 1001 3641 1340 451 455 88 116 llO 40 7527 
1988 203 2715 2311 2097 295 85 191 11 36 14 7958 
1989 420 2811 4351 1737 325 323 67 43 87 163 10397 
1990 219 5794 4687 1834 1200 290 354 153 214 350 15095 
1991 388 1463 10455 3520 1045 399 369 93 32 17 17781 

Total Commercial Catch Mean Weight (kg) at Age 
1982 0.801 1.156 1.664 2.764 4.770 6.739 8.944 9.931 12.922 10.618 18.456 2.654a 

1983 1.164 1.660 2.475 3.778 5.962 5.808 10.522 10.089 10.898 17.813 2.544 
1984 0.589 1.159 1.670 2.721 3.677 5.898 8.119 9.595 12.889 13.951 15.028 2.731 
1985 1.260 1.746 2.840 4.466 5.525 7.901 11.218 11.420 13.386 14.523 2.861 
1986 1.304 1.837 2.923 4.619 6.067 7.669 10.030 12.463 12.907 16.554 2.698 
1987 1.028 1.313 1.684 3.283 4.831 6.824 8.878 10.023 13.752 14.738 14.596 3.212 
1988 1.268 1.881 2.426 5.166 6.767 9.932 11.126 14.960 15.763 20.356 2.622 
1989 1.247 1.776 2.993 3.864 4.872 9.267 11.938 14.806 18.196 21.521 2.626 
1990 1.071 1.692 2.271 4.265 7.645 10.734 11.758 15.015 14.784 20.295 2.366 
1991 1.130 1.568 2.512 4.136 7.309 9.642 12.322 15.547 24.328 21.885 2.731 

Total Commercial Catch Mean Length (em) at Age 
1982 43.2 48.3 53.8 63.4 76.8 86.1 94.6 97.9 107.4 101.0 120.7 59.9b 

1983 48.6 53.8 61.4 70.8 82.4 80.5 98.8 97.5 100.0 118.7 59.8 
1984 39.0 48.4 54.1 63.4 69.7 81.8 91.5 96.7 106.9 109.6 112.0 61.6 
1985 49.8 55.1 64.6 74.9 80.3 90.8 101.9 103.1 108.2 109.7 62.8 
1986 50.3 55.9 65.0 75.4 82.6 89.9 98.7 105.8 107.5 116.2 61.6 
1987 47.0 50.4 54.4 67.8 76.9 86.5 93.8 98.7 109.5 111.7 111.3 65.4 
1988 50.1 56.4 61.1 78.7 86.4 98.6 102.3 113.0 114.8 125.0 61.4 
1989 49.8 55.5 65.7 71.5 76.7 95.8 103.4 112.6 120.4 126.8 61.7 
1990 47.5 54.8 60.0 73.7 90.0 100.9 104.0 111.8 112.6 124.6 59.2 
1991 47.7 52.6 61.8 72.6 88.6 97.2 105.0 113.3 132.5 128.0 62.2 

• Mean weight 
b Mean length 

STOCK ABUNDANCE AND BIOMASS day fished) were calculated. by tonnage class 

INDICES (Class 2: 5-50 GRr; Class 3: 51-150 GRr; Class 
4: 151-500 GR11. from otter trawl trips landing 

Commercial Catch Rates 
cod from the Gulf of Maine (Division 5Y). Indices 
were derived based on all trips landing cod. and 
for "directed" trips in which cod comprised 50% 

U.S. commercial CPUE indices (catch per or more of the total trip catch by weight (Table 
unit effort. expressed in metric tons landed per D6). "Directed trips" have generally accounted 
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TableD4. Catch at age (tbousands of fish; mt) and mean weight (kg) and mean lengtb (em) at age of total 
commercial1andings ofAtiantlc cod from tbe Gulf of Maine stock (NAFO Division 5y). 1982 - 1991 

Age 
Year 1 2 3 4 5 6 7 8+ Total 

Total Commercial Catch in Numbers (OOO's) at Age 
1982 30 1380 1633 1143 633 69 91 139 5118 
1983 866 2357 1058 638 422 47 108 5496 
1984 4 446 1240 1500 437 194 74 62 3957 
1985 407 1445 991 630 128 78 58 3737 
1986 84 2164 813 250 177 39 56 3583 
1987 2 216 595 1109 277 66 51 28 2344 
1988 160 1443 953 406 43 9 21 3035 
1989 337 1583 1454 449 81 35 21 3960 
1990 205 3425 2064 430 157 27 72 6380 
1991 344 934 4161 851 143 41 38 6512 

Total Commercial Catch in Weight (Tons) at Age 
1982 24 1595 2717 3160 3019 461 813 1793 13582 
1983 1009 3913 2619 2410 2518 271 1241 13981 
1984 3 516 2071 4080 1607 1145 603 781 10816 
1985 513 2523 2816 2814 705 615 707 10693 
1986 110 3976 2375 1153 1072 296 682 9664 
1987 2 283 1001 3641 1340 451 455 354 7527 
1988 203 2715 2311 2097 295 85 252 7958 
1989 420 2811 4351 1737 325 323 360 10397 
1990 219 5794 4687 1834 1200 290 1071 15095 
1991 388 1463 10455 3520 1045 399 511 17781 

Total Commercial Catch Mean Weight (kg) at Age 
1982 0.801 1.156 1.664 2.764 4.770 6.739 8.944 12.892 2.654a 

1983 1.164 1.660 2.475 3.778 5.962 5.808 11.473 2.544 
1984 0.589 1.159 1.670 2.721 3.677 5.898 8.119 12.631 2.731 
1985 1.260 1.746 2.840 4.466 5.525 7.901 12.169 2.861 
1986 1.304 1.837 2.923 4.619 6.067 7.669 12.124 2.698 
1987 1.028 1.313 1.684 3.283 4.831 6.824 8.878 12.724 3.212 
1988 1.268 1.881 2.426 5.166 6.767 9.932 11.791 2.622 
1989 1.247 1.776 2.993 3.864 4.872 9.267 17.088 2.626 
1990 1.071 1.692 2.271 4.2657.645 10.734 14.877 2.366 
1991 1.130 1.568 2.512 4.136 7.309 9.642 13.399 2.731 

Total Commercial Catch Mean Length (em) at Age 
1982 43.2 48.3 53.8 63.4 76.8 86.1 94.6 106.2 59.9b 

1983 48.6 53.8 61.4 70.8 82.4 80.5 101.5 59.8 
1984 39.0 48.4 54.1 63.4 69.7 81.8 91.5 105.8 61.6 
1985 49.8 55.1 64.6 74.9 80.3 90.8 104.6 62.8 
1986 50.3 55.9 65.0 75.4 82.6 89.9 104.3 61.6 
1987 47.0 50.4 54.4 67.8 76.9 86.5 93.8 106.8 65.4 
1988 50.1 56.4 61.1 78.7 86.4 98.6 105.0 61.4 
1989 49.8 55.5 65.7 71.5 76.7 95.8 116.6 61.7 
1990 47.5 54.8 60.0 73.7 90.0 100.9 111.8 59.2 
1991 47.7 52.6 61.8 72.6 88.6 97.2 107.6 62.2 

a Mean weight 
b Mean length 
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Table D5. Mean weight at age (kg) atthe beginning of the year (January 1) for Atlantic cod from the Gulf of Maine 
cod stock (NAFO Division 5y). 1982 - 1991. Values derived from catch mean welght-at-data (mid-
year) using procedures described by Rivard (1980) 

Age 
Year 1 2 3 4 5 6 7 8 9 10+-

1982 0.791 0.965 1.364 2.364 (3.75O)b (5.600) (7.400) 9.853 (11.650) 16.000 
1983 0.793 1.024 1.385 2.029 3.231 5.333 6.256 9.701 10.010 16.000 
1984 0.761 1.021 1.394 2.125 3.017 4.720 6.957 (9.670) 11.646 16.000 
1985 0.748 1.065 1.423 2.178 3.486 4.507 6.826 9.544 10.468 16.000 
1986 0.745 1.083 1.521 2.259 3.622 5.205 6.509 8.902 11.824 16.000 
1987 0.758 1.087 1.482 2.456 3.758 5.614 7.339 8.767 11.744 16.000 
1988 0.765 1.068 1.572 2.021 4.118 5.718 8.233 9.939 12.245 16.000 
1989 0.825 1.059 1.501 2.373 3.062 5.017 7.919 10.889 12.835 16.000 
1990 0.803 0.982 1.453 2.008 3.573 .435 7.232 10.438 13.388 16.000 
1991 0.803 1.008 1.296 2.062 3.065 5.583 8.586 11.501 13.520 16.000 

Mean Values 
89-91 0.814 1.016 1.417 2.148 3.233 5.345 7.912 10.943 13.248 16.000 
82-91 0.779 1.036 1.439 2.188 3.468 5.273 7.326 9.921 11.753 16.000 

.. Mean weight-at-age values for 10+ set equal to mean (1982-1990) catch (mid-year) weight at age value for 10+, 
b Values in parentheses are modified from calculated values. 

forless than 45% (and as low as 14%) of U.S. Gulf 
of Maine otter trawl landings of cod but since 
1988 "directed trips" have accounted for an 
increasing percentage of the total catch [fable 
D7). "Directed trips" accounted for 35% of the 
otter trawl catch in 1988, 49% in 1989, 67% in 
1990, and 71% in 1991. This trend Is apparent 
within and among vessel class categories. 

Both total and directed U.S. CPUE indices 
have generally exhibited similar trends [fable 
D6, Figure D2). CPUE values increased during 
the late 1960s, declined during the early 1970s, 
sharply increased in 1974, and then stabilized 
during 1975-1983 at a relatively high level. After 
1983, CPUE indices trended downward, reaching 
record-low levels in 1987. Subsequently, both 
total and directed CPUE indices have increased. 
In 1991, the total CPUE index was the highest 
since 1977 (and among the highest in the time 
series) while the directed index declined from the 
1990 level and remains among the lowest In the 
time series. Between 1988 and 1991, the per
centage of total trips qualifying as directed lrips 
quadrupled [fable D7: 8% to 33%). While the 
tolal number of cod trips remained low in 1991 
relative to 1988, the number of directed lrips 
increased sevenfold over the past three years 
[fable D6: 300 lrips in 1988 vs 2147 trips in 
1991). This suggests that the very high total 
CPUE index for 1990 and 1991 is inflated due to 
a marked change in fleet "directivity .. , particu
larly by Class 4 vessels. In 1988, 5% of Class 4 
cod lrips were "directed" while in 1991, 57% of 
Class 4 lrips qualified as "directed" [fable D7). 

In terms of calculated effort (total landings/total 
U.S. CPUE index), total fishing effort peaked at a 
record-high level in 1987 but has since declined 
[fableD8). To the extent that the 1990 and 1991 
total CPUE indices are 'inflated' (due to increased 
fleet directivi1y for cod), U,e calculated effort 
values for 1990 and 1991 are underestimated. 

Fishing effort was standardized by applying a 
four-factor (year. tonnage class. area, and depth) 
general linear model (GLM) to log CPUE data 
derived for all otter trawl lrips taking cod from 
1982 through 1991 [fable D9). The model ac
counted for just over 20% of the total sum of 
squares, although all four factors were highly 
Significant. Retransformed log year coefficients 
were multiplied by the 1982 base year CPUE and 
divided into the annual total landings (from Table 
D8) to derive effort values [fable D9). Both series 
of effort estimates [fable D8 and Table D9) show 
the same trends over time with peak effort occur
ring in 1987 followed by a decline in 1989 and 
1990. The GLM standardized series shows a 
subsequentincrease (+ 17%) in effort in 1991 over 
1990 compared to the effort trend estimated from 
the calculated LPUE indices (Figure D3). 

Research Vessel Survey Indices 

Indices of cod abundance (stratified mean 
catch per tow in numbers) and biomass (strati
fiedmean weight per tow in kilograms). developed 
from NortheastFisheries Science Center (NEFSC) 
and State of Massachusetts research vessel bot-
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Table D6. U.S. commercial landings (Ll'. days fished (DFl. and landings per day fished (L/DFl'. by vessel 
tonnage class (Class 2 - 2 to 50 GRT; Class 3 - 51 to 150 GRT; Class 4 - 151-500 GR11. of Atlantic 
cod for otter trawl trips catching cod from the Gulf ofMalne (NAFO DIvision 5y), 1965-1991. Data 
are also provided for otter trawl trips in which cod composed 50% or more of the total trip catch by 
weight ('directed trips'). 

Year 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

L 

1412 
1265 
1790 
1839 
2992 
3359 
2917 
2190 
2018 
2292 
3108 
3168 
3816 
3859 
3731 
3967 
3722 
3619 
3473 
2188 
1801 
1638 
1131 
1327 
1559 
2004 
2466 

394 
253 
656 
656 

1399 
1369 
1033 
621 
380 
467 

1047 
1197 
1390 
1314 
1114 
1198 
1587 
1354 
1399 
478 
438 
398 
253 
426 
829 

1265 
1693 

Class 2 
DF L/DF 

2691 
2379 
2175 
2696 
3301 
4834 
4000 
4104 
3915 
3954 
4423 
4404 
4354 
5063 
5623 
6252 
4912 
6086 
5512 
5444 
4890 
4721 
4782 
5089 
4060 
4282 
4460 

183 
92 

179 
155 
324 
395 
370 
283 
179 
186 
331 
384 
386 
421 
382 
360 
317 
381 
397 
215 
269 
249 
180 
366 
601 
920 

1307 

0.52 
0.53 
0.82 
0.68 
0.91 
0.69 
0.73 
0.53 
0.52 
0.58 
0.70 
0.72 
0.88 
0.76 
0.66 
0.63 
0.76 
0.59 
0.63 
0.40 
0.37 
0.35 
0.24 
0.26 
0.38 
0.47 
0.55 

2.15 
2.75 
3.66 
4.23 
4.32 
3.47 
2.79 
2.19 
2.12 
2.51 
3.16 
3.12 
3.60 
3.12 
2.92 
3.33 
5.01 
3.55 
3.52 
2.22 
1.63 
1.60 
1.41 
1.16 
1.38 
1.38 
1.30 

1 Metric tons. Uve weight. 

Class 3 
L DF L/DF 

935 
1093 
2341 
1955 
2874 
2010 
1727 
1463 
1172 
2108 
2599 
3143 
3903 
3334 
3169 
3497 
3253 
4466 
4874 
3217 
3457 
3088 
2005 
2137 
2885 
4749 
5272 

310 
329 

1202 
995 

1384 
719 
540 
322 

96 
529 

1039 
1277 
1825 
1373 
1233 
1205 
1218 
2296 
2609 

941 
1024 

602 
273 
936 

1579 
3404 
3749 

ALL TRIPS 
965 0.97 
938 1.17 

1232 1.90 
1266 1.54 
1497 1.92 
1666 1.21 
1475 1.17 
1637 0.89 
1430 0.82 
1455 1.45 
1818 1.43 
2096 1.50 
2448 1.59 
2618 1.27 
2425 1.31 
3181 1.10 
3277 0.99 
4343 1.03 
4731 1.03 
5042 0.64 
5921 0.58 
6149 0.50 
6417 0.31 
5446 0.39 
4969 0.58 
5351 0.89 
6042 0.87 

50% TRIPS 
74 4.19 
85 3.87 

270 4.45 
224 4.44 
292 4.74 
152 4.73 
124 4.35 
88 3.66 
33 2.91 
92 5.75 

232 4.48 
308 4.15 
334 5.46 
297 4.62 
287 4.30 
283 4.26 
273 4.46 
499 4.60 
603 4.33 
313 3.01 
319 3.21 
295 2.04 
206 1.33 
551 1.70 

1049 1.51 
1800 1.89 
2391 1.57 

Class 4 
L DF L/DF 

46 92 
113 83 
108 196 
219 182 
549 337 
389 425 
293 422 
192 244 
194 252 
458 367 
311 373 
262 527 
341 631 
489 809 
475 779 
571 908 
737 986 

1281 1448 
1326 1782 
883 1668 

1515 2675 
1513 2990 
1012 2724 
830 2105 

1334 1882 
3212 2029 
4318 2532 

1 1 
12 4 

1 1 
50 16 

104 38 
46 15 
74 24 
46 11 

1 1 
181 31 

66 14 
22 6 
44 6 
48 7 
46 7 
99 22 
98 15 

334 54 
224 29 

21 5 
205 67 
143 49 
79 41 

136 74 
435 281 

2015 814 
3150 1410 

0.50 
1.36 
0.55 
1.20 
1.63 
0.92 
0.69 
0.79 
0.77 
1.25 
0.83 
0.50 
0.54 
0.60 
0.61 
0.63 
0.75 
0.88 
0.74 
0.53 
0.57 
0.51 
0.37 
0.39 
0.71 
1.58 
1.71 

1.00 
3.00 
1.00 
3.13 
2.74 
3.07 
3.08 
4.18 
1.00 
5.84 
4.71 
3.67 
7.33 
6.86 
6.57 
4.50 
6.53 
6.19 
7.72 
4.20 
3.06 
2.92 
1.93 
1.84 
1.55 
2.48 
2.23 

2 Days fished with trawl on bottom; derived by dividing hours fished with trawl on bottom by 24. 

Tolala 
L L/DF" 

2393 
2471 
4239 
4013 
6415 
5758 
4937 
3845 
3384 
4858 
6018 
6573 
8060 
7682 
7375 
8035 
7712 
9366 
9673 
6288 
6773 
6239 
4148 
4294 
5778 
9965 

12056 

705 
594 

1859 
1701 
2887 
2134 
1647 
989 
477 

1177 
2152 
2496 
3259 
2735 
2393 
2502 
2903 
3984 
4232 
1440 
1667 
1143 
605 

1498 
2843 
6684 
8592 

0.70 
0.85 
1.41 
1.13 
1.42 
0.89 
0.88 
0.68 
0.64 
1.02 
1.02 
1.08 
1.21 
0.97 
0.94 
0.83 
0.86 
0.84 
0.85 
0.54 
0.52 
0.46 
0.31 
0.35 
0.56 
1.03 
1.11 

3.05 
3.38 
4.17 
4.32 
4.46 
3.89 
3.31 
2.76 
2.28 
4.48 
3.84 
3.65 
4.69 
3.94 
3.70 
3.82 
4.83 
4.38 
4.24 
2.77 
2.78 
2.00 
1.44 
1.56 
1.48 
1.97 
1.76 

3 Total L/DFwas derived by weighting individual tonnage class L/DFvalues by the percentage of tota1landings accounted 
for by each vessel class and summing over the three vessel class categories. 
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Table 07. Percentage, within vessel tonnage class', ofAtlantlc cod otter trawl landings (L)2, vessel trips m, and 
effort (DF)3 from the Gulf ofMalne (NAFO Division 5Y) accounted for by otter-trawl trips In wWch cod 
composed 50% or more of the total trip catch by weight ('directed trips'), 1965-1991. 

Class 2 Class 3 Class4 Totals 
Year L T OF L T OF L T OF L T OF 

1965 27.9 9.2 14.6 33.2 10.1 7.7 2.2 3.3 1.1 29.5 9.3 12.5 
1966 20.0 5.2 <0.1 30.1 9.0 9.0 10.6 5.3 4.8 24.0 5.9 10.0 
1967 36.6 10.7 30.2 51.3 18.1 21.9 0.9 1.0 0.5 43.9 12.3 25.7 . 
1968 35.7 10.8 24.3 50.9 19.4 17.7 22.8 7.1 8.8 42.4 12.9 21.6 
1969 46.8 17.5 42.4 48.2 21.8 19.5 18.9 8.1 11.3 45.0 18.4 33.7 
1970 40.8 16.0 28.3 35.8 13.7 9.1 11.8 5.1 3.5 37.1 15.0 22.2 
1971 35.4 14.1 25.8 31.3 15.2 8.4 25.3 3.4 5.7 33.4 13.9 20.0 
1972 28.4 12.5 15.1 22.0 10.1 5.4 24.0 6.9 4.5 25.7 11.8 12.0 
1973 18.8 7.6 9.7 8.2 4.4 2.3 0.5 1.4 0.4 14.1 6.7 7.4 
1974 20.4 9.5 11.8 25.1 7.7 6.3 39.5 8.8 8.4 24.2 9.2 10.2 
1975 33.7 12.3 23.7 40.0 15.2 12.8 21.2 5.6 3.8 35.8 12.7 19.5 
1976 37.8 11.7 27.2 40.6 19.8 14.7 8.4 2.6 1.1 38.0 13.4 21.5 
1977 36.4 10.5 31.9 46.8 19.5 13.6 12.9 3.4 1.0 40.4 12.8 23.3 
1978 34.1 9.9 26.0 41.2 16.0 11.3 9.8 1.4 0.9 35.6 10.9 19.1 
1979 29.9 9.7 19.8 38.9 18.6 11.8 9.7 2.2 0.9 32.4 11.4 16.0 
1980 30.2 9.4 19.2 34.5 16.1 8.9 17.3 3.0 2.4 31.1 10.9 14.5 
1981 42.6 10.5 32.3 37.4 13.5 8.3 13.3 3.4 1.5 37.6 11.1 20.4 
1982 37.4 10.4 22.2 51.4 17.9 11.5 26.1 5.1 3.7 42.5 12.3 16.1 
1983 40.3 12.2 25.4 53.5 23.9 12.7 16.9 5.4 1.6 43.8 15.6 16.9 
1984 21.8 6.1 3.9 29.3 9.4 6.2 2.4 0.2 0.3 22.9 7.0 4.4 
1985 24.3 6.4 5.5 29.6 9.2 5.4 13.5 2.8 2.5 24.6 7.1 4.9 
1986 24.3 4.9 5.3 19.5 6.5 4.8 9.5 . 2.3 1.6 18.3 5.3 4.3 
1987 22.4 4.0 3.8 13.6 4.0 3.2 7.8 2.5 1.5 14.6 3.9 3.1 
1988 32.1 6.4 7.2 43.8 11.5 10.1 16.4 4.7 3.5 34.9 8.3 7.8 
1989 53.2 13.5 14.8 54.7 21.4 21.1 32.6 15.8 14.9 49.2 16.7 17.7 
1990 63.1 17.6 21.5 71.7 35.4 33.6 62.7 43.9 40.1 67.1 26.7 30.3 
1991 68.7 27.3 29.3 71.1 37.1 39.6 73.0 56.9 55.7 71.3 33.0 39.2 

, Class 2: 11·110 GRT: Class 3: 111·1110 GRT: CIaao 4: 1111·1100 GRT, 
:. Metric tons. live weight. 
S Effort C%preHed as days fished with trawl on bottom: derived by dJvldlng hours fished with trawl on bottom by 24. 

TONNES PER DAY FISHED 
7 
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Figure 02. Trends In U.S. commercial LPUE (landings per day fished) of Gulf of Maine cod, 1965-1991. Data 
are based on all otter trawl trips In wWch cod were caught (All Trips) and on ottertrawi trips In wWch 
cod composed 50% or more of the trip catch by weight (DIrected Trips). 
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Table D8. Total and U.S. commercial landings. U.S. catch per unit of elIort indices (CPUE. all cod trips). and 
derived elIort indices for Gulf of Maine cod, 1965-1991 

Year Total Landings U.S. Landings 
(mt) (mt) 

1965 3928 3780 
1966 4392 4008 
1967 5973 5676 
1968 6421 6360 
1969 8484 8157 
1970 8261 7812 
1971 7662 7380 
1972 6917 6776 
1973 6146 6069 
1974 7764 7639 
1975 9015 8903 
1976 10188 10172 
1977 12426 12426 
1978 12426 12426 
1979 11680 11680 
1980 13528 13528 
1981 12534 12534 
1982 13582 13582 
1983 13981 13981 
1984 10806 10806 
1985 10693 10693 
1986 9664 9664 
1987 7527 7527 
1988 7958 7958 
1989 10397 10397 
1990 15154 15154 
1991 17781 17781 

tom trawl surveys, have been used to monitor 
changes and assess trends in population size and 
recruitment of U.S. cod populations since 1963. 
Prior to 1985, BMV oval doors (550 kg) were used 
in all NEFSC surveys; since 1985, Portuguese 
polyvalent doors (450 kg) have been used. Details 
on NEFSC survey sampling design and proce
dures are provided In Azarovitz (1981) and Clark 
(1981). The State of Massachusetts inshore 
bottom trawl sampling program is described In 
Howe etaL (1981). No adjustments In the survey 
catch per tow data for cod have been made for any 
of the trawl differences, but vessel and door 
coefficients have been applied to adjustthe strati
fied means (number and weight per tow) as 
described in Table DIO. Standardized catch per 
tow (number) at age Indices from NEFSC spring 
and autumn surveys are listed In Table D II. 
Catch per tow (number) at age indices from 
Massachusetts spring and autumn surveys are 
listed In Table D 12. 

NEFSC spring and autumn offshore catch per 
tow indices for Gulf of Maine cod have generally 
exhibited shnllar trends throughout the survey 

U.S. Total U.S. 
CPUe Index Calculated Calculated 

(All cod trips) Days Fished Days Fished 

0.6954 5649 5436 
0.8510 5161 4710 
1.4096 4237 4027 
1.1273 5696 5642 
1.4241 5957 5728 
0.8871 9312 8806 
0.8815 8692 8372 
0.6800 10172 9965 
0.6382 9630 9510 
1.0207 7607 7484 
1.0220 8821 8711 
1.0842 9397 9382 
1.2094 10275 10275 
0.9712 12794 12794 
0.9361 12477 12477 
0.8346 16209 16209 
0.8561 14641 14641 
0.8395 16179 16179 
0.8466 16514 16514 
0.5410 19974 19974 
0.5219 20489 20489 
0.4630 20873 20873 
0.3056 24630 24630 
0.3498 22750 22750 
0.5561 18696 18696 
1.0279 14743 14743 
1.1054 16086 16086 

time series [rable D 10, Figure D4). Number per 
tow Indices declined during the mid- and late 
1960s but since 1972-1973 have fluctuated as a 
result of a series of recruitment pulses. Sharp 
increases in the number per tow indices reflect 
above average recruitment of the 1971, 1973, 
1977-1980,1983, and 1985-1987yearclassesat 
ages 1 and 2 [rable DIl, Figure D5). The 
sequential dominance of these cohorts at older 
ages can be discerned from number per tow at 
age values In both spring and autumn NEFSC 
surveys [rable DIl). 

Spring NEFSC number per tow Indices have 
remained relatively stable since 1985 at a level 
below the 1981-1984 period [rable DIO); spring 
weight per tow Indices have also remained rela
tively low through 1991 but the Index Increased 
substantially In 1992 due to a large contribution 
from the 1987 year class [rable D II). Autumn 
number and weight per tow indices declined 
sharply In 1990 to a record low level, and remain 
low through 1992. 

The Increases in the 1988 and 1989 autumn 
number per tow indices , due to recruitment of the 
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Table D9. Gulf of Maine cod effort (days) standardization. Standard - Year - 82, TC - 25; Area - 514; Depth - 3, using all unsummed data. no 

exclusions. ~ 
8 

GENERAL LINEAR HODELS PROCEDURE 

DEPENDENT VARIABLE, LCPE 

SOURCE OF SUM OF SQUARES 

9908.15332392 

39397.29203143 

49305.44535535 

MODEL 

ERROR 

CORRECTED roTAL 

SOURC,; 

YEAR 
TC2 
AREA 
DEPTH 

SOURCE 

YEAR 
TC2 

--"REA 
dlEPTH 
-.J 

PARAM~'rER 

INTERCEPT 
YEAR 83 

84 
85 
86 
87 
88 
89 
90 
91 
.8'-

Year 

82 
83 
84 
85 
86 
87 
88 
89 
90 
91 

25 

24527 

24552 

OF 

9 
8 
4 
4 

TYPE I SS 

3941.02391770 
3449.60824843 
629.15341636 

1888.36774144 

OF TYPE II I SS 

9 
8 
4 
4 

3856.03244858 
4828.89313684 
237.33398628 

1888.36774144 

ESTIMATE 

6.39120886 B 
0.00942655.B 

-0.34164384 B 
-0.58924208 B 
-0.75317122 B 
-1.21118871 B 
-].10178094 B 
-0.67544341 B 
-0.35543452 B 
-0.34816807 B 
0.00000000 B 

T FOR HO, 
PARAMETER-O 

163.71 
0.26 

-9.03 
-15.90 
-21. 02 
-32.72 
-29.84 
-16.86 

-9.13 
-9.01 

Re·transfonoed 
Year Coefficient 

Standardized Effort 
(days) 

1 
1.010148 
0.71" 1 
0.555129 
0.471173 
0.298047 
0.332505 
0.509339 
0.7014 
0.706507 

16178.68 
16486.66 
18101.22 
22944.86 
24431.8 
30082.68 
28509.18 
24315.32 
25635.78 
29979.12 

MEAN SQUARE 

396.32613296 

1.60628255 

F VALUE PR > F 

272.61 0.0 
268.45 0.0 
97.92 0.0 

293.90 0.0 

F VALUE PR > F 

266.73 0.0 
375.78 0.0 
36.94 0.0001 

293.90 0.0 

PR > ITI 

0.0 
0.7968 
0.0001 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0001 
0.0001 

F VALUE 

246.74 

OF 

9 
8 
4 
4 

OF 

9 
8 
4 
4 

STD ERROR OF 
ESTIMATE 

0.03903990 
0.03660082 
0.03762350 
0.03704764 
0.03563169 
0.03701233 
0.03692410 
0.04006213 
0.03891575 
0.03862816 

l~ ,22 FRIDAY, OCTOBER 23, 1992 2 

PR > F 

0.0 

ROOT MSE: 

1.2673920' 

TYPE: II SS 

3856.03244858 
4828.89313684 

237.33398628 
1888.367741H 

TYPE IV 55 

3856.03244858 
4828.8,313684 

237.33398628 
1888. 3( 774144 

R-SQUARE 

0.200955 

F VALUE 

266.73 
375.78 
36.94 

293.90 

F VALUE 

266.73 
375.78 
36.94 

293.90 

C.V. 

19.4383 

LCPE MEAN 

6.52007997 

PR ) F 

0.0 
0.0 
0.0001 
0.0 

PR > F 

0.0 
0.0 
0.0001 
0.0 
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Figure D3. Trends In calculaied and standardized U.S. fishing effort for Gulf of Maine cod, 1982-1991. 
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strong 1986 and 1987 year classes, were dissi
pated by 1990 and 1991, resulting tn the sharp 
decltnes tn the overall tndex. This reduction, 
combtned with a general paucity of large fish tn 
the surveytndices (Table D 11) tn recent years has 
resulied tn the sharp decltne tn the weight per tow 
tndices tn 1990 and 1991 as well. Overall, the 
1987 year class appears to have been one of the 
strongest ever produced; catch per tow tndices of 
this cohort at ages 1-3 tn the NEFSC autumn 
surveys and at ages 0 and 1 tn the Massachu
setts autumn tnshore surveys were nearly all 
record-high values (Tables Dl1 and DI2). 

Based onNEFSC survey catch per towtndices 
tn 1989-1992, the 1988-1991 year classes of Gulf 
of Malne cod appear to be average or below
average. 

MORTALITY 

Natural Mortality 

Instantaneous natural mortalIty (M) for Gulf 
ofMalne cod Is assumed to be 0.20, the conven
tional value of M used for all Northwest Atlantic 
cod stocks (paloheimoandKoehler 1968; Ptnhom 
1975; Mtnet 1978). 

Total Mortality Estimates 

Pooled estimates of tnstantaneous total mor
tality (Z) were calculated for eight time periods 
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Table DIO. Standardized mean catch per tow in 
numbers and weight (kg) for Atlantic cod 
from NEFSC offshore spring and autumn 
research vessel bottom trawl surveys in 
the Gulf of Maine (strata 26-30 and 36-
40). 1963-1992 .•. b 

Gulf of Mainec 

Spring Autumn 
Year No/Tow Wt/Tow No/Tow Wt/Tow 

1963 5.92 17.9 
1964 4.00 22.8 
1965 4.49 12.0 
1966 3.78 12.9 
1967 2.56 9.2 
1968 5.44 17.9 4.34 19.4 
1969 3.25 13.2 2.76 15.4 
1970 2.21 11.1 4.90 16.4 
1971 1.43 7.0 4.37 16.5 
1972 2.06 8.0 9.31 13.0 
1973 7.54 18.8 4.46 8.7 
1974 2.91 7.4 4.33 9.0 
1975 2.51 6.0 6.15 8.6 
1976 2.78 7.6 2.15 6.7 
1977 3.88 8.5 3.08 10.2 
1978 2.06 7.7 5.75 12.9 
1979 4.27 9.5 3.49 17.5 
1980 2.15 6.2 7.04 14.2 
1981 4.86 10.8 2.42 8.1 
1982 3.75 8.6 7.77 16.1 
1983 3.91 10.5 4.22 8.8 
1984 3.40 5.8 2.42 8.8 
1985 2.52 7.7 2.92 8.5 
1986 1.96 3.6 1.95 5.1 
1987 1.68 3.0 2.98 3.4 
1988 3.13 3.3 5.90 6.6 
1989 2.26 2.5 4.65 4.6 
1990 2.36 3.1 2.99 4.9 
1991 2.39 2.9 1.25 2.8 
1992 2.39 8.7 1.27 2.1 

D1:1I'lBg 1963 198 t, :RM¥ B at asors were used in the 
spring and autumn surveys; since 19S5, Portugeuse 
polyvalent doors have been used in both surveys. 
Adjustments have been made to the 1963-1984 catch 
per tow data to standardize these data to polyvalent door 
equiValents. Conversion coemcients of 1.56 (numbers) 
and 1.62 (weight) were used in this standardization 
(NEFC 1991). 

b Spring surveys during 1973-1981 were accomplished 
with a '41 Yankee' trawl; in all other years, spring 
surveys were accomplished with a '36 Yankee' trawl. No 
adjustments have been made to the catch per tow data 
for these differences. 

(I In the Gulf of Maine, spring surveys during 1980-1982 
and 1989-1991 and autumn surveys during 1977-1978, 
1980. and 1989-1991 were accomplished with the R/V 
Delaware no in all other years, the surveys were 
accomplished using the R/V Albatross IV. Adjustments 
have been made to the R/V Delaware n catch per tow 
data to standardize these to R/V AlbatrosslV equivalents. 
Conversion coefficients and 0.67 (weight) were used in 
this standardization (NEFC 1991). 

encompassed by the NEFSC autumn and spring 
offshore surveys: 1964-1967, 1968-1972, 1973-
1976, 1977-1981, 1982-1984, 1985-1987, and 
1988-1990 ffable D 13). Total mortality was 
calculated from survey catch per tow at age data 
ffable D 11) forfullyrecruited age groups (age 3+) 
by the log, ratio of the pooled age 3+/ age 4+ 
Indices In the autumn surveys, and the pooled 
age 4+ / age 5+ Indices In the spring surveys. For 
example, the 1982-1984 values were derived 
from: 

Autumn: In(Eage3+for 1981-83/E age 4+ 
for 1982-84) 

Spring: In (E age 4+ for 1982-84/E age 5+ 
for 1983-85) 

Different age groups were used In the autumn 
and spring analyses so that Z could be evaluated 
over identical year classes within each time pe
riod. 

The pooled estimates indicate that total mor
tality was relatively low (Z = 0.40) between 1964 
and 1976 but significantly increased afterward to 
0.75 to 0.78 during 1982-1987. Total mortality 
Increased further to 0.94 during the 1988-1990. 
Except for the 1988-1990 period, values of Z 
derived from the spring surveys are slightly lower 
than those calculated from the autumn data. 
Rather than selecting one survey series over the 
other, total mortality was calculated by taking a 
geometric mean of the spring and autumn esti
mates in each time period. 

ASSESSMENT METHODOLOGY 

Virtual Population Analysis 

The ADAPT (Gavaris 1988, Conser and Pow
ers 1990) calibration method was used to derive 
estimates of terminal Fvalues In 1991. Several 
trial formulations were evaluated. Bottom trawl 
survey indices for ages 2 to 6 were used for the 
spring and autumn NEFSC surveys, while ages 3 
to 6 were used for the U.S. commercial CPUE 
data. The second calibration Included additional 
Indices for ages 2 to 4 from Massachusetts spring 
and ages 2 and 3 from Massachusetts autumn 
surveys. Virtual population analyses were per
formed In each case employing an 8+ group. 

The Inclusion of Massachusetts indices re
sulted in an Increase In the coefficients of varia
tion (CV) of the estimated stock sizes and Qs, 
although most of the variability was attributed to 



Table D II. Standardized [for both door and gear changes[ stratified mean number per tow at age and standardized stratified mean weight (kg) per tow 
of Atlantic cod in NEFSC offshore spring and autumn research vessel bottom trawl surveys in the Gulf of Maine, 1963-1992. la,b,c] 

Age Group Totals Standardized 
Year 0 1 2 3 4 5 6 7 8 9 10+ 0+ 1+ 2+ 3+ 4+ 5+ Meanwt 

(kg/tow) 

Spring (c,d,eJ 
1968 0.128 0.613 1.234 1.407 0.846 0.538 0.207 0.129 0.111 0.059 0.165 5.438 5.310 4.697 3.463 2.056 1.211 17.92 
1969 0.000 0,000 0.036 0.307 0.880 0.807 0.633 0.256 0.144 0.089 0.101 3.253 3.253 3.253 3.217 2.909 2.030 13.20 
1970 0.000 0.159 0.123 0.055 0.094 0.273 0.466 0.615 0.075 0.059 0.287 2.206 2.206 2.047 1.923 1.869 1.715 11.06 
1971 0.000 0.025 0.142 0.109 0.292 0.048 0.083 0.300 0.206 0.154 0.072 1.431 1.431 1.406 1.264 1.154 0.863 6.98 
1972 0.000 0.353 0.153 0.519 0.197 0.200 0.036 0.106 0.101 0.229 0.164 2.058 2.058 1.705 1.552 1.033 0.836 8.04 
1973 0.000 0.034 4.249 0.906 0.619 0.349 0.195 0.095 0.223 0.251 0.612 7.535 7.535 7.500 3.251 2.345 1.725 18.79 
1974 0.000 0.476 0.056 1.359 0.329 0.222 0.114 0.048 0.048 0.020 0.232 2.905 2.905 2.429 2.373 1.014 0.685 7.44 
1975 0.006 0.094 0.699 0.106 1.065 0.259 0.111 0.005 0.005 0.019 0.144 2.512 2.505 2.412 1.713 1.607 0.541 6.03 
1976 0.000 0.042 0.304 1.048 0.153 0.897 0.086 0.108 0.066 0.000 0.073 2.777 2.777 2.735 2.430 1.382 1.229 7.55 
1977 0.000 0.025 0.298 0.521 1.994 0.109 0.791 0.006 0.101 0.000 0.037 3.883 3.883 3.858 3.560 3.039 1.045 8.54 
1978 0.000 0.034 0.105 0.285 0.348 0.766 0.075 0.320 0.008 0.106 0.008 2.055 2.055 2.020 1.916 1.630 1.282 7.70 
1979 0.044 0.535 1.630 0.212 0.499 0.401 0.685 0.059 0.142 0.012 0.053 4.273 4.229 3.694 2.064 1.852 1.353 9.49 
1980 0.070 0.070 0.440 0.343 0.123 0.418 0.239 0.303 0.000 0.129 0.014 2.149 2.079 2.009 1.569 1.226 1.103 6.18 
1981 0.000 1.014 0.662 0.986 1.216 0.328 0.287 0.110 0.155 0.106 0.000 4.864 4.864 3.850 3.188 2.202 0.986 10.79 
1982 0.015 0.336 1.019 0.516 0.694 0.864 0.117 0.108 0.000 0.042 0.039 3.751 3.737 3.400 2.381 1.865 l.l7l 8.62 
1983 0.012 0.626 0.978 0.833 0.641 0.357 0.181 0.092 0.000 0.090 0.101 3.912 3.900 3.274 2.296 1.463 0.822 10.50 
1984 0.000 0.151 1.033 1.147 0.741 0.190 0.053 0.058 0.030 0.000 0.000 3.402 3.402 3.251 2.218 1.072 0.331 5.83 
1985 0.000 0.028 0.238 0.622 0.665 0.677 0.095 0.114 0.052 0.000 0.026 2.517 2.517 2.489 2.251 1.629 0.964 7.65 
1986 0.000 0.417 0.330 0.647 0.387 0.074 0.046 0.027 0.011 0.000 0.018 1.957 1.957 1.540 1.210 0.563 0.176 3.60 
1987 0.000 0.049 0.638 0.486 0.300 0.128 0.011 0.045 0.011 0.000 0.014 1.682 1.682 1.633 0.995 0.509 0.209 3.01 
1988 0.029 0.663 1.053 0.633 0.355 0.217 0.087 0.063 0.000 0.027 0.000 3.127 3.098 2.435 1.382 0.749 0.394 3.30 
1989 0.000 0.023 0.649 0.790 0.632 0.090 0.077 0.000 0.000 0.000 0.000 2.261 2.261 2.238 1.589 0.799 0.167 2.53 
1990 0.000 0.000 0.190 1.327 0.627 0.167 0.032 0.018 0.000 0.000 0.000 2.362 2.362 2.362 2.172 0.845 0.217 3.08 
1991 0.000 0.043 0.209 0.355 1.477 0.268 0.024 0.018 0.000 0.000 0.000 2.394 2.394 2.351 2.142 1.787 0.310 2.89 
1992 0.000 0.050 0.250 0.220 0.260 1.320 0.210 0.070 0.000 0.010 0.000 2.390 2.390 2.340 2.090 1.870 1.610 8.66 

Autumn Id.el 
1963 0.050 0.649 1.349 1.253 0.849 0.579 0.537 0.300 0.183 0.095 0.075 5.917 5.867 5.218 3.869 2.616 1.767 17.95 
1964 0.000 0.092 0.122 0.471 0.856 0.853 0.783 0.373 0.237 0.114 0.101 4.003 4.003 3.911 3.789 3.318 2.462 22.79 
1965 0.002 0.850 0.880 0.824 0.750 0.496 0.374 0.170 0.080 0.044 0.025 4.494 4.493 3.643 2.763 1.939 1.189 12.00 
1966 0.170 0.204 0.640 0.697 0.718 0.558 0.441 0.192 0.078 0.048 0.036 3.783 3.613 3.409 2.769 2.072 1.354 12.91 
1967 0.012 0.129 0.215 0.574 0.671 0.384 0.268 0.162 0.070 0.041 0.034 2.562 2.549 2.420 2.204 1.630 0.959 9.23 
1968 0.012 0.036 0.179 0.719 1.256 0.973 0.627 0.261 0.156 0.072 0.095 4.387 4.374 4.338 4.159 3.440 2.184 19.44 
1969 0.016 0.059 0.123 0.354 0.630 0.552 0.466 0.220 0.145 0.129 0.062 2.758 2.742 2.683 2.560 2.206 1.576 15.37 
1970 0.743 0.941 0.265 0.551 0.329 0.488 0.423 0.789 0.131 0.094 0.147 4.900 4.157 3.217 2.952 2.401 2.072 16.43 
1971 1.346 0.178 0.239 0.211 0.597 0.460 0.434 0.254 0.318 0.200 0.128 4.365 3.019 2.841 2.602 2.391 1.794 16.52 
1972 0.031 5.579 1.217 1.526 0.234 0.094 0.172 0.039 0.159 0.242 0.016 9.307 9.276 3.697 2.480 0.955 0.721 12.96 
1973 0.636 0.328 2.173 0.139 0.507 0.212 0.078 0.028 0.051 0.168 0.136 4.457 3.820 3.493 1.320 1.181 0.674 8.73 
1974 0.282 1.123 0.189 1.744 0.292 0.359 0.078 0.012 0.012 0.042 0.198 4.332 4.050 2.927 2.738 0.994 0.702 8.97 
1975 0.047 0.147 3.067 0.134 2.356 0.254 0.109 0.017 0.003 0.003 0.012 6.150 6.103 5.956 2.889 2.755 0.399 8.62 
1976 0.000 0.243 0.209 0.632 0.100 0.768 0.058 0.095 0.000 0.016 0.031 2.151 2.151 1.908 1.699 1.067 0.967 6.74 
1977 0.000 0.022 0.359 0.550 1.155 0.152 0.593 0.038 0.097 0.022 0.096 3.083 3.083 3.061 2.703 2.153 0.998 10.22 
1978 0.249 1.369 0.371 1.118 0.656 1.430 0.112 0.325 0.009 0.060 0.051 5.749 5.500 4.131 3.760 2.642 1.987 12.89 
1979 0.005 0.368 0.594 0.162 0.836 0.392 0.782 0.051 0.215 0.000 0.083 3.488 3.483 3.115 2.521 2.359 1.523 17.54 
1980 0.027 1.264 2.602 1.754 0.497 0.232 0.335 0.207 0.030 0.018 0.071 7.037 7.010 5.745 3.144 1.390 0.893 14.21 
1981 0.012 0.619 0.382 0.549 0.474 0.089 0.119 0.037 0.108 0.000 0.028 2.418 2.406 1.786 1.404 0.855 0.381 8.05 
1982 0.000 0.700 3.142 2.473 1.167 0.248 0.000 0.039 0.000 0.000 0.000 7.769 7.769 7.068 3.927 1.454 0.287 16.07 
1983 0.045 1.660 0.977 0.852 0.139 0.264 0.197 0.000 0.000 0.000 0.090 4.223 4.178 2.518 1.541 0.690 0.551 8.81 
1984 0.044 0.384 0.421 0.565 0.399 0.220 0.204 0.089 0.000 0.031 0.066 2.423 2.379 1.995 1.574 1.009 0.610 8.81 
1985 0.266 0.378 0.910 0.763 0.209 0.218 0.074 0.000 0.034 0.021 0.049 2.922 2.656 2.278 1.368 0.605 0.396 8.49 
1986 0.000 0.301 0.490 0.654 0.333 0.086 0.042 0.000 0.000 0.024 0.021 1.951 1.951 1.650 1.160 0.506 0.173 5.10 
1987 0.138 0.599 1.324 0.600 0.257 0.061 0.000 0.000 0.000 0.11)00 0.000 2.979 2.841 2.242 0.918 0.318 0.061 3.41 
1988 0.000 1.951 2.245 0.960 0.528 0.110 0.076 0.033 0.000 O.I[)OO 0.000 5.903 5.903 3.952 1.707 0.747 0.219 6.61 
1989 0.000 0.416 2.391 1.356 0.294 0.174 0.014 0.000 0.000 0.1[)09 0.000 4.653 4.653 4.238 1.847 0.491 0.197 4.58 
1990 0.006 0.029 0.367 1.643 0.623 0.278 0.028 0.010 0.000 0.000 0.000 2.985 2.978 2.949 2.583 0.939 0.317 4.91 
1991 0.008 0.142 0.142 0.221 0.632 0.079 0.000 0.024 0.000 0.000 0.000 1.248 1.240 1.098 0.956 0.735 0.103 2.78 
1992 1.277 2.131al 

lal6pring and autumn: Strata 26.so and 36-40. "0 
Ibi Catch per tow at age value. for 1963-1969 obtained by applying combined 1970·1981 age-length keys to .tratlfied mean catch per tow at length distribution. from each .urvey. &l Icl Spring .urveys during 1973-1981 were accomplished with a '41 Yankee' trawl; in all other years •• pring ..... veys "Were accomplished with a '36 Yankee' traWl. No adju.tment. have been made to the catch ro 

per tow data for the.e difference •• '" {dl During 1963-1984. BMV oval doorl were used in the spring and autumn ..... vey.; .ince 1985. Portugeuse polyvalent doors have been used in both .urveYII. Adjustment. have been made to the 1963·1984 '" catch per tow data to standardbe the.e data to polyvalent door equivalent •• Conversion coefficients of 1.56 (numbers) and 1.62 (weight) were uled in this standardization (NEFC 1991). 
leI In the Gulf of Maine. IIpring lIurveYII during 1980·1982 and 1989-1991 and autumn lIurveys during 1977-1978. 1980. and 1989-1991 were accomplished with the R/V Delaware Ho in all other yean. the 

surveys were accomplished using the R/V Albatross IV. Adjustment. have been made to the R/V Delaware U catch per tow data to standardbe these to R/V Albatross IV equivalents. Conversion 
coefficient. of 0.79 (numbers) BDd 0.67 (weight) were used in this lltandardization (NEFC 1991). 
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Table D12. Standardized mean catch per tow in numbers and weight (kg) of Atlantic cod in State of Massachusetts inshore spring and autumn & • 
bottom trawl surveys in territorial waters in tbe Gulf of Maine (Massachusetts Regions 4-5), 1978-1990 ~ 

Age Group Totals Stratified 
Year 0 f 2 S 4 5 6 7 8 9 10+ 0+ 1+ 2+ S+ MeanWt 

(kg) 

GuH of Maine Area ( Massachusetts Regions 4·5)1 

Spring 
1978 21.965 12.784 4.162 4.572 0.872 1.028 0.000 0.000 0.023 0.000 0.000 45.406 23.441 10.657 6.495 12.16 
1979 56.393 36.630 2.581 1.533 4.659 1.995 0.183 0.000 0.000 0.000 0.069 104.043 47.650 11.020 8.439 20.53 
1980 8.156 50.311 12.679 0.971 0.745 0.737 0.080 0.214 0.000 0.025 0.000 73.918 65.762 15.451 2.772 17.71 
1981 19.753 24.794 23.884 3.122 1.279 0.041 0.146 0.022 0.022 0.000 0.000 73.063 53.310 28.516 4.632 21.79 
1982 1.489 16.235 7.060 3.418 1.147 0.232 0.011 0.057 0.045 0.000 0.000 29.694 28.205 11.970 4.910 13.42 
1983 0.453 27.703 18.572 5.331 0.501 1.221 0.142 0.022 0.000 0.000 0.000 53.945 53.492 25.789 7.217 19.77 
1984 0.206 2.896 5.408 2.271 0.865 0.138 0.162 0.000 0.000 0.000 0.000 11.946 11.740 8.844 3.436 8.63 
1985 0.793 2.711 3.822 2.794 0.692 0.000 0.000 0.000 0.000 0.000 0.000 10.812 10.019 7.308 3.486 6.42 
1986 0.957 19.960 3.222 0.887 0.426 0.090 0.019 0.000 0.000 0.000 0.000 25.561 24.604 4.644 1.422 7.77 
1987 0.659 8.590 6.997 2.268 0.257 0.147 0.048 0.000 0.000 0.087 0.000 19.053 18.394 9.804 2.807 9.59 
1988 1.595 11.841 11.356 2.511 1.370 0.000 0.039 0.000 0.000 0.000 0.000 28.712 27.117 15.276 3.920 9.66 
1989 0.157 20.679 25.260 6.580 0.458 0.106 0.124 0.000 0.000 0.000 0.000 53.364 63.207 32.528 7.268 18.26 
1990 4.10 6.33 6.89 17.77 2.64 0.18 0.05 0.02 0.000 0.000 0.000 37.980 33.88 27.55 20.66 19.51 
1991 0.32 5.88 3.56 2.54 5.03 0.36 0.000 0.000 0.000 0.000 0.000 17.69 17.37 11.49 7.93 11.37 
1992 19.888 10.11 

Autumn 
1978 151.533 2.082 0.000 0.120 0.140 0.318 0.000 0.080 0.000 0.000 0.000 154.273 2.740 0.658 0.658 3.02 
1979 4.933 3.430 0.042 0.000 0.026 0.000 0.000 0.000 0.000 0.000 0.000 8.431 3.498 0.068 0.026 0.99 
1980 5.680 8.834 0.052 0.000 0.000 0.050 0.000 0.000 0.000 0.000 0.000 14.616 8.936 0.102 0.050 1.57 
1981 2.018 5.652 7.290 0.729 0.000 0.000 0.000 0.000 0.000 0.000 0.000 15.689 13.671 8.019 0.729 6.65 
1982 4.667 2.346 1.005 0.060 0.050 0.000 0.000 0.000 0.000 0.000 0.000 8.128 3.461 1.115 0.110 1.35 
1983 1.308 0.651 0.100 0.013 0.000 0.000 0.000 0.000 0.000 0.000 0.000 2.072 0.764 0.113 0.013 0.18 
1984 12.296 0.344 0.022 0.013 0.000 0.000 0.000 0.000 0.000 0.000 0.000 12.675 0.379 0.035 0.013 0.18 
1985 2.832 0.419 0.018 0.010 0.000 0.000 0.000 0.000 0.000 0.000 0.000 3.279 0.447 0.028 0.010 0.09 
1986 2.478 1.150 0.833 0.000 0.067 0.000 0.000 0.000 0.000 0.000 0.000 4.528 2.050 0.900 0.067 0.55 
1987 389.584 2.386 0.020 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 391.990 2.406 0.020 0.000 0.45 
1988 4.571 20.490 0.679 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 25.740 21.169 0.679 0.000 1.57 
1989 2.971 2.700 0.350 0.210 0.185 0.000 0.000 0.000 0.000 0.000 0.000 6.416 3.445 0.745 0.395 1.27 
1990 9.37 9.13 1.74 0.31 0.06 0.03 0.000 0.000 0.000 0.000 0.000 20.638 11.27 2.14 0.40 1.56 
1991 4.65 4.20 0.81 0.03 0.05 0.01 9.75 5.10 0.90 0.09 0.80 

I Massachusetts sampling strata 25-86. 
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Figure D4. Standardized stratified mean catch per tow (kg) of Atlantic cod In the NEFSC spring and autumn 
research vessel bottom trawl surveys In the Gulf of Matne. 1963-1992 . 
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the age 3 autumn Index. Thus, the final calibra
tion was perfonned using all of the Indices de
scribed above with the exception of the Massa
chusetts autumn age 3 Index. All Indices were 
given equal weight. Stock sizes corresponding to 
the 1986 to 1990 year classes were estimated for 
ages 2 to 61n 1992 to generate fishing mortalities 
at ages 2 to 5 In 1991. A flat-topped partial 
recruitment pattern was employed wi!h full F on 
ages 4 and older as indicated from a separable 
VPA. Thus, F for ages 6 and older In !he terminal 
year was set equal to the unweighted mean F of 
ages 4 and 5. In years prior to the terminal year, 
F on the oldest true age was determined from 
estimates ofZ for ages 4 to 7. F for the plus group 
was set equal to F on the oldest true age. 

Yield and Spawning Stock Biomass per 
Recruit 

Yield-per-recruit, total stock biomass per re
cruit, and spawning stock biomass per recruit 
analyses were perfonned using the Thompson 
and Bell (1934) me!hod. To obtain the exploita-

tlon pattern for !hese analyses, geometric mean 
Fat age was first computed over the period 1986-
1990 from the final converged VPA results. A 
smoothed exploitation pattern was then obtained 
by dividing the F at age by !he mean unweighted 
F for ages 4 to 7. Mean weights at age for 
application to yield per recruit were computed as 
the arithmetic average of catch mean weights at 
age (Table D4) over the 1989-1991 period. Mean 
weights at age for application to SSB per recruit 
were computed as the arithmetic average of stock 
mean weights at age (Table D5) over the 1989-
1991 period. The maturation ogive was taken 
from O'Brien et aL (In press). 

Projections for 1993 and 1994 

Catches and stock sizes were projected 
through 1993 at various levels of F and recruit
ment assuming a status quo F in 1992. The 
exploitation pattern, mean weights and matura
tion rates were as described above for the yield 
and SSB per recruit analyses. Survivors at ages 
2 to 8+, taken from the final callbrated VPA, were 
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Relative year class strength of Gulf of 
Maine cod at age I and age 2 based on 
standardized catch per tow (number) 
indices from NEFSC autumn research 
vessel bottom trawl surveys. 1963-1991. 

used to start the projections in 1992. Age 2 
recruitment for the 1991 and 1992 year classes 
in 1993 and 1994 were taken as the geometric 
mean of the 1980-1988 year classes as estimated 
by the VPA (6.1 million). Projections are provided 
over a range of recruitment levels including low 
and high observations in addition to the geomet
ric mean. The range of F includes F m~' F2O%m'p' 

90% of F SQ' and F SQ' 

Table D13. 

Time 
Period 

1964-67 

1968-72 

1973-76 

1977-81 

1982-84 

1985-87 

1988-90 

Estimates of instantaneous toW mortality 
(Z) and fishing mortallty (Fl' for Gulf of 
Maine Atlantic cod for eight time periods . 
1964-1990. derived from NEFSC offshore 
spring and autumn bottom trawl survey 
data2 

Gulf of Maine 
Spring AutUlllD. 

Z F Z F 

0.39 0.19 

0.373 0.17 0.436 0.23 

0.35' 0.15 0.45 0.25 

0.52 0.32 0.57' 0.37 

0.73 0.53 0.78 0.58 

0.58' 0.38 1.05 0.85 

1.24 1.04 0.72 0.61 

Geometric 
Mean 

Z F 

0.39 0.19 

0.40 0.20 

0.40 0.20 

0.54 0.34 

0.75 0.55 

0.78 0.58 

0.94 0.74 

1 tn.tantaneou8 natural mortality (M) aasumed to be 0.20. 
1II Eetlmatea derived from: 

Gulf of MaIne spring: 
In (I.age 4+ forycar 1 toj/ r.age G+ foryea.n 1+1 toj+l). 
Gulf of MaIne autumn: 
In (1: age 3+ for yean i-I to J-l/ 1:. age 4+ for yean 
Ito J). 

a Excludes spring 1972-1973 data (4+/8+) since these 
gave iarge negative Z value . 

• Excludes spring 1973-1974 data (4+/8+) since these 
gave unreasonably high Z value. 

S Excludes .pring 1985-1986 data (4+/5+) .ince these 
gave unreasonably high Z value. 

e Exclude. autumn 1967-1968 data (3+/4+) since these 
gave large negative Z value. 

7 Excludes autumn 1976-1977 data (3+/4+) .ince these 
gave large negative Z value. 

ASSESSMENT RESULTS 

Virtual Population Analysis 

Results from the final VPA calibration show 
very low correlations « 0.10) among estimates of 
slopes (Q) and moderately low correlations « 
0.20) between stock sizes and Qs. All parameter 
estimates were Significant in both analyses. 
Coefficients of variation (CV) for 1992 stock size 
estimates ranged from 27% (ages 3 and 4) to 500/0 
(age 6), and CVs for Qs were either 18% or 19% 
on all indices. 

Average (ages 4 to 7, unweighted) fishing 
mortality in 1991 was estimated at 1.14 (Table 
D14, Figure D6), a 14% increase over 1990. The 
14% increase in mean fully recruited F is consis
tent with the 17% increase in standardized fish
ing effort indicated by the general linear model 



Table D14. Stock size. fishing mortality. and spawning stock biomass obtained from VPA calibrated with NEFSC and Massachusetts spring and 
autumn survey indices and U.S. commercial CPUE at age indices for Gulf of Maine cod 

Stock Numbers (Jan 1) in mUlioDS - GMCOD92 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

1 6080.809 5632.941 7753.562 4810.749 7288.093 9809.079 19943.296 3966.289 2670.369 4537.261 0.000 
2 9122.486 4978.544 4611.861 6348.078 3938.707 5966.985 8030.993 16328.189 3247.322 2186.312 3714.794 
3 4368.791 6220.184 3292.498 3372.315 4829.098 3148.735 4689.909 6430.447 13063.460 2473.191 1478.737 
4 2672.279 2091.076 2959.954 1573.671 1453.528 1995.663 2039.588 2534.092 3832.447 7596.389 1179.759 
5 1477.367 1153.648 754.711 1066.149 391. 719 454.415 630.446 807.563 759.106 1270.158 2454.368 
6 179.711 636.804 367.241 222.491 302.842 94.503 121.404 148.802 254.905 232.423 269.901 
7 210.952 84.701 139.529 125.133 66.341 87.789 17.653 60.489 48.537 66.639 60.900 
8 318.271 191.317 115.035 91.152 93.490 47.319 40.567 35.636 127.218 60.531 33.321 

1 + 24420.665 20989.216 19994.390 17609.739 18363.818 21604.488 35513.857 30311.507 241003.363 18422.903 9191.781 

FIshing MortaUty - GMCOD92 

Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
2 0.1829 0.2135 0.1130 0.0735 0.0239 0.0408 0.0223 0.0231 0.0723 0.1910 
3 0.5345 0.5426 0.5382 0.6416 0.6837 0.2343 0.4156 0.3175 0.3421 0.5402 
4 0.6400 0.8191 0.8211 1.1906 0.9627 0.9523 0.7265 1.0054 0.9044 0.9298 
5 0.6416 0.9447 1.0214 1.0586 1.2219 1.1199 1.2438 0.9531 0.9836 1.3488 
6 0.5522 1.3182 0.8766 1.0101 1.0383 1.4777 0.4967 0.9203 1.1416 1.1393 
7 0.6477 0.9500 0.8822 1.1676 1.0490 1.0273 0.8288 1.0202 0.9540 1.1393 
8 0.6477 0.9500 0.8822 1.1676 1.0490 1.0273 0.8288 1.0202 0.9540 1.1393 

4·7 0.6204 1.0080 0.9004 1.1067 1.0680 1.1443 0.8239 0.9748 0.9959 1.1393 

SSB At the Start of the Spawning Season - males It: females (mtl 

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

1 279.268 259.256 342.256 208.742 315.150 431.623 884.910 189.900 124.471 211.490 
2 4128.022 2378.125 2235.356 3229.377 2055.311 3115.612 4133.605 8333.216 1523.338 1032.841 
3 4419.886 6395.164 3409.523 3502.206 5326.099 3645.748 5587.333 7435.895 14562.007 2379.669 
4 5272.487 3437.366 5093.878 2609.312 2596.884 3882.623 3391.217 4721.398 6146.460 12453.578 
5 5478.277 3080.370 1857.316 3013.166 1119.350 1370.345 2040.952 2040.127 2226.525 3006.943 
6 1150.792 2636.628 1448.734 819.632 1282.375 401.124 618.035 619.344 1107.789 1038.018 
7 1421.929 437.469 810.522 680.069 350.667 525.090 122.428 390.847 289.574 457.653 
8 3554.754 1810.129 1215.290 890.438 913.095 498.430 416.568 495.246 1559.278 648.767 

Tot 25705.416 20434.507 16412.875 14952.941 13958.932 13870.594 17195.049 24225.974 27539.442 21228.961 

"U 
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'" "" 
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Figure D6. Trends In total commercial landings and fishing mortality for Gulf of Maine cod, 1982-1992. 
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Figure D7. Trends In spawning stock biomass and recruitment for Gulf of Malne cod, 1980-1992. 
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2 2.2 

Figure DB. Precision of the estlmales of the Insianianeous rate of fishing mortality (F) on the fully recruited ages 
(Ages 4+) In 1991 for Gulf of Malne cod. The vertical bars display both the range of the estimator 
and the probability of individual values within that range. The dashed line gives the probability that 
F is greater than any selected value on the X axis. The precision estimates were derived from 200 
bootstrap replicatlons. 
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Figure D9. Precision of the estimates of spawning stock biomass at the beginning of the 1991 spawning season 
for Gulf of Malne cod. The vertical bars display both the range of the estlmator and the probability 
of Individual values within that range. The dashed line gives the probability that SSB Is less than 
any selected value on the X axis. The precision estlmates were derived from 200 bootstrap 
replications. 
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Table D 15. Precision and bias estimates of the age-specific instantaneous fisbing mortality rates (F) in 1991 for 
Gulf of Maine cod. ADAPT estimate is from the final consensus assessment run. Standard errors, 
coefficients ofvarlation (C.V.) and bias estimates are derived from 200 bootstrap replications. Ages 
4+ represent the fully-recnrlted portion of the stock. 

AGE ADAPT BOOTSTRAP 
ESTIMATE MEAN 

2 1.91OE-1 1.963E-l 
3 5.402E-1 5.408E-1 
4 9.298E-1 9.583E-1 
5 1.349EO 1.369EO 
6 1. 139EO 1. 164EO 
7 1. 139EO 1. 164EO 
8+ 1. 139EO 1.164EO 

4+ 1. 139EO 1.164EO 

AGE BIAS BIAS 
ESTIMATE STDERROR 

2 5.306E-3 3.545E-3 
3 6.115E-4 8.039E-3 
4 2.S50E-2 1.490E-2 
5 1.990E-2 2.375E-2 
6 2.420E-2 1.395E-2 
7 2.420E-2 1.395E-2 
S+ 2.420E-2 1.395E-2 

4+ 2.420E-2 1.395E-2 

(Table D9). Spawning stock biomass declined 
from a 1990 maximum of 27,500 tons to 21,200 
tons in 1991. The 1987 year class (16.3 million) 
is the highest in the 1982 to 1990 series and 
almost twice the size of the above average 1980 
and 1986 year classes. The unusually strong 
1987 year class accounted for the high level of 
SSB observed in 1990 (Figure D7). Recent re
cruitment, however, has been poor as the 1988 to 
1990 year classes « 4 million) are esi1mated to be 
among the poorest in the series. 

To evaluate the precision of the final esti
mates, a bootstrap procedure (Efron 1982) hav
Ing 200 Iterations was used to generate distribu
tions of the 1991 fishing mortality rate and 
spawning stock biomass. This method accounts 
for random variation in the calibration data 
(survey and LPUE). Figures D8 and D9, respec
tively, show the distribution of these bootstrap 
esi1mates and a cumulative probability curve. 
The distribution of the esi1mates indicates the 
amount of uncertainty by visually depicting vari
ability. The cumulative probability can be used 
to evaluate the risk of making a decision based on 
the esi1mated value. It expresses the probability 
(chance) that the fishingmorialityrate was greater 
than a given level when measurement errors are 

BOOTSTRAP CVFOR 
STDERROR ADAPTSOLN 

5.013E-2 0.26 
1.137E-1. 0.21 
2.107E-1 0.23 
3.359E-1 0.25 
1.973E-1 0.17 
1.973E-l 0.17 
1.973E-l 0.17 

1.973E-l 0.17 

ADAPT EST C.VFOR 
PERCENT CORRECTED CORRECTED 

BIAS FOR BIAS ESTIMATE 

2.78 1.857E-l 0.27 
0.11 5.396E-l 0.21 
3.07 9.0l3E-l 0.23 
l.4S 1.329EO 0.25 
2.12 1. 115EO O.lS 
2.12 1. 115EO O.lS 
2.12 1. 115EO O.IS 

2.12 1.115EO O.lS 

considered. Regarding spawning stock biomass, 
the cumulative plot indicates the probability that 
It was less than a given level. The precision and 
bias of the age-specific fishing mortality rates are 
presented in Table D 15. Precision increases for 
4+ aggregated ages compared to fishing mortality 
esi1mates on individual ages. 

The fully recruited fishing mortality for ages 
4+ was reasonably well estimated (CV = 0.17). 
The distribution of 200 Iterations of the above 
bootstrap method is presented in Figure D8. The 
mean bootstrap estimate ofF (1.164) was slightiy 
higher than the point esi1mate (1.139) from the 
VPA and ranged from 0.7 to 2.0. F20% is much 
lower than the lowest bootstrap estimate and 
F 1991 Is almost certainly above the overfishing 
defmition mortality rate. Fishing moriality in 
1990 (1.00) falls within the lower range of these 
bootstrap esi1mates for 1991. Therefore given 
the amount of precision associated with the 1991 
esi1mate, the probability that the true F 1991 Is 
greater than F 1990 is about 80%. 

Although the abundance esi1mates of indi
vidual ages in 1992 had wider variances (eV = 

0.27 to 0.50), the esi1mate of 1991 spawning 
stock biomass was robust (C.V, = 0.13). Two 
hundred bootstrap replications gave the dlstri-



Page 71 

Table D16. Yield and spawning stock biomass per recruit estimates and Input data for Gulf of Maine cod 

The NEFC Yield and Stock Size per Recruit Program - PDBYPRC 
PC Ver.1.2 [Method of Thompson and Bell (1934)) I-Jan-1992 

GULF OF MAINE COD: Run Date: 15-12-1992: Time: 09:38:34.01 

Proportion of F before spawning: .1670 
Proportion of M before spawning: .1670 
Natural Mortality Is Constant at: .200 
Initial age is: 1; Last age is: 10 
Last age Is a PLUS group; 
Original age-specific PRs, Mats, and Mean Wts from file: 
--> B:\ASSES\GMCODYPR.DAT 

Age-specific Input data for Yield per Recruit Analysis 

Age Fish Mort Nat Mort Proportion Average Weights 
Pattern Pattern Mature Catch Stock 

1 .0001 1.0000 .0600 .000 .814 
2 .0347 1.0000 .5000 1.149 1.016 
3 .3828 1.0000 .8400 1.679 1.417 
4 1.0000 1.0000 .9600 2.592 2.148 
5 1.0000 1.0000 1.0000 4.088 3.233 
6 1.0000 1.0000 1.0000 6.609 5.345 
7 1.0000 1.0000 1.0000 9.881 7.912 
8 1.0000 1.0000 1.0000 12.006 10.943 
9 1.0000 1.0000 1.0000 15.123 13.248 
10 1.0000 1.0000 1.0000 18.000 18.000 

Summary of Yield per Recruit Analysis for: Cod, Gulf of Maine ·1992 ASSM:T AVE WTS, FPAT AND MAT VECTORS 

Slope of the Yield/Recruit Curve at F=O.OO: -> 28.6006 
F level at slope=l/lO of the above slope (FO.l): --> .151 

YIeld/RecruIt corresponding to FO.l: - -> 1.7125 
F level to produce Maximum Yield/Recruit (Fmax): - - > .254 

Yield/RecruIt corresponding to Flnax: --> 1.8282 
F level at 20 % of Max Spawning Potential (F20): - - > .356 

SSB/Recruit corresponding to F20: - - - -> 5.7994 

Listing of Tield per Recruit Results for: Cod, Gulf of Maine -1992 ASSMT AVE WTS, FPAT AND MAT VECTORS 

FMORT TOTCTHN TOTCTHW TOTSTKN TOTSTKW SPNSTKN SPNSTKW %MSP 

.000 .00000 .00000 5.5167 31.3639 3.9054 28.9988 100.00 

.060 .13884 1.13027 4.8254 21.5648 3.2131 19.3375 66.68 

.120 .22602 1.59604 4.3923 16.0053 2.7789 13.8848 47.88 
FO.l .151 .25961 1.71253 4.2259 14.0326 2.6119 11.9580 41.24 

.180 .28602 1.77670 4.0951 12.5612 2.4807 10.5244 36.29 

.240 .32995 1.82684 3.8782 10.2930 2.2627 8.3222 28.70 
Fmax .254 .33833 1.82817 3.8369 9.8880 2.2211 7.9302 27.35 

.300 .36358 1.81619 3.7126 8.7285 2.0961 6.8103 23.48 
F20% .356 .38850 1.78139 3.5904 7.6782 1.9729 5.7994 20.00 

.360 .39022 1.77816 3.5819 7.6091 1.9644 5.7330 19.77 

.420 .41190 1.72929 3.4760 6.7832 1.8575 4.9412 17.04 

.480 .42993 1.67780 3.3882 6.1578 1.7687 4.3437 14.98 

.540 .44519 1.62774 3.3142 5.6735 1.6938 3.8822 13.39 

.600 .45830 1.58094 3.2509 5.2908 1.6296 3.5185 12.13 

.660 .46970 1.53812 3.1960 4.9831 1.5738 3.2266 11.13 

.720 .47974 1.49937 3.1479 4.7316 1.5248 2.9885 10.31 

.780 .48866 1.46454 3.1053 4.5232 1.4814 2.7914 9.63 

.840 .49664 1.43331 3.0674 4.3482 1.4426 2.6260 9.06 

.900 .50385 1.40533 3.0332 4.1995 1.4077 2.4856 8.57 

.960 .51039 1.38024 3.0023 4.0718 1.3760 2.3650 8.16 
1.020 .51637 1.35772 2.9742 3.9611 1.3471 2.2605 7.80 
1.080 .52187 1.33746 2.9485 3.8642 1.3207 2.1690 7.48 
1.140 .52694 1.31918 2.9248 3.7787 1.2963 2.0883 7.20 
1.200 .53164 1.30264 2.9029 3.7028 1.2737 2.0166 6.95 
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YPR (KG) SSB/R (KG) 
2.2 

F max F20%: 
33 

F 91 
2.0 t t , .. , ... 30 

1 1.8 27 

1.6 24 

1.4 21 

1.2 : , 18 

1.0 = YPR 15 

0.8 
SSB/R 

12 

0.6 9 

0.4 6 

0.2 3 

0.0 0 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 

FISHING MORTALITY (F) 

F'lgure 010. Yield per recruit (YPR) and spawning stock biomass per recruit (SSB/R) for Gulf of Maine cod. 

bution presented In Figure D9. The bootstrap 
mean (21,650 t) was slightly higher than the VPA 
point estimate (21,230) and ranged from 15,000 
t to 35,000 t. Current spawning stock biomass is 
the lowest observed In the series. 

Yield and Spawning Stock Biomass per 
Recruit 

A smooth exploitation pattern was computed 
from the geometric mean Fs obtained from the 
1986 to 1990 Fs at age from the VPA. The final 
exploitation pattern is as follows: 

Age 1 0.0001, Age 2 0.0347, 
Age 3 0.3828, Age 4+ 1.000 

This pattern is similar to that obtained from the 
separable VPA and to that presented In the 1991 
Gulf of Maine cod assessment, and was used In 
yield and SSB per recruit calculations. 

Input data and results of the yield and SSB 

per recruit calculations are listed In Table D 16 
and are illustrated In Figure D 10. The yield per 
recruit analyses indicate that F 0.1 = 0.15, 
F _ = 0.25, and F

2
0% = 0.36. 

Projections for 1993 and 1994 

Input and output from the projections are 
given In Table D 1 7 and are illustrated In Figure 
D 11. The assumption of status quo F In 1992 of 
1.14 resulted In a catch of approximately 11,000 
t In 1992. Preliminary catch statistics Indicate 
that 1992 Gulf of Maine cod landings will be 
conSiderably lower than 1991, pOSSibly In the 
range of 11,000 to 12,000 t. Thus the assump
tion of status quo F may underestimate the 
actual fishing mortality. For 1993, continued 
fishing at F = 1.14 will result In a projected catch 
of about 7,000 t and will lead to further reduc
tions In SSB from 21,200 t In 1991 to about 
11,700 tin 1993 and 13,000 tin 1994 if average 
recruitment conditions prevails. 
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Table D 17. Stock biomass and catch projections. starting conditions and input data for Gulf of Maine cod 

Low 

Ave 

High 

Age 

2 
3 
4 
5 
6 
7 
8+ 

The NEFC/PDB Catch and Stock Size Prediction Program· PDBPRED 
GULF OF MAINE COD: RUD Date: 22-11-1992: Time: IG:48:24.07 

Year 

1992 
1993 
1994 

1992 
1993 
1994 

1992 
1993 
1994 

Input for Projections: 

Number of Years: 3; Initial Year: 1992; Final Year: 1994 
Number of Ages: 7; Age at Recruitment: 2; LastAge: 8 

Natural Mortality Is assumed Constant over time at: .200 
Proportion of F before spawning: .1670 
Proportion ofM before spawning: .1670 

Last age Is a PLUS group; 
Original age-speciftc PRs, Mats, and Mean Wts from file 

~~~>B:\ASSES\GMCODPRD.DAT 

Year-specific input data for Projection # 1 

Recruits at Reference Natural Target 
Age 2 F Mortality Catch 

3715. 1.140 .200 N/A 
3247. 1.140 .200 N/A 
3247. 1.140 .200 N/A 

3715. 1.140 .200 N/A 
6188. 1.140 .200 N/A 
6188. 1.140 .200 N/A 

3715. 1.140 .200 N/A 
16328. 1.140 .200 N/A 
16328. 1.140 .200 N/A 

Age-specific Input data for Projection # 1 

stock Size Fish Mart Nat Mort Proportion Aver~e Weights 
in 1992 Pattern Pattern Mature Catch Stock 

3715. .0330 1.0000 .5000 1.149 1.016 
1479. .3796 1.0000 .8400 1.679 1.417 
1180. 1.0000 1.0000 .9600 2.592 2.148 
2454. 1.0000 1.0000 1.0000 4.088 3.233 

270. 1.0000 1.0000 1.0000 6.609 5.345 
61. 1.0000 1.0000 1.0000 9.881 7.912 
33. 1.0000 1.0000 1.0000 15.006 14.000 

Projections for 1993 and 1994 under various recruitment and F levels assuming: 
F92~F91~1.14 

1993-1994 1992 1993 
Recruitment 

Level F Landings SSB F Landings SSB 

Low ~ 3247 1.14 10907 13595 F~-0.25 2197 11361 
1.14 10970 13595 F20%~0.36 2985 11224 
1.14 10970 13595 90% F sg ~ 1.03 6670 10411 
1.14 10970 13595 Fsg~1.14 7111 10285 

Ave - 6188 1.14 10970 13595 F ~0.25 2223 12804 m= 
1.14 10970 13595 F20%~0.36 3021 12666 
1.14 10970 13595 90% F sg ~ 1.03 6755 11852 
1.14 10970 13595 Fsg~1.14 7224 11720 

High - 16328 1.14 10970 13595 F_~0.25 2311 17778 
1.14 10970 13595 F "'" ~0.36 3146 17638 
1.14 10970 13595 90% F sg -1.03 7125 16801 
1.14 10970 13595 Fsg-1.14 7615 16671 

1994 

SSB 

14988 
13996 
9607 
9113 

19136 
18115 
13573 
13032 
34437 
32319 
27161 
26546 
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Catch in 1993 (0005 of Tonnes) SSBin 1994 (0005 of Tonnes) 
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FISHING MORTAUTY (F) 

Figure D 11. Predicted catches In 1993 and spawning stock blomasses In 1994 of Gulf of Maine cod over a range 
of flsWng mortalities In 1993 from F-O to F-1.6. 

SOURCES OF UNDERTAINTY 

This assessment updated the previous as
sessment conducted during SAWI2. Because 
the recommended Improvements will take con
siderable time, some of the same sources of 
uncertainty identified In the last assessment 
remain. The omission of commercial fishery 
discards and recreational catch estimates from 
the catch at age matrix continue to Introduce 
uncertainty Into the results. Commercial fishery 
discard mortal!ty may be a signlficant compo
nent of total mortal!ty In certain years, but esti
mates were not avaIlable for tws assessment. 
Omission of commercial discards and recreational 
catch results In an underestimation of the total 
fishery removals from the stock. 

In tws assessment, the tuned VPA suggested 
that recruitment In 1990, 1991, and 1992 were 
among the lowest observed In the time series. 

Another model (RCf3) gave somewhat higher 
estimates, but these were not used In the projec
tions. Survey methods that yield more certain 
estimates of recruiting year class strength are 
necessary to predict future landings at a given 
fisWng mortal!ty rate with acceptable precision. 

The VPA utll!zed tuning indices derived from 
effort standardized on otter trawl LPUE. Al
though a large proportion of landings come from 
otter trawl effort, it can lead to divergent trends 
In F and effort which are difficult to explain. 
Inconsistencies of tws type may occur because of 
changes In effort that are not captured by the 
standardization procedure (e.g. changes In tech
nology and shifts to other fisWng methods), or 
because the standardization procedure itself is 
based on assumptions that may not be very 
robust. However, the Fl99l was consistent with 
the observed Increase In standardized effort be
tween 1990 and 1991. 
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GULF OF MAINE COD RESEARCH RECOMMENDATIONS 

1. Discards and recreational catches contribute 
to significant mortality of cod. Recreational 
landings have contributed to 10 to 30% of 
total landings. The procedures to calculate 
catch at age for these two sources are unde
termined, but inclusion of these sources of 
removal would be useful in improving the 
assessment. The size or age composition of 
recreational catches is necessary to add these 
catches to the catch at age matrix. 

2. The current projection methods do not in
clude all sources of uncertainty within the 
assessment. Future projection methods could 
include these sources by using a Monte Carlo 
approach for all input parameters, including 
current fishing mortality, natural mortality, 
starting stock conditions, as well as recruit
ment. 

3. Other survey methods that would improve 
recruitment estimates should be evaluated, 
e.g. fixed rather than random sampling sta
tions. 

4. Fully recruited fishing mortality appeared to 
be well estimated in regard to measurement 
error. However, the VPA suggested that F on 
age 2 more than doubled from 1990 to 1991. 
A retrospective analysis should be attempted 
to reveal underlying biases in tenninal year 
estimates. 

Terms of reference for future 
assessments: 

1. The present effort standardization uses the 
catch per effort for interviewed otter trawl 
trips to standardize effort for all commercial 
gears. This standardization procedure may 
not be effective in capturing changes in effort 
patterns for other gears. Due to this level of 
aggregation in the commercial tuning Indi
ces, similar problems are expected in future 
assessments. Standardization of effort for 
individual gears and ages should be con
ducted separately to calculate commercial 
catch per effort for VPA tuning. A better 
understanding of meaningful units of fixed 
gear fishing effort is needed, e.g. sinkgillnets. 

2. Studies should be undertaken to understand 
the possible changing relationship between 
effort and fishing mortality. 

3. This assessment utilized tuning indices that 
were adjusted for changes of trawl doors and 
vessels used for the survey. The former 
change was made in 1985. It was noted that 
several indices exhibited an abrupt change in 
the sign of the residuals in 1986. The effect 
of the survey adjustments on these indices 
should be investigated for this stock. 
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E. GEORGES BANK COD ASSESSMENT 

INTRODUCTION 

Atlantic cod (Gadus morhualln the Georges 
Bank area have been commercially exploited 
since the 17th Century. Reliable landings sta
tistics are available since 1893. Historically, 
the Georges Bank fishery (NAFO Division 5Z 
and Subarea 6l can be separated Into five 
periods: (FIgure Ell: 

(1l 1893-1914, when high landings (> 
40,000 tlln 1895 and 1906-1907 were 
followed by about 10 years of sharply
reduced landings 

(2) 1915-1940, when annual landings fluc
tuated between 20,000 and 30,oqo t, 
and when cod was generally taken as a 
bycatch In the Georges Bank haddock 
fishery 

(3) 1940-1960, when landings decllned, 
reaching a record low of 8,100 tons In 
1953. Decllnes In this period reflect a 
reduction In fishing actlvltyduringWorld 
War IT and redirection of remaining fleet 

effort toward the more abundant haddock 
resource 

(4l 1960-1976, when Canadian and distant
water fleet fisheries for Georges Bank cod 
developed. Large Increases In fishing effort 
for cod durtng this period resulted In a 
fivefold Increase In annual landings be
tween 1960 and 1966 (11,000 to 53,000 tl 
but landings sharply decllned afterward 
reaching only 20,000 t In 1976 

(5) ·1977 onward, after the Implementation of 
extended fisheries jurisdiction by both the 
United States and Canada. Totallandlngs 
of Georges Bankcod doubled between 1977 
and 1982 (27,000 to 57,000 tl, decllned to 
26,000 tin 1986, Increased to 42,500 t In 
1990 and were 37,600 tin 1991 rrableEll. 
Since October 1984, when the interna
tional Court of Justice delimited a mari
time boundary between the United States 
and Canada In the Gulf of Maine/Georges 
Bank region, fishing activity by each coun
try has been restricted to Its own waters on 
Georges Bank. 
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Figure E 1. Total commercial landings of Georges Bank cod, 1893-1992. 
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Table El. Commercial landings (mt) of Atlantic cod from Georges Bank and South (Division 5Z and Subarea 
6), 1960-1992 

Country 
Year USA canada USSR 

1960 10834 19 
1961 14453 223 55 
1962 15637 2404 5302 
1963 14139 7832 5217 
1964 12325 7108 5428 
1965 11410 10598 14415 
1966 11990 15601 16830 
1967 13157 8232 511 
1968 15279 9127 1459 
1969 16782 5997 646 
1970 14899 2583 364 
1971 16178 2979 1270 
1972 13406 2545 1878 
1973 16202 3220 2977 
1974 18377 1374 476 
1975 16017 1847 2403 
1976 14906 2328 933 
1977 21138 6173 54 
1978 26579 8778 
1979 32645 5978 
1980 40053 8063 
1981 33849 8499 
1982 39333 17824 
1983 36756 12130 
1984 32915 5763 
1985 26828 10443 
1986 17490 8411 
1987 19035 11845 
1988 26310 12932 
1989 25097 8001 
1990 28193 14310 
1991 1 24175 13455 
1992' 15700 12400 

IProvi.lonal 
'Predicted 

ThIs report presents an updated and revised 
analytical assessment of the Georges Bank cod 
stock (NAFO Division 5Z and Statistical Area 6) 
for the period 1978 to 1991 based on analysiS of 
commercial landings and effort data and re
search vessel survey data through 1991. 
Specific analytic deta1ls regarding the assess
ment are presented in Serchuk et aL (1993), 
Previous analytical assessments of this stock 
were conducted by the United States in 1986 
(SerchukandWigley 1986; NEFC 1986), in 1988 
(Serchuk 1988, unpublished; NEFC 1989), in 
1990 (Serchuk and Wigley 1990, unpublished; 
NEFSC 1990), and in 1991 (Serchuketal. 1991, 
unpublished; NEFSC 1992). Analytical assess
ments of the component of the Georges Bank cod 
stock in Canadian waters (Unit Areas 5Zj and 
5Zm) have been conducted by CAFSAC [Cana-

Spain Poland Other Total 

10853 
14731 

143 23486 
1 27189 

18 48 238 25165 
59 1851 38333 

8375 269 69 53134 
14730 122 36752 
14622 2611 38 43136 
13597 798 119 37939 
6874 784 148 25652 
7460 256 36 28179 
6704 271 255 25059 
5980 430 114 28923 
6370 566 168 27331 
4044 481 216 25008 
1633 90 36 19926 

2 27367 
35357 
38623 
48116 
42348 
57157 
48886 
38678 
37271 
25901 
30880 
39242 
33098 
42503 
37630 
28100 

dian Atlantic Fisheries Scientific Advisory Com
mlttee] in 1990 (Hunt 1990), 1991 (Hunt et aL 
1991), and 1992 (Hunt and Buzeta 1992). 

RECREATIONAL FISHERY CATCHES 

Estimated recreational cod catches Ifrom both 
the Georges Bank and Gulf of Maine cod stocks 
combined, and including fish reported caught 
and subsequently released alive] during 1960 to 
1989 ranged between 3,450 t (1986) and 16,300 
t (1970) rrable E2). The highest estimates were 
derived prior to 1979 but must be considered 
tentative due to methodological weaknesses and 
differences in survey procedures in these years 
(United States Department of Commerce 1979, p. 
21). Between 1981 and 1985, annual recre-



Table E2. 

Year 

1960 
1965 
1970 
1974 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 

Estimated number (1.000) and weight 
(mt. live) of Atlantic cod caught by marine 
recreational fishermen in 1960. 1965. 
1970. 1974. and 1979-1991' 

All Regions Georges Bank Stock 
Number Weight Number Weight 
of Cod of Cod of Cod of Cod 
(OOOs) (mt) (ooos) (mt) 

4791 14016 Not Estimated 
5032 13565 Not Estimated 
3844 16292 Not Estimated 
2901 12368 Not Estimated 
3091 4026 393 580 
2440 7331 186 471 
4845 9712 1605 4677 
3250 8244 1453 5296 
3747 7542 1693 4920 
2562 5080 832 2406 
3674 7664 1998 4635 
1548 3510 331 1092 
2063 3779 467 1168 
2966 7327 1494 4284 
2463 6119 538 1875 
2635 5144 690 1696 
1854 3727 444 1255 

1 From 1979-1991 MarineRecreattona1F1.heryStatl.tf~ 
Survey ezpanded catch estimate.. 

ational cod landings exhibited little variability; 
apart from 1984, annual catches varied between 
8,000 and 9,000 t, and averaged 8,500 t per year. 
Recreational cod catches declined In 1986 and 
1987 to less than 4,000 t, Increased to more than 
6,000 t In 1988 and 1989, but declined to 5,000 
tin 1990, and were only 3,700 tin 1991. 

Preliminary estimates of recreational catches 
of cod by stock unit have recently been derived 
using landing site Information (from Intercept 
surveys) to allocate catches between the Gulf of 
Maine and Georges Bank stocks (Recreational 
Fisheries Statistics Working Group, unpublished). 
Between 1981 and 1985, estimated catches from 
the Georges Bank stock (Div 5Z and Area 6) 
ranged between 2,400 t and 5,300 t, and aver
aged 4,400 t per year [Table E2). Since 1986, 
however, recreational catches of Georges Bank 
cod have averaged just 1,900 t per year, and 
accounted (apart from 1988) for only a third of the 
total U.S. recreational cod landings. 

Recreatlonal catches have not been Included 
In any of the assessment analyses since a num
ber of problems still remain In estimating the 
quantity and Size/age composition of the recre
ational catch, by stock (Recreational Fisheries 
Statistics Working Group, unpublished). Among 
these are: 
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(1) lack of recreational catch estimates In 
January and February when some party 
boats In Massachusetts, Rhode Island, 
and New York land cod 

(2) Inability to properly categorize catches of 
long-range trips (e.g., to Georges Bank) 
that are being made In increasing num
bers by party boats, from Maine to New 
York 

(3) catch estimates for the Georges Bank 
stock are imprecise [Le., relatively large 
CVsl, and 

(4) length frequency sampling intensity, par
ticularly for the Georges Bank stock, Is 
low and Is probably insufficient to accu
rately characterize the size composition 
of the catch. Moreover, length frequency 
sampling Is opportunistic and thus 
samples are not distributed In proportion 
to the catch, by time, fishing mode, or 
state of landing. 

COMMERCIAL FISHERY LANDINGS 

Total commercial landings In 1991 were 
37,600 t, 11% lower than in 1990 (Table Ell. 
The United States and Canada, sale participants 
In the fishery since 1978, accounted for 64% and 
36%, respectively, of the 1991 total. Th.e 1991 
U,S. landings (24,200 mt) were 14% less than In 
1990, and the fourth lowest U.S. total since 1977. 
Canadian 1991 landings totaled 13,500 mt, 
6% lower than In 1990, but still the fourth high
est Canadian landings ever. 

As In the past, otter trawl landings accounted 
for most (68%) of the 1991 landings. 
The otter trawl fishery accounted for 80% of the 
1991 U.S. landings [Table E3) and 500/0 of the 
Canadian landings (Hunt and Buzeta 1992). 
During 1978-1991, 85% of the U.S. landings and 
61 % of the Canadian landings were attributable 
to otter trawl gear. 

CATCH COMPOSITION 

Sampling Intensity 

United States length frequency sampling av
eraged one sample per 320 t landed over the 14-
year period but, since 1982, has Improved toone 
sample per 280 t landed. Sampling intensity In 
1991 (1 sample per 275 t) was greater than In 
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Table E3. Distribution of U.S. commercial landings (mt.lIve) of Atlantic cod from Georges Bank (Area 5Ze). by 
gear type. 1965-1992. The percentage oftoW U.S. commerclallandlngs of Atlantic cod from Georges 
Bank by gear type Is also presented for each year. Data only reflect Georges Bank cod landings tbat 
could be Identlfted by gear type. 

Landlng. (mt. live) Pel'Cen~e of Annual Landing. 
Otter SIDk LID. Other Otter Sink Lin. Other 

Year Trawl GWNet Trawl Haadllne Gear Total Trawl GillNet Trawl HandUne Gear Total 

1965 10251 0 582 505 9 11347 90.3 5.1 4.5 0.1 100.0 
1966 10206 0 787 757 19 11769 86.7 6.7 6.4 0.2 100.0 
1967 10915 0 894 704 9 12522 87.2 7.1 5.6 0.1 100.0 
1968 12084 0 936 524 <1 13544 89.2 6.9 3.9 100.0 
1969 13194 0 1371 387 <1 14952 88.2 9.2 2.6 100.0 
1970 11270 0 1676 404 <I 13350 84.4 12.6 3.0 100.0 
1971 12436 0 2334 230 2 15002 82.9 15.6 1.5 100.0 
1972 10179 0 2071 217 10 12477 81.6 16.6 1.7 0.1 100.0 
1973 12431 3 2185 206 21 14846 83.7 14.7 1.4 0.2 100.0 
1974 14078 3 2548 11 9 16649 84.6 15.3 0.1 100.0 
1975 12069 0 2435 84 4 14592 82.7 16.7 0.6 100.0 
1976 12257 4 1519 153 5 13938 88.0 10.9 1.1 100.0 
1977 18529 30 912 83 22 19576 94.7 0.2 4.7 0.4 0.1 100.0 
1978 20862 81 1569 1180 59 23751 87.8 0.3 6.6 5.0 0.3 100.0 
1979 26562 620 2707 860 159 30908 85.9 2.0 8.8 2.8 0.5 100.0 
1980 32479 4491 1102 0 273 38345 84.7 11.7 2.9 0.7 100.0 
1981 27694 3515 120 584 197 32110 86.2 10.9 0.4 1.8 0.6 100.0 
1982 33371 2935 385 624 210 37525 88.9 7.8 1.0 1.7 0.6 100.0 
1983 30981 1812 831 441 81 34146 90.7 5.3 2.4 1.3 0.3 100.0 
1984 26161 2573 366 753 197 30050 87.1 8.6 1.2 2.5 0.6 100.0 
1985 21444 2482 436 284 163 24809 86.4 10.0 1.8 1.1 0.7 100.0 
1986 13576 1679 692 305 95 16347 83.0 10.3 4.2 1.9 0.6 100.0 
1987 13711 1522 1636 222 71 17162 79.9 8.9 9.5 1.3 0.4 100.0 
1988 20296 1864 1950 232 116 24458 83.0 7.6 8.0 0.9 0.5 100.0 
1989 17946 3150 1583 119 91 22889 78.4 13.8 6.9 0.5 0.4 100.0 
1990 21707' 2316 1252 395 133 25803 84.1 9.0 4.9 1.5 0.5 100.0 
1991 178922 2171 1919 286 180 22448 79.7 9.7 8.5 1.3 0.8 100.0 
199211- 15700 

. Predicted 
1 Includes 849 tons taken by pair-trawl (Note: 1990 was the first year that pair-trawl landings exceeded a few tons) 
2 Includes 1068 tons taken by pair-trawl 

preceding years (1989 = 1 sampleper380t; 1990 
= 1 sample per 340 t). Virtually all of the U.S. 
samples have been taken from otter trawl land
ings. but sampling Is proportionally stratified by 
market category (scrod. market. and large). Com
parison of length frequency samples taken from 
otter trawl landings with those obtained from 
fIxed gears (a few samples from longlines and 
gill nets) revealed no obvious dCfferences in size 
composition of fIsh. within a market category. by 
gear. 

Canadian sampling intensity has histOrically 
been much lower than that In the U.S. fishery. 
PrIor to 1985. Canadian sampling coverage aver
aged about one sample per 1000 t landed (Hunt 
and Buzeta 1992). Sampllnglntensltyhasmark
edly Improved since 1985 and has averaged one 
sample per 325 t landed during the 1986-1991 
period. Sampling intensity In 1991 was 1 sample 
per 299 t. Canadian samples were primarily from 

otter trawl landings (Hunt 1988. 1990). Cana
dian sampling is not done by market category but 
representative samples of the landings are taken. 

Age Composition 

Age composition of U.S. landings during 1978-
1991 was estimated. by market category. from 
monthly length frequency and age samples. pooled 
by calendar quarter. Quarterly mean weights. by 
market category. were obtained from applying 
the U.S. cod length-weight equation (In Weight 
(kg.>vel = -11.7231 + 3.0521 In Length '=1) to the 
quarterly market category sample length fre
quencies. Mean weight values were then divided 
Into quarterly market category landings to derive 
estimated numbers landed by quarter. by market 
category. Quarterly age/length keys were then 



Table E4. Landings at age (tbousands of fish. mt) and mean weight (kg) and mean length (cm) at age of total commercial landings of Atlantic cod from 
tbe Georges Bank and Soutb cod stock (NAFO Division 5Z and Statistical Area 6). 1978-1991 

""e % of Total LalJdlDD 
Yeu 1 2 • • • • 7 • • 10+ ToW VIlA 

c __ 

Total COPlUUtl'cW Laadbag. la NUlllben (000'.) at ACe 
1978 2 393 7748 2303 .30 131 345 .7 '0 15 11854 73.7 26.3 
1979 3. 1989 900 4870 1212 ... 77 253 • •• 9845 81.2 18.8 
1980 .9 3777 5828 500 2308 1076 •• 5 .7 1.7 10 14287 80.9 19.1 
1981 27 3205 4221 2.64 235 1406 .17 123 130 62 12290 84.1 15.9 
1982 331 9138 3824- 2787 2000 2.1 673 213 71 .3 19401 74.1 25.9 
1983 10. 4286 .063 2456 1055 776 95 235 100 65 17239 72.2 27.8 
1984- .1 1307 3423 3336 •• 0 516 45. •• 171 121 10297 89.0 11.0 
1985 13. 6426 2443 1368 1885 412 21. 203 21 97 13207 68.4 31.6 
1986 156 }326 4573 797 4.0 627 .7 72 .7 29 .194 71.7 28.3 
1987 26 7473 1406 2121 279 252 270 63 3. 24 11952 64.2 35.8 
1988 10 1577 8022 1012 1497 2.4 161 197 50 .7 12817 71.6 28.4-
1989 2088 2922 4155 331 541 82 43 50 1. 10230 81.1 18.9 
1990 7 .942 5042 1882 2264 229 2.5 36 17 3. 14702 74.3 25.7 
1991 52 1525 3243 3281 1458 1088 126 70 23 23 10889 67.7 32.3 

Total COllUllOl'Cial Laadlap .. WeICht (To_l at Age 
1978 1 515 18890 7990 3597 757 2549 395 465 19. 35357 75.2 24.8 
1979 30 2970 1936 20504 5923 3288 711 2611 44 606 38623 84.5 15.5 
1980 75 5516 14382 1833 13036 7184 3735 793 1408 154 48116 83.2 16.8 
1981 24 4789 9953 8416 1224 10156 3575 1212 184. 1I51 42348 79.9 20.1 
1982 253 12812 10187 10681 10705 1827 6303 21I0 .91 1388 57157 .... 31.2 
1983 105 63.7 19167 8126 4891 .963 763 2418 1120 9.6 48886 75.2 24.8 
1984 .5 2137 8389 12074 4271 3401 4078 •• 7 1938 1858 38678 85.1 14.9 
1985 121 9111 5095 5319 9588 2644 1765 2073 246 1309 37271 72.0 28.0 
1986 145 1955 1I189 2917 2692 4505 776 717 596 409 25901 67.5 32.5 
1987 19 1I071 3509 8882 1619 1945 2416 633 '26 360 30880 61.6 38.4 
1988 • 2399 18923 3552 8085 1618 1412 1960 566 719 39242 67.0 33.0 
1989 3375 6633 15673 1783 3625 669 .55 5 •• 29. 33098 75.8 24.2 
1990 5 7709 12412 6629 11075 1448 2069 3.2 222 552 42503 66.3 33.7 
1991 59 2481 8265 11221 6955 6411 933 73. 223 34. 37630 64.2 35.8 

Total CODUllezeial Laad!aC. llIoaJ1 WeICht (keJ at Age 
1978 0.707 1.310 2.461 3.469 4.336 5.787 7.374 8.492 11.785 13.200 2.983 
1979 0.889 1.494 2.149 4.211 4.888 7.178 9.183 10.313 11.699 12.625 3.923 
1980 0.836 1.460 2.468 3.'" 5.647 6.676 8.390 9.089 8.432 15.400 3.368 
1981 0.882 1.495 2.358 3.415 5.213 7.222 8.565 9.888 14.170 18.565 3.'" 
1982 0.765 1.402 2.664 3.834 5.352 6.511 9.363 9.897 12.503 16.723 2.946 
1983 0.971 1.490 2.377 3.309 4.637 6.393 7.964 10.286 11.227 14.554 2.836 
1984 1.053 1.635 2.451 3.619 5.083 6.582 8.909 10.104 11.303 15.356 3.756 
1985 0.907 1.418 2.086 3.887 5.087 6.412 8.097 10.236 11.418 13.494 2.822 
1986 0.929 1.475 2.447 3.660 5.603 7.191 8.915 9.955 12.687 14.104 3.161 
1987 0.726 1.481 2.495 4.187 5.810 7.726 8.949 10.013 11.414 15.000 2.584 
1988 0.786 1.520 2.359 3.511 5.401 6.647 8.776 9.987 11.143 15.298 3.062 
1989 1.617 2.269 3.772 5.396 6.694 8.222 10.718 11.665 17.111 3.235 
1990 0.831 1.560 2.462 3.522 4.892 6.333 8.456 10.648 12.580 14.526 2.891 
1991 1.1I4 1.627 2.548 3.420 4.769 5.891 7.410 10.520 9.686 15.373 3.456 

Total Commercial Laad!aC. Heaa Leagth (em) at Age 
1978 39.5 50.0 60 .• 67.9 72.7 80.4 80.2 93.1 103.4 106.5 64.1 
1979 44.7 52.2 57.7 73.2 76.8 87.5 95.3 99.5 103.4 106.4 69.6 
1980 43.8 51.8 61.2 69.7 80.9 86.0 92.4 93.8 92.4 114.6 65.6 
1981 44.4 52.2 60.2 68.' 78.2 88.0 93.5 97.5 110.3 119.5 65.6 
1982 42.2 51.2 62.4 70.5 79.1 84.3 96.0 97.4 105.8 lIS.O 61.9 
1983 45.5 52.3 60.' 67.0 75.3 84.4 90.7 99.1 101.9 1I1.4 62.4 
1984 47.2 54.0 61.5 69.8 77.8 85.5 94.4 98.6 102.3 112.8 .... 
1985 44.9 51.1 57.5 71.4 78.0 84.3 91.3 98.8 102.3 108.2 61.1 

" 1986 45.0 51.9 61.1 69.2 80.7 87.7 94.4 98.0 105.9 108.4 64.3 " 1987 40.7 51.8 61.2 73.0 81.8 90.1 94.5 98.2 102.5 111.2 59.7 '" .. 
1988 40.8 52.8 60.4 68.5 79.5 85.3 93.6 97.7 101.5 111.2 64.1 !!l 1989 53.8 60.0 70.4 79.2 85.2 91.7 100.3 103.2 113.3 65.7 
1990 41.7 53.5 61.0 68.7 76.6 83.2 92.1 100.2 106.0 110.8 62.9 
1991 47.7 53.6 62.2 67.7 75.8 80.9 87.8 99.4 95.9 113.9 67.0 
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Table E5. Mean weight at age (kg) at tbe beginning of tbe year (January 1) for Georges Bank and Soutb cod 
stock (NAFO Division 5Z and Subarea 6). 1978-1992. Values derived from catch mean weight at age 
data (mid-year) using procedures described by Rivard (1980). 

Year 
Age 1978 1979 1980 1981 1982 1983 1984 

1 0.486 0.694 0.625 0.700 0.548 0.748 0.907 

2 1.023 1.028 1.139 1.118 1.112 1.068 1.260 

3 1.881 1.678 1.920 1.855 l.gg6 1.826 1.911 

4 2.922 3.219 2.808 2.903 3.007 2.969 2.933 

5 3.370 4.118 4.876 4.373 4.275 4.216 4.101 

6 4.594 5.579 5.712 6.386 5.826 5.849 5.525 

7 6.235 7.290 7.760 7.562 8.223 7.201 7.547 

8 7.235 8.721 9.136 9.108 9.207 9.814 8.970 

9 10.004 9.967 9.325 11.349 11.119 10.541 10.783 

10+ 13.200 12.625 15.400 18.565 16.723 14.554 15.356 

appUed to the quarterly market category num
bers at length distributions to provide numbers 
at age. These values were summed over market 
categories and quarters to attain the annual U.S. 
landings at age matrix. Derivation of catch by 
quarter. rather than by month. was perfonued 
since not all months had at least two length 
frequency samples per market category (Le .• mini
mum desired for monthly catch estimates). 

For many of the length frequency samples. 
sample weights were also available. These were 
converted (x 1.17) to Uve weights and compared 
to the calculated weights from the length-weight 
equation. In most cases. the differences were 
small «5%) Implying that use of the length
weight equation to derive landings numbers im
parted Uttle. if any. bias to the catch calculations. 

Canadian landings at age data for 1978 to 
1991 were taken from Hunt and Buzeta (1992) 
and combined with tbe U.S. data to produce an 
overall landings at age matrix for the 1978 to 
1991 period. The proportions oflandings derived 
from the United States and Canada are Indicated 
In TableE4. 

CommerCial landlngs In 1991 were domi
nated by the 1987 and 1988 year classes. To
gether. these two cohorts accounted for 60% of 
the landings by number and 52% by weight. The 
1988 year class was much more dominant In the 
U.S. fishery than In the Canadian fishery; the 1988 
cohort accounted for 37% of the U.S. landings In 
number. but oniy 15% of the Canadian landings. 
The 1987 year class dominated the 1991 Cana
dian landings (35% by number; 32% by weight). 
with the 1985 and 1986 cohorts being the next 
most Important In tenus of weight and numbers. 
respectively. 

19811 1986 1987 1988 1989 1990 1991 1992 

0.711 0.736 0.502 0.548 0.583 0.594 1.067 0.659 

1.222 1.157 1.173 1.050 1.127 1.123 1.163 1.163 

1.847 1.863 1.918 1.869 1.857 1.995 1.994 2.277 

3.087 2.763 3.201 2.960 2.983 2.827 2.902 3.256 

4.291 4.007 4.611 4.755 4.353 4.296 4.098 4.031 

5.709 6.048 6.579 6.214 6.013 5.846 5.368 5.549 

7.300 7.561 8.022 8.234 7.393 7.524 6.850 6.465 

9.549 8.978 9.448 9.454 9.699 9.357 9.432 8.015 

10.741 11.396 10.660 10.563 10.793 11.612 10.156 11.734 

13.494 14.104 15.000 15.298 17.111 14.526 15.373 15.373 

Mean Weights at Age 

Mean weights at-age In the landings for ages 
1 to 10+ during 1978 to 1991 are given InTable 
E4 and. based on landings patterns. are consid
ered mid-year values. Although no consistent 
trends In size or weight at age are evident over tbe 
14-year time series. mean weights In 1990 and 
1991 for age groups 2 and 3 were among tbe 
highest on record. while mean weights for age 
groups 4 to 61n 1990-1991 were near tbe lowest 
on record. Both the United States and Canadian 
landings exhibited these patterns. altbough the 
changes are more pronounced In the Canadian 
data. 

Mean weights at age for calculating stock 
biomass at the beginning of the year are provided 
In Table E5. These values were derived from the 
catch mean weights at age data [fable E4) using 
the procedures described by Rivard (1980). 

STOCK ABUNDANCE AND BIOMASS 
INDICES 

Commercial Catch Rates 

United States commercial LPUE Indices Oand
Ings per unit effort. expressed In metric tons 
landed per day fished) were calculated. by ton
nage class (Class 2 = 5 to 50 GRr; Class 3 = 51 to 
150 GRr; Class 4 - 151 to 500 GRT). from otter 
trawl trips landing cod from Georges Bank (Sub
division 5Ze). Indices were derived based on all 
trips landing cod. and for directed trips In which 
cod comprised 50% or more of the total trip catch 
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Table E6. U.S. commerclal1andings (Ll'. days fished (DF'). and landings per day fished (LIDF'). by vessel 
tonnage class (Class 2 - 2 to 50 GRr; Class 3 - 51 to ISO GRr; Class 4 - 151-500 GR!), ofAtlantlc 
cod for otter trawl trips catching cod from Georges Bank (NAFO Division 5Ze), 1965-1991. Data are 
also provided for otter trawl trips In which cod composed 500A> or more of the total trip catch by weight 
('directed trips'). 

C1a.N2 C1a.NS C1a.N4 ToW. 
Year L DF L/DF L DF L/DF L DF L/DF L L/DF" 

ALLTRlPS 
1965 487 1661 0.29 5201 9719 0.54 4351 4175 1.04 10039 0.74 
1966 386 1555 0.25 4754 10505 0.45 4731 4510 1.05 9871 0.73 
1967 437 1069 0.41 5292 8570 0.62 4519 3789 1.19 10248 0.86 
1968 321 570 0.56 6861 8534 0.80 4903 3397 1.44 12085 1.05 
1969 433 500 0.87 7942 7953 1.00 4819 2783 1.73 13194 1.26 
1970 508 535 0.95 6729 8296 0.81 4033 2218 1.82 11270 1.18 
1971 563 681 0.83 7652 8808 0.87 4215 2195 1.92 12430 1.22 
1972 524 721 0.73 6382 9257 0.69 3274 1766 1.85 10180 1.07 
1973 322 550 0.59 7814 8668 0.90 4295 1701 2.52 12431 1.45 
1974 585 617 0.95 8222 9438 0.87 5266 2097 2.51 14073 1.49 
1975 509 534 0.95 7029 8684 0.81 4527 2085 2.17 12065 1.33 
1976 421 474 0.89 7861 7791 1.01 3969 1469 2.70 12251 1.55 
1977 850 607 1.40 13250 9492 1.40 4423 1472 3.00 18523 1.78 
1978 1165 715 1.63 14853 9411 1.58 4829 1551 3.11 20847 1.94 
1979 956 658 1.45 18377 9924 1.85 7116 2507 2.84 26449 2.10 
1980 1062 882 1.20 21331 10961 1.95 10053 3726 2.70 32446 2.16 
1981 1184 845 1.40 17025 10615 1.60 9404 3797 2.48 27613 1.89 
1982 1406 695 2.02 20468 10717 1.91 11450 4296 2.67 33324 2.18 
1983 835 429 1.95 17112 10694 1.60 13011 5116 2.54 30958 2.00 
1984 375 427 0.88 14883 13605 1.09 10899 5746 1.90 26157 1.42 
1985 370 453 0.82 12852 13629 0.94 8215 5501 1.49 21437 1.15 
1986 150 233 0.64 8014 10442 0.77 5411 4354 1.24 13575 0.96 
1987 108 220 0.49 8505 12067 0.70 5090 4770 1.07 13703 0.84 
1988 100 233 0.43 12808 13791 0.93 7345 5799 1.27 20253 1.05 
1989 144 320 0.45 10104 13151 0.77 7631 5274 1.45 17879 1.06 
1990 141 260 0.54 11586 13567 0.85 9891 5552 1.78 21618 1.27 
1991 89 239 0.37 9067 12843 0.71 8716 5472 1.59 17872 1.14 

50% Trip" 
1965 18 8 2.25 353 86 4.10 819 159 5.15 1190 4.79 
1966 7 <1 370 88 4.20 991 199 4.98 1368 4.74 
1967 33 17 1.94 874 238 3.67 1464 318 4.60 2371 4.22 
1968 16 3 5.33 1665 464 3.59 1442 328 4.40 3123 3.97 
1969 73 9 8.11 2612 773 3.38 1475 359 4.11 4160 3.72 
1970 164 25 6.56 1695 534 3.17 1739 388 4.48 3598 3.96 
1971 117 15 7.80 2232 721 3.10 2163 494 4.38 4512 3.84 
1972 152 54 2.81 2137 716 2.98 1879 445 4.22 4168 3.53 
1973 52 16 3.25 3242 820 3.95 3010 486 6.19 6304 5.01 
1974 259 119 2.18 3707 1115 3.32 3899 703 5.55 7865 4.39 
1975 246 85 2.89 2678 842 3.18 3128 585 5.35 6052 4.29 
1976 159 66 2.41 3665 1089 3.37 2664 464 5.74 6488 4.32 
1977 502 120 4.18 6595 1342 4.91 2899 373 7.77 9996 5.70 
1978 846 215 3.93 6554 1644 3.99 2427 330 7.35 9827 4.81 
1979 612 168 3.64 9714 2558 3.80 4270 840 5.08 14596 4.17 
1980 644 196 3.29 11727 2909 4.03 5616 1067 5.26 17987 4.39 
1981 766 153 5.01 9414 2591 3.63 4312 953 4.52 14492 3.97 
1982 1046 212 4.93 14724 3631 4.06 7791 1521 5.12 23561 4.45 
1983 566 130 4.35 11884 3033 3.92 8795 1872 4.70 21245 4.25 
1984 140 55 2.55 9156 3454 2.65 6620 1918 3.45 15916 2.98 
1985 184 65 2.83 8725 4346 2.01 6053 2330 2.60 14962 2.26 
1986 58 18 3.22 5258 2969 1.77 3755 1406 2.67 9071 2.15 
1987 36 18 2.00 5743 3874 1.48 3354 1781 1.88 9133 1.63 
1988 37 22 1.68 9974 6457 1.54 5527 2731 2.02 15538 1.71 
1989 66 56 1.18 7864 6023 1.31 6200 3083 2.01 14130 1.62 
1990 61 16 3.81 8490 4965 1.71 8151 3204 2.54 16702 2.12 
1991 27 12 2.25 6110 4358 1.40 6647 2633 2.52 12784 1.98 

1 Metric tODS. Uve weight. 
2 Day. fished with trawl OD bottom: derived by dlviding houn fished with trawl OD bottom by 24. 
• Total L/DF .... derived by weighting individual towuoge c1a.N L/DF value. by tbe pen:eutoge of totallandlug. for by 

each vessel clau and summing over the three vessel clan categories. 
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Table E7. Percentage. within vessel tonnage class' . of Atlantic cod otter trawl landings (L)'. vessel trips m. and 
effort {DF)3 from Georges Bank (NAFO Division 5Ze) accounted for by otter-trawl trips tn which cod 
composed 50% or more of the total trip catch by weight ("directed trips'). 1965-1991. 

Class2 Class3 Class4 Totals 
Year L T DF L T DF L T DF L T DF 

1965 3.7 1.0 0.5 6.8 1.9 0.9 18.8 5.3 3.8 11.9 2.4 1.6 
1966 1.8 0.1 <0.1 7.8 1.4 0.8 20.9 6.5 4.4 13.9 2.2 1.7 
1967 7.6 1.3 1.6 16.5 4.0 2.8 32.4 11.5 8.4 23.1 4.9 4.3 
1966 5.0 1.0 0.5 24.3 5.9 5.4 29.4 12.3 9.7 25.8 6.5 6.4 
1969 16.9 5.2 1.8 32.9 10.0 9.7 30.6 13.8 12.9 31.5 10.3 10.2 
1970 32.3 10.4 4.7 25.2 7.3 6.4 43.1 19.5 17.5 31.9 9.7 8.6 
1971 20.8 6.9 2.2 29.2 8.3 8.2 51.3 24.2 22.5 36.3 10.3 10.5 
1972 29.0 8.8 7.5 33.5 9.7 7.7 57.4 25.2 25.2 40.9 1l.5 10.3 
1973 16.1 3.4 2.9 41.5 10.7 9.5 70.1 31.4 28.6 50.7 12.9 12.1 
1974 44.3 11.1 19.3 45.1 13.9 11.8 74.0 37.8 33.5 55.9 17.3 15.9 
1975 48.3 10.6 15.9 38.1 12.3 9.7 69.1 32.8 28.1 50.2 15.7 13.4 
1976 37.8 11.1 13.9 46.6 16.9 14.0 67.1 35.1 31.6 53.0 19.1 16.6 
1977 59.1 15.5 19.8 49.8 18.9 14.1 65.5 29.2 25.3 54.0 19.8 15.9 
1978 72.6 22.0 30.1 44.1 22.6 17.5 50.3 28.1 21.3 47.1 23.2 18.7 
1979 64.0 21.0 25.5 52.9 28.0 25.8 60.0 35.4 33.5 55.2 28.7 27.2 
1980 60.6 21.1 22.2 55.0 26.9 26.5 55.9 34.5 28.6 55.4 27.7 26.8 
1981 64.7 21.1 18.1 55.3 26.0 24.4 45.9 27.3 25.1 52.5 25.6 24.2 
1982 74.4 23.9 30.5 71.9 34.1 33.9 68.0 38.8 35.4 70.7 33.7 34.1 
1983 67.8 19.5 30.3 69.4 29.1 28.4 67.6 38.9 36.6 68.6 30.6 31.0 
1984 37.3 7.0 12.9 61.5 25.9 25.4 60.7 35.2 33.4 60.8 26.4 27.4 
1985 49.7 8.7 14.3 67.9 29.8 31.9 73.7 41.9 42.4 69.8 30.9 34.4 
1986 38.7 7.9 7.7 65.6 27.6 28.4 69.4 32.5 32.3 66.8 27.2 29.2 
1987 33.3 3.5 8.2 67.5 29.1 32.1 65.9 36.3 37.3 66.6 29.1 33.3 
1988 37.0 5.4 9.9 77.9 43.3 46.8 75.2 45.9 47.1 76.7 41.8 46.5 
1989 45.8 8.7 17.5 77.8 43.0 45.8 81.2 56.8 58.5 79.0 44.2 48.9 
1990 43.3 8.5 6.2 73.3 37.2 36.6 82.4 56.0 57.7 77.3 40.8 42.2 
1991 30.3 7.9 5.0 67.4 34.8 33.9 76.3 52.7 48.1 71.5 38.8 37.7 

, ClaM 2: 11-110 GRT: ClaM 3: 111-1110 GRT: ClaM 4: 1111-Il00 GRT. , 
• 

Metric ton •. live weight. 
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• • 
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Figure E2. Trends In U.S. commercial LPUE (landings per day fished) of Georges Bank cod. 1965-1991. Data 
are based on all otter trawl trips In which cod were caught WI Trtps) and on otter trawl trips In which 
cod composed 50% or more of the trip catch by weight (Directed Trtps). 



by weight (Table E6). Directed trips have ac
counted for more than 50% (and as high as 79%) 
of U.S. Georges Bank otter trawl landings of cod 
since 1973 (Table E7). In 1991, directed trips 
accounted for 72% of the U.S. landings. In the 
pastfouryears (1988 to 1991), the U.S. fishery for 
cod has become highly directed (Le., nearly 75% 
of the U.S. otter trawl landings of cod are taken 
in "directed trips"). 

Since 1970, both total and directed U.S. 
LPUE indices have generally exhibited similar 
trends (Table E6; Figure E2). LPUE values for 
Class 3 and 4 vessels (which account for more 
than 95% of the U.S. otter trawl landings of 
Georges Bank cod) generally increased during 
the early 1970s, leveled off during the mid-
1970s, and then sharply increased attaining 
peak levels in the late 1970s. Subsequently, 
LPUE indices trended downward until 1988 when 
both total and directed indices increased. In 
1990, LPUE values again increased, but both 
LPUE indices declined slightly in 1991. Taken at 
face value, the 1990 to 1991 LPUE indices sug
gest that the exploitable stock biomass of cod 
during the past two years was higher than during 
1987 to 1989. Canadian LPUE indices are not 
considered to be reliable indicators of stock abun
dance (Hunt 1990), and have not be used in any 
of recent Canadian assessments of the Georges 
Bank cod stock (Hunt and Buzeta 1992). 

In terms of calculated effort (total landings/ 
total U.S. LPUEindex), both total and U.S. fishing 
effort peaked at record-high levels in 1988, de
clined in 1989, and have since stabilized at a level 
about 10% less than the 1988 peak (Table E8). 

Fishing effort was standardized by applying a 
five-factor (year, month, tonnage class, area, and 
depth) general linear model (GLM) to log LPUE 
data derived for all otter trawl trips taking cod 
from 1978 through 1991 (Table E9). The model 
accounted for just over 30% of the total sum of 
squares, although all five factors were highly 
Significant. Retransformed log year coefficients 
were multiplied by the 1978 base year LPUE 
(from Table E6) and divided into the annual U.S. 
landings (from Table E8) to derive effort values. 
However, the model may not account for all 
changes in catchability due to increases in tech
nology. Both series of U.S. effort estimates (Table 
E8 and Table E9) show the same trends over time 
with peak U.S. effort occurring in 1985 followed 
bya decline in 1986 and 1987. Although effort in 
both series increased in 1988, the GLM stan
dardized series indicates that effort stabilized 
during 1989 to 1991 while the calculated series 
indicates that effort declined by about 5% per 
year during the 1989 to 1991 period (Figure E3). 
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Table E8. Total and U.S. commercial landings, U.S. 
landings per unit of effort Indices (LPUE, all 
cod trips), and derived effort Indices for 
Georges Bank cod, 1965-1991 

Total USA USA Total USA 
Year LandingsLandings LPUE Calculated Calculated 

Index Days Days 
Fished Fished 

(mt) (mt) (All Cod Trips) 

1965 38333 11410 0.745 51483 15324 
1966 53134 11990 0.730 72811 16430 
1967 36752 13157 0.862 42616 15256 
1968 43136 15279 1.053 40954 14506 
1969 37939 16782 1.262 30054 13294 
1970 25652 14899 1.178 21781 12650 
1971 28179 16178 1.224 23018 13215 
1972 25059 13406 1.065 23527 12586 
1973 28923 16202 1.452 19924 11161 
1974 27331 18377 1.487 18380 12358 
1975 25008 16017 1.326 18857 12077 
1976 19926 14906 1.553 12827 9596 
1977 27367 21138 1.782 15357 11862 
1978 35357 26579 1.937 18252 13720 
1979 38623 32645 2.102 18375 15531 
1980 48116 40053 2.158 22298 18562 
1981 42348 33849 1.891 22393 17899 
1982 57157 39333 2.176 26270 18078 
1983 48886 36756 2.005 24388 18337 
1984 38678 32915 1.424 27152 23106 
1985 37271 26828 1.149 32446 23355 
1986 25901 17490 0.956 27096 18386 
1987 30880 19035 0.836 36947 22775 
1988 39242 26310 1.051 37344 25037 
1989 33098 25097 1.058 31294 23729 
1990 42503 28193 1.273 33375 22138 
1991 37630 24175 1.137 33082 21253 

The two methods were used for computing 
fishing effort, so it is not surprising that each had 
slightly different results. The GLM method ac
counts for spatial and seasonal effects, as well as 
tonnage class differences. The "calculated effort" 
approach does not explicitly consider these fac
tors and hence may be more sensitive to changes 
in fleet directivity. The increased directivity of the 
U.S. fishery to high levels during 1988 to 1991 
probably inflates the "all cod trips" U.S. LPUE 
indices in the most recent years because a greater 
proportion of the total cod landings are currently 
represented by directed trips. Hence, the calcu-
1ated U.S. effort values for 1988 to 1991 should 
probably be considered as underestimates. 

Research Vessel Survey Indices 

The methods used to conduct the fall and 
spring surveys are described by Azarovitz (1981). 
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Table E9. GLM for CPUE for Georges Bank cod modeled as a function of year. month. vessel tonnage class. fishing area, and depth effects, with no 
interactions. i 

~ 

GEXlIIGES BAlIK COD EFFORT (DAYS) STANDARDIZATION 
STANDARD - Year 78. MONTH 5. TC 33, AREA 521, DEPTH 3 

(USING ALL UHSUHKED DATA - !'ROM PRE_GLH.SAS) 

GDlERAL LINEAR ~DELS !'ROC!:IlURE 

:0,36 PRIDAY, OCTOBDl 2), 1992 2 

DEPENDENT VARIABLE, LCPE 

SOURCE 

~DEL 

<.RROR 

CORRECTIl) TOTAL 

SOllRCE 

YEAR 

~~H 
DEPTH 

SOllRCE 

YEAR 
~IITH 
Tel 
AREA 
DEPTH 

PARAJolETDl 

INTERCEPT 
YEAR 79 

60 
61 
62 
63 
6~ 
65 
66 
67 
66 
69 
90 
91 

-8 

01' 

45 

55782 

55827 

Dr 

13 
11 

9 
8 
4 

01' 

13 
11 

9 
8 
4 

SUN 01' SQUARES 

49957.83517372 

110103.17800205 

160061.01317657 

TYPE I S5 

4753.28877099 
846. 54360028 

19681 . 46960262 
20598.75046064 

4077.78333920 

TYPE III S5 

7943 . 75989068 
3917.53334HO 
5311.0ll55096 

24067.57642021 
4077.78333920 

T FOR HO. 
EST I HATE PARAHETER-O 

8.47668849 B 
-0.24666151 B 

1)0.65 
-7.03 

-0.18381651 B -5.43 
-0.40052670 B -11. 75 
-0.27825784 B -8.38 
-0.56183385 B -16.92 
-0.68682862 B -21.03 
-1.00859176 B -30.85 
-1.26184553 B -36.22 
-1.22838045 B -36.73 
-0.96205248 B -29.26 
-1.03306492 B -30.56 
-0.91841279 B -27.57 
-1.09679253 B -32.06 
0.00000000 B 

ItEAM SQUARB 

1110.17412830 

1. 97381195 

P VALUE 

185.24 
38.99 

1107.92 
1304.50 
516.49 

I' VALUE 

309.58 
180.43 
298.97 

1524.18 
516.49 

PR ) ITI 

0.0 
0.0001 
0.0001 
0.0001 
0.0001 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

PR ) I' 

0.0 
0.0 
CI.O 
0.0 
CI.O 

PR ) I' 

0.0 
0.0 
0.0 
0.0 
0.0 

I' VAWE 

562.45 

Dr 

13 
11 

9 
8 
4 

01' 

13 
11 

9 
8 
4 

STD ERROR 01' 
ESTIHATE 

0.03675098 
0.03510957 
0.03386445 
0.03408595 
0.03320579 
0.03319935 
0.03265615 
0.03269802 
0.03484087 
0.03344061 
0.03287729 
0.03380827 
0.03331370 
0.03421058 

PR ) P 

0.0 

ROOT KSE 

1. 40492418 

TYPE X I 55 

7943. )5989068 
3917.53334270 
5311.02855096 

24067.57642021 
4077.783]3920 

TYPE IV, SS 

7943.75989068 
3917.53334270 
5311.02855096 

24067.57642021 
4077.78333920 

R-SQUARE 

0.312117 

I' VALUE 

309.58 
180.43 
298.97 

1524.18 
516.49 

I' VALUE 

309.58 
lBO.43 
298.97 

1524.18 
516.49 

T .. , .... tr ... ,or-.d 
T_ C.ffCcCont 

7lI 
79 
80 
81 
82 
83 
114 
85 
56 
87 
M 
89 
90 
91 

1.00 
0.7lIl_ 
0.832563 
0.671l354 
0.~~18 
0.570479 
0.501437 
0.364928 
O.Z83JC2 
0.29293 
0.34ZJ15 
0.3S612 
0.399J~ 
0.314137 

C.V. 

19.6532 

LCP£ KEAN 

7.14857344 

PR ) f' 

0.0 
0.0 
0.0 
0.0 
0.0 

PR ) I' 

0.0 
0.0 
0.0 
0.0 
0.0 

St.nde~II~ Elfor 
(days ) 

13n1.'7J 
21S54.n 
24336.39 
26OU.25 
26806.17 
33262.81 
33~3.52 
379S3.411 
318n.1l 
3lS47 .42 
35527.9 
l6la2.81 
36444 .43 
37J51.89 
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Figure E3. Trends In calculated and standardized U.S. IlsWng effort for Georges Bank cod, 1978-1991. 

As In the previous assessment, adjustments were 
made to the NEFSC survey catch per tow data for 
cod to account for the flshing power differences 
between the two research vessels used In the 
survey time series (R/V Albatross N and R/V 
Delawarem and for the differences In catchabllity 
between the BMV and polyvalent doors. All of the 
survey data have now been standardized toAlba
tross N, polyvalent door eqUivalents (Tables E 10 
and Ell), 

NEFSC spring and autumn offshore catch per 
tow Indices for Georges Bank cod have exhibited 
similar trends, both In abundance and biomass, 
during the survey time series (Table ElO). Survey 
biomass Indices were relatively low and stable 
during 1963 to 1971, fluctuated at a generally 
higher level between 1972 and 1981, but have 
since declined to record-low levels (Figure E4). 
Large Increases In the number per tow Indices In 
1967,1972-1973,1976,1978,1981,1985,and 
1988-1989 (Table EI0) reflect above average 
recruitment of the 1966, 1971, 1975, 1977, 
1978, 1980, 1983, 1985, 1987 and 1988 year 
classes at ages 1 and 2 (Table Ell; Figure E5). 

MORTALITY 

Natural Mortality 

Instantaneous natural mortality (M) for 
Georges Bank cod is assumed to be 0.20, the 
conventional value of M used for all Northwest 
Atlantic cod stocks (paloheimo and Koehler 1968; 
Pinhorn 1975; Minet 1978). 

Total Mortality Estimates 

Pooled estimates of Instantaneous total mor
tallty (Z) were calculated for seven time periods 
encompassed by the NEFSC autumn and spring 
offshore surveys: 1964-1967, 1968-1972, 1973-
1976, 1977-1981, 1982-1984, 1985-1987, and 
1988-1991 (Table EI2). Total mortality was 
calculated from survey catch per tow at age data 
for fully recruited age groups (age 3+) by the log" 
ratio of the pooled age 3+/ age 4+ Indices In the 
autumn surveys, and the pooled age 4+/ age 5+ 
Indices In the spring surveys. For example, the 
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Table ElO. Standardized mean catch per tow In 
numbers and weight (kg) for Atlantic cod 
In NEFSC olIshore spring and autumn 
research vessel bottom trawl surveys on 
Georges Bank (strata 13-25), 1963-
1992[a,b,c] 

Spring 
Yeara,b,c No/Tow Wt/Tow 

1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 

4.72 
4.64 
4.34 
3.39 
8.97 

18.B81dl 

14.75 
6.89 
7.06 
6.30 

12.31 
5.16 
7.75 

10.44 
8.201"1 

7.70 
4.08 
6.94 
5.04 
3.26 
5.86 
4.80 
4.74 
4.39 
2.67 

12.6 
17.8 
15.6 
14.2 
19.0 
39.7 1dl 

36.4 
26.0 
18.6 
15.4 
31.2 
16.9 
24.9 
26.1 
15.4 leI 

24.0 
15.4 
21.5 
16.7 
10.3 
13.5 
10.8 
11.6 

9.0 
7.5 

Autumn 
No/Tow Wt/Tow 

4.37 
2.98 
4.25 
4.81 

10.38 
3.30 
2.20 
5.07 
3.19 

13.09 
12.28 
3.49 
6.41 

10.44 
5.45 
8.59 
5.95 
2.91 
9.04 
3.71 
3.64 
4.75 
2.43 
3.12 
2.33 
3.11 
4.78 
3.6211] 

0.96 
1.87 

17.8 
11.6 
11.7 
8.1 

13.6 
8.6 
8.0 

12.5 
9.9 

23.0 
30.8 

8.2 
14.1 
17.7 
12.5 
23.3 
16.5 
6.7 

19.0 
6.9 
6.5 

10.3 
3.5 
4.7 
4.4 
5.8 
4.6 
7.111] 

1.4 
3.0 

w During 1963-1984, BMV oval doors were used in spring 
and autumn surveys: since 1985, Portuguese polyvalent 
doors have been used in both surveys. Adjustments 
have been made to the 1963-1984 catch per tow data to 
standardize these data to polyvalent door equivalents. 
Conversion coefficients of 1.56 (numbers) and 1.62 
(weight) were used in this standardization (NEFC 1991). 

[hI Spring surveys during 1981-1982 and 1989-1991 and 
autumn surveys during 1977-1981 and 1989-1991 
were accomplished with the JVV Delaware U: in all 
other years, the surveys were accomplished using the 
R/V Albatross IV. Adjustments have been made to the 
R/VDelaware II catch per tow data to standardize these 
toJVV Albatross Wequivalents. Conversion coefficients 
of 0.79 (numbers) and 0.67 (weight) were used in this 
standardization (NEFC 1991). 

leI Spring surveys during 1973-1981 were accomplished 
with a '41 Yankee' trawl: in all other years, spring 
surveys were accomplished with a '36 Yankee' trawl. 
No adjustments have been made to the catch per tow 
data for these gear differences. 

[d] Excludes unusually high catch of 1894 cod (2558 kg) at 
Station 230 (Strata tow 20-4). 

.1 Excludes unusually high catch of 1032 cod (4096 kg) at 
Station 323 (Strata tow 16-7). 

IfI Excludes unusually high catch of 111 cod (504 kg) at 
Station 205 (Strata tow 23-4). 

1982-1984 values were derived from: 

Autumn: 
In (Eage 3+ for 1981-83/Eage 4+ for 1982-84) 

Spring: 
In (Eage 4+ for 1982-84 /Eage 5+ for 1983-85) 

Different age groups were used in the autumn 
and spring analyses so that Z could be evaluated 
over identical year classes within each time pe
riod. 

The pooled estimates Indicate that total mor
tality was high (0.73) during 1964 to 1967, 
declined significantly during 1968 to 1972 (0.34), 
increased to between 0.56 and 0.63 during 1973 
to 1981, and peaked at record-high levels (0.68 to 
1.10) during 1982 to 1987. Total mortality 
estimates for the most recent, 1988 to 1991, 
period (0.86) are lower than those for 1985 to 
1987, but higher than in all other time periods. 
Values of Z derived from the spring surveys are 
generally lower than those calculated from the 
autumn data. Rather than selecting one survey 
series over the other, total mortality was calcu
lated by taking a geometric mean of the spring 
and autumn estimates in each time period. 

METHODOLOGY 

Virtual Population Analysis 

The ADAPT (Gavaris 1988, Conser and Pow
ers 1990) calibration method was used to derive 
estimates afterminal Fvalues In 1991. Several 
calibration formulations were evaluated. Age
disaggregated analyses were performed in each 
case. 

The final ADAPT calibration was performed 
with the NEFSC spring and autumn abundance 
indices for ages 1 to 6 and U.S. commercial LPUE 
indices far ages 3 to 6. Due to the inordinate 
effect of high residuals in the converged period of 
the VPA on the stock size estimates in the termi
nalyear, linear time-tapered downweightingwas 
applied with zero weight given to all years prior to 
1982. In addition, all indices were weighted 
according to the inverse of their variance. Stock 
sizes in 1992 were estimated for ages 1 to 6, 
prOviding estimates of F in 1991 for ages 1 to 5 
(Table E13). F on ages 6 to 9 in 1991 were taken 
as the mean of F on ages 4 and 5 (the only fully 
recruited ages that were estimated directly) (Table 
E14). Fforage 10+ in each year was taken as the 



Table Ell. Standardized straUfied mean eatcb per tow at age (numbers) of Atlantic cod In NEFSC ofl8bore spring and autumn bottom trawl surveys on Georges Bank, 1963-19921a..b,cl 

~e Group: To .... 
y- O 1 2 3 • 5 • 7 8 • 10+ 0+ 1+ 2+ 3+ .+ 5+ -1988 0.513 0.136 l.615 0.825 0.665 0.385 0.246 0.140 0.083 0.056 0.058 4.722 4.209 4.073 2.459 1.633 0.969 
1969 0.000 0.123 0.546 1.780 0.888 0.451 0.326 0.215 0.128 0.072 0.112 4.641 4.641 4.518 3.972 2.192 1.304 
1970 0.000 0.381 0.814 0.480 1.295 0.162 0.655 0.275 0.061 0.136 0.083 4.341 4.341 3.961 3.147 2.888 1.371 
1971 0.000 0.207 0.819 0.502 0.223 0.585 0.142 0.351 0.304 0.080 0.175 3.388 3.388 3.181 2.362 1.860 1.636 
1972 0.056 2.902 1.833 2.641 0.510 0.1l9 0.324 0.122 0.220 0.115 0.125 8.967 8.911 6.009 4.176 1.535 1.025 
1973(dl 0.056 0.521 11.644 2.189 2.540 0.426 0.314 0.354 0.050 0.203 0.388 18.684 18.628 18.107 6.463 4.274 1.735 
1974 0.000 0.446 4.557 5.972 0.761 2.003 0.440 0.101 0.257 0.034 0.175 14.747 14.747 14.301 9.744- 3.772 3.011 
1975 0.000 0.064 0.378 2.042 3.092 0.261 0.686 0.129 0.094 0.108 0.039 6.892 6.892 6.828 6.451 4.409 1.317 
1976 0.111 1.301 1.922 0.944 0.691 1.572 0.164 0.262 0.036 0.000 0.055 7.057 6.947 5.646 3.724 2.780 2.089 
1977 0.000 0.028 3.527 1.080 0.523 0.279 0.727 0.051 0.066 0.000 0.020 6.301 6.301 6.273 2.746 1.888 1.143 
1978 3.312 0.376 0.187 5.530 0.969 0.778 0.144 0.713 0.051 0.142 0.109 12.312 9.000 8.624 8.436 2.906 1.938 
1979 0.109 0.435 1.359 0.298 1.913 0.541 0.234 0.087 0.145 0.012 0.022 5.156 5.047 4.611 3.253 2.955 1.042 
1980 0.105 0.039 2.265 2.688 0.209 1.482 0.597 0.192 0.031 0.030 O.lll 7.749 7.644 7.605 5.340 2.652 2.443 
1981 0.301 2.303 1.916 2.779 1.667 0.100 0.870 0.269 0.144- 0.000 0.085 10.435 10.134 7.831 5.914 3.135 1.468 
19821el 0.148 0.488 3.395 1.406 1.295 1.039 0.016 0.298 0.064 0.016 0.035 8.200 8.053 7.564 4.169 2.763 1.468 
1983 0.081 0.329 1.967 3.048 0.766 0.697 0.431 0.055 0.192 0.000 0.136 7.702 7.621 7.291 5.324 2.276 1.510 
1984 0.000 0.402 0.462 0.797 U61 0.446 0.424 0.223 0.000 0.156 0.008 4.079 4.079 3.677 3.215 2.418 1.257 
1985 0.244 0.098 2.633 0.757 1.058 1.328 0.270 0.203 0.172 0.025 0.150 6.938 6.694 6.596 3.963 3.206 2.148 
1986 0.092 , 0.871 0.423 1.824 0.360 0.545 0.633 0.063 0.119 0.095 0.015 5.040 4.948 4.077 3.654 1.830 1.470 
1987 0.000 0.034 1.612 0.403 0.752 0.060 0.179 0.147 0.016 0.027 0.025 3.255 3.255 3.221 1.609 1.206 0.454 
1988 0.180 0.700 0.684 3.115 0.413 0.645 0.045 0.020 0.052 0.000 0.007 5.861 5.681 4.981 4.297 1.182 0.769 
1989 0.000 0.380 1.334 0.743 1.532 0.228 0.344 0.051 0.000 0.081 0.067 4.798 4.798 4.418 3.084 2.342 0.810 
1990 0.041 0.194 0.926 1.707 0.653 0.896 0.125 0.139 0.013 0.016 0.027 4.736 4.695 4.501 3.575 1.868 1.215 
1991 0.195 1.068 0.511 0.807 0.883 0.464 0.336 0.039 0.041 0.000 0.045 4.389 4.194 3.126 2.615 1.808 0.925 
1992 0.000 0.123 1.255 0.470 0.163 0.270 0.144- 0.161 0.020 0.037 0.028 2.671 2.671 2.548 1.293 0.823 0.680 

Aa.tumn 
1963 0.019 0.719 0.778 0.920 0.897 0.354 0.326 0.175 0.103 0.014 0.069 4.374 4.356 3.636 2.858 1.938 1.041 
1_ 0.009 0.640 0.699 0.588 0.538 0.145 0.136 0.062 0.050 0.030 0.083 2.980 2.970 2.331 1.632 1.044 0.505 
1965 0.173 1.299 0.998 0.707 0.484 0.167 0.179 0.112 0.081 0.023 0.023 4.248 4.075 2.775 1.777 1.070 0.587 
1966 1.025 1.693 1.000 0.515 0.264 0.100 0.095 0.062 0.039 0.002 0.017 4.811 3.786 2.094 1.094 0.579 0.315 
1967 0.072 7.596 1.334 0.523 0.406 0.133 0.133 0.055 0.051 0.012 0.070 10.383 10.312 2.716 1.382 0.860 0.454 
1968 0.070 0.314 1.611 0.783 0.271 0.073 0.067 0.027 0.023 0.008 0.048 3.296 3.226 2.913 1.301 0.518 0.246 
1969 0.000 0.343 0.622 0.626 0.331 0.094 0.061 0.019 0.023 0.022 0.059 2.200 2.200 1.856 1.234 0.608 0.278 
1970 0.413 1.688 1.353 0.524 0.694 0.153 0.000 0.033 0.055 0.055 0.098 5.065 4.652 2.964 1.611 1.087 0.393 
1971 0.399 0.602 0.632 0.390 0.301 0.476 0.183 0.042 0.089 0.000 0.075 3.189 2.789 2.187 1.555 l.165 0.864 
1972 0.947 7.443 1.295 1.771 0.399 0.243 0.571 0.109 0.204 0.022 0.083 13.087 12.140 4.697 3.402 1.632 1.232 
1973 0.203 1.749 6.070 1.182 2.012 0.211 0.226 0.175 0.062 0.139 0.251 12.280 12.078 10.329 4.259 3.076 1.064 
1974 0.462 0.409 0.654 1.521 O.IM 0.114 0.103 0.000 0.069 0.000 0.000 3.494 3.033 2.624 1.970 0.449 0.285 
1975 2.377 0.994 0.421 0.624 1.685 0.112 0.156 0.000 0.000 0.000 0.037 6.407 4.029 3.036 2.615 1.991 0.306 
1976 0.000 6.148 2.072 0.763 0.278 0.739 0.055 0.270 0.039 0.053 0.020 10.436 10.436 4.288 2.217 1.454 1.176 
1977 0.152 0.237 3.424 0.702 0.251 0.174 0.396 0.007 0.027 0.000 0.078 5.44-7 5.296 5.059 1.635 0.933 0.682 
1978 0.396 1.855 0.255 4.180 0.964 0.335 0.165 0.344 0.051 0.030 0.014 8.587 8.192 6.337 6.082 1.902 0.938 
1979 0.118 1.619 1.717 0.224 1.613 0.296 0.180 0.036 0.1l5 0.007 0.022 5.948 5.829 4.210 2.493 2.269 0.656 
1980 0.280 0.818 0.564 0.774 0.076 0.251 0.053 0.067 0.025 0.000 0.000 2.908 2.629 1.810 1.246 0.472 0.396 
1981 0.261 3.525 2.250 1.559 0.589 0.054 0.579 0.057 0.064 0.018 0.083 9.040 8.778 5.254 3.003 1.444 0.855 
1982 0.320 0.875 2.094 0.220 0.069 0.097 0.000 0.016 0.000 0.000 0.022 3.711 3.391 2.516 0.423 0.203 0.134 
1983 1.031 0.647 1.022 0.796 0.055 0.047 0.003 0.000 0.012 0.000 0.023 3.636 2.605 1.958 0.936 0.140 0.086 
1984 0.186 2.496 0.101 0.886 0.870 0.017 0.062 0.039 0.006 0.039 0.044- 4.747 4.561 2.065 1.9M 1.078 0.207 
1985 1.084 0.220 0.803 0.103 0.115 0.101 0.000 0.000 0.004 0.000 0.000 2.430 1.346 1.126 0.323 0.220 0.105 
1986 0.096 2.280 0.153 0.382 0.010 0.061 0.090 0.016 0.000 0.008 0.028 3.124 3.028 0.748 0.595 0.213 0.203 

1987 0.204 0.414 1.353 0.1l2 0.195 0.028 0.012 0.000 0.000 0.007 0.000 2.325 2.121 1.707 0.354 0.242 0.047 
1988 0.549 0.903 0.433 0.909 0.091 0.178 0.000 0.011 0.039 0.000 0.000 3.113 2.564 1.661 1.228 0.319 0.228 
1989 0.262 2.738 1.030 0.183 0.499 0.055 0.008 0.004 0.000 0.000 0.000 4.780 4.518 1.780 0.750 0.566 0.067 
1990(Q 0.156 0.362 1.534 1.164 0.209 0.145 0.012 0.013 0.000 0.000 0.022 3.617 3.460 3.098 1.564 0.401 0.192 
1991 0.040 0.415 0.168 0.277 0.028 0.029 0.000 0.000 0.000 0.000 0.000 0.957 0.917 0.502 0.334 0.057 0.029 
1992 1.870 

lal IJgrlnJ 1968·1984, BMV om cloon werc ultCd In spring and autumn surve,..; since 1985, PortnpeltC polr-1ent ctoor. ba_ beea used In both Surnl,... AdJustlaents haft been made to tbe 1988·1884 
catcb per tow data to standardiae tbcltC data to polyvalent door cqulmeats. Conversion eoeftlcients 011.56 (numben) and 1.82 (welgbt) were _d ... th.is standardlaatlon [NEFC 1991). 

1b18pl'ing surveY!' during 1961-1982 and 1989·1991 and autumn SUl"ft,.. durlnJ 1977·1981 and 1989·1991 were accomplUbed witb the WV DeIOUHU'e" H: ill all otller yean, tbe sun-ey. were accomplUhed 
using the R/V Albatrou lV. AdJustmcnts baTe been made to tlle WV DeICWHlre n catcb per tow data to stand.rd.iR UaeltC to WV Albatrou IV equtments. Co .. .,nioa coefftcients 01 0.79 (numben) and 
0.87 ( .... elght) were u.ed In tilt. standardJastlo. (NEFC 1991). 

." Icl8prinJ aurTeY!' during 1978·1981 were accomplished with a '''I Yankec' trawl: In all other~, spriDC SUl"fty. were accomplislled witlla '88 Yaakee' trawl. No adJuatmenu baft been made to tlle catch J!l per tow data for theltC Jear differences. CD 
Idl Ezcludes unuaually high catch of 1894 cod (2558 kg) at Statio. 280 (8trata tow 20-4), 

IB leI Excludes uauauall,. high catch of 1082 cod (40981r.eJ at Statio. 823 (strata tow 16·7). 
If) Excludes unusually high catcll of III cod (504 kJ) at statton 205 (8trata tow 28-4). 
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Figure E4. Standardized stratified mean catch per tow (kg) of Atlantic cod In the NEFSC spring and autumn 
research vessel bottom trawl surveys on Georges Bank. 1963-1992. 

F estimated for the oldest true age (age 9), Spawn
Ing stock biomass was calculated at spawning 
time [March 11 by applying maturity oglves for 
1978 to 1981, 1982 to 1985, and 1986 to 1991, 
derived from O'Brien (1990) (Table E13), 

Yield and Spawning Stock Biomass per 
Recruit 

Yleld-per-recrult, total stock biomass per re
cruit, and spawning stock biomass per recruit 
analyses were performed using the Thompson 
and Beli (1934) method. To obtain the exploita
tion pattern for these analyses, geometric mean 
F at age was first computed over the period 1986 
to 1990 from the final converged VPA results. A 
smoothed exploitation pattern was then obtained 
by dividing the F at age by the mean unwelghted 
F for ages 4to 8. Mean weights at age for 
application to yield per recruit were computed as 
the arithmetic average of landings mean weights 
at age (Table E4) over the 1989 to 1991 period. 
Mean weights at age for application to SSB per 

recruit were computed as the arithmetic average 
of stock mean weights at age over the period 1989 
to 1991. The maturation oglve was taken from 
O'Brlen et aL (In press). 

Projections for 1993 and 1994 

Because the 1992 catch could be estimated 
from preliminary landings, an estimate of F I992 

was calculated by using those landings and the 
1992 stock size for ages 2 to 10+ from the VPA. 
F 1992 was derived by Iterattng the projection model 
until the accumulated catch over ages equalled 
the projected 1992 landings (approximately 
28,100 t), The resulttng FI992 (ages 4 to 8, 
unwelghted) was 0.87. 

Landings and stock sizes were projected 
through 1993 at various levels of F and recruit
ment assuming F

I992 
= 0.87. The exploitation 

pattern, mean weights and maturation rates 
were as described earlier for the yield and SSB per 
recruit analyses (Tables E 15 and E 16). Survivors 
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Table E 12. Estimates oftnstantaneous total morlallty 
(Z) and fishing morlallty (F)' for Georges 
Bank cod satck for seven time periods. 
1964-1991. derived from NEFSC offshore 
spring and autumn bottom trawl survey 
data' 

Time 
Period 

1964-67 
1968-72 
1973-76 
1977-81 
1982-84 
1985-87 
1988-91 

Spring 

Z F 

0.34 0.14 
0.70 0.50 
0.47 0.27 
0.42 0.22 
0.84 0.64 
0.69 0.49 

Autumn 

Z F 

0.73 0.53 
0.35 0.15 
0.56 0.36 
0.67 0.47 
1.12 0.92 
1.45 1.25 
1.07 0.87 

Geometric 
Mean 

Z F 

0.73 0.53 
0.34 0.14 
0.63 0.43 
0.56 0.36 
0.68 0.48 
1.10 0.90 
0.86 0.66 

I bultautaneou. natural mortallty (M) ... umed to be 
0.20. 

:I E.t1mate. derived. &om: Geo., .. Bulk opriDg: 
In (lACe 4+ for 'T-I to J/lACe 11+ for'Teu8 1+1 to J+l) • 
Geol'lell Bank au.tu.m.a: 
Ia{I: "lie 3+ for'Teaft 1-1 toJ-l/lACe 4+ for'Teu8 I toJ) • 

ASSESSMENT RESULTS 

. ...... , Virtual Population Analysis 

a ~ M • n n u " ~ • n ~ M • M 

-~ 

Figure E5. Relative year class strength of Georges 
Bank cod at age 1 and age 2 based on 
standardized catch per tow (number) 
tndlces from NEFSC autumn research 
vessel bottom trawl surveys. 1963·1991. 

at ages 2 to 10+, taken from the final tuned VPA, 
were used to start the projections tn 1992. Age 1 
recruitment for the 1991 year class tn 1992 was 
set at 10 million fish (Le., half the long-tenn 
mean) tn light of Imprecise survey-based predic
tors tndlcaUng below-average recruitment. Re
cruitment of the 1992 and 1993 year classes tn 
1993 and 1994 was taken as the geometric mean 
of the 1977 to 1988 year classes as estimated by 
the VPA (20.7 million). 

Projections for 1993 and 1994 are provided 
over the range of observed recruitments 
(e.g., low, mean, high) (fableE16). The Foptions 
used tn the forecasts tncluded: F _' F,O%, 90% of 
F sg' and F sg' 

Mean (ages 4 to 8, unwelghted) fishing mor
tality tn 1991 was estimated at 1.07 (fable E13, 
Figure E6), sharply higher than tn 1989 (0.64) 
and 1990 (0.73). ThJs 47% tncrease tn F to a 
record-high level Is tnconslstent with 3% tn
crease tn standardized fishing effor! tndlcated by 
the GLM (fable E9). However, It Is possible that 
changes occurred wlthtn the fishery that were not 
captured by the standardization procedure and 
these may have contributed to the higher than 
expected F tn 1991. Nonetheless, F ,99, and the 
prelimtnary estimate ofF 1992 continue the trend of 
tncreastng F observed tn recent years (Figure E6). 
At the same time F has trended upward, spawn
tng stock biomass has generally decreased de
spltestrongyearclassestn 1980, 1983,and 1985 
(FIgure E7). The 1985 cohor! contributed to 
tncreases tn SSB tn 1987 and 1988, but due to 
recent below-average recruitment and high rates 
of explOitation, SSB declined from 68,400 t tn 
1990 to 54,700 ttn 1991. In contrast to the 1991 
assessment (NEFSC 1992), the strength of the 
1990 year class Is now estimated to be 18.3 
million at age 1 tn 1991 (vs 27.7 million). 
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Age 1 stock size In 1992 Is poorly estimated 
(CV = 0.82). CVs on other ages ranged from 0.20 
to 0.35. Correlations between estimated param
eters were generally low « 0.10), although some 
values as high as 0.25toO.34 between age 1 stock 
sizes and qs. 

Estimates of Precision 

To evaluate the precision of the final esti
mates, a bootstrap procedure (Efron 1982) hav
Ing 200 Iterations was used to generate distribu
tions of the 1991 fishing mortality rate and 
spawning stock biomass. ThIs method accounts 
for random variation In the calibration data 
(survey and LPUE). Figures E8 and E9, respec
tively, show the distribution of these bootstrap 
estimates and a cumulative probability curve. 
The distribution of the estimates Indicates the 
amount of uncertainty by visually deplctlngvari
ability. The cumulative probability can be used 
to evaluate the risk of making a decision based on 
the estimated value. It expresses the probability 
(chance) that the fishingmortalityratewas greater 
than a given level when measurement errors are 
considered. Regarding spawning stock biomass, 
the cumulative plot Indicates the probability that 
It was less than a given level. The precision and 
bias of the age-specific fishing mortality rates are 
presented In Table E14. Precision Increases for 
4+ aggregated ages compared to F estimates on 
Individual ages. 

The fully recruited fishing mortality for ages 
4+ was reasonably well estimated (CV = 0.14). 
The distribution of 200 Iterations of the afore
mentioned bootstrap method Is presented In 
Figure E8. The mean bootstrap estimate of F 
(1.083) was slightly higher than the point esti
mate (1.072) from the VPA and ranged from 0.7 
to 1.6. F2O% Is much lower than the lowest 
bootstrap estimate and F 1991 Is almost certainly 
above the overfishing definition mortality rate. 
Fishing mortality for 1990 (0.73) and 1992 (0.87) 
fall within the lower range of these bootstrap 
estimates for 1991. Therefore, given the amount 
of precision associated with the 1991 estimate, 
the probability that the true F 1991 Is greater than 
fishing mortality In adjacent years Is about 60%. 

Although the abundance estimates of indi
vidual ages In 1992 had wider variances (CV = 
0.20 to 0.82), the estimate of 1991 spawning 
stock biomass was robust (CV = 0.09). Two 
hundred bootstrap replications gave the distri
bution presented In Figure 9. The bootstrap 

mean (55,620 t) was slightly higher than the VPA 
point estimate (54,740) and ranged from 45,000 
tto 72,500 t. Current spawning stock biomass Is 
near the lowest observed In the time series (Le., 
near the record-low 1985 and 1986 SSBs). 

Yield and Spawning Stock Biomass per 
Recruit 

A smooth exploitation pattern was computed 
from the geometric mean Fs obtained from the 
1986 to 1990 Fs at age from the VPA. The final 
exploitation pattern was as follows: 

Age 10.0021, Age 2 0.3669, 
Age 3 0.8145, Ages 4+ 1.00. 

ThIs pattern Is simllar to that obtained from the 
separable VPA and to that presented In the 1991 
U.S. cod assessment, and was used In yield and 
SSB per recruit calculations. 

Input data for the YFR and SSB/R analyses 
are listed In Table E 15, and the results are 
presented In Table E15 and depicted In Figure 
EIO. The results Indicate that F

O
.
l 

= 0.16, Fmu = 
0.29, and F20% = 0.35. These values are nearly 
Identical to those presented In the 1991 U.S. cod 
assessment (Le., FO.l = 0.16, Fmu = 0.30, andF2O% 

= 0.36). 

Projections for 1993 and 1994 

Input values used In the projections are given 
In Table E16, and the results are presented In 
Table E 16 and illustrated In Figure Ell. Assum
Ing average recruitment In 1993 and 1994, con
tinued fishing at the 1992 level (F = 0.87) will 
result In projected landings of about 24,500 t In 
1993,and will lead to further reductions In SSB 
to record-low levels (from 41,000 tin 1992 to 
about 37,500 t In 1993 and 1994). A rebuilding 
of SSB In 1994 to the below-average 1991 level 
(54,700 t) would require F In 1993 to be reduced 
to F mu (0.29). 

If recruitment In 1993 and 1994 Is below 
average and F93 = F92, SSB In 1994 will be much 
lower than 37,000 t. Conversely, even If recrult
ment In both 1993 and 1994 Is the highest on 
record (Le., 42.4 million fish at age 1), SSB In 
1994 will only be rebuilt back to the low 1991 
level unless F In 1993 In markedly lower than In 
1992. 
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Table E13. Estimates of Instantaneous fishing mortality (F). beginning stock sizes (millions of fish). and mean 
stock biomass (mt) for Georges Bank cod estimated from virtual population analysis (VPA) calibrated 
USing the ADAPT procedure. 1978-1991 

Age 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 

Fishing Mortality 
1 0.0001 0.0016 0.0049 0.0007 0.0212 0.0125 0.0033 0.0176 0.0041 0.0018 0.0005 0.0000 0.0009 0.0031 
2 0.1073 0.1019 0.2449 0.2439 0.3543 0.4131 0.2062 0.3846 0.2412 0.2730 0.1440 0.1376 0.4244 0.2856 
3 0.4087 0.3811 0.4845 0.4761 0.5149 0.6129 0.6912 0.7396 0.5237 0.4359 0.5304 0.4314 0.5714 0.5512 
4 0.3861 0.4903 0.3781 0.3885 0.6769 0.7514 0.5576 0.6659 0.5734 0.4941 0.6545 0.5844 0.5523 0.9481 
5 0.3839 0.3609 0.4562 0.3062 0.6361 0.5931 0.6309 0.7239 0.5201 0.4020 0.8006 0.4608 0.7517 1.1961 
6 0.1379 0.3789 0.6372 0.5624 0.7408 0.5470 0.6610 0.7481 0.5650 0.5752 0.7521 0.7799 0.6824 1.0721 
7 0.3091 0.1122 0.7913 0.5479 0.5822 0.6037 0.7441 0.6605 0.3384 0.5099 0.9333 0.6168 1.0594 1.0721 
8 1.4851 0.3922 0.1789 0.5229 0.6073 0.4109 0.6328 0.9113 0.4740 0.4403 0.8984 0.6998 0.6113 1.0721 
9' 0.3606 0.4385 0.4897 0.4426 0.6623 0.6522 0.6007 0.7230 0.5459 0.4957 0.7684 0.6002 0.6720 1.0721 
10+2 0.3606 0.4385 0.4897 0.4426 0.6623 0.6522 0.6007 0.7230 0.5459 0.4957 0.7684 0.6002 0.6720 1.0721 

4+ 0.30433 0.3622 0.4886 0.4618 0.6508 0.5930 0.6379 0.7388 0.5028 0.4862 0.8012 0.6236 0.7215 l.0721 

Stock Numbers (Jan 1) in thousands 

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 

1 27710.1 23507.3 20090.9 41376.4 1746l.0 9589.3 27257.7 8499.0 42391.2 15905.3 21929.0 
2 4267.7 22685.3 19215.4 16368.5 33851.7 13996.4 7753.3 22243.4 6837.2 34565.8 12998.7 
3 25524.0 3138.5 16773.4 12314.7 10501.4 19447.0 7581.1 5165.3 12396.9 4398.0 21538.2 
4 7946.0 13886.6 1755.2 8459.5 6263.1 5137.7 8626.2 3109.6 2018.4 6011.9 2328.6 
5 2877.5 4421.8 6962.8 984.6 4696.5 2606.0 1984.3 4044.0 1308.1 93l.4 3003.0 
6 1124.2 1604.9 2523.6 3612.3 593.5 2035.5 1179.0 864.4 1605.3 636.7 510.1 
7 1434.0 801.9 899.5 1092.5 1685.3 231.7 964.4 498.4 334.9 747.0 293.3 
8 67.2 86l.9 586.8 333.8 517.2 770.9 103.7 375.2 210.8 195.5 367.3 
9 146.0 12.5 476.7 401.7 162.0 230.7 418.5 45.1 123.5 107.4 103.0 
10+ 54.3 148.1 28.3 189.9 187.0 148.1 292.7 205.5 75.4 67.2 95.5 

1+ 71150.8 71068.5 69312.6 85134.0 75918.8 54193.2 56160.8 45049.9 67301.7 63566.3 63166.7 

1989 1990 1991 1992 

1 19289.3 8294.0 18309.1 3274.6 
2 17944.9 15792.7 6784.2 14943.2 
3 9215.5 12802.7 8458.3 4174.6 
4 10375.4 4901.1 5919.8 3990.7 
5 990.8 4735.1 2309.7 1878.0 
6 1104.1 511.7 1828.2 571.8 
7 196.9 414.4 211.7 512.3 
8 94.4 87.0 117.6 59.3 
9 122.4 38.4 38.6 33.0 
10+ 43.6 84.7 37.9 21.5 

1+ 59377.3 47661.9 44015.3 29458.8 

For all years prior to the terminal year of 1991. back-calculated stock sizes for ages 4-9 were used to estimate total mortality (Z) for 
age 9. , 
F on age 10+ is assumed to be equivalent to F on age 9. 

a Arithmetic average of ages 4-7 which removes the influence of the anomalously high F on age 8 in 1978. 

SOURCES OF UNCERTAINTY 

This assessment updated the previous as
sessment conducted during SAWl3. Because 
the recommended improvements will take con
siderable time, some of the srune sources of 
uncertainty identified in the last assessment 
remain. The omission of commercial fishery 
discards and recreational catch estimates from 
the catch at age matrix continue to introduce 
uncertalntyinto the results. Commercial fishery 
discard mortality may be a Significant compo
nent of total mortality in certain years, but esti
mates were not available for this assessment. 

Ontission of commercial discards and recreational 
catches results in an underestimation of the total 
fishery removals from the stock. 

The relatively low precision (CV ~ 0.82) ofVPA 
estimates of age 1 stock size makes predictions of 
landings and SSB difficult for a fishery that 
harvests a Significant proportion (partial recruit
ment ~ 0.37) of age 2 fish. Survey methods that 
yield more precise indices of recruiting year class 
strength are necessary to predict future landings 
at a given fishing mortality rate with greater 
certainty. 

The VPA utilized tuning indices based on 
standardized otter trawl LPUE. Although a large 
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Table El3.Contlnued 

Spawning Stock Biomass (m) at the Beginning of the Spawning Season (March 1) 

1978 1979 1980 1981 1982 1983 1984 19815 1986 1987 1988 

1 912.4 1103.8 849.7 1959.5 1199.2 900.4 3108.3 757.8 6933.9 1774.8 2673.1 
2 1410.0 7537.9 6911.1 5778.0 16130.9 6340.9 4290.9 11588.5 4702.3 23980.9 8252.2 
3 33841.6 3728.1 22413.4 15922.7 15626.3 26041.7 10489.6 6851.1 18625.8 6905.4 32435.1 
4 20217.4 38250.5 4296.1 21373.8 15782.5 12626.3 21629.8 8058.8 4804.5 16797.8 5857.4 
5 8797.7 16582.8 30435.3 3957.1 17466.4 9627.2 7084.7 14874.6 5414.3 3884.9 12086.5 
6 4881.5 8129.6 12538.0 20315.5 2955.8 10512.6 5642.6 4213.4 8546.7 3681.2 2704.9 
7 8213.7 5548.9 5917.4 7293.0 12164.3 1459.0 6218.3 3152.2 2314.8 5323.5 1999.1 
8 366.9 6809.3 5033.0 2695.3 4161.9 6832.5 809.7 2976.8 1691.4 1660.0 2891.1 
9 1330.5 llL6 3962.5 4096.0 1560.2 2109.6 3948.5 415.3 1242.7 1019.8 926.2 
10+ 653.3 1681.0 388.0 3167.0 2708.9 1869.9 3933.2 2377.3 938.9 897.5 1243.0 

1+ 80625.0 89483.5 92744.6 86557.9 89756.5 78320.1 67155.7 55266.0 55215.3 65925.9 71068.5 

1989 1990 1991 

1 2499.9 1095.6 4344.7 The above SSB by age (a) and year (y) are calculated folloW1Ugthe algorithm used tnt he NEFSC projection 
2 12238.9 10232.2 4656.1 program, i.e.: 
3 14018.0 20440.9 13539.5 SSB(a.y) .. W(a.y) X p(a.y) X (N(a,Y) X expl-Z(a.y)) 
4 26612.8 11977.4 13901.8 
5 3862.7 17356.3 7500.7 where Z(a.y) 0.1667 X F(a,y) 
6 5638.2 2582.0 7939.0 N(a,y) Jan 1 stock siZe estimates (males and females) 
7 1270.2 2527.5 1173.2 p(a,yl proporlion mature (generally females) 
8 788.2 711.0 897.4 W(a.y) weight at age at the beginning of the spawning season 
9 1156.6 385.5 317.5 
10+ 652.5 1064.5 471.5 The W(a,y) are assumed to be the same as the Jan 1 weights at age are calculated as geometric means 

in ADAPT from the mid-year weight at age estimates (from the catch) of the cohort in successive years. 
1+ 68737.8 68372.9 54741.3 

Percent Mature 
1978 1979 1980 1981 1982 1983 1984 

I 7 7 7 7 13 13 13 
2 34 34 34 34 47 47 47 
3 78 78 78 78 84 84 84 
4 96 96 96 96 97 97 97 
5 100 100 100 100 100 100 100 
6 100 100 100 100 100 100 100 
7 100 100 100 100 100 100 100 
8 100 100 100 100 100 100 100 
9 100 100 100 100 100 100 100 
10+ 100 100 100 100 100 100 100 

proportion of landings come from otter trawl 
effort, divergent patterns In F and effort where 
observed in 1991. Inconsistencies of this type 
may occur because of changes in effort that are 
not captured by the standardization procedure 
(e.g. changes in technology and shifts to other 
fishing methods), or because the standardization 
procedure Itself is based on assumptions that 
may not be very robust. 
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Table E14. Precision and bias estimates oflbe age-speclftc instantaneous fishing mortalltyrates (F) in 1991 for 
Georges Bank cod. ADAPf estimate is from the final consensus assessment run. Standard errors, 
coefficients of variation (C.V.) and bias estimates are derived from 200 bootstrap replications. Ages 
4+ represent lbe fully-recruited portion of lbe stock. 

AGE ADAPT BOOTSTRAP BOOTSTRAP C.V.FOR 
ESTIMATE MEAN STDERROR ADAPTSOLN 
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Table E15. Yield per recruit and spawning stock biomass per recruit analysIs for Georges Bank cod 

The NEFC Yield and Stock Size per Recruit Program - PDBYPRC 
pC Ver.1.2 [Method oCThompson and Bell (1934)] 1·Jan-1992 

GEORGES BANK COD: Run Date: 9-12-1992; Time: 15:25:22.47 

Proportion of F before spawning: .1667 
Proportion of M before spawning: .1667 
Natural Mortality is Constant at: .200 
Initial age Is: 1; Last age Is: 10 
Last age Is a PLUS group; 
Original age-spec1:ftc PRs, Mats, and Mean wts from me: 
--> A:\CODGB92A.DAT 

Age-specific Input data for Yield per Recruit Analysis 

Age Fish Mort Nat Mod Proportion Average Weights1 

Pattern Pattern Mature Catch 

1 .0021 1.0000 .2300 .973 
2 .3669 1.0000 .6400 1.601 
3 .8145 1.0000 .9100 2.426 
4 1.0000 1.0000 .9800 3.571 
5 1.0000 1.0000 1.0000 5.019 
6 1.0000 1.0000 1.0000 6.306 
7 1.0000 1.0000 1.0000 8.029 
8 1.0000 1.0000 1.0000 10.629 
9 1.0000 1.0000 1.0000 11.310 
10+ 1.0000 1.0000 1.0000 15.670 

Stock 

.733 
1.138 
1.949 
2.904 
4.249 
5.742 
7.256 
9.496 

10.854 
15.670 

IMean of 1989-1991 catch and stock weights at age 

Summary of Yield and 8SB per Recruit Analysis for: GEORGES BANK COD 

Slope of the Yield/Recruit Curve at F-O.OO: -> 27.1476 
F level at slope-I/IO of the above slope (FO.I): --> .156 

Yield/Recruit corresponding to FO.I: --> 1.6470 
F level to produce Maxtmum Yield/Recruit (Flnax): --> .293 

Yield/Recruit corresponding to Frnax: --> 1.7815 
F level at 20 % of Max Spawning Potential (F20): - - > .353 

SSB/Recruit corresponding to F20: - - --> 5.5206 

Listing of Yield and 88B per Recruit Results for: GEORGES BANK COD 

FMORT TOTCTHN TOTCTHW TOTSTKN TOTSTKW SPNSTKN SPNSTKW 

.000 .00000 .00000 5.5167 29.5940 4.2370 27.6088 

.070 .18277 1.17283 4.6068 19.0352 3.3279 17.2083 

.140 .29121 1.59602 4.0684 13.5735 2.7902 11.8613 
FO•1 .156 .31077 1.64697 3.9715 12.6732 2.6934 10.9833 

.210 .36336 1.74343 3.7113 10.4036 2.4337 8.7760 

.280 .41506 1.78065 3.4563 8.4114 2.1794 6.8477 
F~ .293 .42327 1.78147 3.4159 8.1185 2.1391 6.5651 

.350 .45408 1.77284 3.2645 7.0815 1.9882 5.5670 
F,,,,, .353 .45559 1.77196 3.2571 7.0333 1.9808 5.5206 

.420 .48471 1.74735 3.1146 6.1499 1.8388 4.6740 

.490 .50947 1.71608 2.9939 5.4708 1.7185 4.0257 

.560 .52998 1.68416 2.8943 4.9588 1.6195 3.5390 

.630 .54729 1.65377 2.8106 4.5617 1.5362 3.1629 

.700 .56214 1.62568 2.7391 4.2461 1.4651 2.8650 

.770 .57505 1.60006 2.6773 3.9900 1.4036 2.6240 

.840 .58641 1.57682 2.6231 3.7783 1.3498 2.4254 

.910 .59649 1.55577 2.5751 3.6006 1.3022 2.2591 

.980 .60553 1.53668 2.5324 3.4493 1.2597 2.1181 
1.050 .61368 1.51932 2.4939 3.3189 1.2215 1.9968 
1.120 .62109 1.50351 2.4592 3.2055 1.1870 1.8916 
1.190 .62786 1.48905 2.4275 3.1058 1.1556 1.7993 
1.260 .63408 1.47579 2.3985 3.0174 1.1269 1.7177 
1.330 .63982 1.46359 2.3719 2.9385 1.1005 1.6451 
1.400 .64515 1.45235 2.3474 2.8677 1.0761 1.5800 

%MSP 

100.00 
62.33 
42.96 
39.78 
31.79 
24.80 
23.78 
20.16 
20.00 
16.93 
14.58 
12.82 
11.46 
10.38 
9.50 
8.78 
8.18 
7.67 
7.23 
6.85 
6.52 
6.22 
5.96 
5.72 
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Table E16. Stock and catch projections and Input parameters for Georges Bank cod. 1992-1994 

Input Parameters 

Age Stock Size Fish Mortslity Proportion Average Weights 
In 1992 Pattern Mature Catch and Stock 

(kg) 

1 10000 0.0021 0.2300 0.973 0.733 
2 14943 0.3669 0.6400 1.601 1.138 
3 4175 0.8145 0.9100 2.426 1.949 
4 3991 1.0000 0.9800 3.571 2.904 
5 1878 1.0000 1.0000 5.019 4.249 
6 572 1.0000 1.0000 6.306 5.742 
7 512 1.0000 1.0000 8.029 7.256 
8 59 1.0000 1.0000 10.629 9.496. 
9 33 1.0000 1.0000 11.310 10.854 
10+ 21 1.0000 1.0000 15.670 15.670 

Forecasts 

The forecasts for 1993 were perfonned assuming that tots! landings In 1992 would be 28.100 t. 
The flshlng mortsllty needed to tske the 1992 catch would be F(92) - 0.867. 

Recruitment 
in 1993-94 

MIN- 8300 

MEAN - 20661 

MAX- 42400 

1992 1993 
F92 Landings SSB F93 Landings SSB 

0.867 28104 41066 Fsg - 0.867 24465 35413 
0.867 28104 41066 Fsg.,,,,, - 0.78 22702 35823 
0.867 28104 41066 F~ - 0.353 12048 37914 
0.867 28104 41066 F~ - 0.293 10237 38218 
0.867 28104 41066 Fsg - 0.867 24485 37428 
0.867 28104 41066 F sg.''''' - 0.78 22720 37838 
0.867 28104 41066 F .... - 0.353 12056 39929 
0.867 28104 41066 F~ - 0.293 10244 40233 
0.867 28104 41066 Fsg - 0.867 24520 40972 
0.867 28104 41066 Fsg.,,,,, - 0.78 22751 41382 
0.867 28104 41066 F "'" - 0.353 12070 43473 
0.867 28104 41066 F~ - 0.293 10255 43778 

Commercial LAndings (OOOs of Tonnes' Avg F (4-8.u) 
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1994 
SSB 

28822 
30685 
42488 
44579 
37584 
39484 
51474 
53590 
52993 
54959 
67276 
69439 

FIgure E6. Trends In total commerclaliandlngs and fishing mortsllty for Georges Bank cod. 1978-1992. 
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Figure E7. Trends In spawning stock biomass and recrullment for Georges Bank cod, 1977-1992. 

200 Bootstrap Rep1icationl 
lOOT 

"I 
• 

o 0.2 o •• o. , 0.8 1.2 1.' 
FIS8IHG MOR.'l'ALITY RATE at; 

THE FULLY RECRUITED AGES U 1991 

1.6 La 

\ 
I 
I 
I 

l 
~+ 

J 

Figure EB. Precision of the estimates of the 
Instantaneous mte of fishing mortellty IF) 
on the fully recruited ages (Ages 4+) In 
1991 for Georges Bank cod. The vertlcal 
bars display both the range of the esllma tor 
and the probability of individual values 
within that range. The dashed llne gives 
the probability that F Is greater than any 
selected value on the X axis. The precision 
esllmates were derived from 200 bootstmp 
repllcatlons. 
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Figure E9. Precision of the esllmates of spawning 
stock biomass at the beginning of the 
1991 spawning season (March 1) for 
Georges Bank cod. The vertlcal bars 
display both the range of the estimator 
and the probability of individual values 
within that range. The dashed line gives 
the probability that SSBis less than any 
selected value on the X axis. The precision 
esllmates were derived from 200 bootstmp 
repllcatlons. 
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Figure ElO. Yield per recruit (¥PRJ and spawning stock biomass per recruit (SSB/RJ for Georges Bank cod. 
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Figure Ell. Predicted catches In 1993 and spawning stock blomasses In 1994 of Georges Bank cod over a range 
offtshing mortalities In 1993 from F-O to F-l.4. 
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GEORGES BANK COD RECOMMENDATIONS/RESEARCH NEEDS 

RESEARCH RECOMMENDATIONS 

1. Discards and recreational catches contribute 
to significant mortality of cod. Recreational 
landings have contributed to 5 to 10% of total 
landings. The procedures to calculate catch 
at age for these two sources are undeter
mined, but inclusion of these sources of 
removal would be useful In Improving the 
assessment. The size or age composition of 
recreational catches Is necessary to add these 
catches to the catch at age matrix. 

2. The procedure for el1minating outliers in sur
vey data and Its Influence on VPA tuning 
should be evaluated. 

3. The current projection methods do not in
clude all sources of uncertainty within the 
assessment. Future projection methods could 
include these sources by using a Monte Carlo 
approach for all Input parameters, Including 
current fishing mortality, natural mortality, 
starting stock conditions, as well as recruit
ment. 

4. Other survey methods that would Improve 
estimates of recruitment should be evalu
ated, e.g. fixed rather than random sampling 
stations. 

TERMS OF REFERENCE FOR FUTURE 
ASSESSMENTS 

1. Canadian survey data that began in 1986 
may be useful In augmenting the current 
tuning indices. Future use of this additional 
data should be considered. 

2. The present effort standardization uses the 
catch per effort for interviewed otter trawl 
trips to standardize effort for all commercial 
gears. This standardization procedure may 
not be effective In capturing changes in effort 
patterns for other gears. Due to this level of 
aggregation In the commercial tuning indi
ces, s1milar problems are expected in future 
assessments. Standardization of effort 
for individual gears and ages should be con
ducted separately to calculate commercial 
catch per effort for VPA tuning. A better 
understanding of meaningful units of fixed 
gear fishing effort Is needed, e.g. sinkgillnets. 

3. Studies should be undertaken to understand 
the possible changing relationship between 
effort and fishing mortality. 
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F. GEAR RESEARCH 
INTRODUCTION 

Management programs being proposed by 
the New England and Mid-Atlantic Fishery 
Management Councils include potential changes 
in regulated trawl mesh size and corresponding 
mlnimum fish lengths. These changes are 
proposed to address overfishlng of New England 
groundfish and summer flounder. Regulated 
mlnimum trawl mesh sizes of 5.5 to 6 in. (140 
to 152 mm) are either in force, or are being 
contemplated. There are, however, relatively 
few controlled mesh selection experiments with 
these mesh sizes, world-wide. As a result, the 
potential benefits accruing from mesh changes 
are to some degree uncer!ain. In addition, 
mlnimum fish lengths consistent with the goal 
of mlnimlzing discarding of undersized fish 
resulting from the regulated mesh need to be 
computed. 

The special topic for SAW 15 relating to gear 
studies was intended to bring together all rel
evant existing studies of mesh selection, par
ticularly with respect to Atlantic cod and yel
lowtail flounder, and to recommend appropri
ate research directions for future mesh re
search. Three fonnal presentations were made 
to the SARC: 
(I) an overview of existing mesh studies rel
evant to Atlantic cod and yellowtail flounder 
included research findings on the lengths at 
50% selection (L-50%) , as well as L-25 and L-75, 
when avallable. The experimental protocols of 
each study were reviewed, particularly since 
many factors other than cod-end mesh size 
have been shown to influence fish size selection. 
(2) prelimlnary research results from mesh 
selection trials for yellowtail flounder, conducted 
by the University of Rhode Island in cooperation 
with the Northeast Regional Office of NMFS 
were reviewed; 
(3) an overview of ongoing mesh selection ex
periments being conducted in Canada was pre
sented. Based on these presentations and 
ensuing discussions, the SARC drew several 
conclusions regarding the utility of mesh stud
ies conducted to date for providing manage
ment advice on mesh andmlnlmumfish lengths, 
and recommended future research needs. 

A REVIEW OF EXISTING MESH 
STUDIES FOR ATLANTIC COD AND 
YELLOWTAIL FLOUNDER 

An overview of published mesh selectivity 

studies is given in Tables FI to F4 and Figures FI
F3. These results include prel!minary data result
ing from ongoing yellowtail flounder studies being 
conducted by the University of Rhode Island (URI) 
and the NMFS Northeast Regional Office (NERO), 
which are described here. From each of the 
referenced studies, lnfonnation regarding the L-
50, L-25 and L-75 was extracted, as well as a 
deSCription of the experimental protocol. including 
the mesh size being tested, its material, twine 
width, twine construction, method of estimating 
selection (covered cod-end, trouser trawl, alter
nate tow, etc.), numbers of tows observed, towing 
speed, and length selectivity characteristics. The 
selection range (SR) is defined as L-75 minus L25. 

Some general conclusions regarding the selec
tivity of mesh can be drawn from these data: 

• Several previous reviews have concluded that 
the selection factor (L-5()O mesh size) increases 
with mesh size. Results reviewed herein 
indicate only a weak posItive correlation. 
Differences among apparent selection factors 
among the studies are more related to differ
ing experimental conditions other than mesh 

• selection range generally increases with mesh 
size (Halliday and White 1989), but again the 
relationship is confounded with other experi
mental conditions of the various studies 

• factors other than nominal mesh size can 
greatly influence selectivity, including: 
• Experimental design 

• Covered cod-ends retain smaller fish 
than observed in alternate tow experi 
ments 

• Twin-trawls are a very efficient design 
for detecting differences in length se 
lection 

• Trawl construction material 
• Tow duration 
• RIgging of experimental cod-ends 
• Mesh sizes in sections of the net other than 

the cod-end 
• Abundance of the experimental animal and 

associated bycatch in the net 

RECENT SELECTION EXPERIMENTS FOR 
YELLOWTAIL FLOUNDER CONDUCTED 
BY URI/NERO 

Prel!minary results from recent selection ex
periments for yellowtail flounder were reviewed. 
These analyses are provisional, and additional 



work Is currently being conducted. The objective 
of the project Is to estimate L-50, L-25 and L-75 
for 5.5 and Sin. square and diamond mesh cod
ends. To date, 31 experimental tows have been 
observed. The control net for these alternate tow 
experiments Is a 4 In. (102 mm) mesh. Five tows 
per experimental mesh have been observed (4 
meshes X 5 tows = 20, + II control tows). Each 
tow was 2 hours In duration. 

Preliminary selection data for the experImen
tal meshes are Included In Figure FI and Tables 
FI and F2. Values of L-50 are generally consis
tent with the trends extrapolated from studies 
observing smaller experimental meshes. For 
diamond meshes, the selection ranges seem to be 
narrow, as compared with studies conducted In 
earlier years, when the yellowtail flounder popu
lation was more abundant, and composed of 
larger numbers of fish over the selection range. 
The conclusions from this research must be 
viewed as preliminary; several technical points 
were raised concerning the fitting of statistical 
models for estimating lOgistic selection curves 
from the data. In the absence of any other 
experimental data for these mesh sizes for yel
lowtail flounder, provisional values of L-50 from 
these results can be used by managers but 
information on the selection range (L-25, L-75) 
should be used with care, owing to the small 
amount of information regarding the shape of the 
tails of the selection ogives. 

CANADIAN STUDIES OF MESH 
SELECTION 

A number of studies of gear selection In the 
Canadian groundfisheryhave recently been com
pleted, or are ongoing. These Include the evalu
ation of 130, 140, and 155 mm mesh trawls and 
Scottish seines In the Gulf ofSt. Lawrence (Jalbert 
1992, unpublished), and a biolOgical and techno
logical study of the effects of moving to higher 
trawl meshes for the Scotian shelf groundfish 
fishery (Halliday and WhIte 1989). 

:Results of selection studies on Atlantic cod In 
the Gulf of St. Lawrence are Included In Figure F2 
andTableF3. Estimates ofL-50 for 140mm(5.5 
In.) mesh are virtually Identical to selection esti
mates currently being used by the New England 
Council to evaluate selectivity. Data from 155 
mm trials, however, are thought to give an under
estimate ofL-50, owing to the lack ofiarge cod In 
the Gulf. Therefore, selection characteristics for 
155 mm mesh from Jalbert (1992) are not in
cluded In Figure F2. The L-50 for 152 mm (Sin.) 
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mesh for Atlantic cod Is best estimated by ex
trapolating the Smolowltz (1983) and Jalbert 
(1992, unpublished) studies. The other studies 
do not prOvide sufficient information to critically 
evaluate selection as a function of experimental 
conditions. Accordingly, the L-50 for S In. dia
mond mesh Is provisionally estimated to be 52.4 
em (20.S In.) fish length. 

GEAR RESEARCH RECOMMENDATION! 
RESEARCH NEEDS 

Mesh selection data obtained from published 
and ongoing studies, provide a relatively clear 
picture of the general selectivity characteristics 
that can be anticipated for 5.5 and Sin. cod-end 
mesh sizes for yellowtail flounder and Atlantic 
cod. Square mesh results In larger L-50s than 
diamond for the same mesh size for cod; and vlce
versa for yellowtail flounder. No definitive con
clusions can be drawn regarding the selection 
range of square vs diamond mesh. Furthermore, 
L-25 estimates cannot yet be definitively deter
mined for yellowtail flounder or Atlantic cod, 
based on experimental results for 5.5 or S In. 
mesh. Mesh selection data plotted In Figures Fl 
to F3 are not necessarily comparable owing to the 
various experimental factors confounding cod
end mesh selection. These studies also vary 
greatly In quality and completeness of reporting 
on experimental conditions. 

Several specific directions for future research 
were recommended by the SARC: 

• Additional mesh selection trials are needed 
with 5.5 and S In. mesh to definitively set 
minimum flsh sizes, consistent with L-25s for 
the "large mesh" species Included In the 
Northeast Multlspecles FMP 

• Sea sampling data collected by the NEFSC 
contain a great deal of information on gear 
characteristics and catch and discard length 
frequencies. Although mesh sizes are not 
routinely measured by sea samplers, there 
may be great utility In comparing catch and 
discard size compositions In relation to nomi
nal mesh size and other gear characteristics, 
particularly In light of the experimental tow 
data. 

• Mesh studies to date have generally focused 
only on comparing size compositions from the 
experimental mesh to some control, with all 
other factors influencing selectivity held 
constant. A preferable experimental protocol 
would Involve a factorial deSign, recognizing 
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Table Fl. Yellowtail flounder mesh selectivity results for diamond mesh. Studies are cited tn the references. .g 
~ 

~ 
Study VR Mesh Mesh L.5O L.5O Selection Selection Range (l25, L75) 

(mm) (Inches) Experimental Method em In Faclor cm In 

Smolowitz t983 t02 4.0 Covered cod end, SOmm 22 8.7 2.16 20·23 7.9-9.1 

Lux 1968 129 5.1 Parallel tows 29.5 11.6 2.29 26.5-31.0 10.4-12.2 

Smolowitz 1983 t33 5.2 Covered cod end, SOmm 28.5 11.2 2.18 24.5-31.0 9.6-12.2 

Smolowitz 1983 133 5.2 Uncovered - 102mm control :W.5 12.0 2.29 29.1-34 11.5-13.4 

Carr 1991 140 5.5 Covered cod end 34 13.4 2.43 32-35 12.6-13.8 

Harris 1992 140 5.5 Uncovered - 102mm control 34.7 13.7 2.6 33.5-36.2 13.2-14.3 

Lux 1968 145 5.7 Parallel tows 34 13.4 2.34 27.5-36 10.8·14.2 

Harris 1992 152 6.0 Uncovered· 102mm control 38.6 15.2 2.6 37.3-39.5 14.7·15.6 

DeAllerl. 1991 155 6.1 Trouser trawl - Square vs. diamond 32.3 12.7 2.08 

Table F2. Yellowtail flounder mesh selectivity results for square mesh. Studies are cited tn the references. 

Study VR Mesh Mesh L.5O L.5O Selection Selection Range (L25, L75). 
(mm) (Inches) Experimentel Method cm In Factor em In 

Carr 1991 140 5.5 Covered cod end 26.0 10.2 1.86 26-30 10.2-11.8 

Harris 1992 140 5.5 Uncovered, 102 mm control 31.4 12.4 2.4 29.1-33.8 11.5-13.3 

Harris 1992 152 6.0 Uncovered, 102 mm control 34.9 13.7 2.4 30.8-38.9 12.1-15.3 

DeAlteris 1991 155 6.1 trouser trawl, square vs. diamond 31.0 12.2 2.00 
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Table F3. Atlantic cod mesh selectivity results for diamond mesh. Studies are cited In the references. .fl 
~ 
~ 

~ 

Study YR Mesh Mesh lSO lSO Selection Selection Range (L25, L75) 
mm (Inches) ExperimenIaI Method em In Factor em In 

Clay 1979 90 3.5 Covered cod end, 20mm control 38.5 15.2 44 37-39 14.6-15.4 

Smolowitz 1983 105 4.1 Covered cod end, 50mm control 33. 13.0 33 26.5·37.5 10.4-14.8 

Cooper 1987 130 5.1 Trouser trav.1 58.7 23.1 4.5 

Isaksen 1988 120 4.7 Trouser trav.1, OOmm control 49.2 19.4 36 

Smolowitz 1983 135 5.3 Covered cod end, 50mm control 46.5 18.3 34 40.5-50.5 15.9-19.9 

Smolowitz 1983 135 5.3 Uncovered cod end 52.1 20.5 39 45.9-56.5 18-22.2 

Cooper 1988 135 5.3 Trouser trav.1 52.0 20.5 3.8 

Isaksen 1988 135 5.3 Trouser trav.1, OOmm control 56.0 22.0 4 1 

Cooper 1988 140 5.5 Trouser trav.1 56.2 22.1 40 

Jalbert 1992 140 5.5 Trouser trav.1, OOmm control 46.4 19.1 35 42.00-54.19 16.9-21.3 

Cooper 1988 155 6.1 Trouser trav.1 61.3 24.1 3.9 

Thorstelnsson 1988 155 6.1 48.0 18.9 3.1 39-55 15.4-21.7 

Table F4. Atlantic cod mesh selectivity results for square mesh. Studies are cited In the references. 

Study YR Mesh Mesh lSO lSO Selection Selection Range (L25.L75) 
(mm) (Inches) Expertmental Method em In Factor cm In 

Cooper 1987 130 5.1 Trouser trav.1 59.7 23.5 4.6 

Isaksen 1988 120 4.7 Trouser trav.1, OOmm control 54.0 21.3 ·1.0 

Isaksen 1988 135 5.3 Trouser trav.1, OOmm control 00.2 23.7 4.5 

Cooper 1988 140 5.5 Trouser trav.1 61.4 24.2 4.4 

Cooper 1988 155 6.1 Trouser trav.1 65.0 25.6 4.2 

Thorstelnsson 1988 155 6.1 59.2 23.3 3.9 53-65 20.9-25.6 

Thorstelnsson 1988 155 6.1 58.5 22.9 4.0 52.8-<51.6 20.8-24.3 
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Figure F2. Relationships between experimental mesh sizes and selection characteristics for Atlantic Cod using dlsmond mesh. Data plotted Include 
lengths at 50%, 25% and 75% retention. Authors of the various studies are given in the references. For reference purposes, projected 
selection assumed by the New England Fishery Management CouncU for 140 and 152 mm dlsmond mesh are plotted. 
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that cod-end mesh selection is but one con
trol variable available to managers to improve 
the selectivity of trawl gear. 

• Several tnternational and national groups are 
nowattemptlngto develop standardized gulde
lines for conducting mesh experiments. In
terpretation of historical studies Is confounded 
by the extreme variability tn protocols fol
lowed, and by experimental conditions. To 
the greatest extent practical, future mesh 
work should conform to the accepted guide
lines. 

• A critical problem faced tn conducting mesh 
experiments for New Englandgroundfish and 
summer flounder Is that these stocks are 
generally at low levels of abundance, and that 
not all sizes of fish appropriate for the selec
tion ranges of the experimental gear are 
avallable. Therefore, any experimental re
sults obtatned under these conditions must 
be considered provisional, pending adequate 
and representative sampling of the entire 
length span of the populations. 

• Ftnally, one difficulty tn tnterpreting histori
cal selectivity data Is that many reports con
tatn on!yprocessed selection curves and their 
statistics, and not all experimental data, tn
cludtnglength frequenCies. The SARC strongly 
recommends that data reported tn such stud
Ies should be as complete as possible, thereby 
allowtng tnterpretation of the experimental 
conditions encountered. 
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