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| NTRODUCTI ON

It has recently been reported by Beers (1991) that bycatch rates
of red king crabs (Paralithodes cantschaticus) are substantial in
the eastern Bering Sea red king crab and Tanner crab
(Chi onoecetes bairdi) fisheries. For exanple, in the 1990
Bristol Bay red king crab fishery, the catch per potlift-of
femal es and sublegal males was 1.4 times the catch rate of |ega
mal e crabs. During the 1990 wi nter Tanner crab fishery, red king
crab catch rates were 80% of the catch per potlift of |egal-sized
Tanner crabs. These catch rates were estinmated using data
collected from the catcher/processor portion of the fleet. If
the sanples are representative of the fleet as a whole, then it
can be estimated that the 262,181 potlifts exerted by the red
king crab fishery would result in the discard of 4.4 mllion red
king crabs, while the 711,137, potlifts of the winter Tanner crab
fishery would result in the discard of 11.5 mllion red king
crabs. The total estimate of discarded red king crabs, assum ng
each--was handled only once, is about 16 mllion crabs. during
these two fisheries. This bycatch estimte represents over 40%
of the mature stock, as estimated by the 1990 National Marine
Fi sheries Service Bering Sea trawl survey, and signals a

potential problem for the red king crab resource.

|f these bycatch estinmates are even approximately correct, they



i mredi ately raise the question of the inpact of discard
nortality. The question of the inpact of discard nortality is in
need of study. Wiile little information on the subject is
available, a study by Carls and O Cair (1990) indicates that red
king crabs are adversely affected by exposure to cold air
tenmperatures, which may occur when crab pots are brought onboard
during winter fishing seasons. Additionally, some insight into
t he question may be gained fromthe recent work of Shirley (pers.
comm, University of- Al aska Fairbanks, 11120 G acier H ghway,

Juneau AK) with Dungeness crabs (Cancer magister) in Southeast

Al aska. In aquarium experinents intended to sinulate the
handl i ng process or this species in local fisheries; delayed
nortality of up to several: weeks was observed. This nortality
was related to the number of times crabs were handled. Crabs
were subjected to handling one, two, three, and four tines per
month, and then nortality rates were conpared to crabs that had
not been handl ed. Proportionally increasing nortality rates were
observed, with a 100% death rate resulting from four simnulated
-handling treatnments. The unhandled (control) crabs had no

nortalities.

The apparent high discard rates of king crab and the possibility.
of significant associated nortality provide a strong argunent for

conducting experinents to estimate discard nortality, even if
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only a rough estinmate can be obtai ned. Knowl edge of discard
nortality rates can provide gui dance on what approach should be
taken to achieve a solution to the problem and possibly inprove
stock productivity. |f discard nortality is low, then the nost
prudent approach mght be to maintain the status quo that is,
continue the current managenent strategy and await rebuilding via
a strong year &ass., |If the nortality rate is high,. alternate
solutions having to do with changes in the selective properties
and operation of the gear, changes in time and area of the
fishery, or other nodifications may well be preferable in order
to increase stock productivity. It may be possible through
experimentation to design gear and gear operations to mnimze
crab bycatch. Design, however, is conplicated by the interaction
of the selective properties of nmesh and escape port sizes, with
soak tinme and other factors affecting the attractive properties,
of baited pots. Thus, this type of experinmentation could be
time-consumng and result in considerable costs to research
agencies and to the industry.. It nmay also be possible, to devise
time or area closures, but it is likely that the overlap of the.
| egal and non-Ilegal conmponents of the stocks is substantial,

i ndicating, an ineffective solution.

Anot her managenent alternative to deal with high discard

nortalities could be to reduce discard nortality through the
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retention of a larger portion of the catch normally thrown back;
Under this nmanagenent strategy, the quota is reached sooner with
the same fleet, thereby shortening the fishing season and
reduci ng di scards and unintended nortality on the stock of any
given year. This basic idea of keeping nmore of what cones up in
a pot could be realized through a lower size limt, or relaxation,
of the males-only restriction, or a conbination of both

regul ati on changes. Discard reduction could prove to be an

ef fective approach to the problem but not w thout perhaps

substantial costs to the industry.

The purpose of this report is to provide a prelimnary

exam nation of discard reduction via lower nmale size limts and
its effect on fishery characteristics through a sinple conputer
simulation of the 1990 red king crab males-only fishery in

Bristol Bay. Information from the 1990 fishery and NVFS research
trawl survey was used to construct a nodel which was then

exerci sed under several lower size limts. Results of these
variations were then conpared to sinmulated actual results of the

1990 red king crab season in terns of catches, average weights,

discards, and exploitation rates.



METHODS

The 1990 Bristol Bay red king crab fishery was sinulated using a
PC spreadsheet by applying observed rates of exploitation to
estimated stock to obtain a total. catch and average wei ght per
crab simlar to the actual fishery. Discard nortality was
assigned two different values to sinmulate | ow and high rates, 25%
and 75% and the nunber of crabs dying fromthe discard process
was calculated. Three alternate nmanagenent options, represented
by three different mninumsize limts on male crabs, were
applied to the stock and conpared to the sinulated actual fishery
having a 6.5-inch carapace width (CW size limt: (1) |ower the
mninumsize limt to 6.0 inches CW (2) lower it to 5.5 inches
CW or (3) lower it to 5.0 inches CW The harvest strategy for
this stock is to limt the rate of exploitation to 20% on mature
mal e crabs greater than 119 mm carapace |ength (CL)(ADF&G 1990, ).
Thus, the sinulated fisheries were termnated when this target

was attained.

Estimates of exploitation rates by size groups were obtained by
conbi ning information on the size conposition of |andings and on-
deck catches fromthe 1990 ADF&G Cbserver Program (Appendi x Tabl e

1). These catches were then conpared to 1990 NWFS survey
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estimates of abundance nade prior to the fishing season (Appendix
Table 2). Using 5 nm grouping, the size conposition of the 1990
| andi ngs was estinmated by applying the dockside CL sanple of the
landings (Giffin, pers. comm, ADF&G Box 308, Dutch Harbor AK)
to the-total |anded catch in nunbers. 'Size conposition of the
di scard was estimated by applying the sanple conposition of on-
deck catches to total discarded catch.. Total discarded catch was
estimated by multiplying catch rates for femal es and subl egal
males (10.1 and 6.5 crabs per potlift, respectively, from Beers
1991) by the total potlifts during the 1990 fishery (Giffin
1991). In applying the size 'conposition of sublegal males to
total discards, 40% of the 135-,139 mm CL group was assuned to be
subl egal, assumng |egal crabs are greater than 136 mm and a
uniformdistribution of crabs existed within this [ength group.
This value, plus values for all smaller male groups, was used to
obtain the percent size conposition of the male portion of the
on-deck catch. Exploitation rates were then calculated by 5 nm
groups for males and females by dividing estinated catches by

estimates of the stock from the survey.

Landings in weight were underestimated by the initial sinulation
of the fishery. To correct for this, the-weight-Iength exponent
used for estimating average wei ght per male crab for the survey

data was adjusted upward slightly from3.174 to 3.181 to attain
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agreenent with actual [andings.

Using exploitation rates as cal cul ated above, the fishery was
sinmul ated under four different mnimumsize limts: 6.5, 6.0,

5.5, and 5.0 inches CW The various size limts were sinulated
by a sliding scale of size-specific selection factors (1.0, 0.4,
0.1, and 0.0; see Appendix Tables 3-6) determned- in the
following way. The predom nant 5 mm size groups in the 1990.

| andi ngs ranged from 140 to 169 nm Each of these groups
contained 2 mllion Ib or nore, and taken collectively conprised
87% of the catch in weight (Appendix Table 2). Thus, the small est
of these groups, the 140-144 mm group, was considered the first
size group fully recruited to the | andings, and was assigned
selection- factor of -1.0, as were all larger size groups. Size
groups smaller than this were assigned selection factors
calculated as the ratio of the size group-specific exploitation
rate to the average exploitation rate of groups with catches of 2
mllion pounds or more (0.37). The 6.5 inch CWsize |imt, when
converted to length in mllimeters using a carapace W dth-length
coefficient of 1.25 (Alverson 1980), falls into the size group
10 nm smal ler than the -first fully recruited group. Thus, for
each 0.5 inch decrease in the sinmulated CWsize limt, the first

fully recruited CL group was | owered by 10 mm



Harvest strategy-for this stock dictates that 20% of the mature
mal es- (>119 nmm) may be taken (ADF&G 1990). Thus, for each size
limt simulation, this strategy was used to termnate the
fi shery. The actual. value calculated for the 1990 fishery was
0.22, and the days fished and size-specific exploitation rates
for the season were adjusted until the value 0.22 on nmales >119
mm was achi eved for each sinulation. For each sex-size group,
the adjusted exploitation rate (u') = DF/12*u, where DF is. days
fished, set to achieve the target exploitation rate for each size
limt simulation, and u is the exploitation rate. under a 6.5 inch
size linmit: -Catch (¢) =u'*N and landings,.(l) = s*c, where N is
stock,, and, s is the selection, or sorting, factor. The unknown.
discard nortality (dm was assigned |Iow (0.25) and high (0.75)
val ues-for each sinulation. D scard nortality was applied to
each sex equally, and discard deaths were calcul ated -for each
group as (1-s)*dnrc. Cal cul ati ons were summed over groups and,
along with average weight of |andings and exploitation rates,
were conpared anong sinulations. The 6.5 inch sinulation was

considered the control to which other size limt strategies were

conpar ed.



RESULTS

Aslower size limt strategies were enployed, the nunber of days
fished and average weight of crabs in the |andings decreased
(Fig. 1). Lowering the size limt increased the retention of
smal | er crabs, which | owered the average wei ght of crabs in

| andings. Additionally, as nore crabs were included in |andings,
the fishing rate required at higher size limts needed |owering
to stay within the 0.22 target value. As would realistically be
expected, the required reduction in fishing nortality was
attained. by reducing days fished. Landings in pounds overal
decreased, but they increased. slightly at the lowest size limt.
This increase was due to significant nunbers of crabs |ess than
120 mm entering the catch; these crabs were not counted toward
attainment of the target exploitation rate. This ocurred to a

| esser degree with the 5.5 inch CWsize limt simulation. Tpys,
the lowest sinulated size [imt strategies, especially the
5.0 inch CWsinmulation, nust be considered unrealistic in |ight

of an exploitation strategy based on nales |ess than 119 nm

As the size limt was |owered and nore of the catch was retained
as landings, deaths due to discard nortality declined conpared to

deaths due to landings (Fig. 2. Discard deaths which, at the



0.75 discard nortality level were higher than |andings dropped
off substantially with the 6.0 inch CWsize |limt and nore,

gradual |y thereafter. The magnitude of this and other trends

reflects the 1990 popul ation size. conposition: Although

untested, these trends are probably dependent on size conposition

to a significant degree.

Simul ated discard deaths by sex are, shown in Figure 3. The
decline in deaths with decreasing size |limt was due to a greater
rate of decline for males, as opposed to females. Two factors
are involved in the nale process, that of conversion of discards
to catch, and fewer days fished. Only the latter factor is
involved in the decline in female discard deaths, and-this

explains the flattening out of discard deaths at |ower size

limts.

The presence of discard nortality caused the target exploitation
rate to be, exceeded (Fig. 4), with the degree depending on the
| evel of discard" nortality; As the size limt waslowered, this
overshooting effect. dimnished as a result of decreasing nale
discard deaths. The proportion of discard deaths and | andi ngs
(as noted above) that are less than 120 nmincreased as the size
limt was | owered (Appendix Tables 3-6), and these did not enter

into the exploitation rate calculation; Their exclusion |eads to
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the formation of a plateau in the exploitation rate at |ower size

limts. This pattern is an artifact associated with | owest

simulated size limts.
DI SCUSSI ON

From the foregoing results,, the follow ng conclusions may be
drawn. Under current harvest policy and stock conditions, and
assumng the discard nortality rate is greater than zero, a
mninmmsize limt [ower than 6.5 inches CWw || decrease the
nunber of deaths due to discards in the fishery. Suych a. decrease
in discard deaths nmeans that the actual exploitation rate on nale
crabs greater than 119 mmw |l be closer to that dictated by
harvest strategy. The average size of crabs in the landings will
decrease and, given the sane fishing effort as with the 6.5 inch

CWsize |imt, the seasonwi|l| be shorter

This study is limted in scope and the universality of these
conclusions is open to question. The magnitude, and perhaps the
di rection, of trends upon which these conclusions are based is
dependent’ on the stock size conposition during the fishery.
Year-to-year variations in recruitnment strength will cause
changes in size conposition, which in turn will alter the

patterns found in this study. Thus, it would be useful to test
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the generality of the above results through nulti-year
simulations of the stock and fishery. Such sinulations could
provide insight into the effect of year class fluctuations as

wel | aschanges in other population paraneters.

Anot her extension of this study' would 'be to examne, the. effects
of retention of females. The limted pot bycatch data available
indicates that female red king crabs are predom nant in the
discard. If discard nortality rates are high, it seens that
gains in production wuld be enhanced by the retention of

femal es, especially at higher stock |evels.

This study enphasizes the need to

discard nortality for Bristol Bay

that the severity of the problem and the need for renedial action
"is directly related to the nmagnitude of discard nortality. It is
not clear, however, that the higher exploitation rates caused by
"higher discard nortality rates are actually retarding this
stock's' recovery.. But circunstantial evidence does exist that
the stock's decline and subsequent failure to significantly
rebound may be related to fishing effort. This is shown in
Figure 5A, where the total potlift trend in red king crab habitat
(east of 166" E long'.) is conpared to the abundance of nonl ega

crabs." It is possible that the buildup in effort. in the late

12



1970s contributed to the decline in the early 1980s through
discard nortality. Further," it is possible that the current
buildup in potlifts is contributing to the continuing depressed
state of the stock. The possibility that discards nay be
affecting the stock provides additional inpetus for evaluating

discard nortality.

The multispecies nature of the pot discard problemis becom ng
apparent. As nentioned in the Introduction, if the estinmate of
di scards in 1990 is assuned to be representative of the total
fleet, then nmore red king crabs are thrown back in the eastern
Bering Sea Tanner crab fishery than in the target fishery. This
argues strongly for a nmultispecies, as well as a multiyear
approach in evaluating the red king crab discard problem Figure
5B shows that potlift effort in red king crab habitat is
currently increasing after a period of decline and bottom ng. As
in the previous buildup,. the conposition of effort is made up
predom nately of potlifts fromthe Tanner and red king crab
fisheries. Thus, further studies on discard nortality inpact
shoul d be tailored to include probable interactions of the Tanner
crab fishery with the red king crab fishery. Studies simlar to
this one should be conducted for Tanner crab, including the

concept of a nultispecies or one-season fishery for these stocks.
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Finally, the economc inplications of the these results have not
been considered. Further studies ondiscard reduction through
| ower size limts should exam ne various tradeoffs between
"industry perturbations. caused by smaller crabs, shorter or

mul ti speci es seasons, and possible benefits of stock
rehabilitation. Aso, costs of a solution such as the one
proposed in this paper should be conpared to costs of gear

nmodi fications or other potential solutions.
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E long. and (B) potlift conposition by fishery.
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Appendix Table 1: 1990 Bristol Bay red king crab fishery site composition-date from dockside and on-board observer sampling

programs.
CARAPACE SAMPLING SAMPLING ESTIMATED NUMBER
LENGTH DOCKSIDE 0OBSERVER DOCKSIDE OBSERVER LANDINGS DISCARD
GROUP MALES MALES FEMALES MALES MALES FEMALES MALES MALES FEMALES
(mm) (Nos.) (Nos.) %) %) ) (MLns.) (MLns.) (MLns.)
60 - 64 2 0.00% - 0.22% 0.00% 0.00 0.00 ~0.00
65 .69 ' 0.00% 0.00% ~0.00% - 0.00 0.00 - ©0.00
70 -7 3 0.00% 0.00% 0.14% 0.00 0.00 - 0.00
75 - 79 2 4 0.00% 0.22% 0.29% " 0.00 - ' 0.00 0.01
80 - 84 9 2 0.00% 0.97% 0.14% - 0.00 0.02 0.00
85 - 89 6. .8 0.00% 0.65% 0.57% © 0.00 - 0.01 . 0.02
.90 - 9% 12 9 0.00% 1.29% 0.64% 0.00 0,02 0.02
95 - 99 8. 22 0.00% 0.86% 1.57% 0.00 0.01 0.04
100 <104 33 9% - 0.00% 3.56% 6.72% 0.00 - 0.06 0.18
105 -109 42 141 0.00% 4.53% 10.08% 0.00 0.08 0.27
10 -114 70 239 - 0.00% | 7.55% 17.08% - 0.00 ~0.13 0.45:
15 -9 : 108 237 © 0.00% 11.64% 16.94%  0.00 ©0.20 045
120 -124 2 132 300 0.03% 16.23% 21.44% . 0.00 0.26 - 0.57
125 -129 0 160 192 0.00% 17.25% 13.72%  0.00 ©0.29 0.36
130 <134 105 240 ~ 100 1.46% - 25.87% 7.15% © 0.05 - 0.44 - 0.19
135 -139- 637 259 3 | 8.87%. MA7% 2.43% . 0.28° 0.19 0.06
140" -144 129 - 270 10 18.01% 0.77%  0.56 0.00 0.02
145 -149 1226 291 2 17.07% 0.14% .-0.53 . - 0.00 -0.00
150 -154 1241 236 A7.28% 0.00% - 0.54 . 0.00 0.00
155 -159 -1028 262 164.31% 0.00% 0.45 0.00 0.00
160 -164 -831 - - 205 3 11.57% 0.21% 0.36 ~0.00 . 1 0.01
165 -169 523 122 7.28% 0.00% 0.23 ©0.00 0.00
170 174 228 68 . 3.7% 0.006 0.10 0.00 0.00
175 =179 - 51 18 0.71% - 0.00% 10.02 © 0.00 0.00
180 -184 14 6 0.19% 0.00% 0.0 0.00 0.00
185 -189 3 4 10.04% 0.00% 0.00 . 0.00 0.00 -
TOTALS 7183 1399 100.00% 100.00% . 2.65

2545

100.00% 3.12 1.70




Appendix Table 2. Survey and fishery data used for size-specific exploitation rate calculations
for use in simulations of the 1990 Bristol Bay red king crab fishery.

Size limit= 6.50 Average wt.(Ibs.) = 6.52

Days fished = ‘ 12 " Potlifts(mins.) = . 0.26

' Landings( mins.) = Co312 Expl. rate, >119 mm = 0.22

Landings( min. Ibs.) = 20.36 Expl. rate, >134 mm = 0.34

STOCK _ “ . ~ FISHERY

- CARAPACE P . _ ‘ _

LENGTH ~ MALES FEMALES LANDINGS  DISCARD 'EXPLOIT. RATE
GROUWP {(min.  (avg. (min. (avg. (min.  Male Female Sub-  Fe-
(mm) (mins.) Ibs.) . Wt.) (mins.) Ibs) wt) " (mins:) Ibs) (mins.) (mins.) Legals legals males
60 -64 019 007 038 029 015 052 000 000 000 000 000 002 000
65 -69 006 003 049 019 012 062 000 000 000 000 000 000 000
70 -74 05t 030 061 023 0.6 073 000 000 000 000 000 000 002
75 -79 066, 048 075 102 084 084 000 000 000 001 000 001 001
80 -84 148 131 092 216 205 097 000 000 002 000 000. 001 000
85 -89 140 150 111 223 241 1.11 000 000 001 002 000 001 001
90 -94 044 056 132 030 037 126 - 000 000 002 002 000 005 006
95 -99 041 062 15 120 165 1.42 000 000 001.004 000 004 003
100 -104 038 067 183 258 399 159 000 000 006 018 000 0.16 007
105 -109° 086 177 213 322 554 1.7 000 000 008 027 000 009 008
110 114 144 343 246 298 568 196 000 000 013 045 000 009 0.15 -
115 119 124 338 283 274 576 216 000 000 020 045 000 016 0.16
120 124 148 462 323, 1.72. 397 237 - 000 000. 024 057 000 016 033
125 129 164 579 - 367 085 215 259 000 000 029 036 000 018 043
130 -134 183 754 415 026 071 283 - 005 019 044 019 002 023 074
135 -139 178 801 467 015 045 3.07 028 129 0419 006 016 011 043
140 -144 201 1011 523 012 038 333 056 294 002 . 028 0.16
145 149 138 776 583 0.02 0.08 ‘360 . 053 311 039 0.16
150 154 150 934 649 - 388 054 350 0.36
155 159 094 648 7.9 417 045 321 ' . 048

160 -164 075 575 7.94 4.48 036 287 . 001 048

165 -169 057 482 874 f 023 199 0.40

170 -174 010 095 960 ° ‘ : 010 095 0.96

175 -179 013 134 1051 . 002 023 : 0.17

180 -184 ‘ 11.49 ‘ 001 009 - ‘

TOTALS . 142 (>119mm) o , 312 2036 170  2.65

9.2 (>134mm)




Appendix table 3. Simulation results for the 1990 fishery 6.5” size limit,

A;ve'rage wi.(bs.) =

6.57

TOTAL EXPL. RATE, sexes combined "

Size limit = 6.50
. Days fished = 1225 Target expl. rate,>119 mm = 0.22
~ Landings(mins.) = 309 o '
Landings(min. Ibs.) = 20.28
" CARAPACE ‘ ' ) - : DISCARD DEATHS®
. 'LENGTH SELECTION EXPL.  CATCH LANDINGS EXPL. - CATCH ~ dm= 025 dm= 0.75
"'GROUP .  FACTOR * RATE  MALES  MALES RATE . FEMS M . F M F
(mm) COM F "M (mins.) (g‘-nlns.)_ (min. . F .(mins.)  (mins) (mlhs.) {mins.) {mins.)
‘ s Ibs.) oo
60 -84 00 00 0.02 000 . .0.00 000" ' 000 060"  0.00 000 000 000
65 - 69 0.0 0.0 0.00. .. 0.00 000 . -0.00 0.00 000 ° . 0.0 0.00°  0.00 0.00
70 -74 00 00 000 0.00 000 000 . 002 000 0.00 000 °~ 000 000
75 -79 0.0 0.0 0.01 0.00 0.00 000 . : 001 001 000 0.0 0.00 0.01
80 -84 00 00,. 001 . 002 0.00 0.00 0.00 0.00 0.00 . 0.0 0.01 0.00
-85 -89 00 00 001 001 0,00 . 0.00 0.01 002 000 . 000 0.01 0.01
0 -94  00. 00 005 002 0.00 - 0.0 006 002 001 000 0.02 0.01
‘95 -99 00 00  0.04 0.02 000 000, 004 004 000 001. 001 003
100 -104 - 00 0.0 016 006  0.00 000 = 007 018 0.02 005 005 0.14
105 1108 © 00 00 009 0.08 000 000 - 008 0.27 002 007 - 006 020
110.-114 00 00 009 0.13 000 000 015 0.46 003 . 0.2 010 035
115 <119 00 .00 0.16 0.20 0.00 0.00 0.17 046 005 0.1 0.15 0.34
120 124 00 . 00" 017 025 0.00 000" . 034 058 0.06 0.14 0.19 0.43
125 -129 0.0 00. 018 030 000 . 000 0.43 037 008 009 023 0.28
130 --134 .01, 00 02 050 .05 021 .- 075 . 019 011 005 0.34 0.14
135 139 . 04 0.0 027 048 . 019 089 044 007 0.07 0.02.  0.21 0.05
140 144 . 10. 00 : 029 0577 057 300 047 002" ' 000 0.00 0.00 0.01
145 -149 . 10 00 039 054 054 347 0.16 ? £ 0.00
150 154 . 10 00 037 ‘055 -055 357
155 159 1.0 0.0 0.49 0.46 0.46 328
160 -164 10 . 00 049 . 037 037 293
165 -169 10 00 040 - 023 023 . 203 . A
170 174 .10 00 - 098 010 010 087
175 479 10 00 047 002 002  0.24 :
180 -184 ‘10 00 5 ~ ;
TOTAL 492, 309 2028 269 0.45 067 137 2.02
TOTAL<120 mm 0.00 0.00 ' 0.14 ©o0.41 g
. TOTAL EXPL. RATE, by sex : 0.24 004 029 0.12.
‘ 013 0.20

" * dm = discard mortality raté‘_
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Appendix Table 4. Simulation results for the 1990 fishery 6.0" size limit.

Average wt.(Ibs.) =

Size limit = ~ 6.00 ‘605
Days fished = 9.50 < Target expl. rate, >118 mm = 0.22
Landings( mins.) = 3.08 ‘
Landings{min. Ibs) = 18.60
CARAPACE ‘ o : DISCARD DEATHS *
LENGTH  SELECTION EXPL. . CATCH LANDINGS EXPL.  CATCH dm= 025 dm= 0.75
GROUP FACTOR .  RATE- MALES MALES ‘RATE  FEMS M F M _F
(mm) ‘M ~ F -M (mins.) (mins)) (min.. F. -(mins.) (mins.) (mins) (mins.) (mins.)
‘ 1bs.) s
60 -64 00 ' 00. - 002 000 - 0.00 0.00 0.00 . 0.00 0.00 0.00 0.00 0.00
65 -69 00 - 00 - 0.00 000 ©000- 000 000 0.00 0.00 0.00 0.00 000
70 -74 00 00 0.00 000 . 0.00 000 . 0.01 0.00 0.00 000 000 0.00
75 -79 00, 00 0.00 0.00 0.00 000. 0.01 0.01 0.00 0.00 0.00 0.00
80 -84 0.0 0.0 0.01 0.01 000 - 000 0.00 0.00 000 000 0.01 0.00
85 -89 . 0.0 0.0 0.01 o.01 600 000 001 0.01 0.00 0.00 001 001
90 -94 0.0 0.0 0.04 0.02 0.00 0.00 0.04 0.01 0.00 0.00 . 001 0.01
95 -99 0.0 0.0 0.03 0.01 0.00 0.00 0.03 0.03 0.00 001 . 0.01 . 0.02 -
100 -104 0.0 0.0 013 . 005. 000 -+ .000 . 005 - 0.4 0.01 004 004 0.11
105 -109 0.0 0.0 .007 1006 - 0.00 000. 007 021 0.02 0.05 0.05 0.16
110 114" .~ 00 0.0 0.07 0.10 0.00 0.00 0.12 036 . 003 0.09 0.08 027
115 -119 00 ° 00 0.13 0.16 0.00 000 .013 0.36 004 009 0.12 0.27
120 -124 0.1 0.0 0.13 0.19 0.02 006 - 026 0.45 0.04 0.11 013 034
125 -129 0.4 00 0.14 0.23 0.09 0.34 0.3 029 003 0.07 010 . 022
130 -134 1.0 0.0 0.20 0.39 0.39 1.60 0.58 015 . 0.00 0.04 0.00 0.11
135 139 1.0 - 0.0 0.21 0.37 1037 1.73 034 - .005 0.01 0.04
140 -144 1.0 0.0 022 - 045 045 233 013 0.01 0.00 0.01
145 -149 . 1.0 0.0 0.31 0.42 . 0.42 246  0.12 0.00 . 0.00
150 154 . 10 . 0.0 0.29 043 . 043 277
155 -159 1.0 0.0 038 035 035 254
160 -164 1.0 0.0 0.38 0.29 0.29 2.27
165 -169 10 00 0.31 0.18 0.18 157
170 174 1.0 0.0 076 . 008 008 075
175 -i79 1.0 0.0 013 002 0.02 0.18
180 -184 1.0 0.0 -
TOTAL 3.81 308 - .1860 2.09 0.18 0.52 0.55 1.57
TOTAL<120 mm 0.00 0.00 ' 0.1 032"
TOTAL EXPL. RATE, by sex 2 0.22 003 - 023 0.10
012 '0.16

TOTAL EXPL. RATE, sexes combined

" d}'n = discard mortality rate
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Appendix Table 5. Simulation results for the 1990 fishery 5.5” size limit.

5.50

TOTAL EXPL. RATE, sexes combined

0.15

_ Sizelimit= ©Averagewt.(bs)=" 574
Days fished = . . . 875 . Target expl. rate, >119mm = '0.22
. Landings( mins.) = T3 ‘ : ' '
Land'ings(mln. Ibs) = 18.31
CARAPACE - A . ‘ - DISCARD DEATHS *
'LENGTH SELECTION , EXPL.. CATCH LANDINGS -EXPL. CATCH ~ dm= 025  dm= 0.75.
. GROUP FACTOR ~  RATE  MALES MALES RATE = FEMS TM° T F ‘M F
T (mm) ™ F M . (mins) (mins) (min. F (mins) (mins) (mins) (mins)  (mins)
‘ ' ' : Ibs.) '
60 -64 00 . 00 001 000 000 000 - 000 ' 000 . 000 0.00 . 000 0.00
65-69 00 00 000 000 ° 000 000 0.00 000 000 000 0.00 0.00
70 -74- ° 00 00 000 000 000 -000 ' 001 000 - 000 - 000 0.00 0.00
75.-79 ' 00 00 000 000 000 000 001 001 ° 000 . 000 0.00 000
80 -84 0.0 00 001 001 000 000 - 000 000 - 0.00 000 001 000
85 -89 00 . 00 0.01 0.01 0.00, 0.00 000 .~ 001 ~ 000 000 - 001 . 001
80--%4 00 00 004 002 0.00 . 000 0.04 ' 001 000  0.00 0.01 0.01
.95 99 . 00 00 003 001 0.00 000 003 003 000 001 - 001~ 002
10 .-104 - 00 00 . 012 " 004 000 - 000 0.05 013 001 ~ 0.03 0.03 0.10
105 109 00 . 00 007 .006 000 -. 000 006 . 019 0.01 005 004 0.15
10 <114 © 01 .. 00, 007 009 . 001 002 -011 033 002 ' 008 006 . 025
115 -119 04-° 00 . 012 014 006 - 046 012 033 002 008 007 025
120 -124 10 - 00 012 018 018 057~ 024 041 ' 000 . 010 000 0.31
125 4129 - 10 00 . 013 021. 021 ‘079 031 026 © 007, ‘ 0.20
130 -134 1.0.. 00 0.19 '0.35 035 - 147 054 - 014 . 003 '0.10
. 135 4139 . 1.0 00 019 034 034 159 | 031 - 005 ©0.01 0.04
140 144 10 0.0 0.20 041. " 041 - 214 012 - 001 000 0.01
145 -149. 10 - 00 . 028 039 039 = 227 OM ' ' 0.00
150 154 - 10 00 . 026 039 039 ' 255 .
155 -159 10-° 00 035 033 033 234 .
160 -164 1.0 0.0 0.35 0.26 026 - 209 :
165 -169 1.0 00 .029 017 - 017 ' - 145
170 -174 - 1.0 00°. 070 007" 007 0.69
175 -179 1.0°. 00 012 - 0.02 002 017
. 180" -184 1.0 0.0 ‘ e
TOTAL 3.51 319 1831 192 008 048 024 144
~ TOTAL<120 mm 0.07° . 0.9 o008, - - 024
TOTAL EXPL. RATE, by sex C 1022 003° 022 0.09
012

" dm = discard mortality rate °



Appendix Table 6. Simulation results for the 1990 fishery, 5.0" size limit.

Size limit = 5.00 Average wt.(Ibs.) = 5.56
Days fished = 875 Target expl. rate, >119 mm & 0.22
. Landings( mins.) = 3.39
Landings(min. Ibs.) = 18.82
CARAPACE DISCARD DEATHS *
LENGTH SELECTION EXPL. CATCH LANDINGS EXPL. CATCH dm= 025 dm= 0.75
GROUP FACTOR RATE  MALES  MALES RATE =~ FEMS . M F M F
(mm) M F M (mins.) ~ (mins.) (min. CF (mins)  (mins) (mins) (mins.) (mins.)
Ibs.)
60 -64 0.0 0.0 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 000
65 -69 0.0 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
70 -74 0.0 0.0 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 -
75 -79 0.0 0.0 0.00 .0.00 0.00 0.00 0.01. 0.01 0.00 0.00 0.00 0.00
80 -84 0.0 00 001 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00
85 -89 "00. 00 0.01 0.01 0.00 000 - 000 0.01 0.00 0.00 001 0.0
90 -94 - 0.0 0.0 0.04 0.02 0.00 0.00 004 001  0.00 0.00 0.01 0.01
95 -99 0.0 0.0 0.03 0.01 0.00 0.00° 0.03 0.03 0.00 0.01 0.01 0.02
100 -104 0.1 0.0 0.12 0.04 0.00 0.01 0.05 0.13 0.01 003 003 0.10
105 -109 0.4 00 007 0.06 0.02 0.05 0.06 0.18 0.01 0.05 0.03 0.15
110 -114 1.0 0.0 0.07 0.09 0.09 0.23 0.11 0.33 0.00 0.08 0.00 025
115 -119 1.0 0.0 0.12 0.14 0.14 0.41 0.12 0.33 0.08 025
120 -124 © 1.0 0.0 0.12 0.18 0.18 0.57 0.24 0.41 0.10 0.31
125 -129 1.0 0.0 0.13 0.21 0.21 0.79 0.31 0.26 0.07 0.20
130 -134 1.0 0.0 0.18 0.35 0.35 1.47 0.54 0.14 003 0.10
135 -139 1.0 0.0 0.19 0.34 0.34 1.59 0.31 0.05 001 004 .
140 -144 = 10 0.0 0.20 0.41 0.41 214 012 001 0.00 0.01
145 -149 1.0 0.0 0.28 0.39 0.39 2.27 0.1 0.00
150 -154 10 00 . 0.26 0.39 0.39 2.55
155 -159 1.0 0.0 035 033 0.33 2.34
160 -164 1.0 0.0 0.35 0.26 0.26 2.09
165 -169 10 00 0.29 0.17 0.17 1.45
170 -174 . 1.0 0.0 0.70 0.07 0.07 0.69
175 179 10 00 0.12 0.02 0.02 0.17
180 -184 - 1.0 0.0 . g
TOTAL - 351 339 18.82. . 1.92 0.03 0.48 0.09 1.44
TOTAL<120 mm 0.27 0.70 - 0.03 © . 0.09 S
TOTAL EXPL. RATE, by sex ‘ 022 003 0.22 0.09
0.12 0.15

TOTAL EXPL. RATE, sexes combined

* dm = discard mortality rate
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