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V.ARIATIONS IN BICMASS OF EASTERN BERING SEA KING CRABS, BASED ON TAGGIJIiG 
ES'I'IMATES OF GROWTi! A:."iJD MOR'rALIT:{ 

• 
by George Rirschhor~n 

Bureau of Commercial Fisheries 

INTRODUCTI01~ 

T;.'1is report provides background iI:.formation on the king crab 

fishe~· in the eastern BerL~g Sea and analyzes experimental data bearing 

on estimation of maximum sustainable yield. In addition, it considers 

the current status of this stock in terms of such measures of relative 

abUlillance as are present~v available. 

Japa.nese king cral' operation in. the eastern Bering Sea occurred 

as early as 1930-39, but t!1e current fishery did not begin until 19530 From 

that year through 1959., the factoryship SS. Tokei Maru produced an annual 

average of 61,000 cas~s (24 Ibs./ease) of king crab under relatively stable 

condi tions; areas of fish:l.ng)l timing of operations, and the number of' crabs 

c:aught remained more or less the same. In 1959, the U.S.S.F.. took part in 

the exploit~tion of ttis resource for the first time, and Japan in tur~n 

inereased her i'ishi:ng fleet. Higher quotas wt':re a • .:!hieved by in.creasing 

the number of days fished, arrivir~ on the grounds earlier an.d ext~ndi~g 

the operations. ~. 1964, Japan had 326 factoryship-days of operation as 

compared with 66 factor.!stip-day·s in 1959- Since that year, the D.S.S.R. 

fleet developed from one coal· burning factoryship to three large, modern 

factoI'"j"ships in 196~., each accompanied by three tangle net setting trawlers 

and 12 small net-picking boatso 
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The fishing methods used by Japanese and Soviet fishermen are 

quite similar. The factoryship serves as processing plant and supply base 

for the fleet of smaller vessels which do the actual fishing. Stationary 

bottom nets are set to entangle the crabs as they attempt to pass through 

the meshes. Based on reports by U.S observers aboard factoryships, it is 

believed that U.S.S.R. gear is usually made of cotton fiber; Japanese 

tanglenets are made of synthetic fiber which has gradually replaced cotton 

over the last few years. The fleets of both countries rely on scouting for 

the setting of nets in areas where crabs are of desirable size and density. 

To our knowledge, the mesh size of tanglenets used by the U.SoS.R. king crab 

fleets in eastern Bering Sea during 1965 was 50 cm. stretched diagonal 

measure; Japan has used gear of similar mesh size during recent years. 

King crab investigations by the Bureau of Commercial Fisheries 

began in 1953- In 1954, they were included in the research program of the 

International North Pacific Fisheries Commission, of which Canada, Japan, 

and the United States are members. In 1953, data were collected aboard a 

Japanese factory-mothership and aboard a U.S. otter trawler in 1954. From 

1955 through 1961, an otter trawler was employed to fish at a series of 

stations spaced at 20-mile intervals. Activities at sea were directed to 

collect data on king crab distribution, abundance, size, and sex composition, 

in addition to the frequency and proportion of crabs in various stages of 

molting. King crabs were also tagged for information on their distribution, 

movement, growth rate, and mortality due to fishing or other causes. 
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The distribution of tagged male king crabs in eastern Bering Sea 

has been described by Simpson and Shippen (1966). According to these 

authors, movement occurred generally from all areas of release to all 

areas in which fishing occurred between 1956 and 1963. They inferred 

that the king crabs affected by exploitation over this period belonged to a 

single population. A similar interpretation of the returns of U.S. tags 

from the Japanese mothership fishery was given by Niwa and Fujita (1964). 

The present report describes work done toward the estimation of 

mortality rates and utilizes these, together with estimates of growth 

obtained from the same series of tagging experiments, in examining the 

natural variation in biomass over most of the fishable lifespan under 

present fishing conditions. The changes in relative abundance between 

1955 and 1964 are examined on the basis of available indices. Because 

the fishery relies mainly on the adult male king crabs over 135 Mm. 

carapace length for processing, this report deals exclusively with these 

crabs. 

Tags recovered later than in the summer of 1961 are not included. 

The development of the autumn fishery by Japan occurred in the latter part 

of 1961 and may have introduced undesired variability in the conditions 

governing the relationship between effort and tag recovery. which had been 

comparatively stable. Russian tag recoveries after 1961 have not been 

available to us so far, although those for 1959-61 have been obtained. 

Associated information regarding U.S.S.R. fishing effort during these years 

had ' to be estimated. We assumed that all tags recovered by Japan and the 

U.S.S.R. were reported to us, although we had no rec0very records from the 

SS. Shinyo ~ during April-July, 1961. This factoryship accounted for about 

one-fifth of the king crabs caught in this period. We also assumed that there 

was no loss of tags because of shedding or the tagging process itself. 
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CATCH -EFFORT DATA 

Estimation of U.S.S.R. fishing effort 

Table 1 shows the manner in which the U.S.S.R. fishing effort 

was estimated for the years 1959 through 1961. The reported Japanese 

fishing effort and the tags recovered by Japan and the U.S.S.R. during 
1/ 

these years was used to estimate tan-equivalents of U.S.S.R. effort. 

In 1959, the first year of Soviet effort in the area, the reported 

dates of tag recovery followed those of Japan directly in time, showing 

but negligible overlap. In 1960, however, Soviet effort appeared to be 

concurrent with that of Japan, judging by the range in time over which 

recoveries by the fleets of both countries were reported. In summer 

1961, concurrent fishing by both ·nations was again indicated by ~the tag 

returns from April to July. Estimates of total fi'shing effort in- tans are 

included in table 1. The difference between total estimated effort and 

that of Japan alone is rather small for 1959, but more substantial in 1960 

and 1961. The latter year was the first in Which three modern motherships 

of the U.S.S.R. participated in the fishery, and the tags recovered by 

that country rose to nearly one-third of the number reported by Japan. 

y 1. "tan" = 40 meters or 131 feet. 



Table 1.--Estimation of USSR·fishing effort in 1959-1961, 
based on tag returns. 

Number of Estimated 
Year Months tags recovered Tans lifted tans lifted 

Japan USSR Japan USSR 

1959 April-July 325 0 78,400 (0). 
1959 August-Sept. 0 22 0 (5,300) 

1960 April-July 268 61 128,000 (29,100) 
1960 August-Sept. 7 0 11,900 (0) 

1961 April-July 265 87 115,400 (37,900) 
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Intraseasona.l distribution of Japanese fishing 

Uniform distribution of Japanese effort throughout the fishing 

8ca80ns 1955-60 is indicated by Figure 1. The cumulative percentages 

refer to "tans hauled," which has been the unit of reporting used by 

Japan in recent annual summaries of catch-effort statistics presented to 

the International North Pacific Fisheries Commission. However, the number 

of days between the setting and picking up of tanglenet gear is known -from 

earlier catch-effort summaries to hav~ varied between years. Figure 2 

compares the annual number of tans with the estimated annual number of 

tan~dayS~ A distinct upward trend over the entire period shown is 

indicated in terms of tan-days, whereas the number of tans fished annually 

before 1961 was relatively stable. The sharp increase in both tans and 

tan-days in 1961 is associated with the development of the autumn fishery 

in that year. 

The intraseasonal distribution of tag recoveries by Japan is 

shown in Figure 3, for the years 1956-61. The pattern of -recovery follows 

generally that of effort expended in terms of tans lifted (Fig. 1). In 

the estimation of mortality rates, the actual length of fishing seasons has 

been expressed in 10-day units; the duration of U.S.S.R. fishing was 

estimated from the ranges of dates for which U.S.S.R. recoveries were reported 

in 1959, 1960, and 1961. Figure 3 shows a sharp break between the two 

seasons of 1961. In the present analysis, Japanese tag and effort data 

for the second (autumn) season were not included for the reasons mentioned 

earlier. No autumn season recoveries were reported by the U.S.S.R. 

3/ Product of "tans" and mean annual soaking time in days. 
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Soaking time ' 

No studies considering the effects of soaking : time on catches 

of king crab by tanglenet gear have been published to our knowledge. 

However, some instances are known of relatively large sets of tangle 

gear on a single day (or over a small number of successive d&¥S) which 

were recovered gradually over periods up to 17 d~s. The values of catch 

per tan obtained for successive d~s from gear believed to have been set 

and picked up i~ this manner is shown in Figure 4. They suggest that the 

catch per tan ~ remain proportional to the number ofd&¥S fished for up 

to 10-15 d~s. 

' Recent increases in soaking time have been interpreted as counter~ 

measureeto competition on the fishing grounds, as have the p~gressively 

earlier starting dates of Japanese factor.yship operations in eastern Bering 

Sea during the last few years. The'objective apparently has been to occupy 

the most productive fishing areas early. However, increases in annual 

values of soaking time, i.e., the yearly average number of d~s that nets 

remain in the ' water to fish, antedate the advent of comp&t1tion (in 1959) 

as has been shown in Figure 2. In the ' present study, both units of effort, 

i.e., tans and tan d~s, have been used in the estimation of mortality . 
rates from fishing and from other causes, and in indexing differences 

in relative abundance between years. 



r 
( 

x 
15 

z 
ct 
t- 10 
0::: 
UJ x 
0.. 
~ 1 

Cf) ' 
m 5 ex 
0::: 
0 

Cal 

00 2 4 6 8 10 . x 

DAYS SOAKED 

20 x 

x 

z 15 ex 
t- x ~ 
0::: 
UJ 
0.. 

Cf) 10 
CD 
ex 
0::: 
0 

5 

( b) 

. 0
0 5 10 15 20 

DAYS SOAKED 
Figure~.--Relatlon of catch per tan to the number of ~a tansl~ Det. 

were lett to fiah. PrObable aett1Da 4&t •• (a, April 22, 23, 
1959, (b) April 26, 1959 . 



7 

TAG RECOVElt{ 

Tow weight 

Survival may have been affected by some aspects of the collection 

of king crabs for tagging. Collection was by means of otter trawls, which 

in the course of any season, produced high~ variable, mixed catches of 

king crabs, other invertebrates, and fishes. For example, in 1956 

the gross weight of catches in single tows was estimated as ranging from 

250 to 16,000 pounds (Fig. 5). The percentaee of tags recovered durine 

the 3 years following the releases from each haul were examined With 

respect to the weights of the individual tows. Significant negative 

regression slopes were found in 3 of the tagging years 1955 through 1960, 

non-Significant negative slopes in 2 years, and a non-significant positive 

slope in 1 year. A correction was applied to the nominal release numbers 

-
involving the average of the ,slopes and the mean annual tow weiSht (w), 

amounting to exp(-O.OOOOl053 ;'). The mean annual tow weights ranged 

,from ~24,to 2,665 pounds so the effect of this correction was slight in 

all cases. The taw weight effect for which this adjustment was made 

is considered to be independent of effects of the tagging process 

itself. No adjus~ment was made for the latter. 
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Survival time 

Assuming that the instantaneous rate of natural mortality is 

constant in all king crabs of catchable size, it may be expected that 

recoveries from different size groups at release should extend over 

similar periods of time, with variation in relative abundance being 

essentially due to differences in fishing mortality. Using earlier 

estimates of average annual expectation of death due to fishing 

(2.1-8.6 percent for the period 1959-61) and to natural causes (average 

19 percent) by Niwa and Fujita (1964), the annual recoveries during the 

6-year period 1955-61 could be expected to include representatives of 

all size groups at release, regardless of year or size at tagging. 

The incidence of tag recovery by years at liberty and size at 

release is shown in Figure 6 for all recoveries of adult male king crabs 

available through 1964 • To obtain Figure 6, the recoveries from each 

size group at release were divided into 10 subsamples, each containing 

representatives of every year of release; the presence or absence of 

recoveries in each sample was noted by number of years out. Figure 6 shows 

the number of years Over which the releases from each size group were 

represented in all 10, less than 10, or none of the subsamples. 



10~--------------- 10 
135 mm. 140mm. 

5 5 

oL_--.J •• oL-...------
>
~ 

cD 
> 

10 

5 

o 0 u 

145 mm. 

O~IOr~~::~~~1I1I1I ~ 155mm. .' :\\j . 
Q) 
N 

= 5 r
'j 

en 
.!! 
~O 
~IO 

.J:l 
:::J 165mm. en 

..... 
o 5 
~ 
Q) 

.J:l 
e 
:::J 

Z 0 
10 

5 

o 

175 mm. 

357 
Yeors out 

9 

10 

5 

o 
10 

10 

150mm. 

160mm. 

170mm. 

51-

o 
10, 

180mm 

5~ 

o ,,::::,:,:,;, 
,~ 3 5 -r7 

Yeors out 
Figure 6. --Incidence of "zero recovery" in 10 randomized subsamples 

of tagged Eastern Bering Sea king crab males, recovered 
between 1956 and 1964, by years at liberty and carapace 
length (nun.) at release. 

9 



9 

A distinct cline is apparent in the number of years after 

which the recovery of progressively larger animals at the time of 

release ceases. From among animals tagged in the 135 mm. group, 

survi~ors were found as late as 8 years following release; whereas, 

recoveries from animals 180 mm". or longer at time of release were 

not reported later than 3 years following the year of release. 

It is noted that tag loss, for which we have no data, is unlikely 

to have produced this cline since molts which uould be associated' 

with tag loss are less frequent among the larger animals (i.e., those 

whose disappearance from the fisher.y occur earliest) than among 

smaller size groups at release whose recoveries extend over much 

longer periods. In view of the apparently differing number of years 

over which different size groups remain extant, additional estimates 

o~ the parameters M and q were based only on recoveries for wh~~h partial 

or complete disappearance can be excluded 'on the basis of Figure 6. 
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ESTIMATION OF MORTALITY RATES 

.Eetimating model 

The expected number of t&6 recoveries E(Y) durins a particular 

season m8¥ be represented 88 

where 

t=1. 

E(YJ • Noe-Mtl-qflqf2t2J e-[Mt2+qf2t2]tdT 

t=O 

Y • number of tags recovered 

No = number of tags released 

tl = number of months at liberty by the start ot season ot rec~ry 

t2 = number of months in season of recovery 

fl = total effort prior to season of recovery 

f2 = effort per month during season of recovery 

M = coefficient of natural mortality per month 

q = coefficient of catchability relating the catch of tags by one unit 
of gear to the size of the tagged population at the beginning ot 
the season of recovery 

T = variable of integration 

Approximating the integral by exp (- 0.5(M+-qf2)t2 ] I expression <1') 

can be rewritten as 

so that the expected number of tags recovered in a sea~on equals the product 

of the season's instantaneous rate of fishing mortality (qf2t 2) and the 

approximate mean number of tags present at season midpoint. The known 

variables are f 1 , ~2' t 1 , t2f and No; the parameters to be estimated are M and q. 
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The estimates of these parameters were obtained by L. E. Gales· 

(1964) procedure for nonlinear least-squares estimation of parameters. 

In Gales' program (on file under FRG 709 at the Fisheries Research Institute, 

University of Washington, Seattle, Wash.) the estimating function, initial 

trial values (M and q ~ere) and the first-order partial derivatives of the 

estimating function (expression 2) with respect to M and q are supplied by the 

user. For certain classes of continuous functions, the program develops 

iterative solutio~ such that the sum of the squared differences between 

observations (Y) ana. response surface is minimum. In the present 

application of the program, the expected values E(Y) were computed from 

the input vector 'fNo' t l , 't2' fV f2]. Iterative solutions were terminated 

when the values of the derivatives of L [Y_E(y)]2 w'ere less than 0.001 

in absolute value. Tolerances lower than 0.001 gave no important improve-

ments of the parameter estimates. 
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This method of estimation was chosen because it permits the 

use of availabl~ data on the amount of fishing effort and its distributiOn 

in time, and thereby removes the need. for assumptions regarding constanc,y, 

continuity and uniformity of mortality rates which underlie Simpler 

methods of estimation. That catchability is closely related to carapace 

length and thus cannot be considered uniform, has been shown by 

Miyahara and Shippen (1965), ,who estimated the exploitation rates, by 

5\mm. interval of carapace length, on the basis of abundance surveys 

and size composition data of the Japanese mothership catches in 1957 and 

1958. Whether natural mortality is constant over the fishable life 

span of king crabs cannot be determined by similarly direct means. 

B,y obtaining estimates of M over different segments of the fishable 

life. span (in the present analysis, by obtaining separate est~tes 

according to different initial sizes at tagging), it may be possible, however, 

to explore this question,. 



. " 

13 

The releases of adult male king crabs in the years 1955 through 

1960 were grouped by 5 millimeters of initial carapace length and represented 

at midpoints of 135 mID. and up (Table 2). Separate estimating arrays were 

prepared with information on fishing effort in units of tans (xlO-5) or tan 

days (xlO-6). Further, each such category was broken down to either 

(i) include all recovery periods through summer 1961, or (ii) only include 

recovery intervals over which the natural disappearance of an initial-size 

group, or approximate age group appears unlikel~. This distinction was based 

on the distribution of "zero incidence" in the recovery subsamples of 

Figure 6. A record of all recoveries, by initial size, year of release and 

season of recovery is presented in Table 3; asterisks mark those cells that 

were eliminated from the estimating arrays taking the second approach. 

Instantaneous natural mortality rate (M) 

Using expression (2) to obtain iterative estimates of M by 

carapace length at release leads to the values shawn in Table 4. Separate 

columns refer to series of estimates based on the choice of tans or 

tandays as unit of effort; and a further breakdown was made to indicate 

the effect of adjusting the number of recovery periods (for each initial 

size group) to exclude years of partial or complete disappearance of 

tags from the fishery (Fig. 6 and Table 3). Columns containing the 

latter adjustment are labeled "recovery periods variable." All release 

numbers (No) were subject to the taw weight adjustment discussed earlier, 



Table a.··,alte~n lertna Sea ~ele&I'8 of t ... e4 a4u1' 
male king crabs, by year and carapace length 
at release 

) 

Carapace 
length at Year of release 
release 

(mm. ) 1955 1956 1957 1958 1959 1960 

135 126 250 1029 414 243 86 

140 128 307 948 386 457 109 

1:45 131 327 849 340 498 118 

150 97 373 696 334 547 89 

155 129 395 670 335 508 101 

160 92 346 554 297 482 91 

165 93 227 422 284 350 77 

170 108 147 300 211 234 62 

175 88 93 173 153 155 43 

~180 107 68 137 101 102 25 

TOTAL 1099 2533 5778 2856 3576 801 

, . 
·1 :,', 

... ", ,. 



Table 3. --Recoveries of adult male Eastern Bering Sea king crabs by initial carapace length, 
year of release, and season of recovery, tagged by U.s. in ~9~j,~ 

Year Year Initial carapa.ce length (mm.) 
released recovered 135 140 n 145 150 155 160 165 170 175 ~ 180 

1955 1956 3 3 4 4 6 5 4 8 5 6 
1955 1957 8 4 2 3 2 3 0 2 4 2 
1955 1958 2 4 3 ~ 1 1 1 0* 0* 0* 
1955 1959.~ 1 0 3 0 0 1* 1* 0* 0* 0* 
1955 1959.2:1 0 0 0 0 1 0* 0* 0* 0*-'-" 0* 
1955 1960.1 1 1 3 1 0* 0* 0* 0* 0* 0* 
1955 1960.2 0 0 0 0 0* 0* 0* 0* 0* 0* 
1955 1961.1 2 0 0* 0* 0* 0* 0* 0* 0* 0* 
1956 1957 13 18 15 10 23 16 17 7 4 3 
1956 1958 2 5 4 16 10 21 9 8 3 3 
1956, 1959.1 6 5 15 4 13 3 1 3* 0* 0* 
1956 1959.2 1 2 1 0 0 1 1 0* 6* 0* 
1956 1960.1 7 6 5 8 4 1* 1* 0* 6* 0* 
1956 1960.2 0 1 0 1 5* 1* 0* 0* 0* 0* 
1956 1961.1 8 9 8 6 2* 1* 2* 0* 0* 0* 
1957 1958 14 15 11 15 10 23 17 18 8 5 
1957 1959.1 25 29 23 21 21 9 7 8 3 3 
1957 1959.2 3 ~ 3 2 2 3 0 0 0 0 
1957 1960.1 17 14 17 11 9 8 3 1* 0* J.* 
1957 1960.2 1 6 3 1 2 1 0 0* 0*: 0*-
1957 1961.1 23 2~ 20 14 10* 5* 1* 2* 0* 0* 
1958 1959.1 6 9 11 12 7 10 14 7 5 

" '1958 1959.2 0 2 1 2 2 1 0 0 0 0 
1958 1960.1 13 16 16 7 7 5 1 6 4 0 
1958 1960.2 1,: 3 4 0 5 0 0 2 1 , 0 
1958 1m.1 12 13 16 16 11 7 4 2* 2* '0* 
1959 1.1 2 7 8 15 11 17 10 6 5 3 
1959 1960.2 1 1 , ~ 2 2 2 1 3 1 2 
fi9 1~1.1 6 8' 13 11 16 14 11 2 4 4 

o 1 1.2 2 ~ 3 5 4 2 ~ 3 2 2 
, TOTALS 193 23 214 185 -----.!91. __ ~2& __ L~_9-'- __ ~3 39 

!I Recoveries in 1959, 1960 and 1961 fell into periods of differing seasol?:al fishing 
effort (.1, .2); they' were considered separately. 

* Frequencies omitted in estimates of M and q marked "variable" in tables 4 and 6. 
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Table 4.--Estimates of instantaneous rates of natural mortality per month, by carapace length at release 

M based on tans of effort M based on tandays of 
and effort and 

-1956-61 recovery periods all recovery recovery 
Carapace recoveries variable (cf. periods periods variable Annual Annual natural 

length at figure 8) 1956-61 (cf. figure 8) equivalent mortal.i ty rate 
release Mean of M {fishe~ absent) 

135 .00431 .00431 .00771 .00771 .0060 .072 .07 

140 .00241 .00241 .00535 .00535 .0039 .047 .05 

145 .00360 .00295 .00619 .00561 .0046 .055 .05 

150 .01364 .01343 .01680 .01662 .0151 .181 .16 

155 .02206 .01791 .02550 .02237 .0220 .264 .23 

160 .04161 • 03754 .04770 • .04510 .0430 .516 .40 

165 .06263 .06185 .07160 .07190 .0670 .804 .55 

170 .07354 .06806 .08560 .08384 .0778 .934 .61 

175 .06246 .04099 .07130 .05220 .0567 .680 .49 

~ 180 .06951 .04917 .08140 .06715 .0668 .802 .55 

Combined .02165 .02564 .0236 .284 .25 -
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Estimates from recover,y arrBfs that have been adjusted for 

the d11~p,~o of taSI trom tbo f16hery are .hown in the tbird ana 
f'ifth columns o~ Table 4. These are gene~ lower when based on tans 

rather 'than tand~; however, differences for size gr~ under 175 Mm. 

are comparative~ small. For size groups of 175 mm. or greater, the 

differences are larger, possib~ because of the small number of recovery 

periods included in the estiinating arrBfs (Table 3). However, the 

most like~ estimates of M are thought to be contained within the 

ranges shown," 

, An approximate relationship betlreen natural mortality and age 

may be obtained by coding the tagging date of 135 mm. crabs as age zero 

and app~ing values of M for ascending initial sizes to the midpoints 

of the intervals of months over which successive length increases 

of 5 mm. were noted in the recoveries. The observed intervals and 

the associated estimates of natural mortality (converted to annual 

natural mortality rates by m = 1- exp(-l2M» are plotted in Figure 7, 

wi th ·values of m shown as bars. Mortali ty appears to be increas ing 

over most of the timespan over v1hich king crabs are present~ wlnerable 

to fishing. General~ rising mortality rates curing adult stages have 

been noted in relative~ short-lived fishes by B~verton and Holt (1959)j 

in laboratory populations of fishes kept under different degrees of' 

environmental comfort, mortality rate was found to increase with 

increaSing age in all cases studied by Comfort (1959). 
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When all sizes are combined before estimation and no adjustment 

for d1sappearan~e is made, the annual natural mortality rate is estimated 

at 25 percent (Table 4). This value is similar to that qf the 155 rom. 

group onlY. It may ,also be compared to earlier estimates by Cleaver (1963) 

which ranged from 31 to 40 percent and by Niwa and Fujita (1964) whose 

estimates ranged from 12.5 to 26.8 percent. All of these estimates are 

high if tag loss was present~ 

catchability coefficient (q) 

The coefficient q which enters the instantaneous rate of fishing 

morta~ity F = q f t was obtained simultaneously with M for each size 

group (Table 5) according to equation (2) and using the columns of 

Table 3 as estimating arrays. For tans of effort, the unit is 105 tans 

of tang1enet, while for tand~s the unit is the same amount of gear 

times 10 days of soaking time, or 106 tand~s. The upymrd scaling of 

the latter unit was done in order to express catchability by either 

method in numbers having comparable orders of magnitude. The two units 

are fundamentally different, of course, since the use of tans as unit 

of fishing effort implies that the instantaneous rate of fishing mortality 

is independent of the number of days a net is left to fish, whereas 

proportionality in this regard is implied in the choice of tandays as 

unit of effort. In reality neither of these conditions is likely to be 

entirely fulfilled but a functional relationship between catch and soaking 

time has not yet been determined. With respect to other assumptions 

regarding the catch per unit effort as a measure of relative abundance, 

that of no competition between units was probably more nearly met during 

the years considered here (1956 through summer 1961) than in subsequent years. 



Table 5.--Estimates of catchability coefficient (q) by 
carapace length at release 

q based on 105 q based on 106 

tans of effort tandays of effort 
Carapace length 

at release recovery periods recovery periods 
fixed variable fixed variable 

1956-1961 (cf. figure 8) 1956.,1961 (cf. figure 8) 

135 .01950 .01950 .01380 .01380 

140 .02090 .02090 .01420 .01420 

145 .02149 .02114 .01490 .01464 

150 .02358 .02823 .01942 .01935 

155 .03366 .03134 .02350 .02224 

160 .05754 .05430 .03990 .03836 

165 .07361 .07287 .05360 .05369 

170 .10947 .10234 .08510 .08315 

175 .07958 .06045 .05880 .04586 

~ 180 .08477 .06574 .07010 .05883 

Combined .03400 .02372 
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Also, variations in density during this 6-year period were not as yet 

affected by the extension of Japanese factoryship operations into the 

autumn ~onths and to offshore areas that had not been fished previously. 

Table 5 and Figure 8 indicate that catchability coefficients 

increase generally with size up to carapace lengths of 170 mm.; however, 

a drop in catchability is indicated by estimates for the two largest 

size groups. Reduced values of q in size groups greater than 170 Mm. 

a.re not inconsistent with the results of more direct obserVations in 

June 1958 in which the size composition of experimental and presumably 

nonse.lec~ive trawl catches was compared with that of tangle nets (cf. 

INPFC, 1959) and in which king crabs up to 185 Mm. in carapace length 

were obtained by b.oth types of gear. Compared to the relative tanglenet 

catches of the 170 Mm. group, those of groups 175 to 185 Mm. were 

progressively less abundant (97 to 71 percent). Lower susceptibility 

of the largest size groups to capture by tangle net may be associated 

with.reductions in active movement on which catches by tangle net (but 

not those by trawl) ?epend. 

A reflection of increasing catchability with size is also 

apparent in the estimates of average seasonal rate of exploitation 

for the years 1957 and 1958 for sizes up to 170 Mm. These were 

originally shown in Miyahara and Shippen (1965; Fig. 4) and are included 

in Figure 11 of the present paper for comparison. The differences between 

trends with size are to be expected since q enters the seasonal 

exploitation rate exponentially, and the latter is affected by natural 

mortality as well. 
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Because of the gradual introduction of synthetic fiber in Japanese 

tanglenets since 1961, it is likely that the present estimates of q will need 

to be revised since they pertain to the period during which the nets were 

made of cotton. PTesent fishing by the U.S.S.R. is reported to be carried 

out with cotton nets. 

The effect of estimating M and q fransubgroups of initial carapace 

length, rather than from combined lengths can be examined by comparing the 

means of the squared differences between the observed tag recoveries and the 

number expected according to equation (2), with either method. The means 

obtained under each procedure are shown in Table 6; they refer to the 

parameter estimates given in Tables 4 ~~d 5 (second and fourth columns), 

each mean being taken of the 30 pairs of observed and expected tag recoveries 

which make up each estimating array. The reduction due to treating indiVidual 

size groups separately amounts to about four-fifths of the variation 

encountered when all sizes were combined. Thus size-related estimates of 

these parameters appee..r to be prefer~ble, particularly when estimating 

variations in the biomass of a cohort of king crabs over major portions of 

the fishable lifespan. 



Table 6.--Means of' sums of' squared deviations f'rom the expected 
values of' king crab tags recovered using equation ~. 
Last row is f'rom input with release lengths combined 
bef'ore estimating M and q. 

Initial 
carapace 

length ( mm. ) 

135 

140 

145 

150 

155 

160 

165 

170 

175 

?-180 

Total 

Lengths 
combined 

Means of' Bums of' squares based on 

Tans Tandays 

13·13 11: 11 

23·55 21.56 

18.98 16.29 

12.49 12.18 

21.80 20·51 

10.63 14.42 

7.74 9·23 

6.77 7.59 

1.27 1.57 

0.96 1.21 

117.3 115·7 

562.1 
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GROWTH 

Weight on length 

Extensive sampling of king crabs in eastern Bering Sea in 

1955 provided 1,674 measurements of carapace length and body weight in 

adult ma.les. Grouping these by 5 mm. intervals of carapace length, 

weight was related to length by 

-6 
W = 1.50176 x 10 

2.88214 
x L 

where W represents body weight in kilograms and L is carapace length in 

millimeters. This relationship (Fig. 9) has been used in the present 

paper for the study of variations in biomass during most of the ages over 

which adult male king crabs are presently exploited. 

Figure 10, due to Mr. H. S. Sakuda, shov1s the relationships 

of total body and meat weights to carapace length by shell condition. 

Solid circles represent the weight of crabs having molted within the year 

of capture (new-shelled), whereas the open circles stand for weights attained 

by crabs whose last molt occurred at least 1 year preceding the year of 

capture (old-shelled). The new-shelled values of meat weight are likely 

to approach those shown for old-shelled crabs during the autumn months, 

but new-shelled crabs are considered commercially less desirable during the 

summer months of the year of molt. 
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Relatively low recovery in terms of meat weight during recent 

years was attributed to the inclusion of larger proportions of small-sized 

crabs in the catches (Niwa and Fujita, 1964). However, this decline was 

concurrent with the extension of fishing to offshore waters during autumn. 

By autumn the meat content in new-shelled crabs of all commercial sizes 

is likely to have improved but not to the point where conversion is as 

high as in the following spring when the crab is old-shelled. In U.S. 

king crab surveys of eastern Bering Sea, new-shelled crabs were in the 

majority in all regions sampled, particularly in the offshore regions 

(Simpson and Shippen, 1966). 

Weight on age, based on tag returns 

Using expression (3), the growth in weight of tagged king 

crabs may be estimated where carapace lengths at release and at recovery 

have been recorded. Estimates of weights at time of recovery are 

shown in Table 7 for crabs having had various carapace lengths at release. 

The weights shown in Figure 11 are based on the average lengths attained 

by the 135 mm. release groups during any month of recovery. Using the 

recoveries from all years of release, male crabs of this initial length 

have been recovered up to 98 months following release. 



Table r..--Estimates of weight-at-time (kg.) in tagged Eastern Bering 
Sea king crabs, by carapace length at release (ma.) and 
montbs at liberty 

Months Initial. carapace length (mm.) 
at 

liberty 135 140 145 150 155 160 165 110 115 

1 2.07 2.30 2.55 2.82 3'J08 3.39 3.10 4.04 4.39 
2 2.12 2.30 2.55 2.82 3.08 3.38 3.10 4.03 4.39 
3 2.30 2(60 2.81 3.08 3.38 3.80 4.13 4.49 
4 2.12 2.30 2.60 2.86 3.14 3.60 3.82 4.06 4.45 
5 2.55 
6 
1 
8 2.12 2.30 2.81 3.08 
9 2.07 2.31 2.56 2.82 3.09 3.40 3.11 4.14 4.38 

10 2.12 2.32 2.57 2.97 .3.13 3.42 3.73 4.04 4.44 
11 2.09 2.32 2.56 2.82 3.13 3.49 3.14 4.08 4.41 
12 2.13 2.32 2.64 2.92 3.21 3.55 3.75 4.04 4.41 
13 2.50 2.30 2.55 2.82 3.09 3.54 3.11 4.03 4.40 
14 2.51 2.61 2.98 3.01 3.32 3.~ 3.15 4.10 4.60 
15 3.11 3.73 3.40 2.95 3.76 3.79 3.70 4.50 · 4.54 
16 3.26 3.08 3.08 4.33 4.20 4.17 4.40 
17 
18 
19 
20 3.14 
21 2.83 3.24 3.49 3.55 4.14 3.90 4.11 4.38 5.46 
22 2.99 3.18 3.39 3.53 3.60 3.63 4.01 4.12 .4.44 
23 2.85 3.13 3.36 3.52 3.79 .3.84 4.05 4:07 4.38 
24 2.87 3.28 3.28 3.62 3.73 3.19 4.22 4.05 4.46 
25 3.04 3.22 3.52 3.75 4.13 4.21 4.25 4.67 4.82 
26 3.01 3.13 3.50 3.79 3.91 4.28 4.24 5.02 5.61 
27 2.96 3.24 3.44 3.74 3.11 4.21 5.00 5.11 4.90 
28 
29 2.97 , 3.14 4.03 4.38 4.24 4.10 4.03 
30 2.97 3.89 4.38 4.82 
31 4.45 
32 3.50 
33 3.55 3.26 3.60 ' 4.04 3.96 4.75 4.03 
34 3.51 3.20 3·53 3.80 4.03 4.51 4.14 4.42 
35 3.21 3.14 .3·53 3.94 4.08 4.36 4.46 5.14 
36 3.06 3.20 3.44 3.67 4.12 4.61 4.33 5.59 4.38 
37 3.50 3.36 3.77 4.03 4.19 4.27 4.18 4.72 4.45 
38 3.23 3.68 3.95 3.96 4.21 4.31 5.30 5.04 
39 3.38 4.01 3.57 3.99 4.38 4.75 5.98 
40 

, 
3.41 3.08 3.44 3.94 4.45 4.75 4.10 

41 3.47 4.10 3.54 4.52 4.10 5.63 
42 2<.97 3.99 4.20 
43 
44 
45 3.77 4.11 4.41 4.57 4.06 4.16 



Table 7.--Estimates of weight-at-time (~.) in tagged Eastern Bering 
Sea king crabs, by carapace length at release (mm.) and 
months at 11berty--continued 

Months In1 tial carapace length (mm.) 
at 

liberty 135 140 145 150 155 160 165 170 175 

46 3.64 3.95 3.78 4.14 4.14 4.21 .. 4.90 
47 4.07 3.28 3.75 3.97 4.33 4.34 4.90 5.38 5.30 
48 3.68 3.92 3.88 3.78 4.21 4.31 4.75 5.14 
49 3.93 4.01 4.26 4.24 4.00 4.31 4.70 
50 3.81 3.80 4.38 4.36 4.69 4.38 
51 3.71 4.29 4.17 3.87 4.45 4.45 4.96 
52 4.01 4.24 4.52 4.84 
53 3.99 4.36 4.65 4.67 4.65 5.63 
54 3.17 4.50 4.60 
55 
56 
57 3.68 4.38 4.07 4.90 
58 3.96 3.77 4.10 4.61 4.38 
59 3.92 4.28 4.45 4.56 5.46 4.58 
60 3.92 3.98 4.31 4.66 3.70 4.45 5.22 5.14 
61 3.75 3.47 3.94 4.76 4.03 4.24 
62 4.03 4.34 3.71 4.82 
63 4.36 4.13 6.25 5.06 5.55 
64 4.45 4.90 4.31 
65 5.19 4.98 5.80 
66 
67 
68 4.98 
69 3.89 4.92 
70 4.60 4.29 4.45 5.22 
71 4.26 4.12 3.96 5.80 
72 4.50 4.89 4.56 5.02 
73 4.52 4.16 4.31 
74 4.33 4.60 4.45 5.14 
75 4.75 4.75 4.52 
76 
77 
78 
79 
80 
81 
82 
83 
84 5.80 
85 5.55 
86 6.34 4.98 
87 5.42 4.98 
88 6.16 
89 
90 5.80 



Table 7 .-~Estimates of weight-at-time (kg.) in tagged Eastern Bering 
Sea king crabs, by carapace length at release (JIDIl.) and 
months at l1berty--cont1nued 

Months 
at 

liberty 135 

91 
92 
93 
94 
95 
96 
97 
98 5.22 

In1 tial carapace length (J!IIIl.) 

140 145 150 155 160 165 170 175 
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VARIATION OF BIOMASS DURING THE EJa'LOITED PHASE 

Estimates o~ growth ~om tagged crabs released at 135 mm. in 

carapace length were used to obtain 'weight by coded age according to 

equation (3) and then applied in conjunction with approximate size-

related rates o~ natural mortality, to provide estimates o~ the biomass 

o~ a single cohort o~ king crabs during actual periods o~ exploitation 

between 1955 and autumn 1961. The results are shown in Figure 12. With 

respect to potential yield, optimality seems to be associated with 

harvests in the 160 rom. group, with poorer utilization indicated both 

above and below this size. The length ~equency distributions o~ 

Japanese ~actoryship catches collected by the Japan Fisheries Agency 

(Niwa and Fujita, 1964; Niwa, Fujita, and Takeshita, 1965) indicate that 

mean values of carapace length have shi~ted gradually ~rom the right of 

optimum in Figure 12 (170 mm. in 1953) to le~t of optimum (154 mm. in 1965). 

It thus appears that most harvesting of incomingyearclasses is now spread 

over pre-optimal periods of time. 

The increased dependence on smaller sizes of king crab in the 

Japanese factoryship fishery of recent years a~fects the comparability 

of annual values of catch per unit effort as a measure of relative 

abundance or of stability of recruitment of the eastern Bering Sea 

king crab population, unless the shifts in fishing pressure to more 

recently recruited yearclasses can be eliminated or adjusted for. The 

alleged recent increase in gear competition (Niwa and Fujita, 1964) 

represents an additional source of error. Regarding the latter, no 

quantitative data have been received to date. 
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Nevertheless, the catch per unit effort (based on the catch 

of all sizes and unadjusted for changes affecting catchab11ity) has been 

made the basis of inferences regarding stock condition. Stock size has 

been variouslY interpreted as decreasing since 1960 but without leading 

to adverse effects ' on recruitment so far (Niwa and Fujita, 1964), or 

as having generated stable levels of recruitment. The estimates of 

recruitment presented by Niwa, Fujita, and Takeshita (1965) are 

widely different for the periods preceding 1960. Over the earlier 

period, recruitment was estimated at 1.49 million per year and at 15.4 

million per year for 1961-1965. 

In light of the present findipgs it m~ be of interest to 

examine the number of animals 160 mm. in carapace length that have entered 

the catch (per unit effort) over a series of years. When such values, 

based on annual catches, are estimated from graphical data in Niwa, 

Fujita, and Takeshita (1965) and tans or tandays are used to measure 

annual fishing effort, values of catch/effort can be obtained (Fig. 13). 

In terms of tans, peak abundance seems to have occurred in 1959, ,but in 

terms of ta.nd~s the period 1956-60 seems to have been marked by relative 

stability. Over the period 1961-65, the relative abundance of 160 mm. 

crabs appears superficially to have declined by 64-70 percent depending 

on which unit of effort is used. The magnitude of the decline could,be 

exaggerated through the effects of gear competition; nevertheless, a 

decline w~uld be apparent even if all U.S.S.R. catches (reported to have 

been about two-thirds as high as Japan's) were added to the Japanese catches 

without any adjustment for additional effort. Also, the gradual introduction 

of Japanese gear improvements' since 1961 has not been taken into account. 
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The lack of suitable experimental data regarding these factors, and of 

appr~riate basic catch-effort data for all segments of the fishery, 

impedes a more detailed evaluation of the apparent decline. 

SUMMARY AND . CONCLUSIONS 

The recoveries of male adult king crabs tagged by the United 

States were used to obtain size-related estimates of natural mortality 

and catchabili ty. Together with growth data that were also based on 

tag recoveries, the distribution of biomass in a cohort of freshly 

recruited king crabs (135 Mm. carapace length at recruitment) was considered 

over most of the fishable lifespan. This distribution indicated that 

animals of about 160 Mm. carapace length are likely to comprise the 

~timal size group in terms of potential yield. This size group had 

been the dominant modal group in earlier years but modal values have 

shifted gradually from 170 Mm. in 1955, to 150 Mm. in 1965, and· the 

achievement of eXisting quotas has become progressively more dependent 

on the catches of relatively small-sized animals. 

The relative abundance of animals taken optimally in terms of 

the growth-mortality balance in eastern Bering Sea king crabs may have 

decreased by as much as two-thirds of the level prevailing in 1955-60. 

However, factors affecting the representative character of the abundance 

indices available for this population cannot be examined further 

for lack of suitable data. 
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