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Application of a Catch-Survey Analysis to Blue King Crab Stocks
Near Pribilof and St. Matthew Islands

J. Zheng, M. C. Murphy, and G. H. Kruse

ABsTRACT. A catch-survey analysis was conducted on 2 blue kingRagddithodes platypustocks near Pribilof

and St. Matthew Islands of the eastern Bering Sea. Total annual catch and observed relative survey abundance of
legal-sized crabs were classified into recruits and postrecruits by shell age and size and analyzed with a maximum
likelihood approach. This analysis separates measurement errors from the true changes in population abundance
and converts the relative abundance to an absolute value. The analysis provides smoothed annual estimates of legal
blue king crab abundance for both stocks. In both areas, legal male abundances appear to be rebuilding slowly from
depressed stock levels of the mid 1980s. Based on a reasonable instantaneous natural mortality range of 0.16 to
0.35 for both crab stocks, (1) postrecruit catchability is about 1.98—2.07 for the Pribilof Islands stock and about
1.20-1.38 for the St. Matthew Island stock, and (2) the ratios of recruit-to-postrecruit catchabilities for both stocks
are <1.05. Because of confounded effects among catchability, recruit-to-postrecruit catchability ratio, and natural
mortality, additional information is needed to separately estimate 2 of these 3 parameters.

INTRODUCTION harvest strategy is followed. That is, if the abundance
of mature males is above a minimum threshold for
In the eastern Bering Sea, blue king cfaasalithodes  the stock, a 20% exploitation rate is applied to the
platypusare found in waters surrounding the Pribilof estimated abundance that year (Pengilly and Schmidt
I_slands and St. Matthew Island. The m_sular distribu4995). Commercial fisheries are prosecuted during
tion of the species has been substantiated by annugdncurrent fall seasons, which close on the date the
traw! surveys (Stevens et al. 1996)._ Ma_rk-recaptur@arget harvest level is projected to be taken.
studies produced no evidence of migration between “yhe pjye king crab fishery in the Pribilof Islands
the 2 areas (Otto and Cummiskey 1990). Blue kingyas developed by the Japanese beginning in 1965;
crab habitat near the islands is characterized by patchgg.ir harvests peaked in 1969 at 2,486 t, which com-
of CObee'ﬁra\’?l' and rock, Wh_(lareas the shelf substrajf,se 4506 of their king crab harvest in the Bering
between the islands is primarily mud and sand. Sea that year. During the early 1970s, blue king crabs

The maximum size of adult blue king crabs, mea ere primarily harvested incidental to sn&@hion-

size at maturity, and molting probability are greater ecetes opiliand BnnerChionoecetes bairdirab

near the Pribilof Islands than near St. Matthew Island™". X
(Somerton and MacIntosh 1983; Otto and Cummiske{/Sing (Otto 1981, 1990). The U.S. fishery began tar-

1990; Paul et al. 1991). However, Otto and Cummiske§€ting blue king crabs in 1973, when 8 vessels took
(1990) concluded, from analysis of tagging data, th _79 t, and peaked in 1980 at.4,960 t. Vessel participa-
growth increments are similar. Size differences arflon peaked at 126 vessels in 1983, but harvests de-
reflected by minimum legal size limits of 165 mm (6.5¢lined that year to 20% of the 1980 level. Vessel effort

in) carapace width for Pribilof Islands and 140 mmand harvest plummeted in 1984 and remained low until

(5.5 in) for St. Matthew Island. the fishery was closed in 1988 due to low survey esti-
Commercial fisheries for these 2 stocks are marnmates of abundance.

aged separately, based on their allopatric distribution Following baseline biological surveys related to

and different life history characteristics, but the sameil exploration, which revealed a harvestable blue
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king crab population, commercial interest in St. Mat-  In an attempt to distinguish survey measurement
thew Island blue king crab developed (Otto 1990), andrrors from the true changes in population abundance,
in 1977, 10 U.S. vessels harvested 545 t. Harvestge constructed a catch-survey analysis (Collie and
peaked in 1983 when 164 vessels landed 4,288 t. Tk&usein press of these 2 blue king crab stocks, treat-
fishery was fairly stable from 1986 to 1991 with aing them as separate stocks with separate abundances.
mean harvest of 731 t taken by <70 vessels. Particip@his analysis smoothes out the interannual variability
tion jumped from 68 vessels in 1991 to 174 vessels iim estimated abundance, thereby increasing the stabil-
1992 and has stabilized at about 90 vessels sind of annual harvest guidelines. Because the analysis
1993. depends on catch data, we limited our applications to
Given rapid escalation of effort in the St. Matthewestimating legal males only.
Island fishery, concurrent openings were established
in 1993 for the Pribilof and St. Matthew Islands fish-
eries; this divided vessel effort between both fisher- METHODS
ies. In addition, pot limits were established in 1993 to
reduce total fishing effort and improve manageabilityana|ysis of Trawl-Survey Data
of the relatively small allowable harvests. In the Pribilof
Islands District, a 40-pot limit was adopted for ves-NMFS survey data prior to 1980 are incomplete, so
sels 88.1 m (125 ft) and a 50-pot limit for vesselsonly data from 1980 to 1996 were used in this study
>38.1 m (Morrison et al. 1996). The reduction in potgreported annually by NMFS, e.g., Stevens et al. 1996).
registered per vessel was offset by an increase of 200¥ith a survey grid of about 20x20 nautical miles (nmi)
in vessels compared to the area’s last fishery in 1988quare covering the Bering Sea, a survey station was
This resulted in an overall decline in pots pulled ofassigned to each square (Figure 1). One or more hauls
only 14%. In the St. Matthew Island fishery, limits of were towed within a single station depending on crab
60 pots were adopted for vessels <38.1 m and 75 patensities.
for those >38.1 m, which reduced the number of pots NMFS annually poststratifies the survey stations
registered in 1993 to 33% of the pots in 1992 (Morrisorround the Pribilof and St. Matthew Islands accord-
et al. 1996). The number of vessels that participateidg to crab density because station density varies con-
declined by almost 50%, probably because of the corsiderably between years. This poststratification history
current seasons and reopening of the waters surroundas incompletely documented, so we could nobme
ing the Pribilof Islands for red king crédaralithodes struct the stratification each year. Because strata were
camtschaticudishing. However, the number of pots fairly consistent in recent years, we used a constant
pulled in the fishery increased slightly because thstratification for 1980 to 1996 similar to that used by
season length doubled and pot turnover rates ilfNMFS in 1996 (R. Otto, NMFS, Kodiak Laboratory,
creased. personal communication). Our stratification groups
The National Marine Fisheries Service (NMFS)adjacent stations with similar tows per station into a
initiated annual trawl surveys of the waters surroundsingle stratum to help account for the patchiness of
ing the Pribilof Islands in 1974 and St. Matthew Is-crab distribution.
land in 1978. Area-swept methods have been used to Two or more strata were used for survey stations
calculate separate trawl-survey indices of absoluteithin the Pribilof Islands District of the Bering Sea
abundance for these 2 stocks (Stevens et al. 199¢¥outh of 58°39'N and west of 168°W; Figure 1). All
However, direct survey estimates of abundance amfations in the Pribilof Islands District outside the sol-
affected by survey measurement errors due to crab dig-line square composed 1 stratum. Typically, crab den-
tribution, gear performance, and other factors. Measities in this area were low, and 1 haul was made for
surement errors may be large for trawl surveys becausach station in this stratum. Most crabs occurred within
the terrain in these 2 areas is untrawlable in places the solid-line area of Figure 1, where each station was
is sometimes a cobble-gravel-rock substrate that inrormally sampled twice. However, sometimes loca-
pedes gear performance (Otto et al. 1981). Juvenil&®n errors misplaced some hauls, leaving some sta-
and female crabs, in particular, are poorly assessdi@ns with 1 haul and others with 3 hauls. The second
because they tend to occupy the rugged untrawlab&ratum included all stations inside the solid-line
habitat. Imprecise estimates of female abundanceguare that had 1-3 hauls. Upon occasion, high densi-
coupled with small numbers of crabs caught and meaies of crabs were found at a station, in which case 4—
sured, have precluded development of a detailef hauls were made. Each station with 4 or more hauls
length-based analysis (e.g., Zheng et al. 1995a, 1995bjthin the solid-line square composed a separate ad-
for abundance estimates of these stocks. ditional stratum.
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Three or more strata were adopted for survey sta- s - Pribilof Islands
tions within the St. Matthew Island Section of the
Northern District of the Bering Sea (north of 58°39'N 51
and south of 61°49'N; Figure 1). Stations outside the
dotted-line area (Figure 1) and within the St. Matthew
Island Section belong to the first stratum; the second . |
stratum included all stations outside the solid line but
inside the dotted-line area; and the third stratum cov- 2 -
ered all stations inside the solid-line area, except those
stations with >3 hauls. Two hauls were normally made *1
for stations inside the solid-line area and 1 haul fog
stations outside the solid-line area. As in the PribiloE s a1 s s s 85 a6 67 a8 85 90 91 o2 o3 o4 95 96
Islands District, each station with 4 or more hauls com§
posed an additional stratum. These occasional singlé- - St. Matthew Island
station strata were usually within the solid-line areal
but sometimes occurred outside the solid-line ared& °] ___—__migmdy
Crab densities were lowest in the first stratum and high- s
est in the third stratum.

The area-sweptapproach (Alverson and Pereyra
1969) was used to estimate average crab density per 1s 1 _-
nmi? for each stratum. Crab abundances by length, [
sex, and shell condition were estimated for each stra-
tum by multiplying average crab density per square 1
nautical mile times total square nautical miles in the I I
stratum. Total abundance of Pribilof and St. Matthew gy g1 82 83 84 85 86 87 83 89 9 91 92 93 94 95 96
Islands blue king crabs was estimated by summing Year
abundances from all strata for each area. Our areg- o, ¢ . ‘ , t leaal bl

t estimates of legal crab abundance were similarure . omparisons of area-swept estimates of ‘egal biue
tSc\)Nt?lF())se reported by NMFS in most years (Figure 2). king crab relative abundance by NMFS (dotted line) and in
» this study (solid line) for the Pribilof Islands and St.
for convenience we refer to our area-swept estimates Matthew Island Districts.
of abundance as tloserved relative abundance

4_...

4 4

Catch-Survey Analysis lie and Kruseif pres$, we categorized legal blue king
crabs into recruits and postrecruits. Pribilof Islands
We estimated abundance of legal blue king crabs witrecruits were defined as new-shell (molted within the
the catch-survey analysis (CSA) developed by Kruspast 12 months) males 135-148 mm CL, whereas St.
and Collie (1991) and Collie and Krusa pres3. A Matthew Island recruits were 12083 mm CL. All
useful feature of CSA, aside from separating measurether legal males were defined as postrecruits. Because
ment errors from true changes in stock abundance, Imth fisheries are short, 15 d or less for most years,
that survey catchability coefficients can be estimatedhatural mortality during the fisheries can be ignored.
provided natural mortality is estimable. This is of par-The model links the postrecruits in yearl to the
ticular interest for the Pribilof and St. Matthew Islandsrecruits, postrecruits, and catch in ye#nrough natu-
blue king crab stocks, where it is widely held that theal mortality and catchability of the survey gear:
trawl survey does not fully cover the fishable stock
due to the prevalence of untrawlable habitats, although B =(p +r/g)e™ —the_M(H‘) . Q)
those areas are commercially fished with crab pots.

Only legal male crab abundance is modeled byherep, andr, are relative abundances of postrecruits
CSA. Legal male blue king crabs have a carapacand recruits in yeat, ¢ is the ratio of recruit catch-
length (CL)}>135 mm for the Pribilof Islands ard20  ability to postrecruit catchabilityy is natural mortal-
mm for St. Matthew Island. The average growth in4ty, q is the survey catchability for postrecruit crabs,
crement per molt for legal male crabs is about 14 mn€, is the commercial catch in ydamndT, is the time
CL for both stocks (Otto and Cummiskey 1990). Basethg from the survey to the midpoint of the fishery in
on the approach by Kruse and Collie (1991) and Colyeart. These relative abundances divided by the asso-
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ciated catchabilities are equal to corresponding absorization than less accurate derivative approximations
lute abundances of recruits and postrecruits by yegOtter Research Ltd. 1994).

Thus, for givenM and ¢, the CSA model will esti-

mateq; q andg scale relative abundance to absolute

abundance for the entire stock that occupies trawlable RESULTS

and untrawlable areas.

The estimation algorithm converged quickly because
of the model’s simplicity and the small number of
observed data points € 34). The results were quite
We assumed that measurement errors of survey egipbust in terms of sensitivity to the initial parameter
mates of recruit and postrecruit relative abundanceglues. For the Pribilof Islands blue king crab stock,
follow lognormal distribution. The maximum likeli- settingg=1and¢ =1 yielded a maximum likelihood
hood approach was used to estimate parameters. T@gtimate ofM = 0.32; setting =0.3 and¢ =1 re-

log-likelihood function is proportional to sulted in an estimate of= 1.40; and the 2-phase ap-
proach produced a combinationMf=0.16 andy =

) . 2 1.98 (Table 1). The estimate & with fixed q=1is
Log_Li =-05n IOQ{Z[UOQ( A +0001-log(p+0001) +  |5\yer than the fixedV value that produces=1; this
t may be due to insufficient years of catch data to esti-
mateq for this stock. For the St. Matthew Island blue
king crab stockM =0.29 whem=1andg =1; q =
_ _ 1.04 whenM =0.3 and ¢ =1; and the 2-phase ap-
where n is the total number of observations gfd proach estimatet = 0.18 andq = 1.23 (Table 1).
andf, are observed relative abundances of postrecruitthe 2-phase approach resulted in the maximum loga-
and recruits in yedr. Estimated parameters include rithm of likelihood values for fixedp =1 for both
natural mortality, catchability, recruits each year exstocks.
cept the last, and postrecruits in the first year. Ideally,  The observed relative abundances of recruit, post-
survey catchability or natural mortality would be esti-recruit, and all legal crabs were fitted well for both
mated in advance by research studies. However, pgtocks (Figures 3, 4). The relative abundances, esti-
rameters for the Pribilof and St. Matthew Islands blugnated by fixingg=1 and ¢ =1 and the 2-phase ap-
king crab stocks are uncertain. For this reason, we us@@oach, were almost identical for the St. Matthew
3 different approaches to estimate catchability anfsland stock and similar for the Pribilof Islands stock,
natural mortality because these parameters are cogxcept during the early 1980s and the mid 1990s. The
founded and difficult to estimate simultaneously. First2-phase approach effected slightly higher relative abun-
we assumed =1 and¢ =1and estimated/l. Second, dances than those fixing=1 for the Pribilof Islands
g was estimated foM=0.3 and¢ =1. Finally, a 2-  stock during the early 1980s and mid 1990s. The 95%
phase approach (Otter Research Ltd. 1994) was usednfidence intervals were approximated by the pro-
to estimate botly andM: (1) settingg=1andg =1 file likelihood. This method appears to underestimate
and estimatindM, and (2) estimating botg andM  the confidence intervals because >5% of the observed
simultaneously fogp = 1. To examine the relationships data points, or 8 out of 17 data points for the Pribilof
among(q, ¢, and M, we also estimated for ¢ =1 Islands stock and 6 for the St. Matthew Island stock,
and for fixedM ranging from 0.1 to 0.5 at intervals of are outside the limits (Figures 3, 4). Settopg1 for
0.05, and we estimateglandM for fixed ¢ from 0.4  both stocks produced the highest absolute legal abun-
to 1.4 at intervals of 0.1. dance estimates among the 3 approaches (Table 1).
Using AD Model Builder (Otter Research Ltd. The logarithms of likelihood values were a dome-
1994), we estimated parameters using the quasi-Newhaped function of estimated natural mortality or post-
ton method to minimize —1 times the likelihood val-recruit catchability for both stocks (Figure 5). As ex-
ues. The Builder provides a template-like approach tpected, natural mortality was negatively associated
code generation and is very flexible and easy to use.\ith postrecruit catchability. Wh ¢ = 1, high log-like-
calculates standard deviations for all estimated palihood values for the Pribilof Islands stock resulted
ameters and any other desired values and calculatgem natural mortalities of 0.1-0.26 and postrecruit
correlations among them. It also generates profile likesatchabilities of 1.49-2.24, and for the St. Matthew
lihood for any parameters or specified values. The softsland stock high log-likelihood values resulted from
ware employs the C++ array language with automatinatural mortalities of 0.1-0.30 and postrecruit catch-
differentiation that should result in more stable opti-abilities of 1.04-1.36.

Parameter Estimation

(log(r, + 0.001) - log(F; +0.001))2”, (2)



Table 1. Estimates and associated standard deviations (SD) of parameters and absolute legal crab abundance for sacetigisisofesibilof
and St. Matthew Islands blue king crab stocks under 3 approaches. The ratio of recruit-to-postrecruit catchabilities avds fDrad
abundance is in millions of crabog_Li is logarithm of likelihood, “NA” is not available, argl values corresponding tbog_q are in

parentheses.
Pribilof Islands St. Matthew Island
Fixedg=1 Fixed M =0.3 2-phase Fixedy =1 FixedM =0.3 2-phase
Value SD Value SD Value SD Value SD Value SD Value SD
M 0.319 0.039 NA NA 0.160 0.055 0.294 0.051 NA NA 0.184 0.104
Log q NA NA 0.334 0.140 0.683 0.156 NA NA 0.043 0.088 0.203 0.156
(1.40) (1.98) (1.04) (1.23)
Log_Li -21.229 NA -19.083 NA -16.260 NA -12.929 NA -12.817 NA -12.188 NA
Legals:
1980 4.825 0.522 4.411 0.304 3.570 0.290 2.680 0.387 2.603 0.407 2.123 0.483
1981 2.951 0.302 2.576 0.201 2.089 0.164 3.501 0.347 3.419 0.382 2.979 0.454
1982 1.685 0.195 1.358 0.141 1.027 0.100 4.576 0.374 4.544 0.352 4.040 0.475
1983 1.043 0.136 0.763 0.115 0.514 0.076 3.129 0.209 3.099 0.206 2.815 0.265
1984 0.741 0.100 0.504 0.095 0.300 0.066 1.589 0.122 1.568 0.121 1.391 0.157
1985 0.662 0.072 0.468 0.075 0.304 0.055 0.961 0.086 0.940 0.092 0.818 0.111
1986 0.524 0.053 0.368 0.060 0.244 0.045 0.541 0.057 0.521 0.067 0.445 0.075
1987 0.415 0.041 0.291 0.048 0.206 0.035 0.845 0.114 0.818 0.124 0.686 0.138
1988 0.259 0.034 0.163 0.039 0.108 0.028 1.091 0.130 1.058 0.142 0.887 0.171
1989 0.188 0.029 0.121 0.029 0.092 0.021 1.555 0.193 1.504 0.213 1.224 0.268
1990 0.494 0.096 0.347 0.081 0.228 0.054 1.825 0.204 1.760 0.238 1.474 0.288
1991 1.014 0.174 0.717 0.151 0.456 0.105 2.403 0.261 2.330 0.293 1.942 0.370
1992 1.131 0.158 0.810 0.153 0.558 0.110 2.520 0.273 2.439 0.310 1.992 0.414
1993 1.199 0.151 0.866 0.155 0.636 0.109 2.648 0.270 2.555 0.323 2.123 0.416
1994 1.099 0.128 0.803 0.138 0.643 0.095 2.546 0.255 2.447 0.314 2.079 0.377
1995 1.184 0.145 0.875 0.149 0.725 0.101 2.312 0.257 2.209 0.315 1.884 0.359
1996 0.872 0.126 0.616 0.126 0.539 0.090 3.150 0.531 2.982 0.590 2.586 0.584
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Figure 3. Comparisons of observed and estimated relative abundances of recruit, postrecruit, and legal blue king crabs in wate
surrounding the Pribilof Islands. Solid lines denote results gviiked at 1; dashed and dotted lines are results from the 2-
phase approach.
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Matthew Island waters. Solid lines denote results wifixed at 1; dashed and dotted lines are results from the 2-phase
approach.
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Estimates of natural mortality were also condi-8 we illustrate the profile likelihood fay andM esti-
tional on recruit catchability for both stocks (Figuremated by fixing¢ =1 andq=1, ¢ =1 andM = 0.3,
6). Decreased recruit catchability effected great inand the 2-phase approach. For eitpar M, the dis-
creases in natural mortality but had moderate impagfibution is much more spread out for the 2-phase ap-
on postrecruit catchability. Therefore, we would Unproach than when fixing eitheror M: we cannot
derestimate natural mortality by assuming 1, if in - reliaply estimate these 2 parameters simultaneously.
fact, ¢ is <1. For both stocks the logarithms of likeli- \\ith 4 =1, estimates of absolute abundance and
PhOOd Va!t’hes_""l'tr?;< 1 are sm:lllar to .‘I)rbrl"gge{ than parvest rates depend gnEstimates of absolute abun-
cacr)ws?el\?gblﬁ gsti.ma[?emorfll;/rrlegu)t/ ;V??Ipzraemeatle?’sv(\;eedance were higher and harvest rates were lower for
natural mortality, ratio of recruit-to-postrecruit catcha—bhoethzs_}[ooﬁ ;s ewggg'r)éeaqé; %Ttgglgmi'.thgi;j:émge%ﬁm

bilities, and postrecruit catchability). However, base .

: : 0.3, harvest rates for both stocks were higher than those
on the relationships among these 3 parameters (Fig->’ : .

I P g P (i ith g =1. With q estimated by the 2-phase approach,

ure 6) and a reasonable range of natural mortality’ -
(0.16-0.35) fomoth blue king crab stocks, postrecruit igh harvest rates ranging from 0.42 to 0.57 occurred

catchabilityprobably is about 1.98—2.07 for the Pribilof ON the Pribilof Islands stock during the early 1980s.

Islands stock and about1.20-1.38 for the St. MattheWhis was followed by light exploitation until 1987,
Island stock, and the ratios of recruit-to-postrecruitvhen the harvest rate increased to 0.46; after that, the

catchabilities for both stocks probably are <1.05. fishery was closed until 1995. Overall harvest rates
Profile likelihood approximates the probability were higher for the St. Matthew Island stock than for
distribution of a parameter estimate. In Figures 7 anthe Pribilof Islands stock. Withestimated by the 2-
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Figure 5. Relationships among postrecruit catchability, naturdfigure 6. Relationships among postrecruit catchability, ratio
mortality, and log-likelihood values for the Pribilof and St.  of recruit-to-postrecruit catchabilities, and natural mortality
Matthew Islands blue king crab stocks from the catch-survey for the Pribilof and St. Matthew Islands blue king crab
analysis with the ratio of recruit-to-postrecruit catchabilities ~ stocks from the catch-survey analysis. Solid lines denote
= 1. Solid lines denote log-likelihood values and dotted natural mortality and dotted lines represent postrecruit
lines represent postrecruit catchability. catchability.
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phase approach, harvest rates at St. Matthew Islaimay in measurement errors greater than the residuals.
increased from 0.01 in 1980 to 0.69 in 1983, declinetHowever, because the estimated abundances are quite
steadily to 0.20 in 1989, and fluctuated between 0.26mooth and consistent from year to year, overfitting
and 0.37 from 1990 to 1996. may not be too serious. One partial solution to over-
fitting is to expand the 2-stage model to include a third
stage for prerecruit abundance (crabs with CL one
DISCUSSION growth increment below legal size). This expansion
requires additional information on differences in
The CSA provides much smoother annual estimategrowth and catchability between prerecruit and legal
of legal blue king crab abundances for Pribilof and Stcrabs. A3-stage model would require estimation of an
Matthew Islands stocks than direct estimates from thadditional parameter but would add 50% more data
annual trawl survey. Residuals between estimated ammbints. This improvement would produce a model more
observed abundances are relatively small for mosimilar to a length-based model (Zheng et al. 1995a,
years, which may result from small measurement ert995b) than the 2-stage model.
rors for observed abundances. Also, the ratio of data Another drawback of the 2-stage CSA is that re-
points to parameters is small, 34:19 and 34:20, for eadnuit abundance in the terminal year has to be set equal
stock. Overfitting the observed data may occur, resulto the observed value because there are no other ob-
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Figure 7. The profile likelihood for natural mortality and Figure 8. The profile likelihood for natural mortality and
postrecruit catchability estimated by fixing the ratio of  postrecruit catchability estimated by fixing the ratio of
recruit-to-postrecruit catchabilities at 1 and natural mortality  recruit-to-postrecruit catchabilities at 1 and natural mortality
at 0.3, recruit and postrecruit catchabilities at 1, or by the at 0.3, recruit and postrecruit catchabilities at 1, or by the
2-phase approach for the Pribilof Islands blue king crab  2-phase approach for the St. Matthew Island blue king crab
stock. stock.
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servations upon which to assess measurement errotisese stocks, it would mitigate this problem by en-

As a result, the estimate of legal abundance in the tesbling estimation of recruit abundance and measure-
minal year may still contain a high level of survey meament error from previous year’s prerecruit abundance
surement error. If a 3-stage model can be applied @nd current year's recruit abundance.
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High log-likelihood values were associated withvest rates realized from the Pribilof Islands fishery
survey catchability estimates of about 2 for the postwere 0-58% of the legal male crabs, whereas rates
recruit Pribilof Islands stock and about 1.2 for the Stfor the St. Matthew Island fishery were 1-69% of the
Matthew Island stock; these results were unexpectetégal male crabs. These harvest rates exceeded the
We assumed the physical environment where blue kingiaximum rate of 60% (Pengilly and Schmidt 1995)
crabs live and grow is naturally similar for these 2occasionally and may also have been higher during
stocks, and we therefore assumed similar catchabilitiesome years than the legal harvest rates associated with

A catchability <1 would be expected if untrawl- the current 20% mature harvest rate strategy.
able habitats have substantial numbers of crabs ignored Catchability of blue king crabs from the trawl sur-
in area expansions of trawl survey estimates, as can feey of the Pribilof Islands was not estimated as well
inferred from the pot survey for the St. Matthew Is-as for St. Matthew Island, probably because of fewer
land stock (Blau 1996). For the St. Matthew Islandyears of catch data. The Pribilof Islands blue king crab
Section, commercial fishing is concentrated in the unfishery was closed from 1988 to 1994.
trawlable area in most years (R. Morrison, Alaska Changing catchability should not be problematic
Department of Fish and Game, personal communicavith fixed station locations and timing, which typifies
tion), which also suggests that legal crab density ithe trawl survey (Shepherd 1988). However, blue king
the untrawlable area may be higher than in the trawkrabs molt biennially (Somerton and Maclntosh 1985;
able area. Furthermore, some crabs may escape cdensen andrmstrong 1989), introducing complex
ture by maneuvering away from the trawl or takingspatial and temporal variation to assessments. Inter-
refuge in the cobble-gravel-rock substrate, resultingnnual changes in catchability may occur because of
in a catchability of <1. If the catchability of blue king variability in environmental cues for mating and molt-
crabs is indeed <1, we may have underestimated natitvg migrations. This could result in differing portions
ral mortality and absolute abundance. Natural mortalef the stock being surveyed between years or even dif-
ity of 0.3 or higher would generate a catchability forferences between surveyed and commercially targeted
legal crabs close to or under 1 when the ratio of reportions of the stock. The fishing season for blue king
cruit-to-postrecruit catchabilities is fixed at 1. From acrabs around the Pribilof Islands and St. Matthew Is-
mark-recapture study, natural mortality for Pribilofland has remained fairly consistent over time (Morrison
Islands blue king crabs was estimated at 0.21-1.08 al. 1996). However, timing of molting may change,
for crabs 135-169 mm CL (Otto and Cummiskeycausing errors in classifying recruit and postrecruit
1990). The same calculations for St. Matthew Islandrabs. A largdias in catchability could have occurred
blue king crabs yielded values ranging from 0.78 tdor the CSA model if errors in shell aging were large,
0.97 for crabs 12034 mm CL.These estimates of if there was a difference in magnitude between recruits
natural mortality appear too high; the return rate ofind postrecruits, or if aging errors were greatly asym-
tagged crabs may have been underestimated duerttric (Collie and Krusé pres3.
tag loss, underreporting, and migration. By compari-  Catchability of the trawl survey, used to estimate
son, overall mean natural mortality for legal85 mm  abundance and subsequent harvest levels, has impli-
CL) red king crabs in Bristol Bay of the eastern Beringcations for management. If the current harvest strat-
Sea was estimated to be about 0.3 (Zheng et al. 199%ayy is optimal for the current population abundance
1995b). If natural mortality is indeed as high as thosestimated by area-swept methods, then use of our lower
estimated by the tagging experimermgsyill be much  population estimates correspondinggo 1 for both
smaller than 1. blue king crab stocks will result in underharvest of the

Catchability >1 would result if higher densities of stock. Conversely, setting > 0.3 makesg<1 for St.
legal crabs occurred in trawlable habitats than in unMatthew Island blue king crab, thus generating higher
trawlable habitats. A positive bias ¢nwould also re-  population estimates, which if adopted, will effect over-
sult from process errors (Collie and Krugepresy;  harvest of the stock. Unfortunately, only one pot sur-
however, a bias of 80% rarely occurs. If the surveyey has been conducted in a limited area near St.
catchability is underestimated, then absolute aburMatthew Island (Blau 1996) and none near the Pribilof
dance estimates of blue king crabs are inflated andlands. Multiple years of pot surveys in both untrawl-
harvest rates are higher than managers previously able and trawlable habitats accompanied by tagging
sumed. This effect would be much greater for thestudies would provide information germane to esti-
Pribilof Islands stock where the likely estimatecpf mating natural mortality and trawl-survey catchability.
is 1.98, compared to 1.23 for the St. Matthew Island’he harvest strategy needs reevaluation when catch-
stock. Based on these estimateqqofthe actual har- ability is better known.
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