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Handling Increases Mortality of Softshell Dungeness Crabs Returned
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Gordon H. Kruse, David Hicks, and Margaret C. Murphy

ABSTRACT. Effects of carapace hardness and air exposure duration on mortality were studied on Dungeness crabs
Cancer magisteoff Kodiak Island, Alaska. We captured 516 legal male crabs and marked them with spaghetti tags.
Carapace condition was recorded, and crabs were randomly selected for exposure to air for 5, 15, 30, and 60 min.
Crabs were then returned to the sea. Subsequent recoveries from commercial catches included 11% of the tagged
softshell crabs and 20% tagged hardshell crabs; these differences were statistically different. No statistical difference
was found among exposure periods for hardshell crabs; low statistical power due to small sample size precluded
similar tests for differences among exposure periods for softshell crabs. Low recovery rates of softshell crabs in
Alaska is consistent with previous mark-recapture studies of Dungeness crabs conducted off Oregon and Washing-
ton. Previously published results from controlled experiments support our conclusion that differential recovery rates
were primarily due to elevated handling mortality of softshell crabs. Our data suggest that softshell crabs experienced
45% higher mortality than hardshell crabs. However, this rate may not be representative of handling mortalities
experienced during commercial fisheries because (1) during molting periods fisheries catch crabs much softer than
those we encountered, (2) we handled crabs much more carefully than would normally occur during commercial
operations, and (3) we were unable to derive separate estimates of differential natural and handling mortalities
among softshell and hardshell crabs. Findings of handling mortalities of softshell crabs, coupled to considerations
of cannibalism in crab pots, indicate that Dungeness crab fishing seasons in Alaska should be structured to avoid
major molting periods as is the general practice along the coasts of California, Oregon, Washington and British
Columbia. Such regulations will reduce mortality and commensurately increase the abundance of harvestable males
and spawning biomass. Extended fishery closures until several months after molting will result in some economic
benefits, as well. Meat yield and wholesale value are lowest during molting and increase until peaking several
months later. These factors, plus other socioeconomic tradeoffs, should be weighed to determine net benefits to
changes in fishing seasons for Dungeness crabs.

In Alaska, Dungeness crab fisheries are managed
INTRODUCTION primarily by size, sex, and season (3-S) regulations
(ADF&G 1993). Typically, fishing seasons extend
This paper examines experimental effects of carafrom June 15 through December 31, but significant
pace hardness and air exposure duration on rates wériation in season dates occur among management
recovery of tagged Dungeness cr&ancer magister areas. Only male crabs 6.5 in carapace width may be
in the commercial fishery off Kodiak Island, Alaska, retained. Width is measured by the straight line dis-
and discusses the associated management implicence across the carapace immediately anterior to the
tions. The field investigations for this study weretenth anterolateral spine, not including the spines.
conducted, initially analyzed, and reported by Hicks  Significant quantities of softshell Dungeness
and Murphy (1989). Further analysis of their data lectrabs may be handled during commercial fisheries in
to a different conclusion about statistically significant Alaska because seasons are protracted (ADF&G
differences in tag recovery rates among hardshell anti993) and crabs moilt virtually year-round (Koeneman
softshell crabs due to handling mortality. These re-1985). Further, with exceptions of Prince William
vised findings are presented here. Sound (Donaldson 1990) and Cook Inlet (Kimker
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1991), fishing seasons do not necessarily avoid peritality, Cleaver attributed different return rates to
ods of heaviest molting that appear to occur from Aprilhigher tag loss among softshell crabs than hardshell
(Koeneman 1985) through August (Kimker 1991). If crabs. In the second study off Oregon (Waldron 1958),
handling lowers survival of softshell crabs returned tothe tag recovery rate for grade-2 crabs (20%) was half
the sea, fishery productivity could be reduced by directhat for grade-1 crabs (40%); differences in recovery
mortality of discarded males: legal softshell males aré¢ates were statistically significant, but Waldron did not
discarded because of low product quality and botfattribute these differences to specific cause.
hardshell and softshell sublegal males are discarded
due to size limits. Excessive handling mortality of
softshell females could reduce population egg produc- METHODS
tion and subsequent recruitment strength.

Although we are unaware of studies on effects of
air exposure on Dungeness crabs, several investigatoFseld Methods
have studied effects of carapace hardness on handling ) _
mortality. In these studies crabs were classified based Dungeness crabs were captured with commercial
on subjective measures of carapace hardness. SorR@ts in Alitak Bay (approximately 580’ N, 164 10°
investigators (e.g., Cleaver 1949) used terms such a4) at the southern end of Kodiak Island during June
new hard, new slightly soft, new sofind old shell. 6-15, 1987, using the Alaska Department of Fish and
Many others (e.g., Waldron 1958; Tegelberg 1972Game vesst/V Coho Females and Sl_JbIegaI males
Barry 1984) classified crabs asade lor hardshell, Were not studied and were returned quickly to the sea.

those having little or no flexibility in carapacgrade ~ Ca@ptured legal male crabs were measured for carapace
2 or medium hardshellthose having a somewhat width, and objective estimates of carapace hardness

flexibl : de 3 ftshellth ith were obtained with a r_nodel 307LCRB4 durometer
ae\j(éryeﬂ%irizll%aggr;ggé:e orsofisheffnose wi using methods described by Hicks and Johnson

Two of these studies examined mortality directly(lggl)' The durometer measures the relative units

through controlled experiments designed to mimic(O—100 durometers) of pressure that must be applied

commercial fishing operations. In one study in Wil- to result in an indentation of the carapace. For frame
lapa Bav. Washinaton. Te elbér (1972) captured an f reference, using nonlinear regression of carapace
hart)ndledy(,:rabs sogrjted ,ther?]b r%lde ta egthem wi ardness on time since molting for laboratory animals,
! g - 1agg icks and Johnson (1991) predicted that legal males
Petersen disc tags, and placed 25 crabs for each ha Lerage 19 durometers one month after moltin
ness grade into separate Dungeness crab pots that hfge g 9.

; . durometers at 3 months, and 66 durometers at
tunnels and escape rings wired shut. Pots were sul%- months

merged in 5-13 m of water. Four-day mortality was . .
approximately 9% for grade-1 crabs, 17% for grade'%sinléer?q?elt?oﬂg g;ast)rfov&/ve;?]éa\glj\?;gdn\évrlt?lggéz;?r;entél :ng
crabs, and 23% for grade-3 crabs. In the other Stu.%omly assigned, regardless of carapace hardness, to
Barr_y (1984) c_:aptured, handled, anpl placed crabs iNtQeatment groups of 5, 15, 30, or 60 min of air expo-
holding pots in 16-20 m of water in Grays Harbor, 5re After the prescribed period of air exposure, crabs
Washington. In one set of trials, grade-1 crabs experiyere returned to the sea. During these procedures, all
enced 1% mortality, grade-2 crabs 7%, and grade-gyahs were handled with great care; handling was not
crabs 11% after 4 d. In another trial conducted duringntended to simulate treatment experienced during the
amajor molting period, grade-1 and -2 crabs were nogommerecial fishery. Due to good cooperation by fish-
CO”eCted, but 30% of grade—3 crabs died and an addbrmen, tagged crabs were recovered by ADF&G bi-
tional 9% were moribund after 5 d. ologists from dockside catch samples from the
Two other studies examined recovery rates ofcommercial fishery that opened on June 15 and closed

Dungeness crabs that had been marked with Petersgi December 31, 1987. See Hicks and Murphy (1989)
disc tags and were subsequently sampled from confor more detail on field methods.

mercial catches. In the first study conducted off Wash-  Our study is similar to the field studies conducted
ington (Cleaver 1949), the recovery rate of taggedy Cleaver (1949) and Waldron (1958), but we believe
new, slightly soft crabs was 7% lower than new, hardhat we made some notable advances. Unlike these
crabs, whereas new soft crabs were recovered at a ragerlier studies in which carapace hardness was subjec-
68% lower than that of new, hard crabs. Howevertively classified, our study employed a durometer
rather than resulting from differences in handling mor-(Foyle et al. 1989; Hicks and Johnson 1991) to obtain
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objective measures of carapace hardness. A spaghetti  Nnq = number of tagged hardshell crabs (h)
tag, applied to the epimeral suture line of the crab, was that were exposed to air for d min;
chosen rather than the Petersen disc tag used by /F\)hd proportion of hardshell crabs exposed
Cleaver and Waldron. Spaghetti tags are superior to to air for d min that were sub-

Petersen disc tags for study of differential mortality sequently recovered; and

among softshell and hardshell crabs because (1) dur-

ing molting spaghetti tags are retained (Snow and 2Nna) ™ = correction for continuity (Snedecor and
Wagner 1965), but disc tags are shed (Waldron 1958); Cochran 1967).

(2) Petersen disc tags are lost at greater rates from
softshell than hardshell crabs (Tegelberg 1972); Because this approximation may be poor in data-
(3) crabs marked with Petersen disc tags experienced . o Q

higher short-term (6 d) mortalities than untagged crab mited S'tl.Jat.'onS where Np5 (Sokal a_nd Rohlf
receiving identical handling treatments (Tegel-1981)’ statistical tables calculated by Mainland et al.

berg 1972); and (4) there is no evidence of significan{1956) and reproduced by Rohlf and Sokal (1969)

i 0 ¢ .
tag loss nor differential mortality among Dungenessv.vere used to estimate 95% C.I. @jpor th(_el propor
crabs marked and unmarked with suture line taggOn of softshell crabs exposed o air fomin.

We subjected results to 2 x 2 and 4 x 2 tests of

(Telgelber%_1972_; E mith and J detmleson 198%)_' Unliken jependence for tag recovery rates among carapace
earlier studies with Petersen disc tags, we dismisselyrqness and air exposure treatments. Results of these
the importance of differential tag loss and tag-inducedgsts were evaluated with respect to statistical power
mortality in our investigation for these reasons. Last 1-B). A 2 x 2 G-test with Williams’ correction Gag;

. ad)s

we studied tag return rates for effects of air exposur okal and Rohlf 1981) was used to test for inde-

— afactor notinvestigated previously for Dungeness, o qence of tag recovery rates on carapace hardness
crabs. alone and was compared to tabled value@.ep) for
differences between two proportions with unequal
. samples sizes (Cohen 1988).
Analytical Methods To test for independence of tag recovery rates on

Xposure treatment, 4 x 2 tests were conducted on

- e
Tag recovery data Were aggregatedinto two Carahardshell and softshell crabs separately. Hardshell
pace-hardness categories (<70 &1 durometers) crabs were subjected to a 4 xG2est with Williams’

and four exposure durations (5, 15, 30, and 60 min).qection. Because of the low number of treatments
Hicks and Johnson (1991) reported that 92% of theynq small expected frequencies, we followed Cona-
crabs with carapace hard_ness <70 durometers axgn's (1970) advice and appliedix 2 Fisher's exact
“new soft shells.” For notational shorthand, we refertest for softshell crabs. Because of difficulty in extend-
to crabs with carapace hardness <70 durometers @$g power analyses to more than two classes (Sokal
softshelland those with hardness0 durometers as and Rohlf 1981), we constructed Monte Carlo simula-
hardshell hereafter. tions of these two 4 x 2 tests of independence to ex-
Confidence intervals (CI) for recovery rates ex-amine statistical power. These Monte Carlo
pressed as proportion recovered were estimated usingimulations were used to estimate the sample size in
two methods. For cases with sufficient recoveries (ireach exposure group that would have been needed to
this case, hardshell crabs), 95% confidence intervalgletect biologically meaningful differences in tag re-

were calculated as covery rates.
We proposed that biologically meaningful differ-
95%ClI for phd = ences intag recovery rates would occur if the rate from
— N at least one treatment (shortest exposure) was double
s+l 196 PhdGhd 1 . () the rates a;soaated Wlth'OtheI’ treatments. If reduc_ed
Phd * ' Nhd 2Nhd ' exposure times resulted in smaller improvements in

tag recovery rates than this and presumably smaller
reductions in handling mortality, we would not have
bothered adjusting field estimates of handling mortal-
ity for exposure time, and we would have been disin-

where:
N N
Ohd = 1-Pnd;
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clined to advocate changes in onboard handling pro-
cedures during surveys or commercial operations. SOFTSHELL CRABS

For each hardness category, we testgat ps =

P15= P3o = Pso @gainst H, at 0.505 = P15 = pao = Peo- FOr "
the simulations, sample sizes were set equal in each o
the four exposure groups. Initial test sample sizes for
each treatment were set equal to the average observe
sample size for the hardness category. Next, we ran:
domly sampled 1000 times from each of four binomial
distributions, three with equal probabilities of tag re-
capture in the neighborhood of those observed and the - =
fourth with a probability double the others. Then, 15 30 60
sample size was systematically changed until statisti- EXPOSURE TIME (MIN)

cal power of the test was approximated by the propor-

tion of simulated occurrences in which significant HARDSHELL CRABS

(a =0.09H differences in tag recovery rates occurred.

Given thisa, we followed Cohen’s (1988) suggestion

o
~

o
w

©
N

PROPORTION RECOVERED

o
Ol—a—

and chose the desired statistical poWers) to be Q0.3
0.80. We were satisfied that there were no biologically § I .
meaningful effects of exposure on observed tag recov- S, T "
ery rates, if Ho was not rejected at=0.05 and if E l I - -
(1-B) = (1-By). 8o

8

g o 5 15 30 60

RESULTS - EXPOSURE TIME (MIN)

During tagging operations, 516 legal Dungenessicurel. Proportion and 95% confidence intervals of tagged
crabs with carapace hardness ranging from 26 to 98 softshell (upper panel) and hardshell (lower panel)
durometers were captured and tagged. Of these, 116 Dungeness crabs that were exposed to one of four air
crabs, all with carapace hardness >52 durometers, e€xposure tregtments and sut_)sequently recovered in the
were recovered in the fishery. Recovery rates ranged = commercial fishery by dockside samplers. Methods for
from 9—13% for softshell crabs and 16—25% for hard- calculation of 95% confidence intervals are described in the
shell crabs (Table 1). The 95% CI fﬁgd andﬁhd are et

. . . N\
shown in Figure 1; wider CI fops reflect lower  rate (40%) for the lowest exposure group (5 min) and
sample size for softshelNs = 114) compared to hard- set the number of crabs released in each exposure
shell crabgNy = 516). grouptothe average (129) of allgroups. This increased
The G-statistic from the 4 x 2 test for inde- power to 0.97. Additional simulations indicated that

pendence of the four exposure treatments on thgample size for hardshell crabs could be decreased to
number of hardshell crabs recovered and unrecovere?:ﬁ crabstp%r (EXIOtOSlrJ]reI QFOUI?; this samplf[e size would
_ _2 _ allow usto detect a halving of recovery rates as expo-
(Table 1) vyasGad,—'3.381. Becausgad‘_<X0-05,3_ sure duration increased while retaining statistical
7.815, we did not reject the null hypothesis that recovpower of 0.80. These results imply that there were no
ery rate of hardshell crabs was independent of expoiologically meaningful differences in tag recovery
sure period for the exposure periods testsdl ). rates among exposure treatments for hardshell crabs.
However, simulated binomial observations of these Fisher’s exact test of independence of the number
true hardshell crab recovery rates and numbers of cratf softshell crabs recovered on the four exposure treat-
released in each exposure group resulted in low statisnents yielded P = 0.978: the null hypothesis that
tical power (0.31) for detecting differences amongrecovery rate of soft shell crabs was independent of
treatments. exposure period was not rejected at P = 0.978. Monte
To increase power of the test we averaged th&arlo simulation of binomial observations of the
observed recovery rates (20%), doubled the recovergumber of softshell crabs released and their recovery
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Table 1. The number and percentage of recaptured Dungeness crabs for each of four exposure durations an
two carapace hardness categories. The four exposure categories and two outcomes (recovered and unreco
ered) for hardshell crabs formed the basis of the 4xt@st of independence.

Softshell Crabs Hardshell Crabs
Exposure Number Number Recovery Number Number Recovery
Time (min) Recovered Unrecovered Total Rate (%) Recovered Unrecovered Total Rate (%)
5 3 29 32 9.4 26 99 125 20.8
15 3 20 23 13.0 27 115 142 19.0
30 3 21 24 12.5 21 112 133 15.8
60 4 31 35 11.4 29 87 116 25.0
Grand Total 13 101 114 11.4 103 413 516 20.0

rates yielded low power (0.078) for detecting differ- than the mean recovery rate for hardshell crabs (20%),
ences among treatments. _ and this difference was statistically significant. If the
Statistical power was examined further by (1) recovery rate of tagged softshell crabs had been equal
setting recovery rates of softshell crabs exposedfor 134 the recovery rate of tagged hardshell crabs, then we
30, and 60 min equal to the average rate (11.6%)yould have expected 23 recoveries of tagged soft-

(2) setting the recovery rate for the 5-min exposurnelis rather than the 13 actually recovered.
group to double this level (23.2%), and (3) assuming

equal numbers of released crabs for each treatment
group. We estimated that a sample size of 155 crabs DISCUSSION
for each treatment would have been required to detect
such differences in recovery rates with apower of 0.8. | their analysis of the same data reported here,
Thus, small sample sizes prevented conclusions aboyficks and Murphy (1989) found no significant differ-
the existence of biologically meaningful differencesingnces in tag recovery rates of Dungeness crabs
tag recovery rates among exposure treatments for SOf@'rouped into four exposure periods and six carapace
shell crabs. _ hardness categories. Given total sample size and the
Because the effects of exposure period on reCOVaymber of exposure-hardness treatments considered,
ery rates were not evident for hardshell crabs and werg,ey were unable to distinguish handling effects due
unresolved for softshell crabs, we aggregated the tag, joyy statistical power. We subsequently found that,
recapture data into two hardness categories indeghen datawere aggregated into two carapace hardness
pendent of exposure period (Table 2). This permitte¢ategories and four exposure treatments, sample size
a 2 x 2G-test for independence of recovery rate onyas sufficient to conclude that hardshell crabs showed
carapace hardness. For this test we estimategy statistical evidence of detrimental impact due to air
,(\1‘5) =0.90, given a=0.05Ns=114,Nn=516, exposure at the four durationsi(h) tested. We also
Ps=0.11, andh, = 0.20. The test statistic for inde- found that the number of hardshell crabs tagged in
pendence of tag recovery rates on carapace hardness véagh treatment group was more than adequate to detect
Gagj = 4.955. BecausB,q was greater than the critical a biologically meaningful difference in recovery rates

x2 value(x? = 3.841:;0.01<P <0.05), we rejected 2MONY €Xposure treatments, had such differences ex-
a,df : T ) ! i

0053 isted

the nu” hypotheSiS Of independence. That iS, the mean Sample Sizes Of tagged Softshe” Crabs were too
recovery rate for softshell crabs (11%) was 45% lowekmall to draw meaningful conclusions about effects of
air exposure on recovery rates. When pooled across all
cEXxposure periods, however, we found that the recovery
rate of tagged softshell crabs was lower than that of
tagged hardshell crabs. This difference was statisti-
cally significant and biologically meaningful, and the

Table 2. The 2 x 2 table used to test for independen
of tag recovery rates among softshell and hard
shell Dungeness crabs.

Number of Tagged Crabs power of this test was high. Hicks and Murphy (1989)
Carapace Condition Recovered Unrecovered Total did not reach this conclusion because they considered
Softshell 13 101 114  the exposure periods as different treatments and did
Hardshell 103 413 516 not pool across them. Here, we did not consider the

Total 116 514 630 four exposure periods as different treatments for hard-
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shell crabs because no biologically meaningful effectsels, crabs experienced higher short-term (4-5 d) mor-

from air exposure were noted. Although statisticaltality than control crabs of the same carapace hardness
power was too low to fully discount exposure effectsthat were captured and handled very gently. Softshell

on recovery rates of softshells, these data were poolegdps that were handled three times in 6 d experienced
to permit a test for the separate effect of carapacg o, mortality compared to 23% for those that were

hardness — which we considered to be a primaryf1 . )
. . andled once in 2 d, although sample size prevented
question. We suspect that if exposugdshave any s for significance (Tegelberg 1972).

effects on recovery, these effects would be secondallf?s'[lm acts of crabs on the deck of a fishing vessel or
and would be manifested in crabs with very soft cara- P 9

paces. Because we had dismissed the importance 8P the surface of the sea could affect survival rate. In
differential tag loss and tag-induced mortality, we©One study, short-term mortality was elevated to 57%
assumed that differential mortality was responsible fofor softshell crabs dropped onto the deck of a vessel

observed differences in tag recovery rates. (Tegelberg 1972). In another study (T. Shirley, Uni-
versity of Alaska Fairbanks, Juneau, personal commu-
Carapace Hardness nication), the commercial catching, sorting, and

discarding processes were simulated in the laboratory.
Although we were unable to derive separate estiMortality was found to be directly correlated to the
mates of differential natural and handling mortalitiesnumber of times per month that Dungeness crabs were

among softshell and hardshell crabs, we concluded, agptured, handled, and dropped back into the water.
did Tegelberg (1972), that handling was largely re-

sponsible for the low recovery rates of tagged softshell

crabs. Likewise, Smith and Jamieson (1989) surmise@PPendage Loss
that handling of softshells contributed to higher mor- Dungeness crabs are vulnerable to appendage in-
tality estimates for sublegal males that molted com- B 18-62% of 4D b
pared to crabs that did not molt. These conclusions arly- etween —o<70 of captured Dungeness crabs
supported by controlled short-term experiments byVere found .to be injured glong the coasts of South_e_ast
Tegelberg (1972) and Barry (1984), who found thatAlaska (Shirley and Shirley 1988) and the Pacific
handling mortality was inversely related to carapacenorthwest (Cleaver 1949; Waldron 1958; Durkin et al.
hardness. Even if differential “natural mortality” ac- 1984). Time of year and the level of fishing effort
counteq for a significant portion of observed differ- affect injury rates. Shirley and Shirley (1988) found
ences in tag recovery rates among softshell anghe jncidence of appendage injury of Dungeness crabs

gi;drsgﬁa” Clgargs&nhznndd”ngargﬁ}[/i s(tylggg)irgﬂltijca(t;eodd dFir?rin Southeast Alaska to increase significantly with the
(1985) f&)und that handled and released lobster rosecution of the commercial fishery and with the

(Panulirug experienced increased predation due tg®"Set of mating and molting. . _
displacement from home range, lack of shelter at site PUngeness crabs have the ability to survive ampu-
of release, impairment of activity level, and reducedtation and regenerate lost limbs (MacKay 1942;
aptitude for defense against predators. Cleaver 1949). However, these crabs may suffer lower
Unfortunately, our results cannot be used to infesurvival rates than crabs with all appendages intact. In
the level of handling mortality of Dungeness crabsour study, only three crabs had missing appendages
during commercial fisheries because (1) fisheriegnicks and Murphy 1989), so we were unable to

prosecuted during molting periods catch crabs much 4 vze the nossible effects of this factor. However. in
softer than we encountered, and (2) we handled cra%s yz poss! ! - OWever, !

much more carefully than under commercial opera- _2—5(ear study Cleaver (1949) found that tagged crabs
tions. For these reasons, estimates of handling mortafliSSing one appendage were recaptured at 73-93% of
ity may be less than true mortality in commercial the recovery rates of tagged crabs without missing
fisheries prosecuted on newly molted crabs. appendages; this fell to 50-65% for crabs missing two
appendages. Similarly, data presented by Waldron
(1958) reveal that crabs with some lost appendages
were recovered at a lower rate (83%) than crabs with

Barry (1984) found that, if handled in a manner all appendages intact, but this difference was not sta-
similar to conditions aboard commercial fishing ves-tistically significant.

Severity of Handling
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Air Exposure months after molting for Willapa Bay crabs. Also, he
documented a relationship between carapace hardness
Under field conditions — generally cool and over- and product quality. The weight of meat recovered
cast or rainy — that we encountered off Kodiak Islandfrom softshell crabs was lower than that of hardshell
during tagging in June 1987 hardshell Dungenesgrabs of the same size regardless of month of year. For
crabs seemed to survive air exposures for up to 1 hayample, in December the picked weight of hardshell
Because of Iack_ of statistical power_assouated V_V'ﬂbrabs (grade 1) was 25% of live weight as compared
small sample size, we could not discount possiblg,, oy 1504 for softshell crabs (grade 3). Additionally,

O o ool e, NoneleleShereis anegateinear relaionhip beteen percent
with anecdotal observations by Cleaver (1949) that aif-9° of meat yield and percentage of softshell crabs in
y (1949) e catch (PMFC 1978).

exposure causes crabs no harm if they are kept co Meat vield affect . {E i whol
and moist. However, it seems to us that desiccation eal yield afiects economic rent. Even it whole-

could adversely affect survival at longer exposure>@€ Price was fixed, lower product recovery rates

periods or higher air temperatures especially for softfeduce gross receipts paid to processors for a given
shell crabs. number of crabs (PMFC 1978). Yet, carapace condi-

tion may have no effect on unprocessed weight be-

cause softshell crabs with low meat yields have high

Management Implications water content (Taylor and Warren 1991). These con-
ditions provide incentives for processors either to re-

Handling mortality has significant implications fyse purchase of landings dominated by softshell crabs

for fishery management. Commercial fisheries proseg, g offer lower exvessel prices for these catches.
cuted during molting periods reduce survival of Dun-peqardiess, increased quantities of softshell crabs in

geness crabs returned to the sea. It follows thag o catches reduce gross earnings of harvesting and
handling of molting prerecruit crabs reduces the size

of the legal population available several months lateP 0CESSING segments of the crab industry.
when crabs are harvestable size. Handling mortalit)b Given all of th(_ase c_ons_lderatlons, we bellev_e that
on females reduces population egg production. Unfor: UNgeness crab flsherles in Alaska should av_0|d ma-
tunately, itis very difficult to quantify in situ handling 197 molting periods, as is the general practice off
mortality and its affect on population dynamics andCalifornia (Warner 1985), Oregon (Demory 1985),
the commerecial fishery for Dungeness crabs. Washington (Barry 1985), and British Columbia
Fisheries may lead to other sources of mortality(Jamieson 1985). If fixed openings and closures are
aside from handling. Cannibalism, particularly onused, then seasons should be selected that acknow-
softshells, occurs when crabs are contained in pots arlddge extensive interannual variability in molting pe-
aquaria (Cleaver 1949; Waldron 1958). Also, deathsiods typical of Dungeness crabs (Tegelberg 1972;
occur due to starvation from confinement in pots forSnow 1963).
periods=30 d (Paul et al. 1993b). These mortalities  Alternatively, as recommended by Jamieson
may be problematic in fisheries in which pots are(1985), fishing seasons could be flexed to avoid major
fished with lengthy soak times or in fisheries with molting periods based on inseason monitoring of cara-
significant pot loss. Based on experiments (Kimkerpace hardness. Waldron (1958) reported on a manage-
(Kruse and Kimker 1993), in February 1993 th&ypich the fishery was open only when <10% of legal
Alaska Board of Fisheries adopted new fishing reguy;, o maje crabs were softshell. A similar strategy is

lations (ADF&G 1993) that require all shellfish and ; ; : .
groundfish pots to be installed with a degradabl employed currently in Washington, Prince William

mechanism made of cotton twine or a galvanic time%qund (Donaldson 1990), and lower Cook Inlet

release device. These provide for escape from lodf<imker 1991). The primary advantage over a fixed
pots. season is that handling mortality is reduced in years

Economic considerations are important, as wellWhen crabs molt so late that softshells would have
Tegelberg (1972) showed that mean percentageccurred in commercial catches despite planned sea-
picked weight increased from 15% of live weight sonal closures. On the other hand, increased fishing
during peak molting period to 26% three months lateropportunities could be provided in years when the
for Washington coastal crabs and to 30% sevemolting cycle is advanced.
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CONCLUSIONS RECOMMENDATIONS

(1) We believe that handling mortality caused the
statistically different (0.010.05) tag recovery rate
noted between softshell crabs (11%) and hardshe
crabs (20%) in the 1987 commercial fishery off Ko-
diak Island, Alaska.

(2) The 45% lower recovery rate for softshell
crabs than for hardshell crabs may have been partiall
influenced by tag loss or tag-induced mortality, but
these influences were believed to be relatively minor
Furthermore, our conclusions about handling mortal
ity for softshell crabs are quite consistent with othe

(1) We recommend a statewide study of Dun-
eness crabs to estimate molting timing and its inter-
nnual variability by area. At present, molting timing

is poorly known in most areas of the state.

(2) Dungeness crab fisheries in Alaska should be
closed during major molting events. This may be
¥chieved by two methods. Fixed closure periods that
account for interannual variability in molting timing
may be established for each regulatory area. Alterna-
tively, variable season opening dates could be set
'hased on annual pre-season sampling programs as

Dungeness crab studies. . ! ; -
. currently practiced in Prince William Sound and lower
(3) Hardshell crab survival does not appear to bebook |n>|/e?.

affected by exposure to air up to 60 min during the cool (3) A bioeconomic simulation study is recom-

and overcast or rainy conditions that we encountereghonjeq to guide considerations of optimal fishing
off Kodiak Island while tagging. Sample size was t00g¢550ns for Dungeness crabs. Relevant factors include
small to test the effects of different exposures oryqq,its of the proposed molting timing study, handling
softshell crabs, and no conclusions were possible. ity related to carapace condition, mean percent-
(4) In commercial fisheries severe handling and, e hicked weight as a function of shell hardness, and

multiple r%capturel_s wﬂlfmc;ea;]se” hanglmg stresds ?}n easonal effects of U.S. supply of Dungeness crabs on
associated mortality of softshell crabs beyond thafied haid per pound.

indicated by our study, in which crabs were handle
only once and with great care.
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