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ABSTRACT 

Excessive handling of soft-shell Dungeness crab (Cancer magister), is 
believed to result in mortality. Estimates of handling mortality could be 
used to minimize the impact of commercial fishing on soft-shell crab. 
Dungeness crab were tagged, measured for shell hardness, and exposed to air 
for a specified period. Differences in recovery rates of crab with different 
shell hardnesses and air exposure times were not statistically significant. 
Nonsignificant results were attributed to small sample sizes in shell- 
hardness categories most sensitive to treatment. Therefore, affects of air 
exposure and handling on soft-shell crab could not be determined in this 
study. Recommendations are made for future study designs. 

KEY WORDS: Dungeness crab, handling mortality, soft-shell crab, exposure, 
tagging of crab, Kodiak 



INTRODUCTION 

The Dungeness crab, Cancer magister, fishery in Alaska is managed solely on 
restriction of the size, sex, and fishing season. Only male crab 6.5 in in 
carapace width may be taken throughout Alaska. Fishing seasons vary from one 
management area to another, and the basis for seasons in many areas is not 
supported by convincing biological data. The Alaska Department of Fish and 
Game (ADF&G) may currently limit commercial fishing seasons if an excessive 
proportion of soft-shell crab occurs in deliveries or on the fishing grounds 
(ADF&G, 1988). The rationale is that unacceptable mortalities result from 
capture and handling of soft-shell crab. Estimates of handling mortality for 
Dungeness crab with varying shell conditions would greatly enhance 
justification for management decisions pertaining to season changes and area 
closures based on proportions of soft-shell crab. This study investigated 
handling mortalities of Kodiak Dungeness crab based on air exposure time and 
shell hardness. Release and recovery rates of tagged crab exposed to air 
were used to estimate handling mortality for crab of varying shell hardness. 

METHODS 

The handling mortality study was conducted in Alitak Bay on Kodiak Island 
between June 6 and June 15, 1987 (Figure 1). This area was selected because 
the state research vessel, Coho, was available during the time when Dungeness 
crab in Alitak Bay were expected to have recently molted. The area was also 
closed to commercial fishing during the study period enabling crab to be 
tagged prior to the beginning of the commercial fishing season. Two specific 
areas of Alitak Bay were fished, Tanner Head and Snug Cove (Figure 1). A 
total of 278 crab pots were fished, 152 pots in the Tanner Head area and 126 
pots in Snug Cove. In the Tanner Head area, 183 crab were tagged and 
released, while 447 crab were tagged and released in Snug Cove. 

Crab were captured using commercial Dungeness crab pots approximately 40 in 
in diameter and 12 in high. Each pot had two 4-in circular escape ports to 
allow female crab and undersize male crab to escape. Crab pots were baited 
with chopped squid placed in 2 pint stainless steel bait containers. Strings 
of crab pots with about 600 ft between pots were set and buoyed to the 
surface with 1/2-in polypropylene line attached to two cylindrical floats. 
Number of crab pots per string and number of strings set each day varied in 
an effort to approximate commercial fishing conditions. Pots were allowed to 
soak for 2 days before being pulled. 

Crab were gently sorted and removed from pots, then carefully measured and 
tagged in an effort to minimize handling and marking affects. Female crab 
caught in the pots were enumerated and immediately released. All male crab 
were measured (carapace width), tested for shell hardness with a model 
307LCRB4 durometer (Hicks and Johnson 1988), tagged, and held in a basket for 
differing predetermined times before being released. Durometer measurements 
of crab shell hardness were always taken from the same shell area on each 
crab: the ventral carapace approximately midway between the notch of the 
tenth anterolateral spine and the shoulder (coxa) of the crab. Crab were 



Figure 1. Alitak Bay Study Area. 



tagged according to methods described in Snow and Wagner (1965) . Two small 
holes were punched through the shell at the suture line of the posterior 
shell. A numbered spaghetti tag was threaded through the shell with a curved 
needle of number two stainless steel wire. After the spaghetti tag was 
inserted an overhand knot was tied approximately 1 in from the shell securing 
the tag and allowing room for shell growth. Once the crab from one pot were 
tagged they were all placed together in a basket to await the assigned 
exposure time of 5, 15, 30, or 60 min. These exposure times were selected to 
simulate the range of air exposure times that can occur while crab are 
handled and sorted on a commercial fishing vessel. When the exposure time 
for a basket was achieved the crabs were immediately released. 

Tags were recovered from the commercial fishery through the cooperation of 
commercial fisherman and by ADF&G personnel in dockside samples of commercial 
crab catches. The number of commercial catches sampled was weighted 
according to the number of vessels delivering catch in each fishing district. 

Analysis of Handling Effects 

Dungeness crab handling mortality data were analyzed with the chi-square test 
(Sokal and Rohlf 1969) and the non-parametric Kruskal-Wallis test (Conover 
1980). Primary hypotheses were designed to test whether tag recovery rates 
were: (1) identical for crab of similar shell hardness but exposed to air 
for different periods of time; and (2) identical for crab exposed to air for 
the same length of time but with different shell hardness. 

Shell-hardness measurements were divided into 6 categories for analysis. 
Each category included a range of 10 durometer units. Lower durometer 
readings were taken from soft-shell crabs. Since, few crab were caught with 
durometer readings ranging between 20 - 29, 30 - 39, and 40 - 49 units, the 
first shell-hardness category spanned durometer readings from 20 - 49 units. 
This increased the sample size of soft-shell crab. Broader categories of 
shell hardness were also defined for additional tests of hypothesis number 
one. 

Chi-square Tests 

Expected number of tag recoveries for each exposure time and shell-hardness 
category were calculated as a function of the number of tagged crab released. 
Specifically, for any one combination of exposure time (i) , and shell 
hardness (j), the expected tag recovery E(rij), was calculated as number of 
crab tagged for that combination (nij), divided by total number of tagged 
crab (N), and multiplied by total number of tagged crab recovered (R) or: 

Dissimilar numbers of tagged crab were released for each combination of 
exposure and shell hardness. Therefore, each set of expected recoveries for 
a specific exposure time or shell hardness followed a different distribution 
requiring that each be treated as an independent sample. Chi-square tests 



were run for each independent sample or: (1) each exposure time to determine 
if tag recoveries for an exposure time were equivalent for all shell 
hardnesses; (2) each category of shell hardness to determine if tag 
recoveries for a shell hardness were equivalent for all exposure times; (3) 
various combinations of shell-hardness categories to determine if tag 
recoveries were equivalent for broader groupings of shell-hardness 
measurements; and (4) pooled shell hardness to determine if tag recoveries 
were equivalent for all exposure times independent of shell hardness. 
Exposure times were not pooled because they represent treatments. 

Kruskal-Wallis Tests 

The distribution-free Kruskal-Wallis test was used to analyze all independent 
samples in the data set as a whole. The test statistic was calculated twice 
where exposure times and shell-hardness category were sequentially reversed 
in each analysis to test two different hypothesis: (1) recovery rates of 
crab exposed to air for different exposure times were equivalent for crab in 
each shell-hardness category greater than 49 durometers; and (2) recovery 
rates of crab with shell hardness greater than 49 durometers were equivalent 
for each exposure time. The Kruskal-Wallis test is based on the rank of 
observed data and does not include expected values. Observed tag recoveries 
did not exist for crab with shell-hardness values less than 49 durometers. 
Therefore, the first category of shell hardness was excluded in calculation 
of the test statistic. 

Estimation of Sample Size 

Abundance of crab with different shell-hardnesses was variable and few soft- 
shell crab were captured, tagged, and released. This inequality of sample 
sizes for each combination of shell hardness and exposure excluded use of 
ANOVA techniques and lack of a control group prevented the use of maximum 
liklihood estimators to estimate mortality. We determined it would be 
helpful to evaluate sample size and design for future studies. 

Sample size estimation was approached in terms of controlling the risks of 
making Type I and Type I1 errors and specification of the minimum difference 
in recovery rate (in number of crab) which is important to detect with high 
probability between each exposure level and shell-hardness category 
combination. Sample sizes were estimated for a fixed effects model of ANOVA 
with equal sample sizes, using the following formula for the error variance: 

SSE 
= 

(a-1) (b-1) 

where SSE is the sum of squares for error between observed and expected 
numbers of crab recovered from each combination of exposure time period and 
shell hardness category. The degrees of freedom term is based on a single 
observation in each cell since only one recovery rate is available for each 



combination of exposure level (a), and shell-hardness category (b). Table A- 
10 in Neter, Wasserman and Kutner (1985) was used to determine sample size 
based on probabilities of making Type I and Type I1 errors, desired 
detectable difference and the standard deviation. Sample sizes are a 
function of a variance of recovery rates. Therefore, tabled values of sample 
size were multiplied by a factor of nine which is the soft-shell crab 
recovery rate. The more conservative soft-shell crab recovery rate of one in 
nine crabs was used instead of the hard-shell crab recovery rate of one in 
five crabs. This insured adequate sample size for all treatment and shell- 
hardness combinations. 

RESULTS 

A total of 630 male Dungeness crab were tagged from the 278 pots set and 
retrieved during the 10-d study. Data on tag releases and recoveries are 
presented in Appendix A. In some cases, observers were able to take a second 
durometer reading of shell hardness from recovered crab: 16 of 25 showed a 
decrease in shell-hardness. All decreases were less than 15 durometer units. 
Softening of a crabs carapace occurs just prior to molting and may explain 
these observed decreases in shell hardness. Six crab showed minimal 
increases in shell hardness, and two crab displayed substantial increases in 
shell hardness. An increase in shell hardness is due to the natural 
hardening of a crab carapace over time. One crab had the same shell hardness 
when it was released and recovered. 

Crab were considered to be hard-shell crab (handleable) if they scored 70 
durometers or higher. Crab < 70 durometers were considered soft (fragile). 
A summary of the number of hard and soft-shell male crab released and 
recovered by exposure time is shown in Table 1. Far more hard-shell crab 
were released than soft-shell crab. Soft-shell crab were not as soft as 
originally anticipated for the time and area studied. Releases by shell 
hardness were 81.9% hard-shell crab and 18.1% soft-shell crab. Recoveries by 
shell hardness were 88.8% of the hard-shell crab released and 11.2% of the 
soft-shell crab released. One in five hard-shell crab released were 
recovered, while only one in nine of the soft-shell crab were recovered. 
Recoveries of hard-shell crab were high even at the maximum exosure time, 
confirming that hard-shell crab are extremely rugged crustaceans. Number of 
crabs released, observed number of crabs recovered and expected number of 
crabs recovered are summarized in Table 2 by time and the finite shell- 
hardness categories used in calculation of chi-square and Kruskal-Wallis test 
statistics. 

Chi-square Test Results 

Chi-square values testing for differences in recovery rates of crab due to 
shell hardness are presented in Table 3. Chi-square values testing for 
differences in recovery rates of crab due to exposure time are shown in Table 
4. Recovery rates were found to be comparable for: (1) each shell-hardness 
category with the same exposure time; (2) varying combinations of shell- 
hardness categories with the same exposure time; (3) for pooled shell- 



Table 1. The number and percent composition of male 
Dungeness crab released and recovered by 
exposure time and shell-hardness category. 

Number of releases 

Exposure Soft Hard Total 
Time Shell Shell 

5 min 32 (20.4%) 125 (79.6%) 157 

15 min 23 (13.9%) 142 (86.1%) 165 

30 min 24 (15.3%) 133 (84.7%) 157 

60 min 35 (23.2%) 116 (76.8%) 151 
- 

Total 114 (18 .I%) 516 (81.9%) 630 

Number of recoveries 

Exposure Soft Hard Total 
Time Shell Shell 

5 min 3 (10.3%) 26 (89.6%) 2 9 

15 min 3 (10.0%) 27 (90.0%) 30 

30 min 3 (12.5%) 21 (87.5%) 2 4 

60 min 4 (12.1%) 29 (87.8%) 3 3 

Total 13 (11.2%) 103 (88.8%) 116 



Table 2. Number of crab released, observed number of 
crab recovered, and expected number of crab 
recovered by exposure time and shell-hardness 
category. 

Exposure Durometer Units 
Time 20-49 50-59 60-69 70-79 80-89 90-99 Total 

Released 9 7 16 9 5 2 64 157 
Recovered 0 0 3 0 10 16 2 9 
Expected 1.657 1.289 2.946 1.657 9.575 11.784 28.908 

15 min 

Released 5 4 14 16 6 1 6 5 165 
Recovered 0 2 1 2 13 12 30 
Expected 0.921 0.737 2.578 2.946 11.232 11.968 30.381 

30 min 

Released 6 5 13 13 7 2 48 157 
Recovered 0 0 3 0 13 8 2 4 
Expected 1.105 0.921 2.394 2.394 13.257 8.838 28.908 

60 min 

Released 11 10 14 11 5 6 4 9 151 
Recovered 0 2 2 1 16 12 3 3 
Expected 2.025 1.841 2.578 2.025 10.311 9.022 27.802 

Total 

Released 3 1 2 6 57 4 9 241 226 630 
Recovered 0 4 9 3 5 2 4 8 116 
Expected 5.708 4.788 10.496 9.022 44.375 41.612 116.0 



Table 3. Sample size, degrees of freedom, chi-square 
value and associated probability for the 
test of equal recovery rates of male 
Dungeness crab by exposure time. 

Exposure 
Time N df x2 Probabili tyl 

5min 29 5 6.131 .3 > p(x2) > .2  

15 min 30 5 4.633 .5 > p(x2) > .4 

30min 24 5 4.658 .5>p(x2) > .4 

60min 33 5 6.810 .3 > P(x2) > -2 

5-60 min 116 5 1.810 . 7  > p(x2) > .6 

l~robabilit~ of rejecting a true Ho, where Ho: 
recovery rates are equal for each shell- 
hardness category at the corresponding 
exposure time. 



Table 4. Sample size, degrees of freedom, chi-square 
value and associated probability for the 
test of equal recovery rates of male 
Dungeness crab by shell-hardness category. 

'probability of rejecting a true Ho, where 
Ho: Recovery rates are equal for each exposure 

time at the corresponding shell-hardness 
category. 



hardness categories with the same exposure time; and (4) for each exposure 
time with the same shell hardness. 

Kruskal-Wallis Test Results 

The Kruskal-Wallis test of the hypothesis that recovery rates of crab exposed 
to cold air for increasing amounts of time are equivalent for shell hardness 
greater than 49 durometers resulted in a value equal to 3.026. This value is 
comparable to the chi-square distribution at 7 df. (the original eight 
categories of shell hardness, minus one1). The probability of rejecting the 
true null hypothesis based on this test statistic lies between .90 and .80. 
Test of the hypothesis that recovery rates of crab with shell hardness 
greater than 49 durometers are equivalent for each exposure time resulted in 
a test statistic value equal to 2.748 at 3 df. The probability of rejecting 
the true null hypothesis is between .50 and .30 for this test statistic. 
Recovery rates of crab with shell hardness values greater than 49 durometers 
were similar for each air exposure time. Recovery rates of crab exposed for 
increasing amounts of time were considered similar for shell hardnesses 
greater than 49 durometers. 

Sample Size Results 

Sample sizes for several detectable differences in number of crab recovered 
by number of treatments and probabilities of Type I and Type I1 errors are 
presented in Table 5. Optional values are presented for each of these 
parameters to enable comparison of the costs and benefits of several sample 
designs. Sample size values represent the equal number of crab to be sampled 
for each cell or combination of exposure time period (treatment) and shell- 
hardness category. The minimum difference in crab recoveries between cells, 
to be detected as statistically significant was set at three, four, and five 
crab. These levels of detectable difference were based on a mean of 4.8 crab 
equal to the mean of differences in crab recoveries between cells in this 
study. The number of treatments shown in Table 5 range from four to six and 
include a control group: e.g., exposure times for four treatments could be 
O(contro1 group), 10, 20 and 40 min. A series of Type I and Type I1 error 
probabilities were also presented to allow a choice in the accuracy of 
analyses. 

Soft-shell and hard-shell crab sample sizes used in this study were 
inadequate. For a=. 05, 1-P=. 95, four treatments and three shell hardness 
levels corresponding to the three soft-shell categories (12 cells), the 
sample size for soft-shell crab in this study was only 11% of the number 
needed if the minimum difference to be detected between cells was set at 

'calculation of the test statistic is the same if you include crab recoveries 
from all eight categories of shell hardness or only the non-zero crab recov- 
eries. 



Table 5. Sample sizes for several detectable differences 
in number of crab recovered by number of 
treatments and hypothesis testing 
probabilities. 

IA is the difference in number of crab recovered that is desirable 
to detect between treatments. 

2o is the standard deviation between observed and expected number 
of crab recovered at each combination of exposure time period and 
shell hardness category with N=24 (one subject per cell). 

3a is the probability of rejecting a true null hypothesis. The null 
hypothesis for the above scenario is mean recoveries of crab from 
each combination of exposure time period and shell hardness 
category are equal. 

4~ is the probability of failing to reject a false null hypothesis 
or failure to establish a treatment effect when it exists. 

5~ is a treatment and for the purposes of determining sample size 
can be viewed as the number of exposure time periods. 



three crabs. To detect a difference of five crabs, more than 4.5 times the 
number of soft-shell crab should have been sampled. Based on the above 
constraints where the three shell hardness levels now correspond to the three 
hard-shell categories, the sample size of hard-shell crab in this study was 
48% and 96% of that needed to detect a difference of three and five crab, 
respectively. 

DISCUSSION 

The lack of statistically significant differences in recovery rates of 
Dungeness crab with different shell hardness and air exposure times could 
mean (1) there were no differences in mortality, or (2) that differences 
were not detectable because of small sample sizes. Each of these hypotheses 
needs to be scrutinized before undertaking future studies of Dungeness crab 
handling mortality. 

Our field observations (not shown) reveal that soft-shell crab are more 
vulnerable to adverse conditions than hard-shell crab. For example, limb 
loss is prevalent among soft-shell crab during handling when the primary 
objective is efficient removal and sorting of crab from a pot. Evidence also 
exists in the literature supporting the hypothesis that soft-shell crab are 
more vulnerable to handling mortalities than hard-shell crab. Early studies 
in Oregon by Waldron (1958) showed a significantly greater percentage of 
Dungeness crabs released in a hard-shell condition were recovered than those 
released with a medium hard shell. Information presented by Tegelberg (1972) 
suggested that soft-shell Dungeness crab are subject to significant mortality 
from discard handling when crab fishing is permitted during periods of soft- 
shell crab abundance. Results from a study by Barry (1984) indicated 
handling mortality rates are directly related to the condition of Dungeness 
crabs. Both field observations and cases from the literature indicate 
differences in handling mortality exist between soft and hard-shell crab. 
Unfortunately this study was not able to provide additional evidence. 

Differences in mortalities between each combination of exposure and shell 
condition may not have been detected because of corresponding gross 
inequalities in sample size. The recovery rate of soft-shell crab was almost 
half that of hard-shell crab, yet the difference in recovery rates did not 
test significant. Sample sizes of soft-shell crab for all exposure times 
were much smaller than those of hard-shell crab. The soft-shell crab sample 
size used in this study was only one-fifth of the number needed to accurately 
analyze recovery rates of soft and hard-shell crab. 

Future studies to estimate handling mortality are needed to strengthen 
justification of management decisions that affect fishing seasons and area 
closures based on soft-shell crab abundance. Recommendations for future 
handling mortality studies are presented in detail in Appendix B. The most 
important considerations for a handling mortality study include: (1) an 
untreated control group of crab; (2) estimates of commercial fishing effort 
in each tag release site; (3) number of study sites; (4) timing of release 
and recovery effort; and (5) effects of tagging on crab. 



CONCLUSIONS 

1. The sample size for soft-shell crab was insufficient to detect 
differences in handling mortality between soft- and hard-shell Dungeness 
crab. 

2. Future studies are needed to enhance justification of management 
decisions. 

3. Design and timing of future handling mortality studies are critical to 
statistical assessment of any difference between soft-shell and hard- 
shell crab handling mortality. 
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Appendix B. Recommendations for future handling mortality studies. 

Design and subsequent analysis of a tag release-recovery study is a function 
of the dependence of survival and capture probabilities on treatments, 
release-recovery sites, and release-recovery time (Burnham et al.) 

The probability of a crab surviving a treatment is estimated as the ratio of 
two survival probabilities. Specifically, the ratio of the survival 
probability between release and recovery sites for treatment crab to the 
survival probability between release and recovery sites for control crab. A 
control crab is one that is tagged but does not experience any treatment. 
Design of future studies should, therefore, include a control group of crab 
for each shell hardness category. 

The probability of capture is estimated from the allocation of effort to 
recovery sites. In this type of study, commercial fishing effort is the 
typical method of recovering tagged crab. It is not feasible however, to 
proportionally allocate the effort of the commercial fishing fleet. Estimates 
of commercial fishing effort in each of the tag release sites should be 
obtained. 

The degree of dependence, each of the survival and capture probabilities has 
on treatments, release-recovery sites, and release-recovery time dictates the 
complexity of the model used to estimate these probabilities. Therefore, it 
is important to consider each of these affects in design of a handling 
effects study. Investigation of handling affects is primarily an estimation 
of treatment effects or crab survival. The affect of release or recovery 
site will be negligible if all release and recovery sites include one 
homogeneous population. Design of a study should include three or more 
release-recovery sites. This will allow a test of the assumption that the 
capture probability at a site is equal for treatment and control crabs. In 
addition, several randomly selected release sites could be used as replicates 
to estimate sampling variance. The timing of release and recovery can in two 
main ways, significantly alter the sample design and subsequent model 
selection for analysis. First, the time between release and recovery of 
crabs should be short in order to minimize the effect of any outside sources 
of mortality. Ideally one would tag crab at the end of the soft shell period 
to: (1) reduce the time crab are at large before the commercial fishery is 
opened to recover the crab; and (2) minimize confounding of handling 
mortality by increased natural mortality associated with the molting period. 
Similarly, it would be best if the commercial crab fleet concentrated effort 
at the beginning of the fishery in the area where crab were released. 
Second, if the proportion of crab available in each shell hardness category 
does not meet sample design requirements, multi-stage sampling may be 
necessary. This type of sampling is less desirable for two reasons: (1) 
crab with different shell hardnesses will be at large for variable amounts of 
time prior to recovery; and (2) recapture of previously tagged crab may 
affect survival. Both of these factors would have to be accounted for in 
model selection. 



Appendix B. (p. 2 of 2) 

If the purpose of a handling experiment on crab is to provide convincing 
biological data to support changes in commercial fishing seasons and areas, 
then every effort should be made to simulate commercial handling of crab. 
Additional handling effects that may occur from tagging crab should be 
addressed in a concurrent experiment. Specifically, 15 to 25 tagged and 
untagged crab from each shell-hardness category should be held seperately for 
five days in pots with escape gaps wired shut. If a differential tagging 
mortality is detected between these groups, then it too should be included in 
the model for estimating survival and capture probabilities. 

Further studies should time sample collection to coincide with molting period 
in order to insure adequate sample sizes in the shell hardness categories 
most sensitive to treatment. The unpredictable nature of crab molting will 
require intermittent sampling of a crab population to determine the soft 
shell period. 
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