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ABSTRACT
Estimates of the average growth rates of the eo.astern Bering Sea adult

male king crab, P(ualithodes ca:Jnt8cha#ca, are presented. Through examining
the advitncement of modal groups in size-frequency distributions eolIeeted in
5 successive years, the growth rate of the smitlIer wuIt male crabs is deseribed.
For the larger sizes the growth per molt observed in tagged individuals and
the proportion of molting crabs observed in eaeh year are combined in a theo
retical model whieh represents the progression of It yeltr dass through time.
The resulting growth eurves calculated from the 1956, 1958, and 1959 data are
strikingly similar and show that male crabs 80 nun. in earapaee length will
atta.in an average length of 168 mIll. after 8 years of growth. Crabs growing
at the rate depicted for 1957 would be 153 mm. in length at the end of an equal
period.
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By DOUGLAS D. WEBER AND TAKASHI MIYAHARA

F'isl~ery ReseU1'cl~Biologists, BUREAU OF COMMERCIAL FISHERIES

A request for study of the southeastern Bering
Sea king crab (Pam.lithodes omntsoha.tica
(Tilesius» stoek was mnde to the International
North Paeific Fisheries Commission by the United
States Govern~nent in February 1954 in lweord
nnee with Art.icle III, Seet.ion 1, (c), (i) of t.he
International Convent.ion for the High Seas
Fisheries of the North Pncifie Ocean, for the
purpose of "... determining need for joint con
servation measures of the Cont.rncting Parties con
dueting substantial exploitntion of that stock."
(The Contracting Parties in this instance are
.Tapan and the United States.)

The. Buren,u of Commercial Fisheries Biologica.l
Laborntory in Seltttle, ""Vashington (then Pncifie
Salmon Investigations) was assigned this study
for the United Stntes. Invest.igntions began in
1954, with emphasis on faetors governing yield,
e.g., growth recruit.ment~ mortalit.y, and abun
dance.

In eompliance with part of the request, this re
port presents an estimate of growth of adult male
king crabs of the eastern Bering Sea and deseribes
methods employed. Although growth of ull king
crabs is being studied, thnt of adult males has been"
<riven priority, beeause the conllnereinl fisheries are
C I .concentrated on them and need for t leu' con-
servntion must., therefore, be determined first.

The authors are indebfed to many individuals
who c~ntributed toward this study. The Nippon
Sllisnn Company, J. E. Shields Compnny, and
'Va.kefield's Deep Sell. Trawlers, Inc. cooperated
in recovering tagged erabs; Seiwa Kawasaki,
biologist of the Japan Fisheries Ageney, recorded
very complete tag recovery information, a major
contribution; F. C. Clenver and R. A. Fredin, ad
vised and aided us throughout the study, and T. H.
Butler, A. E. Peterson, and W". F. Thompson pro-

NOTE.-Flshery Bulletin 200. Approved for publication, May
23,_ 1961.

vided helpful conunents concerning the treatment
of data.

BACKGROUND INFORMATION

The king crab, being a decapod crustacean, has
a typical rigid exoskeleton which prevents a
change in carapace dimensions except at molting.
Consequently the growth of an individual consists
of a series of steps, the frequency of which de
creases as the animal increases in age or size. An
exeeption is the mature female king erab, which
molts annually prior to egg extrusion, often with
out appreciable increase in carapace dimensions.

At molting the entire exoskeleton is cast along
with the mouth and stomach parts, gills, tendons,
and other structures of ectodermal origin. Since
all hard parts of the body are lost, determination
of growth must be achieved by means other than
those applicable to animal forms which have
permanent records of seasonal growth such as may
be found on the scales of fish..

Several methods have been used to study growth
of king crabs. Most of the studies were made by
.Japanese scientists and depend upon one or com
binations of three basic types of data: Growth in
crement per molt and frequency of molt; size
frequency distributions from 1 year wllic.h show
modes that are indicative of year classes; and size
frequency distribution data taken in successive
years to observe the progression of weak or domi
nant year groups through the years.

Wang (1937) deseribed growth rates for young
crabs, as interpreted from an examination of
modes in size-frequency distribution and for the
older crabs by fonowing the progression of modes
in size-frequency data -collected in 3 suc.cessive
years. Marukawa (1933) studied live tank
reared crabs and observed growth per molt and
frequency of molt in conjunction with size-

53
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FIGURE I.-King crab growth curves from published results, Curves W, and W2 derived from Wang (1937) for ('rabs
from Northern Hokkaido and Sakhalin, respeetively; curve N d£>rh'ed from Nakazawa 1.1912); and curve M from
Marukawa (1933).

frequency distributions. Nakazawa (1912) esti
mated growth of king crabs by combinillg data
from his studies on king crab with published in
formation on the frequency of molt and growth
rate of HO1lU1/rU8 a:nterie.anuJi and Oance'r paguru8.
The growth curve~ described by the above investi
gators are presented in figure 1.1

Wide differenc.es in growth rates are indic.a,ted,
and though the difference may in part be due to
geographic separation, it appears t.hltt there mllY
be some errors in int.erpretat.ion.

Wang (1937), graphically presents a size
frequency distribution which shows a mode at 45
mm., a sec.ond a.t 85 nun., and others cent.ered at
115 mm., 1'35 mm., and 155 mm. From othe.r size
frequency distribut.ion dat.a collected in 3 suc
cessive years, he observes weak and domina1'lt
groups progressing from 135 mm. to 160 or 165 mm.

'l\larukawa, Nakazo.wo., and Wang'K results were presented In
terms of carapace width, and are so shown In figurc 1. However,
most If not all king crab Im'l'stigators are prl'sl'ntly using cara
pace length measu\'l'ments, since this dimension Is more definite
and the points o~ Dll'aSUrl'mt'nt are more resistant to flexing
when measuring calipers are al)plil'd, The convl'l'slon trom width
to length for male king cl'ubs rna)' be made b)' the formula: cara
pace leogth=.14+0.925 (carapace width), for sizes less than 95
mm.. In clIrllllaCl' width: and for sizes greater than 95 mOl. the
formula Is: carapace leogth= 1.84+0.744 (carapace width).
These relations were calculated from length-width measurements
of eastern Bering Sea king crabs, .

ltnd t.hen to 185 nun. lVRng combines the t.wo sets
of datIl- and interprets the first two modes in the
size-frequency distribut.ion to be indicative of sizes
nt. ages 1 and 2, ltnd then from t.he modnl progres
sion, the sizes at nges a, 4, and 5, to be 135 nun.,
165 mm., and 185 mm., respec.tively. ""Vang Ilppar
ent.ly does not intel1lret t.he -inc.reased frequency
of 115-mm. crn,bs as representing a year ChlSS. Un
fort.unately, sufficient dllta are not. presented to
permit examination of his frequency distribution,
and reasons ~re not given for excluding the 115
mm. group which is quite evident in the size
frequency distribut.ion presented.

""Vang~s assignment of age 1 t.o the first. mode in
his sample (45 mm.) is not consistent. with the
findings of other researchers. Maruka.wa and
Nakazawa both describe 1-year-old cmbs to be of
about 7 ltnd 8 nUll., respectively. Also, the Fisli
eries Agency' of Ja.pa.n (1958) reports that 3,084
juvenile crabs, mnging in size from 6 to 15 mm. ill
Cll-mpaCe length with a mean slze of 9 mm. (cara
pace width, 8 mm.), were collected in the eastern
Bering Selt in Iltte M·a.y and ·ea.rly June of 1957.
Since hatching in the eltste.l'll Bering Sea occurs
in April and :May and it is generally ngreed that
there is about a 10-week period of larval life be-
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fore the adult form occurs at 2 mm., it is unlikely
that these 9 mm. crabs are of O-age class, but are
probably 1 year old.

Further, it is our belie.f that another yenr group
between 8 mm. and 45 nUll. is to be expected. In
a study 2 of the growth of small crabs in Unalaska
Bay, Alaska, we sampled at 4-month intervals
from May 1'958 through May 1959. By observing
the progression of modes in these samples, we con
cluded that crabs sampled in May of 1958 were ill
their second year at a carapace width of 11 to 12
mm. and were in their third year at a carapace
width of 37 mm. According to our data, a crab
ne·ar the end of its third year of life would be ap
proximately 45 mm. or larger. If geographic vari
ation in growth is not great, it seems reasonable
to expect that if crabs near J a.pan a.re about 8 mm.
at age 1, then at age 2 they would be less than 37
mm., and 45-mm. crabs may be 3 years of 'age
rather than 1-year-old ns postulated by Wang. It
would then appear that Wang's curve may be
shifted 2 years to the right. Also the inclusion of
another year group at 115 mm., as noted in Wang's
size-frequency distribution, would t.end to decrease
the slope beyond 85 mm.

Marukawa (1933), in his comprehensive and
informative paper on Paralithodes, presents a
discussion on growth, including the curve shown
"in figure 1, in which males reach a maximum
carapace widtll of 216 mm. in 31 years. A review
of Marukawa's methods and results is presented
by McKay and Weymouth (1935), who point out
that the early modes in Marukawa's size-frequency
data probably represent instal'S rather than year
classes, and that later modes most likely indicate
chance irregularit.ies. We generally agree with
the reviewers. Marukawa's size-frequency distri
butions of smaller crabs show modes at 7, 17, 25,
34, 42, and 53 mm., which he interprets as being
year classes. As discussed in the previOlis para
graph, progression of modes jn a series of size
frequencies taken throughout a year indicates
greater spacing between year classes than are
shown in Marukawa's size distriblltion. Sato
(1958), also points out that the 17, 34, and 42 mm.
modes in Marukawa's frequency curve can be con-

~ The results of this study are deRcribed briefly In a paper sub
mitted to the International North Pacific Fisheries Commission
for Inclusion In the 1959 Annual Report.

sidered as instal'S. That modes in the larger sizes
are due to ch.ance irregularities is suspected, since
our observatIOns of growth increments resulting
from one molt would span from 3 t.o 6 modes.
Thus, if some of the early modes were considered
instal'S rather than year classes, the lower portion
of Marukltwa's curve would be steeper and would
shift the remainder of the curve to the left. Con
'sideration of fewer age classes in the larger sizes
would also steepen the curve, and it would ap
proach maximum size more rapidly.

Nakazawa (1912) presented information that
enabled construction of the curve shown in figure
1, but unfortunately he did not include the data
upon which his annual growth increments were
based. His curve, however, is intermediate be
tween Wang's (1937), whose growth rate appears
too rapid, and that of Marukawa's (1933) which
appears too slow. Other investigator's results of
growth st.udies have been examined but were not
included, since sufficient data were not presented to
enable constructing curves.

The reports examined and the curves present.ed
in figure .1 show wide differences t.hat, as stated
earlier, seem to be mainly due t.o errors in inter
pretn.tion, but may, in part, be due t.o actual dif
ferences in growth demonstrating the difficulties
in estimating growth of king crabs.

The growth ·studies to be discussed in the re
mainder of this report pertain to the eastem Ber
ing Sea king crab. Although sexual maturity ap
pears to be attained from 85-95 mm., the term
adult used in this report includes all crabs larger
than 80 mm. in carapace length. Det.ermination of
growth for t.he smaller sizes is based on modal
progressions in size-frequency distributions, since
modes are fairly well defined and lit.tle is 'known
of growth per molt and molting frequeney in t.hese
sizes. In the larger sizes, year classes tend to over
htp due to nomllolting crabs, and modes when evi
dent. are probably made up of various year classes.
For this sihiatiol1 a meth~d was developed which
is dependent upon a composit.e of t.he amount of
growth observed in tagged crabs and the propor
tions observed to molt in any particular year. The
resulting growth eurve for the larger sizes, there~
fore, takes into consideration both molting and
nonmolting crabs.
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SOURCES OF DATA

Each summer since 19M, a commereial fishing
vessel has been clutrtered to otter tmwl for samples
at predesignnted stntions 20 miles apart. The sta
tions snmpled by yeltr are represented in figure 2.

The gear used each year WRS similar to that de
scribed by Gre,emvood (1958). Thistrl\wl is com
monly cnlled a "400 enstern type,"

At ench station all crabs caught were measured
to the nearest millimeter, shell conditions were
noted, :md males were ta'gged and released. Two
measurements were taken. Length of carapac.£'
was measured from the posterior margin of the
orbit of the right eye to the midpoint of the pos
terior margin of the carapace. Greatest width of
the carapltce between spines was also measured as
a check on accuracy of length measurement since
a definite relationship exists bet.ween length and

. width.

vVe recorded four shell conditions, soft, new,
old, and very old, which are subjective classifica
tions of the length of. time since molt. The prin
cipal blLsis of classification are scrntches and dis
e~iorations of the ventral basal segments of the
appendages. A. soft exoskeleton is indicative of a
emb which has just molted, since after ~pproxi

111lLtely 1 week the shell becomes firm and resists
flexing. New-shell cmbs have hard exoskeletons,
the ventml surfaees of which are white and un
sera-tehed, and :tre presumed to have molted dur
ing the winter or spring immedilttely preceding
the sampling period. Crnbs with yellowish ven
tml exoskeletons and multiple darkly stained
scratehes Itre chtssified ItS old-shells Itnd are judged
not to luwe, molt.ed for one or more years. The
very-old-shell condition is an extension of the old
shell and is characterized by an lthnost black ven
tra-I exoskeleton and dense growth of fouling or
ganisms. The time since last molting is not well
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FIGURE 2.-King crab sampling stations for the years 1955 through 1959.
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defined for the very-oId-shell eondition, but is be
lieved to be noticeable in the second year after
In.st molt. Individual fouling organisms which
settle on the shell have not been considered as It

"lPJl.sure. of time since molting because the life
cycle, such as time of setting and growth of these
organisms in the Rering Sea is not known nnd
would demand a separate study.

Shell eonditioilS nre the basis of determining
molting frequency, and for the purpose of growth
\ve are interested in those thnt. molt.ed in the cur
rent year nnd those t.hat did not. In the remain
der of this report soft and new-shell conditions
are grouped as new-shell lmd refer to crabs that
hnve molted in the. current year, while old- and
very-oId-shell conditions are grouped ns old-shell
nnd refer to erabs whieh have not molt.ed during
the current year.

Since initiation of investigations in 195~, crnbs
have been tagged with eit.her a Petersen disc-type
~ag on a leg or through the carapnce, or with a
spaghetti-type tng through the. muscular isthmus
between the posterior margin of the cnrapnce and
the nbdonilillll region. Since Petersen dise-type
tags are probnbly lost. nt molting, analysis of
growth from tagged crab data has been restricted
to recoveries of spaghetti-type tags which remain
attached through molt.

Of 23,826 male c1'l1.bs released with spaghetti
type tags in years 1955 through 19f>9, 1,103 have
been recovered, of which 1,017 were returned with
complete measurement datil.. Chnnges'in sizes in
dicnting growth were observed in 325 recoveries.

ADEQUACY OF DATA

Two populntion properties a·re nssumed in this
report. They nre: (1) the growth of tngged in
dividua1s nnd the size frequeney dist~'ibution sn111
pIes are representntive of the populat.ion, and (2)
the snme population is slU11pled each year. Sup
port for these assumptions is provided from exam
ination of our field observations which show:
tngged crabs mix uniformly with the untngged
crabs throughout the fishing area; repetitive sam
pling performed in 1956 and agnin in If1n8 re
sulted in similar size-frequeney distributions and
percentl1-ges of shell conditions within each year;
tagged crabs continue to be taken in successive
years after release, and only in the Bering Sea.
In addition, the sampling areas, pnrticularly since

1957, lU'e believed to include the major distribu
tion of this population, since explorntions by tIu"
United States Fish and Wildlife Service in If149
(ElIson, Powell, and Hildelmmd, 1950) and by the
Japanese in 1957· (Fisheries Ageney of ,Japan,
1958) revealed very few PaJ'aHtlwdes cam.tscha.tica
in adjaeent areas of the eastern Bering Sea.

In subsequent discussions, it will be evident that
the 1957 data are anomolous with other years.
The snmples included fewer molters in the popu
lation, thus reducing the proportion of molting to
noml1olting crabs. ExamiImtion of this feature
shows that the 1957 data were collected la.te.r in
the sununer than in any of the other years. It is
therefore possible that. changes in distribution as
socinted with this time period may atfeet the avail
abilit.y of new-shell crabs. That only new-shell
crabs are affected is suspect.ed by examination of
all data which shows that the abundance of old
shell erabs appear relatively unchanged regnrdless
of the time of sampling.

There is general agreement ·iII published reports
that male crabs larger than 110 mm. in carapace
length, molt no more than once annually. From
a study of shell conditions, Vinogradov (1945)
established that the mnjority of the In.rger males
molt once every 2 years. Also our records show
t.hat several tngged crnbs were returned after 3
years with no evidence of molt.ing.

The Fishery Market Ne,,'s (1942), 'Wallace,
Pertuit, and Hvat.um (1949) and discussions with
fishermen indicate that t.he ndult mnle king ernb
molt.ing period nnd growth occur in late winter
or early spring in the eastern ·Bering Sea. Our
observnt.ions aboard chartered vessels show that

. soft-shell male crabs were caught. only in May,
and these have numbered one-tenth of 1 percent
of the t.ot.nl number of mnles sampled. No male.
crnbs in the molting or postmolting' stnges hn.ve
been found in the summer and 1I1.t.e fnll surveys.
Since growth t.akes pbce before our sampling
periods, and there is no noticeable change in size
frequency distribution or shell-condition propor
tions during the sampling season, the crnbs taken
may be considered as representing nn inst.anta
neous sample.

The relation between time of molting nnd our
period of sampling is an important pnrt in differ
ent.inting, through the use of shell condition, the
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crabs that molted during the eurrent year from
those that did not molt. The crabs that molted
in the winter and early spring have had their
shells no more thn,n 6 months at the time of sum
mer sampling, whereas those not molting have had
their shells not less than 1 year. Although shell
condit.ion is a subjective classifieation, the differ
ence in discoloration and marking of the exoskel
eton is distinct.

Confidence in the ability to distinguish between
the current year molters and those that molted in
the previous year may he shown by an examina
tion of shell-condition classifications of tagged
crabs, recorded at release and again at recovery.
The bulk of the recoveries and the elassifications,
were made aboard the Japanese mothership by a
biologist following, for the most part, our written
description of the various shell eonditions. Ex
cluding all tagged crab recoveries showing changes
in length measurements, and therefore indicative
of having molted, there were, 595 tag returns with
shell-condition data available for study. Table 1
shows the shell conditions recorded at release and
recovery of the crabs and their periods of free
dom.

Of the 417 recoveries of new-shell releases, one
recovered after a year of freedom was classified as
new-shell, and by our eriteria of shell conditions
is considered in error. All additional six were
classified as new-old, indicating some doubt. The
six doubtful Cllses were recorded in 1956, and after
the IH57 senson the definitions of the shell condi
t.ions were made more explicit.. Of t,he old-shell
releases, two recoveries within the year of release
were classified a.s new shells on recovery and are
considered niisclassified. The amount of error in
classification appears to be no more than 1.5 per
cent and mny be as low as 0.5 percent if the six
doubt.ful cases are not included.

TABLE I.-SheU cond·;.tion Classification at recovery of non
m.olting tagged crabs

-
PerIods of freedom

Shell condition Shell con'lItion
at release at recovery

Within After 1 After 2 After 3
year year years years

---------
New-shell. ______ New__________ 125 1 0 0Old ___________ 0 306 76 3Old-shell. _______ New __________ 2. 0 0

--------~-OIL _________ , 72 82 22 ------- ... -

I Six additional crabs were recovered but classified as new~ld and are not
Included.

The amount of growth permolt is determined by
an examination of the tagged crab measurement
data t.hat were taken at release and ngain at re
covery. Preliminary analysis of the relation of
width and length of tagged crabs indicated some
measurement error. Therefore, width on length
regression .and a 99 percent confidence interval
around this regression were ealeulated from a ran
dom sample of 744 crabs. All t.ag recoveries where
measurements fell beyond the interval were not
considere.d in the analysis. A few recoveries were
also discarded due to illogical length to shell con
dit.ion relations, for e.xample" an increase in cara
pace length inconsistent. with a logical change in
shell condit.ion.

In order to determine the range of measure
ment error, we exumined 1~8 within-season tng
recovery measurements (appendix table 2) rea
soning that va.riations in measurements for this
groul) must result from error or bias. Plotting the
deviations of recovery from: relellse measurements
shows that 99 percent of the devintions lie be
tween plus und minus 4.4 mm. This is shown
grnphic-nlly by the shuded histogram in figt.lre· 3.

All tagged crabs, that measured 5 mm. or more
larger when reroOvered, and which had a corre
sponding increase in width, are considere.d toO rep
resent cmbs tlutt grew during their pe,riods of
freedom. The deviations of the lengths at recovery
from the lengths at release, for 325 male e.ra.bs de
picting growt.h nre shown by the unshaded h.isto
gram in figure 3. Considering the shell condition
ltnd the length of time at liberty, 15 crnbs with
length increments greater than 23 mm. were con
sidered, to have molted at least twice, and therefore
are not used in the analysis.

GROWTH BY SIZE FREQUENCIES

Length measurements of all male king crabs
taken during stMion pattern sampling each year
since 1955 (Appendix table 1) were smoothed by
It moving lwernge. of three; the resulting numbers
Itt each millimeter of length were expressed as per
e.entages of eae.h year's total. Percentages were
used to compensate for varying numbers between
years. To emphasize the dominant size groups
und their progressions, the percentage deviation
of each year's size frequency distribution from the
1955 through 1959 mean distribution was calcu
lated. The resulting yearly positive and negat-ive
deviations are plotted on figure 4. Examination
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TABLE 2.-Range and mean sIze by year 101" size groups A,
B, and a ·tn figure ..

of these deviations shows the presence and pro
gression of at least two dominant size groups and
one deficient size group. Since the juvenile erab
studies. have not progressed sufficiently to allow
assignments of ages to the size groups represented,
we have conside.red the size increase in relation to
the time of entry into the sample of eaeh dominant
and weak group. These groups are designated for
reference as A, B, and C.

Range M~an Range Mean Range Mean

84.7 ._._. • • •• _. __ L _

101.6 66-89 80.0 ._ ._. __ • _
111.7 90-100 94.2 ~9 77.4
131.7 101-121 111.3 84-100 92.3
152.5 111-129 119.5 106-108 107.3

Dominant group A, shown first in the 1955 dis
tribution, advances through the suecessive. yeltrS
to 1959 where it appears to include a rather wide
range of sizes. Group B, which is characterized
by a scarcity of crabs, is observed to progress
from 1956 through 1959. Dominant size group
C first became evident in 1957 and appears to be
reduced after 2 years' progression. The reduc
tion of group C is, in part, due to the method of
using de.viations from a mean, in which the
strength of one size group, sueh as indicated by
A in 1956 and 1957, may affect the plotted strength
of another.

In order to present more clearly the progres
sions of these groups, the range and mean lengths
were calculated, and are listed in table 2. In fig
ure 5, the' progressions of mean values of each
group are. plotted on years after first entry in the
samples. Also included is the mean progression

Group CGroupB

Size (mm.l

Group AYear

1955. .____ 74-100
1956 •__ •• _ 90-111
1957_._______ 101-121
1958•• .__ 122-141
1959__•• 134-174



60 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

50 90

1955
N=645

1959
N=3024

200

0.4

0.2

o.o't--........lIIlII"-'UI

-0.2

-0.4

0.4

0.2

o. 1956
N=1750

-0.2

-0.4

c:
0
-.:
c 0.4
>
Q)

"C 0.2

~ 1957
0 0.0 N=1279c:
Q)

-0.2:]
CT
Q) ·0.4~--c:
Q)
0 0.4
~

Q)

a. 0.2

0.0
1958

N..5496
-0.2

-0.4

FIGURE -i.-Annual deviation from the 1955 through 1959 average size frequency expressed in percentage and smoothed.



GROWTH OF THE ADULT MALE KING CRAB 61

A
--- --

/
--f--------- /

/

/' i
// -

lp~'
-D

~ ,.

:/1 C
./.....

-.
V'" .

/.~ "..
----

0~'"-" .'
".' . .- _.... _. "- ....._..

<)

150

160

80

~ 100
c
Q.

~ 90co

70

II)

~ 140-CD

~ 130

'e
.: 120
.c:-g' 110

-CD

65234
Years after entry

FIGURE 5.-Progressions of the mean values of size groupS A, B, and C. x denotes the progression of the mean of the 
size group means.

of these means which shows a relatively constant
increase of approximately 15 mm. per year.

Although modes other than those. discussed were
evident, only the more prominent ones in the
smaller sizes were considered. This se.lection was
guided by the suspicion that due to the lesser fre- 
quency of molting in' the larger sizes, an overlap
ping of year classes occurred, and the modes or
means of individual classes became unidentifiable.
To alleviate the problem of attempting to de-fine
annua.l growth in the large adult male king 'crabs
by following the progressions of distinctively
weak or dominant modes, another method was de
vel9ped, which involves the deterl~ination of
growth in length per molt and the proportions
molting.

GROWTH INCREMENT PER MOLT

Three hundred ailCl ten tagged and recaptured
crabs representing growth from one molt (ap
pendix table 3) range in size from 98 to 169 mm.
before molting. The carapace length at release

and the observed growth increments for these
crabs are shown in figure 6.

The straight line shown in figure 6, fitted by the
method of least squares, represents the regression
of growth increment on size for the size ral~ge of
our data.. It is recognized that a second degree
polynomia~ (j'= - 62.989+1.1410X_. 0.0041X ~)

better fits the data, significantly reducing the
meun square from 8.994 to 8.233. However, growth
curves based on linear and curvilinear regressions
were compared and it was found that the ma.xi
mUI11 difference at anyone point between the
curves did not exceed 2 111m. Since. the use of a
straight line regression simplifies subsequent dis
ClIssions, and results are not appreciably affected,
we have conside.red the growth increment for one
molt as being represented by the straight line re
gression in figure 6. - This line is expressed by
the equation i'=13.14+0.018X. The mean ex
pected growth increment, i\ varies from 15.1 DUU.

for a carapace length of 110 mm. to 16.0 mm. for
carapace. length 160 mm., a difference of only 0.9
mm. Thus the growth increment of crabs of these
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sizes is essentially constant and for the purpose of
this discussion we regard the growth increment per
molt as being 16 mm. for all male crabs 110 mm.
in carapace length and larger. Extrapolation of
the regression line beyond 170 mm. may int.roduce
error, but the results I1re not appreciably affected
as only tt small proportion of the. cmbs of these
larger sizes molt..

AVERAGE ANNUAL GROWTH INCRE
MENT OF THE POPULATION

If nIl adult male. cl'llbs molted once annually,
their growth would be described as an accumula
tion at the. rate of 16 nun. per year. However, the
small adults molt annually, but as they increase
in size, molting oc.c·urs less frequently. Since we
do not yet know the molt.ing frequency of imli
vidual crabs, we ('.annot describe their growth rate.
'Ve can, however, determine the average annual
growth of the population by adjusting the growt.h
increase determined from tagged individuals by
the proportions of molting crabs observed.

The numbe.rs of non-molte.rs (old-she.ll crabs)
and molters (new-shell crabs) by size, observed in
samples for the years 1956 through 1959, are
shown in figure 7.. Shell condition was not re
corded in 1955.

Since all sizes of adult male crabs greater than
110 mm. in carapace length were shown to in
erease by approximately 16 mm. per molt, the
new-shell distribution for each year was shifted
16 nun. to t.he left. This has the effect of return
ing the new-shells to their size prior to molting.
""Ve then smoothed both distributions by a moving
average of 7 mm. and ealeulated the proportion of
new-shell to old-shell crabs for each millimeter
size elass. The result of the transformation, using
the 1958 data as an example, is shown in figure 8.
By multiplying the proportions molting by 16
nun., the average annual growth inerement of
crabs greater than 110 mm. was ealculated for
each year's data and shown in figure 9.

AVERAGE GROWTH RATES

In any growth study it is highly desirable to
define growth in terms such as the growth of in
dividuals or of an age dass. Until permanent
reeords of growth are· found in crabs, or tagged
individuals are ret.urned after prolonged periods
of freedom, it is unlikely t.hat t.he growt.h rate of
individuals can be deseribed. It appears possible,
however, to estimltte the average growth rate of
a year class.
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The simplest. method of estimating the average
growth rate would appear t.o be a stepwise accu
mulat.ion of the average annual growth incre
ments. For example, using the 1958 dat.a (fig. 9)
and assuming that t.he growth increments repre
sent growth pot.ential in terms of length, crabs
110 m111. in lengt.h at. some single age N would, on
t.he average, increase in size by 15.4 mm., result
ing at age N + 1 in an average size of 125.4 mm.
The average annual increment for 125.4mm. crabs
can then be added to determine the size at. age
N + 2, etc. It can be seen that the average annual
increment is the average amount of growth for all
crabs of a size, and that t.he proportions used are
made up of crabs that have, and t.hose that have
not., molted. The resulting relation of size with
time by t.his accumulating process is, therefore,
in t.erms of average size against average age.

To avoid the use of double averages, a met.hod
was developed to express the growth rate in tenns
of average size at a particular age. The method
utilizes a model which we believe represents the
growth of the eastern Be.ring Sea king crab st.ock,
and depicts the advancement of a size group
through 6 years.

We will exa~ine a hypothetical group of 10,000
male crabs under t.he assumption that the attained
sizes of several year classes in one year are repre
sentative of the growth of one year class from
year to year. Basic inferences derived earlier in
the report from tagging and from the sampling
data for 1958 are utilized in a hypothetical model.
These are: (1) when male king crabs'110 mm. and
larger molt, t.he carapace length increases by 16
mm., and (2) the proportion molting by 16 nUll.
intervals (fig. 8) are: at 110 mm. carapace length,
the proportion molting, P is 0.96; at 126· mm.
P=0.87; at 142 mm. P=0.65; at 158 111lll. P=0.37 j

8193630-62-2

and at 174 mm. P=0.03. Since there were no
crabs larger than 195 mm. taken in 1958, we as
sume P at 190 mm. to be 0.02, allowing for a slight
decrease in molting frequency.

The smallest size considered in the model is 110
mm., a size generally common to the progressions
of modes described previously. Since most, if
not all, crabs less than 110 mm. molt at least an
nually, and the modes in size frequency distribu
tions of these sizes are quite definite., we assume.
that 110 mm. crabs in the model are all of one age
class at N years of age. The' sizes, numbers, and
average size present in each of the successive years
from age N to age N + 5 are calculated and shown
in table 3. At the end of the first year, since 96
percent of the 110-nun. crabs molt and 4 percent
do not molt, the age. group has been segregated
into two size classes with an average length of
125.4 mm. The following year the crabs are of
age. N+1, and the nO-mm. crabs (N=400) and
the 126 mm. crabs (N=9,600) are calculated to
be distributed in varying numbers in three size
classes consisting of 16 crabs remaining at 110
mm., 1,632 crabs at. 126 mm., and the remaining
8,352 advancing to 142 mm. In this manner, at
the end of the year of age N +5, five size classes
are represented, the average length of the year
class being 167.8mm.

The 1956, 1957, and 1959 data are treated in the
same manner, and t.he average lengths for each
age for all years are tabulated in table 4. The
growth curves based on the average sizes for each
age are shown in figure 10. Both the table and
the figure include an extension below 110 ·mm. to
ages N -1 and N - 2. The extension is the mean
of the means of the progression of "modes in the
size frequency distribution discussed earlier.
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TABLE 3.-A modeZ representin.g the Q·d·vancement of one size grottp of crabs following the growth trc1/.d as obscT1Jed from
the 1958 samplin.g data

[Explanation of symbols: N, age in years; P, proportion molting; q. old shell)

Beginning of year End of year

Number of crabs by carapace length (mm.) and shell condition
Age in years

N

Number
of crabs

Carapace Proportion
length in molting'

mm.
P

(I-P)

q 110 126 142 158 174 190 206

Average
size in
mm.

--------1----1---'----1----11----1--- -----------------------
N _ 10.000 110 0.96 0.04 1400 9.600 . _

TotaL ---- ------------ -- ------------ 400 9.600 • 00 _

125.4
N+l._________________ 400 110 .96 .04 116 384 . •

9.600 126 .87 .13 11.248 8.352 _
---------TotaL .____ 16 1.632 8.352 .._________ 139.3

N+2 _ 16
384

1.248
8,352

110
126
126
142

.96

.87

.87

.65

.04 '1 15 _

.13 150 334 . _

.13 1162 1.086 _

.35 12.923 5,4.."lI . ._

TotaL • -- • _ 227 4,343 5,429 _ 150.3
N+3 _ 1

15
50

162
334

1,086
2.923
5.429

110
126
126
126
142
142
142
158

.96

.87

.87

.87

.65

.65

.65

.37

.04

.13

.13

.13

.35

.35

.35

.63

1
'2
16

121

13
44

141
1117
1380

I 1,0"..3

------2i7- =========: ========== ======:=:: ==========700 _
1.900 . _

13.420 2.009 _

TotaL ._____ 0 30 1.718 6,243 2,009 ._____ 158.4

=====

--------i- ==========

2
8

21
38
58

'59

--------3- ========== ========== ==.========11 _
34 _
28 _
91 _

246 • _
51 _

165 •
443 _
797 _

178
1253
1682

11.227
'1,891

.13

.13

.13

.13
.35
.35
.35
.30
.35
.35
.63
.63
.63
.63
.97

.87

.87

.87

.87

.60

.65

.65

.65

.65

.65

.37

.37

.37

.37

.03

126
126
126
126
142
142
142
142
142
142
158
158
158
158
174

1
2
6

21
13
44

141
117
3SO

1,023
217
706

1.900
3.420
2.009

__________ 1 •
__________ 2 _

11 5 _
13 18 . _

___________ .________ 15 8 • _
__ ._______ 115 29 . _
__ ._ .. __ ._ 149 92 _
. . __ .__ 141 76 _
__________ 1133 247 _

========== ========== '_~~~_ I ~~ -------80- ========== ========== :=========__________ 1445 261 . _
__________ 11.197 703 _
__________ 12.155 1,265 _
______________________________ --------__ '1,949 60 _
------------------TotaL __ , · ._________ 0 4 627 5.051 4.258 60 164.0

======N+6._._______________ ! 126 0.87 0.13 1 - • • •• _
3 126 0.87 0.13 3 - • _
1 142 .65 .35 1 _
2 142 .65 .35 11 1 _
5 142 .65 .35 12 3 _

18 142 .65 .35 16 12 • _
5 142 .65 .35 12 3 _

15 142 .65 .35 15 10 _
49 142 .65 .35 117 32 ._
41 142 .65 .35 114 27 _

133 142 .65 .35 .________ 147 86 _
358 142 .65 .35 .______ 1125 233

8 158 .37 .63 15
29 158 .37 .63 118
92 158 .37 .63 '58
76 158 .37 .63 148

247 158 .37 .63 1156
665 158 .37 .63 1419
137 158 .37 .63 '86
445 158 .37 .63 '2S0

1,197 158 .37 .63 1754
2,155 158 .37 .63 '1,358
~ lU .~ .W

2M 174 .03 .97
703 174' .03 .W

1.265 lU .03 .97
1,949 174 .03 .97

00 100 .~ .W

N+4 _

TotaL • ._._. • _._._._. _ o o 223 3,690 6,000 186 167.8

1 Old shell.



FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

180

170 1959
1958.. 1956

~• 160-•E 1957
150

E
t:

~
140-Dl

t:
130•

•u
120a

Q.
a
~

g 110

• I

Dl I

~ 100 I
I• I>« I

90
I

I

80

70

N-I N N+I N+2 N+3 N+4 N+5 N+6
Age in years

67

FIGURE 10.-Average growth curves of adult male.king crabs for each of the years 1956 through 1959 as determined from
population models (solid lines). The broken line extension represents the average progression of modes in the
size frequency distributions. N represents an age in years at which crabs are 110 mm. in carapace length.



68 FISHERY BULLETIN OF T~E FISH AND WILDLIFE SERVICE
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-.--------_.-------1----1-----

DISCUSSION

TABLE 4.--Average size at each age of the sot/.thea·stern
Bering Sea population of a·dult ma·le king cra.bs as de
termined from modal p1"Qgressi01b in size-freq·/tency dis
tributum and from gro'wth per molt tnll·l.UpUed bll the
moltillg proportio'ns i-Ib each size

any large devill,t.ion of the molting rate of one shell
t.ype from P must be accompanied by It compensat
ing deviation of one or both of the other. For 'ex
ample, if the 'molting rate of old-shell crabs is
high, the molting rate of new-shell crabs would be
low, and in any particular year of the age-class
progression where old-shell crabs predominate, the
average size would be greater than t.hat indicat.ed
in the model. However, in.the following year the
increased number of new-shell crabs resulting from
the high-molting rat.e of the oM-shell crabs would
be subject to t.he low molt.ing rat.e of crabs having
new shells. The result would be a lower average
size of t.he year class for t.hat. year. The growt.h
rat.e under such a condition would be st.ep-like,
ll.nd smoothing would result in a curve that would
approximat.e that. developed by considering P con
stant. for size, as we have done.

Observed molt.ing proportions may also be af
fected by other factors: (1) varying environ
mental conditions, (2) varying year class strength,
(3) differential natural mortalit.ies by shell condi
tions, and size. Our studies with respect to the
above factors have not progressed sufficiently to
measure their effect on molting proportions.

The model does not consider mortality. Al
though this ma.y be unrealist.ic, mortality was not.
included since our measures of mortality mtes are
not yet definitive, and constant loss would not
change"the results.

There is no reason to expect appreciable. dif
ferential natural mortality by size or age for the
range of size and age being discussed here. It
might be expected, however, that there would be
a higher death rate of crabs that molt than those
that do not. The effect of molting mortality is
negated by the fact that. molting proportions are
.based on numbers surviving; therefore, after the
effect of molting mortality. Although there is
some differential mortality due to fishing, since
t.he fishery continually st.rives to catch the larger
old-shell male crabs, this mortality is not evalu
ated in t.he model. The fishery operates concur
rently with our sampling efforts, and at present
there is no way t.o assess its effects. In addition,
preliminary examination shows that. the fishery,
through 1959, takes a relatively small proportion
of the king crab population as a whole.

For use in calculation of yield, it would be ex
pedient to express our growth curves as mathe-

80.7
96.0

110.1
125.4
140.9
154.6
161.4
165.4
168.4

1959

80.7
96.0

110.1
125.4
139.3
150.3
158.4
164.0
167.8

1958

80.7
96.0

110.1
120.1
128.7
136.1
142.5
148.1
153.0

1957

80.7
96.0

110.1
125.5
140.6
152.0
159.0
163.7
167.2

1956

Age

The growth rates calculated from the 1956, 1958,
and 1959 data. show genera.l agreement, but 1957
data suggests an appreciably lower rate. This is
due primarily to the apparent. lower proportion of
molters in the 110- to 150-n1l11. carapace :length
range.. In view of the discrepancy of the 1957
data, and because of the few years for which we
have data, no at.tempt. has been made t.o develop a
single growth curve.

The model assumes that molting rate is a func
tion of size. It might be questionable that crabs
of anyone size, which did not molt., will exhibit t.he
same molting rate the following year. The molt
ing proportion, P, used in t.he model are the pro
portions observed in the entire sample (popula
tion) , and in the larger sizes undoubtedly includes
several year classes wit.h cmbs of various shell
conditions. The assumption that crabs of a com
mon size, with va.rying time since the last molt,
have equal molting mtes is guided b~' the fact that
the P's are avemges of all molt.ing rat.es that oc
cur in the eastern Bering Sea j that is, the molting
rates of new-shell and old-shell and, to a lesser de
gree, very-old-shell cmbs make up P.
If molting mtes of the various shell conditions

differ widely, they must differ around Pj that is,

It would be unrealist.ic to ext.end th~ growth
model beyond N +6, because very few crabs greater
t.han 200 mm. in carapace length are taken in t.he
eltstern Bering Sea. In addit.ion, from the curves
presented, it appears that in most. yea.rs the average
length is approaching an asymptote, and any
further increase in age will not greadya.ffect the
average size of the year class.

N -2 _
N-L _
N _
N+L _
N+2 • _
N+3 _
N+4 _
N+5 _
N+6 _
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matical functions. At present, however, the com·
plexity of interdependence of growth, mortality,
and recruitment precludes the mathematieal for
mulation of a growth pam.meter which is suit
able for analytical purposes. Either elimination
or determination of the interaction of mortality
and recruitment on our data must be resolved first;
for prediction of yield under varying conditions
requires that each parameter be independent or in
terms of coefficients which represent the magni
tude of their integrated effect. Also, the growth
rate presented represents the average growth of
the population by lengths and would, for the pur
pose of calculating yields, be more meaningful if
presented in terms of weights. The king crab's
live weight is, however, not very significant, since
meat-weight is subject to wide variation for any
one size, while body-we.ight remains essentially
constant. Therefore, it seems more appropriate to
discuss growth by weights and resulting yield in a
study of productivity.

It would be desirable to compare the growth
curves 'de-reloped in this paper with those of
Marukawa (1933), Nakazawa (1912), and Wang
(1937), presented earlier. The Marukawa and
Wang growth curves are based on size intervals
between modes and progression of modes in size
frequency distributions which would tend to re
flect the growth of only molting crabs. Nakazawa
bases his curve on growth increment per molt
and frequency of molt which he assumes occurs
at le.ast once a year. Thus, his curve would also
reflect primarily the growth of only molting crabs.
The curves developed in our paper, on the other
hand, are weighted by the proportion of each size
that does not molt amI for the larger sizes par
ticularly will show a slower growth rate. There
fore, the curves developed by dIe authors cited
and those 'described in this report are not directly
comparable.

Considering the rate of growth concerning juve
nile crabs, as shown by the data of the above in
vestigations and our observations in Unalaska
Bay, we speculate that an 80-mm. crab (N-2) in
the eastern Bering Sea may be about 4 years old.
We hesitate, however, to place a precise estimate
of size and corresponding age. on onr N value.s
until the present juvenile crab studies are further
advanced.

SUMMARY

During the 6 years (1954-59) the U.S. Fish and
Wildlife Service has carried' on a study of the
southeastern Bering Sea king crab Pamlithodes
cmntsc'M.tica.. One phase of the investigations
has been to estimate the rate of growth of the
adult male king crab.

Estimating the growth rate required the use of
three factors: (1) group progression in size-fre
quency distribution; (2) growth increment per
molt; and (3) the proportion of each size molting
in any given year.

Observations of size group advancement through
5 years of size-frequeJ?cy distribution samples af
forded an estimate of tlIe growth rate for the
smaller adult crabs. Results show that a size
group of crabs averaging 81 mm. in carapace
length attains a length of 126 nun. after three
years-an annual g,.·owth increment of 15 mlll.

Tagged crabs measured at release and again at
recovery provided data indicating that· the growth
per molt is approximately 16 mm. for all crabs
more than 110 mm. in length. The proportion
molting for each size was calculated from observa
tions on shell condition reported during each year
of the station-pattern sampling program. By
combining growth per molt and the proportion
molting, the average annual growth increment of
crabs greater than 110-mm. carapace length is cal
culated. The resulting curves for each year of
sampling exhibited a rapidly decreasing average
annual growth increment as the crabs increase in
SIze.

The growth rate of crabs, greater than 110 mm.
in length, was estimated by employing a model
which represents the progression of a year class
through time for each of the years 1956-59.

The growth rates as estimated from size-group
progression and the model method were combined.
The resulting growth curves calculated from the
1956, 1958, and 1959 data were quite similar, and
showed that on the average, male crabs 80 mm. in
carapace length will attain Ii length of 168 mm.
after 8 years of growth. Crabs growing at the
rate depicted for 1957 would be 153 mm. in length
at the end of an equal period. The reduce.d
,growth rate for 1957 was due primarily to the
lower frequency of molting recorded in the 110
to 150 mm. sizes.
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APPENDIX

The following tables of data on the king c.rab are those. on which the figures and calculations in
the text are based.

ApPENDIX TABLE I.-Size frequency distrtbuti01t an.d size frequency by shell conditi01t8 of male Mng cra.bs from aampl·i·no
data taken in each of the 1Iea1"S 1955-59

1007 IIl58 1959

Shell condition Shell condition Shell condition Shell condition
Total

OldNew

Totsl -.__-'-_

OldNew

Total

OldNew

Total

OldNew

1955 I
total

Csrspsct' length
in mrn.

-------1----- ------- --------------------- _

2

2

2
1
1
1

2
1
2
1
3
1
7

1
2
1
4
5
6
3

10
8
8

10
7

12
9

18
15
21
27
33
22

'33
30
34
26
21
34
26
32
25
27
20
22

2 2

1 _
1 _

1 _

71

1 _

1 _

1
2
1
4
5
6
3

10
8
8

10
7

12
9

18
15
21
27
32
21
31
30
33
26
20
34
25
31
25
27
20
21

1 1
3 --________ 3

--------i- :::::::::: ----------
--------i- :::::::::: --------.-

3 _
2 _
1 _

2
2
4
6

10
10
6
6
9
4
4
2
2
7
3
4
1
1
4
4
3
3
5
5
6
5
9
8

II
7

22
17
9

27
22
29
29
35
33
44
56
49
70
57
56
68
47
55
52
46
44
43
38
31
33
38
23
27
35
34
32
22
39
48
46
42
43
26
58
44

'49

4
2
3
5
1
3
3
5
5

2
2
4
6

10
10
6
6
9
4
4
2
2
7
3
4
1
1
44 _

3
3
5
5
6
5
9
6

II
7

22
17
9

27
22
29
28
35
33
44
56
49
68
57
56
68
45
M
51
45
44
42
38
31
31
37
21
26
32
33
25
22
35
46
43
37
42
23
55
39
43

50 _
5L ~_______ 1 1
52 ~ _
53 • • . _
M__________________ 1 .___ I
55__________________ 1 1
56 • • • 1 1
57 _
58__________________ 1 ._________ 1 _
59 _
60 • •. • _
61. • 1 1
62 ~_____________ 1 1 _
63 _
64__________________ 1 1 1 1
65__________________ 1 1 1 1
66 ._____ 2 2
67 ~ _
68 ~_________ 2 2
69__________________ 3 3
70__________________ 1 1 1 2 2
71._________________ 1 1 5 5
72__________________ 1 1 3 4
73__________________ 1 3 3 10 10
74__________________ 2 3 3 6 1 7
75 ._____ 3 2 2 7 1 • 9
76__________________ 5 3 3 5 1 6
77__________________ 7 3 3 11 2 13
78__________________ 2 4 4 10 1 11
79__________________ 4 4 4 8 3 11
SO__________________ 6 3 3 9 1 10
81._________________ 5 7 7 8 882_ 5 6 6 6 7
83__________________ 5 4 4 11 11
84__________________ 5 7 7 7 1 8
85__________________ 3 3 4 7 1 8
86__________________ 10 6 6 6 2 8
87__________________ 6 4 4 6 1 7
88__________________ 5 6 6 5 1 6
89__________________ 3 5 5 9 2 1190 .__________ 3 10 11 4 2 6
91._________________ 8 12 13 1 1 292__________________ 3 12 12 3 6 9
93._________________ 7 16 • 17 4 1 5
94__________________ 4 15 15 6 3 9
95._________________ 3 11 • 12 8 2 10
96__________________ 7 22 22 5 4 9
97__________________ 9 13 13 5 3 898__________________ 4 22 22 8 1 9
99__________________ 5 12 12 6 1 7
100_________________ 7 34 34 11 1 12
101.________________ 4 12 12 9 9
102_________________ 5. 21 21 19 2 21
103_________________ 6 20 20 8 3 11
104_________________ 3 23 23 7 2 9
105_________________ 3 19 19 14 3 17
106_________________ 4 18 19 12 2 14
107 3 14 15 15 7 22
108.________________ 5 18 • 19 20 3 23
109 .__ 3 17 18 12 1 13
110_________________ 4 31 31 26 4 30
111.________________ 2 24 25 18 7 25
112_________________ 6 9 10 20 6 26
113_________________ 10 20 • 21 20 9 29
ll4_________________ 8 15 16 19 4 23
ll5_________________ 5 21 22 21 8 29
ll6_________________ 6 15 --------1-- 15 17 8 25
117_________________ 5 23 24 16 1 17
ll8_________________ 9 26 1 '28 15 8 23
ll9•• 3 19 1 20 6 7 13
120.__ ••• 5 24 1 '26 14 8 22

I See footnotes at end of table.
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ApPENDIX TABLE I.-Size freq'llency distribu.tion and size frequ.ency by shell condit-ion,IJ of male "'in.g cl"Q·bs f,"ol/l samplil/(/
data taken in each of tile yemos 1955-59-C~ntillued

----------------------- -----------,,-----1-------------,;-----C,uapace length
in mm,

t955 ,
total

1056

Shell condition
Total

1957

Shell condition

1058

Shell conditionTotal _ Total

1059

Shell condition
Total

New Old New Old New Old New Old
_._------------------------------------------------
121.________________ 8 20 2 22 10 8 18 55 7 62 31 32122_________________ 7 24 25 9 4 13 45 8 53 20 --------3- 20123_________________ 4 24 ' 25 8 2 10 63 3 66 23 26124_________________ 5 18 , 20 8 9 17 7'l 9 81 30 2 32125_________________

10 19 20 10 8 18 67 9 76 23 3 26126_________________
3 10 ' 21 5 5 10 63 9 72 20 1 30127_________________
6 21 21 14 3 17 71 6 77 20 1 21128_________________

10 19 3 22 8 7 15 76 7 R3 30 3 33120_________________ 6 13 13 10 4 14 75 14 80 29 3 32130_________________ 7 11 3 '15 10 6 16 85 23 108 47 --------if 47131 _________________ 5 17 1 18 8 7 15 61 10 71 26 28132_________________ 8 21 ' 22 12 7 10 77 14 01 35 2 37133_________________ 5 19 19 5 5 10 64 11 75 31 4 35134_________________ 6 14 3 17 4 12 16 73 17 90 29 6 35135_________________
6 10 3 , 14 7 7 14 66 13 79 40 2 42136_________________
6 0 6 15 3 6 0 63 20 , 84 37 1 38137_________________
7 14 2 16 3 7 10 63 20 83 36 3 30138_________________
6 23 4 27 8 9 17 74 18 92 40 2 42130_________________ 8 15 4 10 6 9 15 57 10 76 52 8 60140_________________
7 18 4 22 4 10 14 65 24 89 40 5 45141.________________
4 9 7 16 3 5 8 41 14 55 48 3 51142_________________

11 10 4 14 7 7 14 57 12 70 40 5 54143_________________
12 14 7 21 10 6 16 62 18 80 53 11 64144_________________ 6 12 4 16 3 8 11 35 20 55 67 10 77145_________________ 0 16 10 ' 27 3 5 8 52 20 72 47 0 , 57146_________________ 5 .16 10 26 1 7 ;8 42 18 60 50 12 '63147_________________
11 11 7 18 2 3 5 43 22 65 35 S 43148_________________ 9 8 5 13 3 7 10 58 11 69 36 11 47140______________ -"__ 7 11 14 25 4 7 11 59 ·10 69 61 7 68150______________ c __ 9 16 6 223 1 4 5 53 17 70 40 11 60151_________________ 7 17 7 24 5 2 7 45 0 54 46 13 59152_________________ 4 14 16 231 2 4 6 44 23 67 40 13 62153_________________ 8 12 5 17 4 0 13 44 30 74 41 14 55154_________________ 11 17 7 , 25 1 5 6 42 23 65 36 17 5311>5_________________ 11 17 12 230 5 9 14 40 21 61 57 8 65Ibll. ________________ 7 11 8 10 3 10 13 34 21 55 54 12 66157_________________ 1 20 221 2 5 7 40 26 66 41 21 62158_________________
7 16 6 22 3 10 13 34 30 64 33 15 48159_________________ 7 5 4 0 1 5 6 31 21 52 35 10 54160_________________
3 14 13 27 7 7 14 25 36 61 48 18 66161_________________
9 6 12 18 4 3 7 33 34 67 10 22 41162_________________
3 11 10 21 3 5 8 23 23 46 37 28 65163.________________ 6 11 5 16 8 4 12 33 38 71 27 18 45164_________________ 7 4 7 11 2 10 12 28 28 56 22 16 38165_________________ 8 14 5 19 5 6 11 29 27 56 29 0 38166_________________ 1 10 5 15 4 --------3- 4 35 18 53 20 15 35167_________________
5 0 5 14 4 7 17 17 34 18 16 34168_________________ 11 5 5 10 4 6 10 25 24 40 14 16 30169_________________ 8 5 10 '16 2 2 4 27 10 46 17 20 37170.________________ 5 3 ·8 11 4 5 0 20 22 42 14 7 21171_________________ 3 2 8 10 3 2 5 18 16 34 14 13 27172_________________
7 3 4 7 2 1 3 20 15 35 5 10 15173_____________ , ___ 3 8 3 11 4 3 7 23 10 42 16 16 32174. ________________ 5 2 10 12 5 1 6 13 15 28 6 7 13175_________________ 8 4 10 14 1 4 5 15 16 31 4 14 '10176_________________ 6 1 4 5 2 3 5 10 9 10 6 9 15177_________________ 6 2 6 8 1 1 14 13 27 1 4 5178_________________ 4 2 6 8 ---------- ---------- ------_._. 15 10 2b 5 7 12179_________________ 5 5 1 6 1 2 3 7 6 13 5 5 10180_________________ 6 1 2 '4 2 2 6 17 23 4 4 8181. ________________ I 3 3 4. 4 6 6 12 4 5 0182_________________ ---------- 3 ---------- --.------- 1 1 3 3 3 3183_________________ 2 1 1 --.- .----- ---------- ~._---_._- 1 5 6 2 2184_________________
I 1 3 4 ---------- .- ...._--- 1 5 6 2 4 6165_________________ 2 ---------- 1 1 1 1 1 4 2 6 1 1 2186__ -"______________ 3 ---------- 1 1 2 2 3 6 0 4 3 7187_________________ 2 2 2 ------ ... - ----._---- ------~..- 1 2 3 1 1 2188_________________ 1 3 4 1 ------._-- ---._._--- ---------- ---------- 2 2189_________________
1 1 2 3 2 --.-._---- --------2-190_________________
I --~~------ 2 2 ~-----~--- --~--~---- --._._---- --~~------ 1 1 ~-----._.- 2101.________________ ._------_. ---------- 1 1 ---------- --------.- ---------- --------.- --------~. --._------ ---------- 1192_____________ , ___

~~--------
.. _-._~._-

. 1 --------.- ---------- ----._._-- ---------- ~---------193_________________
~--------~ 1 -~--------

1 ----.--- .. 1 --------_. 1 1 -_._-~---- --------3-194_________________ ---------- ---------- ---------- ._------ .. ---------- ---------- 1 1 ._-------- 3195_________________
---~------ ---~------

1 1 ---------- --._------ ~._-----~~ --~._~---- ----._._-- -----_._-- .-------.- ----------196_________________
-_.~------ -- .._----- ---------- ---------- -~--._.--- --~------- ---------- ------~._- ._----.- .. -----_._-- ----------197_________________
---------- 1 --------_. 1 ---------- --------.- --._------ _._-.----- --------.- -----~---- .---------198__ : _________ • ____
~--------- -----_._~-

-_._--_._- --._._---- 1- 1 ---------- ---------- ----._---- ---------- -----~----199_________________
---------- ---------- ---------- ---------- .~-------- --------.- ---------- ---------- ------~--- ---------- _._-----.-201. ________________
---------- ---------- 1 1 ----_._--- ---------- --. __ ... _- --------_. ---------- -----~---- --.-._---- ---------- -------------------------------------------------TotaL _______ 645 1,375 355 1,759 808 470 1,279 4,354 1,140 '5,496 2.440 580 3,024

I Shell condition not recorded in 10M.
2 One crab of unknown shell conditions.
2 Eight additional crabs under 60 millimeters.
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ApPENDIX TABLE 2.-0ne h1tnclrea twenty-eight 1vithitl~year

ta.g reco1'eries

Release Recovery Deviation
from

release
measure·

Year mentat
released Carapace Carapace Carapace Carapace recovery

length width length width

Carapace
length

mm. mm. mm. mm. mm.11lli5. ________ 150 170 146 173 -419li5. ________
191 229 188 229 -319li5_________
168 202 170 203 211lli5__• ______ 145 160 142 161 -311lli5_________
168 200 157 182 -11

11lli5_________ 145 170 143 170 -219li5_________
128 146 128 143 019li5_________
137 155 135 156 -219li5_________ 177 220 176 220 -119li5_________
167 200 167 201 011lli5. ________ 118 131 118 132 011lli5. ________ 171 203 170 202 -119li5______• __ 1M 178 1M 179 019li5_________
157 186 156 188 -119li5. ________
160 187 160 187 019li5_________
147 173 148 174 111lli5. ________ 156 184 155 183 -111lli5_________
175 208 173 209 -2

19li5_________ 163 199 163 200 019li5_________
178 211 177 210 -111lli5. ________ 167 202 165 Unknown -211lli5 ____• ____ 173 204 173 206 019li5_________ 169 196 169 198 019li5_________ 138 160 138 158 019li5_________
172 201 171 202 -I

1956_________ 128 147 127 146 -111lli6_________
149 177 149 173 01956_________
120 139 119 139 -1

1956_________ 149 175 148 175 -11956. ________ 161 188 160 186 -11956_________
142 169 143 169 1

11lli6._~._____ 157 186 157 184 01956. ________ 147 171 147 170 01956_________
1M 183 1M 184 01956. ________
175 210 176 208 11956_._______ 150 182 150 180 01956_________
138 161 139 160 11956_________
157 183 156 182 -11956_________
131 149 131 147 01956. ________ 172 204 171 204 -11956_________
138 163 137 162 -11956. ___• ____ 159 183 156 185 -3

1956_________ 160 188 157 192 -3
1956_________ 155 . 177 1M 178 -1
1956_________ 166 189 166 190 0
1956_________ 148 177 147 176 .,...1
1956_________ 146 165 146 167 01956_________ 166 198 167 196 11956_________ 147 176 146 174 -11956_________ 150 176 151 177 11956.________ 147 180 147 181 01956_________

151 176 152 177 1
1956_________ 153 181 153 182 01\156_________ 151 180 152 182 11956_________ 160 189 159 190 -11956_________

145 168 145 170 01956_________
162 192 162 192 01956_________ 162 184 160 180 -21956_________
150 178 150 175 01956_________
155 183 1M 179 -1

1956_________ 156 182 152 182 -31956_________ 155 184 155 186 01958 ,________ 132 155 132 156 0
1958_________ 95 108 95 108 01958_________

162 188 161 193 -1

ApPENDIX TABLE 2.-0ne hltndrecl t"wenty-eight within
year tag recoveries-Continued

Release Recovery Deviation
from

release
measure-

Year mentat
released Carapace Carapace Carapace Carapace recovery

length width length width

Carapace
length

mm. mm. mm. mm. mm.1958_________ 157 191 156 192 -11958___ •_____ 149 171 148 169 -11958_________ 168 203 168 201 01958_________
172 204 171 207 -11958_________ 158 191 159 193 11958_________
161 197 163 196 21958_________ 164 185 162 190 -21958_________
144 170 143 173 -I1958_________
164 193 163 1118 -I1958_________
157 185 157 189 01958_________ 186 213 185 220 -11958_________ 161 187 161 190 01958_________ 158 184 157 187 -11958_________
170 206 170 210 01958_________ 184 217 183 226 -11958_________
181 210 181 213 01958_________
176 209 176 210 01958_________ 175 208 175 209 01958_________ 173 205 173 212 01958.•________ 144 166 143 168 -11958_________
165 200 165 202 01958__• ______ 172 202 170 205 -21958_________
158 183 158 185 01958_________
164 196 164 197 01958_________
180 208 179 213 -11958_________
140 168 140 171 011lli8.________ 160 183 158 188 -21958_________
152 173 151 175 -11958_________
162 196 161 IIlli -I1958_________
137 163 138 163 11958_________
175 202 175 212 01958_________
166 193 167 196 11958_________ 164 193 163 196 -11959.________ 175 202 175 208 01959_________ 143 167 142 170 -11959.______._ 166 195 165 196 -111lli9_________
152 182 151 186 -111lli9_________
175 208 173 214 -219511_______ ._ 162 186 162 191 01959_________
145 167 145 171 01959_________
171 203 170 207 -11959_________
167 197 167 199 019511________• 144 164 143 164 -11959_______ ._ 151 171 150 174 -11959_________
163 192 162 197 -11959________•
162 192 161 194 -11959_________ 147 174 146 178 -11959__• ______
157 179 156 182 -11959_________
171 202 171 206 01959_________
1M 194 163 199 -11959_________
162 188 162 191 01959_________
166 193 167 IIlli 11959________•
167 190 166 196 -11959_________
153 176 153 177 01959_______ ._ 148 169 147 173 -1

1959_____•••• 194 223 193 226 -11959_________
"171 202 169 205 -21959_________
167 200 166 202 -111lli9_________
161 192 160 193 -11959.________ 154 182 154 182 01959_________
148 172 149 175 11959_________
168 198 167 201 -11959_________
168 194 162 191 -6

I Carapace measurements of the 11lli7 within-year recoveries were 110t re
corded.
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ApPENDIX TABLE 3.-Spaghetti-type tag recoverie8 8how
ing growt1~

ApPENDIX TABLE 3.-Spaghetti-type tag reco'verie8, 8ho1c
ing gr010th.--Continued

24
4

20
5
9

28
22
8

24
6

24
8

22
7
5
1

20
23
24

4
22
20
8
9

28
23
5

22
22
22
22
27

Release Recovery Growth
data data Increment

---Year

~5 if
Shell condi- Year " ~

Shell condi·

~5 ~tlon ~J:l tlon
"'to

S~ co= ~i
eO. co-li" coj ~!l'0- 0- 0 0--I----------------------

mm. mm. mm. mm. mm. mm.
1956 151 172 Old___________ __do __ 163 190 Old _______ ._ 12 18
19M 124 141 ___ ._do_______ • __do __ 134 157 ____ .do______ 10 13
1956 142 161 New______ . ___ _.do__ 161 186 _____do. _____

19 25
1956 118 137 _____do________ 1959 134 157 _____do______

16 20
1956 145 164 _____do________ 1959 163 189 _____do______

18 25
1956 143 167 _____do________ 1959 ]/\0 194 _____do ______

17 27
1956 118 131 _____do______ ._ 1959 154 181 Very old ____ 36 150
1956 155 181 ____ .do________ 1959 173 209 OId _________ 18 28
1956 148 170 . ___ .do________ 1969 167 192 _____do ___ • __ 19 22
1956 152 173 _____do________ 1969 170 197 ____ .do______ 18 24
1956 150 178 Very old______ 1959 162 193 _____ do _______

12 15
1956 107 119 New__________ 1959 136 156 New________ 29 137
1956 156 185 OId___________ 1959 168 2lI2 Very old ____ 12 17
1965 166 196 _____do________ 1959 177 210 Old _________ 11 14
1965 161 188 _____do________ 1959 174 204 Very old____ 13 16
1956 147 174 _____do________ 1959 161 196 _____do ___ • __ 14 22
1956 152 176 New___ • ______ 1959 174 205 Old _________ 22 29
1965 141 168 _____do________ 1959 156 187 _____do ______

15 21
1956 157 181 _____do_ •______ 1959 175 204 Very old ____ 18 23
1956 144 164 _____do_. ______ 1959 163 196 0Id _________ 19 31
1956 143 168 _____do________

1959 160 186 _____do. _____ 17 18
1956 142 167 _____do________ 1959 150 181 _____ do ______

8 14
1966 148 179 _____do________ 1959 166 208 _____do. _____ 18 29
1956 145 166 ___ ._do________ 1959 164 193 _____ do______

19 27
1956 156 181 _____do________ 1959 170 199 ___ ._do______ 14 18
1956 128 163 _____do________ 1959 146 177 _____do______

18 24
1956 157 187 _____do________ 1959 172 203 _____ do______ 15, 16
1956 160 193 _____do________ 1959 178 220 .. ___ do______ 18 27
1956 131 156 _____do________ 1959 148 182 ____ .do______ 17 26
1956 128 147 _____do________ 1959 150 176 ____ .do______ 22 29
1956 129 151 _____do. _______ 1959 150 181 ____ .do______ 21 30
1956 147 169 _____do_____ •__ 1959 168 196 _____do______

21 27
1956 131 146 _____do. _______ 1959 146 165 _____do______

15 19
1956 136 159 _____do____ • ___ 1959 152 182 _____ tlo ______ 16 23
1956 133 156 _____do________ 1969 163 187 _____do______

20 31
1965 132 157 _____do________

1969 152 187 _____do______
20 30

1956 146 176 _____do. _______ 1969 163 185 _____do ______
7 9

1956 135 157 _____do________ 1959 155 181 _____do ______
20 24

1956 147 178 OId. __ •• ______ 1959 165 205 Very old____ 18 27
1956 138 164 New•• ________ 1959 1M 186 _____do ______ 16 22
1956 133 155 _____do________ 1959 . 151 177 OId _________ 18 22
1956 139 156 _____do________ 1959 1M 175 ___ ._do______ 15 21
1956 145 160 _____do________

1959 167 192 _____do ______
22 32

1956 146 173 _____do_____ • __ 1959 166 202 ____ .do_____ • 20 29
1965 160 182 _____do________ 1959 182 212 ____ .do______ 22 30
1956 137 16~

_____do________ 1959 153 183 _____do______
16 23

1966 136 1M New___ •______ 1959 159 180 Old ________ • 23 26
1966 154 176 _____do••.• _____ 1959 174 204 _____do. ______

20 28
1956 1M 179 ___ ._do________ 1959 166 199 ___ ._do_______ 12 20
1956 163 178 _____ do________

1959 168 201 _. ___do_._.___ 15 23
1956 163 173 _____ do________ 1959 171 197 •____ do ______ 18
1956 141 169 0Id___________ 1959 151 183 Veryo1d ____ 10 1
1956 145 168 _____do________ 1959 155 181 Old_________ 10 13
1956 140 160 New. ______ ._. 1959 1M 180 •• ___do_______ 14
1956 143 161 Old_ ••_____ • __ 1959 163 176 Very old____ 10 1
1956 147 166 New___• ______ 1959 167 195 Old_________ 20 2
1956 146 173 __ •• _do. _______ 1959 164 200 _____do_______ 18 27
1956 154 179 _____do________

1959 174 207 _____do_______
20

1965 134 156 _____do________
1959 162 178 _____ do_______ 18

1967 128 145 Old ___________ 1958 140 163 New_. ____ ._ 12 1
1967 133 147 New__________ 1958 148 171 _____do_______ 15
1957 107 121 _____do________

1958 117 137 _____do_______ 10 1
1957 113 127 _____do________ 1958 127 151 _____do_______ 14
1957 125 144 _____do________

1958 139 162 _____do_______
14 1

1957 112 129 __. __do________ 1958 126 151 _____do_______ 14
1957 106 119 _____do. _______ 1958 113 126 _____do_______ 7
1957 110 125 _____do. _______ 1958 120 140 _____do_______

10 1
1957 119 133 Old ___________ 1958 124 144 _____do_______

5 1
1957 114 127 New__________ 1958 130 150 _____do_______

16
1957 128 147 _____do________

1958 144 170 ____ .do••_____ 16
1957 126 142 _____do________ 1958 145 168 _____do••. ____ 19
1957 107 117

_____do________
1958 122 141 _____do.• _____ 15 2

1957 118 134 _____do____ • ___ 1958 134 156 _____do __ . ____ 16
1967 116 134 • ____do________ 1958 132 1M ____ .do_______ 16
1967 112 123 _____do________ 1958 126 141 _. ___do_______ 14 1
1967 121 136 Old __ •________ 1959 135 155 Old_. _______ 14 1
1967 127 142 _____do________ 1959 147 170 _____do_______ 20
1957 163 182 Very old_. ____ 1959 167 205 _____do.______ 14
1957 122 142 OId___________ 1959 137 167 _____do. ______ 15 2
1957 153 178 _____do________

1959 166 200 Very old_ • __ 13
1957 115 128 New____ •• ____ 1959 128 150 New________ 13
1957 142 168 Old__ •________ 1959 158 190 Very old ____ 16
1957 140 156 _____do__ ••••___ 1959 156 178 _____do_______

16
1967 138 159 _____do__•••_._ 1959 157 186

____.do_______
19

62
26

50
5
7
8
1
3
3
2

40
26
20
23
26
8

23
4
1

20
9
4
5
9
8
3
4
9

26
7

20
9

30
2
2
5

23
2
9
1
8

See footnote at end of table.

Release Recovery Growth
data data Increment

Year

I~
" Shell condl- Year " !5

Shell condl- " hIi t10n !:~ t10n ~5
~ "'o.

coil ~. Sfi! ~i Sil ~'-0- o!l' 0- 0- o!l'

--
mm. mm. mm. mm. mm. mm.

1965_ 169 187 Unknown____ 1965 166 192 Unknown.__ 7 5
1965. 148 173

_____do________
1965 158 184 New________ 10 II

1965. 131 144
_____do________

1956 146 164 _____do____ ',_ 15 20
1965_ 147 169

_____do ________
1965 165 196 _____do______

18 26
1965_ 109 124 _____ do ________ 1965 129 150

_____ 00 ______
20 26

1965_ 136 156
New__________

1957 151 179
OId_________

15 23
1965_ 119 130

____ _do________
1957 139 1M

_____do______
20 26

1956_ 135 155
_____do________

1957 149 176
_____do______

14 25
1956_ 135 163

_____do________
1957 163 176 __ •__do______

18 23
1955_ 149 173

_____do________
1957 166 201 _____do. ___ ._ 17 28

1955_ 135 156
_. ___do________

1957 153 181
_____do ___ • __

18 25
1956_ 149 174

_____do_______
1957 163 195 _____do____._ 14 21

1956. 160 193
_____do_____ • __

1967 176 217 _____do____._ 16 24
1955. 137 163

____ .do__ • _____
1957 163 174 • ____do. _____ 16 21

1956_ 141 160
_____do________

1967 151 179 New________
10 19

1965_ 160 185 _____do_. ______ 1967 170 210 0Id_________
10 25

1955_ 148 170
_____do________

1957 166 196
_____do______

18 26
1955_ 120 133

_____do________
1967 134 163 _____do______

14 20
1956_ 141 160

_____00________
1967 159 184 _____do______ 18 24

1956_ 133 158
_____do_______

1967 149 186
_____do______

16 28
1965. 153 173

_____do________
1967 167 196 _____do. ___• _ 14 22

1956. 134 149
___ __do________

1967 1M 176 _____do___ • __
20 27

1965_ 143 169
_____do________

1967 159 190 _____do____'_ 16 21
1956_ 138 159

_____do________
1967 153 180 _____do. _____

15 21
1966. 128 149

_____do________
1967 146 175 _____do______

18 26
1966_ 126 144 __•••do_. ______ 1957 142 170 _____do___• __

16 26
1965_ 127 143

_____do________
1957 145 166 _____do. _____

18 23
1956_ 141 162

_____do________
1967 160 187 _____do___•• _ 19 25

1956. 144 161 Unknown__ ._ 1958 157 180 _____do____ ._
13 19

1966_ 149 178
OId___________

1958 163 199 _____do___• __ 14 22
1965. 162 178 Unknown•• __ 1958 164 194

_____do______
12 16

1965_ 146 164
_____do________

1958 164 191
_____do______

18 27
1955_ 117 135

..____do___ , ____
1958 147 174 New________ 30 139

1965_ 122 143
_____do________

1958 151 181 OId_________
29 138

1955. 142 163
_____ do________

1958 161 192 _____do______
19 29

1965_ 138 157
_____do________

1958 155 183 _____do______
17 26

1965_ 155 176
_____do________

1958 168 194
_____do______

13 18
1965~ 139 165

____.do________
1958 150 184

_____do______
II 19

1965e 142 161 __._.do_______ 1958 159 190
_____do______

17 29
1956~ 149 179

_____do~ _______
1958 163 200 ____.do______

14 21
1956_ 146 171

_____do________
1958 162 195 Very old__ ._ 16 24

1965. 134 158
_____do________

1958 147 178 Old•• ____ • __ 13 20
1955 134 144 _____do________ 1958 171 196 New. _______ 37 I

1955 159 176 New_____• ____ 1958 173 2lI2 OId _________ 14
1955 143 161 Unknown____ 1959 162 192 Very old ____ 19 31
1955 128 145

_____ do________
1959 163 195 Old_________

35 "

1955 144 166
_____do________

1959 176 211 _____do_______ 32 14
1955 125 139

_____do________
1959 1M 186 _____do.______ 29 14

1955 123 138
_____do________

1959 157 186 _____do. ______ 34 14
1955 111 129

_____ do___• ____
1959 ,148 180 _____ do_______

37 15
1955 161 186

_____do___• ____
1959 175 :lOll _____ do. __ •___ 14 2

1955 153 175
_____do________

1959 169 198 Very old____ 16 2
1955 136 152

_____do________
1959 147 174 Old _________ 11 2

1955 125 141
_____do________

1959 153 181 _____do•• _._._ 28
1955 143 171

_____do________
1959 160 197 Very old•• __ 17

1955 164 191
_____ do________

1959 177 211 _____do_._____ 13
1956 155 180 OId_._________

1957 171 2lI3 New ________ 16
19M 145 170

New__________
1957 161 196

_____do_______
16

1956 122 138
_____do________

1958 135 156
OId _________

13 1
1956 125 146

_____do________ -_do__ 142 169 _____do_______ 17 Q

1956 150 175 OId. __________ __do__ 161 189
_____do_______

II 1
1956 130 153

_____do________ __do__ 139 164 _____do_______
9 1

1956 139 155 _____ do________ __do__ 156 175 _____do __••___ 17
1956 153 174 _____ do______ • _ __do .• 170 193 ____ .do_. _____ 17 1
1956 152 183

_____do________ __do__ 167 207 _____do_. _____ 15 2
1956 148 177

__• __do________ __do__ 166 202
_____do_______

18 2
1956 163 196

_____do________ __do__ 177 215 _____do_______ 14 1
1956 147 176

_____do________ _.do __ 161 194 _____do__•____ 14 1
1956 151 174

_____do________ -_do__ 160 187 _____do.______ 9 1
1956 149 175 _____do. _____ ._ __do__ 164 189 _____do__ ••___ 15 1
1956 138 161 New_. ________ _'_do __ 150 180 _____do_____ ._ 12 1
1956 132 151 _____do________ _.do __ 151 177

_____do.______
19

1956 129 142
_____do________

_.do_. 141 159 _____do___ •___ 12 1
1956 125 147

_____do________ ._do__ 139 167 _____do.______ 14
1956 140 164 OId___________ __do __ 155 183 _____do___ •• __ 15 1
1956 148 172 _____do________ __do __ 168 2lI2 _____do_______ 20
1956 164 195 New__________ __do._ 178 217 _____do_______ 14 2
1956 141 164 Old___________ __do__ 1M 186 _____do_______ 13 2
1956 149 174

_____ do________ __do. _ 165 201 •• _._do_______ 16 2
1956 137 155

____ .do________ __do__ 152 178 ____ .do_. _____ 15 Q

1956 149 177- New__________ __do__ 164 199 _____do•• ___ -- 15 2
1956 122 139

_____do___ • ____ __do__ 137 158 _____do__ •____ 15 1
1956 130 147 _~ ___do________ __do__ 145 168

_____do_______
15 2

1965 148 176
OId___________ __do__ 165 194 ___ ._do.______ 17 I
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ApPENDIX TABLE 8.-Spaghetti-type tag 1"ecoveries, Sl&01fJ

ing growth-Continued.
ApPENDIX: TABLE 8.-Spa01&etti-type ta·g recoveries, show

ing growth~Continued

mm.
18
20
22
19
22
20
28
31
26
27
16
III
28
23
29
24
18
22
29
17
20
26
21
17
26
14
19
26
27
23
27
28

136
22
24
24
17
27
23
25
21
20
26
28
2'J
21
22
23
22
25
23

.29
26
2Q
21
19
22
24
24

.23
29
26
22
28
28
24
29
23
18
24
19
24
24
21
16
28

Growth
increment

~£"1":
[i~ ~
8~ 8 lt

Shell condi
tion

mm.
New .... 13

____ .do_______ 14
_____do... 13
_____ do_.. 15
____ .do 18
____ .do 15
__ •__do_______ 18
_ do. .. 20
__ do ._ 18
_____ do. __._._ 16
.. do_.. 12
_____ do_.. 13
_____ do... 19
_. do __ .. 15
_ do_______ 19

_..__do __.. 18
Old_________ 12

__ do.... 15
_____do_.. 18
__ do_.. 12
_ do_ .. 14
.. do_______ 17
_____do_ .. 16
_ do __ ..__• 13
_ do.. 17
New .. 10
Old_________ 13

_____do_______ 17
_____do __ .. 18
_. do_______ 16
• do_______ 17
_____do_.. 18
New .. __ 27
Old_________ 13
Very old.. __ 15
Old_________ 14

_____do_______ 14
_____do_ .. 18
_____do_______ 16
_____do_______ 18
_. __ .do_______ 17
_____ do_______ 16
__ .. _do.. 17
_____do.. 18
__ .. _do_______ 12
_____do.. 13
_____do.. __ .__ 13
_____do.. 15
_____do_______ 11
___ ••do.. 16
Very old __ __ 15
Old_________ 18

___ ,_do.. 16
_____do.. 14
_____do..__ .__ 15
_____do.. III
____ .do.. 13
____ .do.. 17
_____00_______ 17
• do_.. 15
_____do __ •• 18
_____do_______ 19
_____do_______ 12
_____do_._.___ 20
_____do_______ 15
_____do_._ 15
_____do_______ 19
_____do_______ 17
____ ,do_______ 12
_____do__.. 17
_____do_.. 14
Very old____ 18
Old :_.__ 16

~ do_... 13
_ do_______ 12
New________ 18

Recovery
data

mm. mm.
138 168
124 147
131 162
160 182
132 153
159 196
172 205
159 193
157 188
168 206
120 144
139 161
155 186
167 200
157 188
146 177
156 136
166. 194
141 I'll
132 154
129 147
146 175
141 168
132 149
155 185
122 140
131 152
151 178
140 1&.l
151 177
150 178
151 177
131 149
157 192
165 198
152 178
144 168
151 186
153 173
152 183
167 198
130 148
161 190
178 215
152 185
152 187
165 193
156 188
168 198
167 195
160 193
1M 187
162 194
159 189
168 202
169 198
157 189
146 173
164 196
162 189
154 187
152 178
153 186
158 188
157 191
184 226
161 169
160 189
165 194
170 200
137 157
155 181
160 193
'163 194
136 156
155 187

YearShell ('(Indi
tion

Release
dala

Year

----)-----1·------1-----1-- --

I Considered as two molts.
=Unknown.

mm. mm.
1957 125 150 Old.. .. 1959
1957 110 127 New... 1959
1957 118 140 do.. 1959
1957 145 163 OId.... _... 1959
1957 114 131 do_. __ • 1959
1957 144 176 do________ 1959
1957 1M 177 Vcry old.._.__ 1959
1957 139 162 New_._.______ 1959
1957 139 162 OId.. 1959
1957 152 179 Very old.._.__ 1959
1957 108 128 New_. 1959
1957 126 142 Old.. .__ 1959
1957 136 157 New•• _.______ 1959
1957 152 177 Very old.. 1959
1957 138 159 New•• _. 1959
1957 128 153 OId..... .. 1959
1957 144 168 Very old.... __ 1959
1957 151 172 OId.. 1959
1957 123 142 New.. 1959
1957 120 137 do________ 1959
1957 115 127 do .. 1959
1957 129 149 Old..__ .. .. 11159
1957 125 147 New... .. 1959
1957 119 132 .. do_ .. .. 1959
1957 138 159 Very old.. __ .. 1959
1957 112 126 New.... 1959
1957 118 133 .do.. .. 1959
1957 134 152 Very old .. 1959
1957 122 135 New..... .. 1959
1957 135 1M .do__ • 1959
1957 133 151 . Very old.. 1959
1957 133 149 do.... 1959
1957 104 113 Old .. 1959
1957 144 170 Very old.. 1959
1957 150 174 ._do .. _ 1959
1957 138 1M do 1959
1957 130 151 OId 1959
1957 133 15Y Very old.. 1959
11157 137 150 do .. 1959
1957 134 158 do.. 1959
1957 150 177 do .. 1959
1957 114 128 OId.. 1959
1957 144 164 Very old...... 1959
1957 160 187 OId.... 1959
1957 140 163 ..do.. 1959
1957 139 166 Very old.. _ 1959
1967 152 171 Old.. 1959
1957 141 165 ..do .. 1959
1957 157 176 Very old_.. 1959
1957 151 170 _....do. 1959
1957 145 170 do • 1959
1957 136 158 OId..__ • • 1959
1957 146 168 ..do________ 1959
1957 145 169 Very old 1059
1957 153 181 ._do.. 1959
1957 150 179 .do 1969
1957 144 167 _. do 1959
1957 129 149 OId.. 1959
1957_ 147 172 Very old•• _.__ 1959
1957_ 147 166 Old__.. 1959
1967_ 136 158 Very old______ 1959
1957_ 133 152 do 1959
1957_ 141 164 OId.. 1959
1957_ 138 160 Ne...·_.________ li159
1957_ 142 163 Veryold_•• 1959
1957_ 169 202 do 1959
1957_ 142 160 do________ 1959
1957_ 143 166 do •• __ 1959
1957_ 153 176 do .___ 1959
1957_ 153 176 do________ 1959
1967_ 123 138 New. •__ 1959
1957_ 137 157 ._. __do.. 1959
1957_ 144 169 Very old.. 1959
1957_ 150 173 do 1959
1957_ 123 140 Old 1969
1958_ 137 159 New _.. 1959

o

5

24

2
24
29

4

23
26

5
26

5
7

40
23
23

2
20

7
2
3

29
22

1
9
6
5
5

2Il
4
1
1
9

23
2
o
4
3
5

26
8
1

22
7

20
6
8

Release Recovery Growth
data data Increment

----Year

h ~£
Shell condl- Year

~5 ~'5
Shell condi- .,

~'5tion tlon. ~~
~5l r i~ ~ U ~i0- o~ u- ~~ 0---- ---- --

mm. mm. mm. mm. mm. mm.
1957 123 141 Old___________ 1959 139 166 Old_________ 16 2S
1957 157 190 _____do________

1959 174 215 _____do_______ 17 25
1967 127 141 _____do________

1959 145 164 _____do. ______ 18 23
1957 135 152 _____do________

1959 147 170 _____do _______ 12 18
1957 147 172

_____do________
1959 164 196 _____do_______ 17 24

Il/1i7 136 160 New__________
1959 148 175 _____do_______ 12 15

1957 151 176 Very old_.____ 1959 168 201 Very old __ ._ 17 25
1957_ 128 145 New__________ 1959 145 167 Old_________ 17 22
1957_ 128 148 Old___________ 1959 143 171 ___ --do_. _____ 15 23
1957_ 134 147 _____do__ --- ___ 1959 141l 170 _•• __do_____ ._ 15 23
1957_ 107 118 New____ ---___ 1959 118 134 _____do_._.___ 11 16
1957_ 142 157

_____do________
1959 160 186 Very old____ 18 211

1957_ 141 160 Very old.. ____ 1959 158 184 Old_________ 17 24
1957. 138 160

Old___________
1959 157 188 _____do______ • 19 28

Il/1i7_ 145 163 Very old______ 1959 163 191 Very old__ ._ 18 28
1957_ 137 160 New__________

1959 153 182 ___ ._00....___ 16 22
1957_ 137 1M Very old_...__ 1959 155 182 Old _________

18 28
1957_ 158 185 Old.._________ 1959 174 211 Very old____ 16 26
1957_ 145 169 _____do________ 1959 161 193 Old _________ 16 24
1957_ 103 Wi

_____do________
1959 lUI 136 _____do_.._. __ 13 21

1967_ 138 1M Very old____ .. 1959 156 182 ____ .do_______ 18 28
1957_ 160 184

_____do________
1959 177 208 Very old ____ 17 24

1957_ 141 160 _..__do_______ • 1959 157 183 0Id _________ 16 23
1957_ 122 132 Old.._________ 1959 161 181 New________ 39 149
1957_ 125 140

_____do________
1959 140 162 Old _________ 15 22

11l57_ 139 155 Very old______ 1959 160 188 _____do __..___ 21 33
1957- 139 161

Old___________
1959 155 (')

_____do_______
16 (')

1957- 130 145
_____do________

1959 148 169
_____do_______

18 24
1957_ 146 167

_____do________
1959 165 195 _____do_______ 19 28

1957_ 137 156
_____do________

11159 158 181 _____do. ______ 21 2
1957_ 134 151

_____do________
1959 149 172 _____do_..____ 15 21

1957_ 109 122 New__________
1959 139 162 New________ 30 140

1967_ 132 153 _Old.._________ 1959 151 179 Old_________
19 26

1957_ 122 137
_____do________

1959 140 159 _____do __ •____ 18 22
1957_ 131 157

_____do________
1959 147 181 _____do_______ 16

1957_ 144 167
_____do______ ~_

1959 159 188 _____do ._. __ • 15 21
Il/1i7_ 98 109 New__________ 1959 109 121 _____do_______ 11 1
ll/1i7_ 142 168 Old..___•_____ 1959 182 192 __ .._do 20
1957_ 132 155 New__•_______ 1959 151 184 _____do._::::: 19
1957_ 134 155 _____do________ 1959 149 179

_____do_______
15 2

1967_ 163 174 Old_..________ 1959 170 201
_____do_______

17 27
1957. '133 153 Nt>w __________ 1959 148 176 _____do__•____ 15
1957_ 136 157

___..do________
1959 152 183 _____do_____ ._ 16

1967_ 142 166 Old.._________ 1959 159 181 _____do_•••___ 17 2
1957_ 140 167

_____do________
1959 159 193

_____do_______
19

1957_ 143 167
_____do________

1959 160 192
_____do _______

17 2
1957_ 158 186 _____do________

1959 176 213
_____ 00____•__

18 2
1967_ 166 185 ____.do______._ 1959 184 225 _____do_. _____ 18
1957_ 1.28 144

_____do________
1959 144 167 _____do_______ 16

1957_ 126 145 New'•••______ 1959 142 168 _____do_______ 16
1957_ 1M 181 0Id___________

1959 168 203
_____do_______

14 2
1957_ 142 167 New___• ______ 1959 156 187 _____ do_..____ 14
1957 153 180 Old_. __ ._•• ___ 1959 Iii 207

_____ do_______
18 2

1957 137 149 _____ do. _______
1959 149 171 _____ do.._. ___ 12 2

1957 122 142 New __________ 1959 137 165 New________ 15 2
1957 152 175 Old. __•_______ 1959 171 204 0Id _________ 19 ~

1957 1M 184 _____do________ 1959 167 206 _____ do___ •___ 13
1957 134 156 _____do_. ______ 1959 147 177 _____do_______ 13 2
1957 132 150 Nt>w__________ 1959 145 169 _. ___do_._.___ 13 1
1957 124 148

_____do________
1959 135 164 _____ do_. _____ 11 1

1957 121 138
_____do________

1959 140 163 _____do.______
19 2

1957 124 140 Old.______ ._._ 19pO 141 165 _. ___ do__ •____ 17 2
1957 151 172 _____do________

1959 169 201 _____do.._____ 18
1957 121 139 New__________

1959 139 11)3 _____ do_._____ 18 2
1957 127 141 ._. __ do. _______ 1959 142 11)3 _____do.._____ 15 2
1957 141 157 0Id_._______ ._ 1959 162 188

_____ do_______
21 3

1957 128 146 New________ ._ 1959 143 165 _____do.._____ 15 1
1957 149 178 Old___________ 1959 165 201 _____do.._. ___ 16
1957 167 187 Very old._._._ 1959 182 219 _____do.._____ 15 3
1957 138 156 Old.__________ 1959 158 '186 _____ do.._____ 20 3
1957 144 168 _____do___ •____ 1959 1M 182 _____ do_____ • 10 1
1957 157 186 ___ •_do________ 1959 172 209 _____do..___ ._ 15 2
1967 115 131 New. _________ 1959 149 176 New _. ______ 34 14
1957 160 190 Very old_.__ ._ 1959 175 .216 0Id_. _______ 15
1957 155 183 Old___•_______ 1959 165 201 _____ do_______ 10 1
1957 III 126 New _______ •__ 1959 126 147 •____do.._____ 15 2
1957 115 130 Old___•• ______ 1959 132 152 ____ .do.._._._ 17
1957 140 164 _____do. ___ •___ 1959 1M 181

_____do_______
14 1

1957 115 128 New__________
1959 129 148 _____do.._____ 14

1957 156 182 _____do_.______ 1959 172 208
_____do___•___ 16 2

1957 143 164 Old___••_____• 1959 155 182
_____do_______

12 1


