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Experimental Effectsof Soak Timeon Catch of L egal-Sized and
Nonlegal Red King Crabsby Commercial King Crab Pots

Douglas Pengilly and Donn Tracy

AssTrACT: An experiment was conducted in Bristol Bay, Alaska, to assess the effects of soak time on catch per
pot of legal (males >165 mm carapace width) and nonlegal (females and sublegal-sized males) red king crabs
Paralithodes camtschaticus. Soak times of 12, 24, and 72 h were tested because they cover the typical range of
soak times in the Bristol Bay commercial fishery. Catch per pot increased with each increase of soak time for
both legal and nonlegal red king crabs, but catch per pot per soak-hour decreased with increasing soak time.
Additionally, the ratio of nonlegal red king crabs to legal red king crabs decreased with increased soak time,
although local conditions were also shown to have a significant effect on bycatch rates of nonlegal crabs.

INTRODUCTION

Effective management of commercia crab fisheries
reguires an understanding of the influence of pot soak
time (the time between the setting and retrieval of a
fished pot) on catch per pot. The effects of soak time
on the catch rates of red king crabs Paralithodes
camtschaticusin the Bristol Bay, Alaska, commercial
fishery hasbecome of particular interest to the Alaska
Department of Fish and Game (ADF&G). Fisher re-
sponseto 2 regulatory changesin the Bristol Bay fish-
ery since 1996 could lead to reduced soak times. The
first wasthe 1996 establishment of anew harvest strat-
egy for the Bristol Bay fishery that effectively halved
guidelineharvest level sand the expected season length.
Interviewswith fishersand datafrom onboard observ-
ersindicated that average soak times decreased from
nearly 2 dinthe 4 preceding fishing seasonsto 1 din
the 1996 season (D. Tracy, unpublished data). Thenin
1997 previous pot limits (the maximum allowable num-
ber of potsfished per vessel) were halved. Many com-
mercial fishersand industry representatives predicted
that the lower pot limits would lead to further soak-
timereductionsin the Bristol Bay fishery.

Managers of the Bristol Bay red king crab fishery
need to understand the influence of soak time on catch
per pot of bothlegal (males>165 mmin carapacewidth
[CW]) and nonlegal (femalesand sublegal-sized males)

red king crabsto interpret inseason catch dataand judge
the effectiveness of pot-limit regulations in meeting
management objectives. Many fishers believe that re-
duced soak times increase the incidental catch or by-
catch (fish or shellfish that are not retained for sale or
use) of nonlegal red king crabs, which could thereby
reduce the long-term productivity of the fishery. By
regulation, captured nonlegal crabs must be returned
immediately to the sea. A laboratory study simulating
the handling of discarded red king crabs in the com-
mercial fishery (Zhou and Shirley 1995) indicated that
normal handling produces minimal effects. Nonethe-
less, some fishers and fishery regulators remain con-
cerned that nonlegal crabs captured and discarded
during the commercial fishery may sustain lethal or
significant sublethal damage due to cold air exposure
(Carlsand O’ Clair 1990), wind chill, decompression,
or didocation. Moreover, under the Magnuson-Stevens
Fishery Conservation and Management Act of 1996,
minimization of bycatch isanational standard for de-
velopment of conservation and management measures
for fisheries that are managed under a federal fishery
management plan, such as the Bristol Bay red king
crab fishery.

Although avariety of mathematical modelsdescribe
catch per pot of crustaceans as afunction of soak time
(e.g., Miller 1990; Zhou and Shirley 1997a), wefound
no controlled experimental studies describing the de-
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pendence of red king crab catch on soak time under
current Bristol Bay fishery conditions. Laboratory ob-
servations on response of red king crab catch to soak
time (Zhou 1996; Zhou and Shirely 1997a) may not
directly apply to actual fishery conditions. The only 2
field studies addressing this were conducted near
Kodiak, Alaska (High and Worlund 1979; Johnson
1985), and their results have questionable application
tothe current Bristol Bay conditions because of differ-
ences in the gear used, a lack of distinction between
legal and nonlegal crabs, and (in the case of Johnson
1985) extremely low density of red king crabsin the
study area. Catch as afunction of soak timein thered
king crab commercia fishery has been estimated for
the Kodiak areafishery fromlogbook data (Rothschild
et al. 1970) and could be estimated for the current
Bristol Bay fishery. However, because commercid fish-
erscan adjust soak timein responseto catch, observa-
tional studiesusing datafrom commercial fisheriesmay
provide erroneous conclusions on the dependency of
catch on soak time (Miller 1990). Using the current
standard gear for the commercial fishery, we conducted
an experimental study in Bristol Bay to estimate and
comparelegal and nonlegal red king crab catch per pot
at soak times relevant to the current fishery.

METHODS

Study Design and Field M ethods

The study was conducted by ADF& G staff from a
chartered commercial fishing vessel during 13-19
August 1997 in the traditional commercial fishing
grounds of Bristol Bay. The study area was confined
to a 12-km by 10-km area centered at 56" 38' N lati-
tude, 161° 37" W longitude. We selected the study area
based on exploratory fishing during 3-12 August 1997
that provided catch per pot of legal and nonlegal red
king crabs comparable to that encountered during re-
cent commercial fisheries (Tracy 1995). Depthsin the
study area ranged from 82 to 90 m.

The rectangular king crab pots used in this study
measured 2.1 mx 2.1 mx 86 cm and were typica of
those used in the commercial fishery. Vertical panels
of each pot were fit with 10-cm stretched mesh web-
bing, except that the lower one-third of one side panel
was 23-cm stretched mesh. The 23-cm stretched mesh
isrequired by regulation for commercial king crab pots
and isintended to promote escape of captured females
and sublegal males. A 20-cm by 91-cmrigid horizontal
tunnel opening was fit on each of 2 opposing sides of
each pot. Each pot was baited with 1.9 L of chopped,
frozen herring.

Articles

We used arandomized compl ete block experimen-
tal design (Montgomery 1984). Each block consisted
of 36 pots set in a6x 6 square grid and spaced 0.62 km
apart. One block of 36 potswas set in adifferent loca-
tion on each day for 4 consecutive days to provide a
total of 4 uniquely located blocks. Thus, the 4 blocksin
thisstudy design confounded the effect of location with
the temporal effect of day and time set. Starting time
for setting of pots within a block ranged from 1205
hours to 1625 hours (Alaska Daylight Time), and the
timerequired to set ablock of 36 potsranged from 1.6
to2.1h.

The treatments for this study were 3 target soak
times: 12, 24, and 72 h. The target soak times were
chosen on the basis of postseason interviewswith ves-
sel skippers following the 1990-1996 Bristol Bay red
king crab commercial seasons (D. Tracy, unpublished
data). Thoseinterviewsindicated a24-h soak timewas
average for the 1996 season and that 12 h and 72 h
should bracket the average soak times expected for
future seasons. Within each block we randomly chose
12 pots for each target soak time. Actual soak time
averages for each block were within 0.5 h of the 12-h
and 24-h targets and within 2.7 h of the 72-h target;
actual soak timesfor individual potswerewithin 1.7 h
of the 12-h target, within 2.0 h of the 24-h target, and
within 5.6 h of the 72-h target.

We recorded species composition of the catch of
each pot and for each red king crab the sex, shell age,
and carapace length (CL in mm). We also designated
all male red king crabs >165 mm CW as “legal”; al-
though the relationship between CW and CL is not
exact, a 165-mm CW male has an expected CL of 137
mm (Tracy 1998).

Data Analyses

Because only 3 soak timeswere examined in thisstudy,
we did not fit the observed catch per pot to any of the
existing models that describe catch as a function of
soak time(e.g., Miller 1990; Zhou and Shirley 1997a).
Instead, our approach wasto test observed differences
in catch per pot for different soak timesusing anaysis
of variance (ANOVA) and post-hoc comparisons.

We transformed the catch of legal and of nonlegal
red king crabsin each pot prior to analysisby adding 1
to the catch and then taking the natural logarithm of
that sum. Log-transformation of the catch per pot
served to normalize that dataand stabilizeits variance
across treatments and blocks. We added 1 to the catch
per pot prior to log-transformation so that the few pots
with zero catch of either legal or nonlegal red king crabs
could beincluded inthe analyses. Thelog-transformed
catch data were modeled as



Soak Time Effects on King Crab Catch « Pengilly and Tracy

Y= M+ 0+ B+ off+ g

ijk ?

where

= log-transformed catch of legal or
nonlegal red king crabs for soak-time
targeti (i =1,2, 3), blockj (j =1,2,3,4),
pot k (k=1,2,...,12),

yijk

u = the overall mean of the log-trans-
formed catch of legal or nonlegal red
king crabs,

o, = the effect due to soak-time target i,
BJ. = the effect due to block j,

aﬁ = the effect due to interaction between
soak-time targets and blocks, and

= random error.

We used ANOVA to test the 2 null hypotheses:

H,, — means of the log-transformed catch
of legal red king crabs do not differ
among the 3 target soak times; and

H,,— means of the log-transformed catch
of nonlegal red king crabs do not
differ among the 3 target soak times.

Dependent upon statistical significance (o = 0.05)
of the soak-time effect, differences between pairs of
mean catches for the soak times were assessed for
statistical significance using Fisher’sleast significant
difference (LSD) procedure (Milliken and Johnson
1984).

We also assessed the statistical significance of the
effect of soak time on the nonlegal:legal ratio of catch
per pot by applying the above ANOVA model to

),

wheren, and |, are, respectively, the catches of non-
lega and of Iegal red king crabs for soak-timetarget i
(i=1,2,3), blockj (j=1,2,3,4), potk (k=1,2,...,12).

M = In[(n”.k+1)/(l i

RESULTS

The 144 pot lifts performed during this study produced
acatch of 1,987 legal male, 3,159 sublegal male, and
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173 female red king crabs, as well as an incidental
catch of 220 Tanner crabs Chionoecetes bairdi, 1
snow crab C. opilio, and 1 Tanner crab x snow crab
hybrid. Because of the low number of females cap-
tured, female and sublegal male red king crabs were
grouped together as nonlegal red king crabs for our
analysis.

Catch of nonlegal red king crabs exceeded that of
legal crabsfor each of the 3 soak times, and catch per
pot tended to increase with soak time for both legal
and nonlegal red king crabs (Table 1; Figure 1A,B).
For both legal and nonlegal crabs, catch per pot dif-
fered more between the 24-h and 72-h soak timesthan
for between the 12-h and 24-h soak times. Although
catch of both nonlegal and legal crabs tended to in-
crease with increases in soak time, the catch of legal
crabs had the greatest response to soak-time increases.
The greater responsiveness of legal crab catch to in-
creases in soak time was most apparent in the medi-
ans of catch per pot for soak times. Median catch of
legal crabs for the 72-h soak time (22.0) was more
than 3 times greater than that for the 12-h soak time
(7.0). Thedifference between the median catch of non-
legal crabsfor 12-h and 72-h soak times was slight by
comparison: 17.0 for the 12-h soak and 22.5 for the
72-h soak.

The greatest disparity between the catch of legal
crabs and nonlegal crabs occurred in the 12-h soak,
whereas the least disparity occurred in the 72-h soak
(Table 1). Theratio of the mean nonlegal catch per pot
to that for legal crabs decreased from 2.4:1.0 for the
12-h soak t0 2.0:1.0 and 1.3:1.0 for the 24-h and 72-h
soaks, respectively. Likewise, whereas the median
catch of legal crabs per pot for the 72-h soak was
nearly identical to that for nonlegal crabs, for the 12-h
soak the median catch of nonlegal crabswas 2.4 times
greater than that for legal males.

The above trends were confirmed by ANOVA.
ANOVA of the log-transformed catch per pot of legal
red king crabs was significant for the soak-time effect
(F, 5, =41.53,P <0.001) and for blocks(F, ., = 4.14,
P=0. 008), but not for theinteractionterm (F6132 =148,
P =0.191). All pairwise comparisons (Fisher's LSD
procedure) of soak times, with respect to catch of le-
gal crabs, were significant (P < 0.05). Soak time and
blocks were also significant effects (F, ,, = 3.22, P =
0.043andF, ,,=6.73,P<0.001, respectively) for the
log-transformed catch of nonlegal red king crabs. There
was someindication of interaction between soak times
and blocksin the catch of nonlegal crabs. Although the
interaction term was not judged statistically significant,
it was nearly so (F; ., = 2.07, P = 0.061), and one
block (Block 2) was uniquein having the lowest catch
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per pot of nonlegal crabsinthe 24-h soak (Figure 1B).
With respect to the catch of nonlegal crabs, only the
differences between the 12-h and 72-h soaks were
significant (P<0.05) by Fisher'sLSD procedure.
ANOVA of thelog-transformed nonlegal :legal ra-
tio of catch per pot was significant for the soak-time
effect (F, ., = 15.76,P<0.001) and for blocks(F, ., =

14.04, P <0.001). Interpretation of those results, how-
ever, was somewhat complicated by the significance

Articles

of the interaction term (F ., = 2.62, P = 0.020). The
significance of theinteraction term was apparently due
to inconsistencies across blocks in the nonlegal :1egal
ratio for the 24-h soak relative to those for the 12-h
and 72-h soaks. Theratio for the 12-h soak was higher
than for the 72-h soak in each block (Figure 1C). In 2
blocks the ratio at the 24-h soak was nearly aslow as
at the 72-h soak and was markedly lower than that for
the 12-h soak. In the other 2 blocks, however, theratio
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Figure 1. Effects of soak time on catch per pot of legal (males>165 mm in carapace width) and nonlegal (females and sublegal-
sized males) red king crabs by study block in Bristol Bay, Alaska: (A) catch per pot of legal crabs by block; (B) catch per
pot of nonlegal crabs by block; and (C) nonlegal:legal ratio in catch by block.
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Table 1. Catch per pot of legal (males >165 mm in
carapace width) and nonlegal (females and
sublegal-sized males) red king crabs by target soak
time, Bristol Bay, Alaska.
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Table 2. Catch per pot of malered king crabsin 48 pot
lifts by size class and by target soak time, Bristol
Bay, Alaska. Percentagein parenthesesistherela-
tive frequency for the size class.

Soak time ~ Statistic®  Legal Nonlegal RatiobP

12h Mean 8.7 201 241
Median 7.0 17.0 241

sD 6.17 13.22
24h Mean 105 20.8 201
Median 10.0 195 20:1

sD 4.85 11.16
72h Mean 21.9 28.6 131
Median 220 225 101

sD 9.57 20.72

& sample statistics computed from 48 pot lifts for each
soak time.

b Ratio of statistic for nonlegal crabs to the statistic for
legal-sized males.

at the 24-h soak was markedly higher than for the 72-
h soak and was comparable to or exceeded that for
the 12-h soak.

Thesze-frequency distributionsfor malescaptured
during soak times of 12 h, 24 h, and 72 h (Figure 2;
Table 2) revealsthat decreased proportional represen-
tation of sublegal male crabsat longer soakswas most
pronounced for small males (<109 mm CL). Catch of
small maleswasrelatively stable over the 3 soak times
but as a proportion of the total male catch decreased
withincreasing soak time. In contrast, catch per pot of
prerecruits (sublegal males >110 mm CL) nearly
doubled from 7.1 for 12-h soaksto 13.6 for 72-h soaks.

DISCUSS ON

Catch per pot of crabsand lobsters has been variously
modeled as (1) increasing with soak time without
bounds (e.g., Austin 1977), (2) increasing with soak
time to some asymptotic upper bound (e.g., Miller
1983), and (3) increasing with soak time to some maxi-
mum value and thereafter decreasing with longer soak
times (e.g., Somerton and Merritt 1986; Zhou and
Shirley 1997a). We did not fit the catch per pot of red
king crabsin our study to any of these models because
catch per pot was observed only at 12-h, 24-h, and
72-h soak times. It was clear, however, that catch of
legal crabs and, to a lesser extent, nonlegal crabs in-
creased from a 12-h soak to a 72-h soak. That finding
differs from laboratory observations indicating that
catch per pot of legal and sublegal red king crabs peak

Soak time

Size class 12h 24 h 72h
Sublegal <109mmcCL? 119 106 135
(43%) (35%) (28%)

Sublegal >110mmCL 7.1 94 136
(26%) (31%) (28%)

Legal® 8.7 105 219
(31%) (34%) (45%)

Z Carapace length
Males >165 mm in carapace width (CW); expected CL at
165 mm CW is137 mm.

at soak times of 7 hand 3 h, respectively (Zhou 1996),
butitisingenera agreement with field studiesof High
and Worlund (1979). Another notableresult of our study
relativeto anticipating the effects of soak time on catch
per pot was that catch of neither legal nor nonlegal
crabs responded proportionately to changes in soak
time; that is, doubling the soak timefrom 12 hto 24 h
did not double the catch per pot and tripling the soak
time from 24 hto 72 h did not triple the catch per pot.
Instead, the catch per pot per soak-hour decreased
with increasing soak time over therange of 12to 72 h.

Although the catch per pot of nonlegal crabsin-
creased from a 12-h to a 72-h soak time, the bycatch
rate (i.e., the ratio of nonlegal crabs to legal crabs)
tended to decrease. Nonlegal crabs outnumbered legal
crabsby afactor of 2.4in potssoaked for 12 h, whereas
that factor was reduced to 1.3 in the pots soaked for
72 h. Hence, our results are consi stent with the predic-
tions of some fishersthat, for agiven harvest of legal
crabswithin agiven time and area, use of longer soak
timeswill produceless catch of nonlegal red king crabs.
However, such predictions do not allow for the possi-
bility that shorter soak timesmay enablefisherstomore
effectively respond to high bycatch rates by moving
their gear to other areas where bycatch is lower.

It must be recognized, however, that trends in the
nonlegal: legal ratio with increasing soak timesvaried
significantly among blocks. That result indicates that
effects of soak time on bycatch rates are sensitive to
local spatial or temporal conditionsthat can vary, even
within our limited study areaand period. Datafrom 2
of our study blocksindicated that reducing soak times
from 24 to 12 hwould result in no increasein bycatch
rates. In the other 2 blocks, however, bycatch ratesfor
24-h soaks were markedly lower than for 12-h soaks
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and were, in fact, comparable to the bycatch rates for
72-h soaks. Likewise, the paucity of female crabs en-
countered in our study is probably a reflection of the
local conditionsof our study area; resultsfrom the 1997
National Marine Fisheries Service eastern Bering Sea
trawl survey, for example, indicatethat thereare 4 times
as many adult-sized (>90 mm CL) female red king
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crabsin Bristol Bay asthere arelegal males (Zheng et
al. 1997).

The mechanismsinfluencing the observed reduc-
tion in bycatch rates with increased soak timesin our
study remains uncertain. The role that escapement of
captured crabs may have played here is of particular
interest. The current regulation requiring thelower one-
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Figure 2. Size frequency distribution by soak time of male red king crabs captured during study of soak-time effects on catch

per pot, Bristol Bay, Alaska.
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third of one side panel of aking crab pot to be fit with
23-cm stretched mesh isintended to allow femaleand
undersized male crabsto escape while retaining legal
crabs. Because longer soak times provide greater op-
portunity and motivation for captured crabsto escape,
the effectiveness of escape panelsinlowering bycatch
rates should presumably increase with increasing soak
times. Therelative contribution of the smaller sublegal
males <109 mm CL to the male catch decreased with
increasing soak timein our study. That observationis
consistent with an assumption that longer soak times
produced lower bycatch rates by affording greater op-
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portunity for smaller crabsto escape. Onthe other hand,
thetunnel-eye opening itself may provide animportant
avenue for escape of red king crabs and that route is
best used by thelarger males (Stevenset al. 1993; Zhou
and Shirley 1997b). With neither direct observations of
escaping crabs nor experimental manipulation of es-
cape devices in our study, other explanations besides
escapement could be suggested for the trends in our
data. Regardless, it is clear that, with current gear and
baiting practices, soak times of up to 72 h are not suf-
ficient to eliminate catch of nonlegal red king crabsin
the Bristol Bay fishery.
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