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Catch-pooling cooperatives are a strategy for fishers to manage variability which can be organized independently of a central man-
agement agency. We examined the statistical properties of equal-share catch-pooling cooperatives, and tested their potential to miti-
gate risk using data from two Bering Sea crab fisheries prior to rationalization. The results suggest that small cooperatives of crabbers
could have reduced vessel-level catch risk by as much as 40% in the red king crab fishery, but would have been ineffective in the snow
crab fishery. Analytical examination of catch variances under cooperatives explains the discrepancy between the two fisheries and
demonstrates that variability reduction depends on the degree of correlation amongst participants’ catches. In the best-case scenario,
catch-pooling cooperatives can diversify away all season to season variation resulting from individuals’ luck and skill, leaving only vari-
ation in fishery-wide harvest.
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Introduction
Alaskan fisheries operate in some of the most productive fishing

grounds in the world, yet large swings in catches and stock abun-

dances are commonplace. Both fishers and management agencies

employ strategies to cope with high variability in commercial fish-

eries, or to manage risks of harvest or stock collapse (e.g. Salas and

Gaertner, 2004; Sethi, 2010). In this article, we used a combination

of simulation analyses and analytical derivations to explore the po-

tential of catch-pooling cooperatives to reduce harvest risk for par-

ticipants in competitive fisheries (i.e. participants do not have

individual rights to a portion of the total allowable harvest),

using the notoriously variable Bering Sea red king (Paralithodes

camtschaticus) and snow (Chionoecetes opilio) crab fisheries as

demonstrations.
From their advent, Bering Sea crab fisheries have seen huge

booms and busts, with peaks in the late 1970s for red king crab

and early 1990s for snow crab, followed by abundance crashes

(Figure 1). Eventually, these fisheries would see a major transform-

ation as managers responded by changing regulation of the fishery

to an individual-based quota system, or ‘rationalization’ (Fina,

2005; Fina et al., 2010). In the competitive era prior to rationaliza-

tion, however, too much catching power in the fleet and a lack of

secure property rights to harvest led to a race for fish where partici-

pants’ landings varied widely year to year. For example, in the 2004

Bering Sea red king crab fishery, the year prior to rationalization,
251 vessels landed the entire season’s catch of 6410 mt in just 3 d
(Bowers et al., 2008). In these pre-rationalization derby fisheries,
a mechanical failure on the crabbing grounds could ruin a fisher-
man’s season.

One strategy to manage the high risk levels experienced in com-
petitive commercial fisheries is to form catch-pooling coopera-

tives, where multiple fishers pool their landings and then

redistribute proceeds from the harvest pool at the end of a

season according to pre-determined allocation rules such as an

equal share for all participants. The idea is simple: reduce catch

variability by spreading the risk (of a bad season) across multiple

individuals. A poor season for some fishers in the cooperative

could be offset by better results from other cooperative

members. Such arrangements are known to be used in highly vari-

able herring fisheries in Alaska, and anecdotal evidence suggests

some vessels in the pre-rationalization Bering Sea red king crab

fishery formed catch-pooling cooperatives in the portion of the

vessels’ catches allocated to crew members in order to mitigate

catch risk (Alaska Fisheries Science Center staff pers. comm.

June 2011). This arrangement was believed to allow some boats

in a group to gamble and fish areas of greater uncertainty, poten-
tially leading to a high-risk but high-reward outcome, while other
vessels in the group remained on more familiar crab grounds.
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Although the use of catch-pooling cooperatives to mitigate risk in
Bering Sea crab fisheries prior to rationalization was limited, the
king and snow crab fisheries are good case studies to examine
the potential effectiveness of catch-pooling cooperatives in
highly variable competitive fisheries because vessel-level data are
available with which to simulate artificial cooperatives (see below).

Different types of fishery cooperatives are established to
satisfy different objectives (e.g. Haight et al., 2007). For
example, harvesters may form marketing cooperatives to nego-
tiate prices with processors or distributors (Kitts and Edwards,
2003). In this analysis, we focus specifically on catch-pooling
cooperatives with a goal of mitigating individual-level catch
risk, i.e. the chance that an individual fisher has a poor
season harvest. We test the performance of equal-share catch-
pooling cooperatives in highly variable competitive fisheries
by conducting a retrospective analysis simulating artificial
cooperatives in the pre-rationalization Bering Sea crab fisheries.
Catch risk is quantified using two measures from investment
theory, semi-deviation and conditional value-at-risk (CVaR),
which characterize the magnitude of typical bad and extremely
bad outcomes, respectively (expanded explanations are provided
below; also see Sethi et al., 2012). In addition, we explore the
statistical properties of cooperatives which can lead to risk
reduction by deriving formulae for season to season catch
variance for individuals under a range of scenarios. The
results indicate that catch-pooling cooperatives can substantially
reduce risk, but success depends on the degree of correlation
amongst fishers’ catches. The analyses in this article are
motivated under a set of simplifying assumptions about the
behaviour of fishers in cooperatives, allowing us to focus on
the statistical properties of catch-pooling cooperatives that
lead to variability reduction; however, we do not propose an
explicit theory for the decisions that lead to cooperative
formation.

Material and methods
Data
Data used in simulations are individual vessel landings for the
Bristol Bay red king crab and Eastern Bering Sea snow crab pot

fisheries collected by the Alaska Department of Fish and Game
and maintained in the Alaska Fisheries Information Network.
These data are protected by confidentiality constraints to pre-
serve vessels’ anonymity. In these analyses we do not present
results that identify specific vessels. Detailed descriptions of the
fisheries are contained in the North Pacific Fisheries
Management Council report (PTBSAI, 2010). For the purposes
of these simulations, we consider a vessel to represent an individ-
ual fisher.

Risk measure calculation
We characterized the risk of a bad season outcome over an indivi-
dual’s catch time-series using semi-deviation and 25% CVaR.
These measures focus on downside, or ‘bad’, outcomes for the
return of an asset (e.g. a below-average return). In a fishery
context, the term ‘asset’ represents a fisher’s opportunity to par-
ticipate in a fishery, and the ‘return’ their time-series of annual
catch. A brief discussion of semi-deviation and CVaR measures
is provided here; detailed examinations of the application of
these metrics to fisheries data are provided in Sethi et al. (2012)
and Sethi and Dalton (2012).

Semi-deviation (Markowitz, 1959; Porter, 1974) characterizes
risk by estimating the typical bad outcome expected from the
return of an asset relative to a minimum acceptable return
(MAR). Let R be a random variable for asset return, r an individual
draw from R, and rn a sample of n draws from R. In this analysis, rn

is an individual’s catch time-series. The sample-based formula for
semi-deviation is:

d rn,MAR( ) =
����������������������
1

n

∑
ri,MAR

(ri − MAR)2

√
(1)

for i ¼ 1,2, . . . ,n where n is the total number of returns considered
and not only those ,MAR. We set MAR to the mean return so
that semi-deviation characterizes the typical loss relative to mean
performance.

CVaR characterizes risk by estimating the magnitude of
extreme bad events (Andersson et al., 2001; Rockafellar and
Uryasev, 2002). It is the expected outcome conditional on being
in the a% worst case scenarios for asset return:

f R,a( ) = E R|F r( ) , a[ ] = 1

a

∫
r , F−1 a( )

rf r( )dr (2)

where F is the cumulative probability and F21 the inverse cumu-
lative probability function for the distribution describing the
return behaviour of the asset. Smaller a values characterize more
extreme bad outcomes, but also require estimation of increasingly
smaller tail probabilities. Choosing a balance between the degree of
extreme and difficulties with estimating small tail probabilities, we
use 25% CVaR in these analyses, such that the risk measure can be
interpreted as the magnitude of a bad event expected in one in
four fishing seasons. To estimate 25% CVaR, we used a resampling
routine to generate an artificial dataset from sample data (n ¼ 10
000, sampling independently with replacement from a time-series
of catches) and computed empirical quantiles and lower tail

Figure 1. Total harvest in the Bering Sea red king crab fishery 1966–
2010 (black lines, left axis) and snow crab fishery 1979–2010 (grey
lines, right axis). The study periods used for cooperative simulations
are indicated by thick lines. The red king crab fishery was closed in
1983, 1994, and 1995. Data are from Bowers et al. (2008) and Alaska
Commercial Fisheries Entry Commission (2011).
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expectations corresponding to Equation (2):

f̂ R,a( ) = 1

ñ

∑
r∗

i
, q(a) r

∗
i (3)

for i ¼ 1,2, . . . , ñ where ri∗ denotes the resample data, q(a)is the
a% empirical quantile for the resampled data, and ñ is the total
number of resampled data that satisfy the condition ri∗ , q(a).

To calculate risk measures, we use time-series of catches from
the earliest year for which individual-level data were available
through to the year preceding the change to individual fishing
quota management: 1991–2004 for the red king crab fishery and
1991–2005 for the snow crab fishery. Both fisheries were
managed as competitive limited-access fisheries over the study
period; total allowable harvest and entry were restricted, but par-
ticipants had no guarantee of a portion of the catch. The red king
crab fishery was closed in 1994 and 1995 due to concerns over low
population abundance. We chose to exclude these years from risk
calculations because closures affected all fishers similarly, and
because semi-deviation and CVaR risk measures are more stable
without zero-return years (Sethi and Dalton, 2012).

Both semi-deviation and 25% CVaR risk measures are standar-
dized to the long-term mean of a catch time-series and scaled such
that a more positive number indicates higher risk. For example, a
semi-deviation measure of 0.35 indicates that the typical loss year
results in a return that is 35% less than the long-term mean (or a
return that is only 65% of the long-term mean). A 25% CVaR
measure of 0.45 indicates that in one in four seasons you expect
a return that is 45% less than the long-term mean. Although the
time-series employed in this analysis are relatively short, simula-
tion analyses in Sethi and Dalton (2012) using data modelled
after Alaskan commercial fishery landings show that these mea-
sures provide unbiased estimates of ‘true’ risk at sample sizes of
the order of .10 data points.

Cooperative simulations
An equal-share catch-pooling cooperative is defined as a group of
individual fishers who pool their season landings and then allocate
an equal share of the catch pool to each participant at the end of
season. We examined the potential for such arrangements to
reduce catch risk by simulating artificial cooperatives. To generate
an artificial cooperative, a group of individuals was selected
without replacement from the set of fishers in the individual-level
datasets, and their catch time-series were combined. Thus simula-
tions represent a retrospective analysis examining the effectiveness
of a sample of hypothetical cooperatives that could have been
formed in the Bering Sea crab fisheries over the study period. In
order to construct cooperatives in which participants did not
drop out (by leaving the fishery temporarily or permanently)
and in which every member fished each year, we constrained the
study population to consist only of full-participation vessels: 119
vessels participated a full 12 years during 1991–2004 (excluding
closure years of 1994 and 1995) in the red king crab fishery and
96 vessels participated a full 15 years during 1991–2005 in the
snow crab fishery. We made the simplifying assumption
that fishers would have behaved the same in or out of a simulated
cooperative, fishing equally as hard in either scenario. This
may not be an appropriate assumption for all real-world coopera-
tives; however, anecdotal evidence from known catch-pooling
cooperatives with a goal of mitigating harvest risk in Alaskan

fisheries suggests that participants fish equally hard in cooperatives
as independently (the authors’ personal experience with Alaskan
purse seine herring and salmon fisheries).

For each group size ranging from two to 20 participants, we
generated 1250 different artificial cooperatives. Catch risk was cal-
culated for a single participant in each artificial cooperative using
time-series of one share of the catch pool. For comparison, we also
computed individual risk information for the set of full-
participation fishers outside any cooperatives, i.e. fishing alone.
Simulations were carried out using the R statistical programming
environment (R Development Core Team, 2010).

Analytical examination of catch variances
The statistical properties of catch-pooling cooperatives which can
lead to a reduction in variability and therefore catch risk are exam-
ined by deriving expressions for catch variance for an individual
fisherman under different regulatory and cooperative scenarios.
Key results are summarized in the Results section; derivations
are presented in the online Supplementary material.

Results
Statistical properties of catch-pooling cooperatives
To examine the statistical properties of catch-pooling cooperatives
that can lead to risk reduction, consider the equation for the catch
variance expected by an individual fisher in a cooperative in a
fishery where participants compete against each other for a share
of the total harvest, such as regulated open-access fisheries or, as
in the case of the Bering Sea crab fisheries during the study
period, limited-entry fisheries. We label this general category of
management as ‘competitive’ to distinguish it from individual-
based quota management where participants are guaranteed a
portion of the total harvest. Catch variance incorporates deviations
both above and below the mean, in contrast to the downside risk
measures presented above; however, variance is analytically tract-
able to examine and, because downside catch risk measures are
correlated with catch variance, still provides insight into potential
risk-reduction benefits from cooperatives.

For what follows, H is a random variable for the total fishery
harvest in a season, with E[H] ¼ mH and Var H( ) = s2

H . Wi is a
random variable for the proportion of the total harvest that fisher
i captures in a season, with E Wi[ ] = mWi

and Var Wi( ) = s2
Wi

. In
this formulation, a fisher’s proportion of the total catch is a
random quantity season to season, in contrast to an individual-
based quota management scheme where this proportion would
be a fixed percentage of total harvest. To simplify the problem
and facilitate comparison of catch variability across different man-
agement and cooperative scenarios, we assume here that all indivi-
duals in the pool of potential cooperative participants have the
same expected catch and variance, E[W1] ¼ E[W2] ¼ . . . ¼

E[Wi] ¼ mW and Var W1( ) = Var W2( ) = . . . = Var Wi( ) = s2
W

for i ¼1, 2, . . . , N individuals; however, fishers can have different
pairwise covariation amongst their catches [these assumptions
are used to generate Equations (4)–(6) and Table 1; the online
Supplementary material presents derivations and catch variance
equations which do not rely on fisher homogeneity assumptions].
That is, on average, all potential participants in a cooperative
have the same expected catch and the same level of variation in
catches season to season. Furthermore, assume that H and Wi are
independent such that Cov(H, Wi) ¼ 0. Under these assumptions,
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the catch variance for an individual fisher in a K-participant equal-
share cooperative under a competitive fishery, Vari,CK

, is:

Vari,CK
= m2

Ws2
H + m2

H + s2
H

( )s2
W

K
(1 + K − 1( )�rWij) (4)

where �rWij is the mean of the pairwise correlations amongst fisher’s
catches in the cooperative generated from pairs (represented by the
‘ij’ subscript) of individuals’ catch time-series.

The diversification effect is encapsulated in the �rWij term, where
the less positive the correlation amongst participants’ catches, the
smaller the individual cooperative participant’s resulting catch
variance. It can be shown that the lower bound for the mean
of pairwise correlations from a set of K random variables

as defined under the assumptions listed above is − 1

(K − 1)
(Supplementary material). A cooperative whose participants
have mean pairwise correlation equal to this lower bound indicates
the largest variance-reducing diversification effect possible for a
K-participant equal-share cooperative, or an ‘optimally diversified’
portfolio. Plugging this value for �rWij in Equation (4), the variance

for an individual in the optimally diversified cooperative, Vari,CK∗,
reduces to:

Vari,CK∗ = m2
Ws2

H (5)

Under the assumptions that a participant’s quota in a rationaliza-
tion programme is allocated based upon past fishing history (the
typical rationalization implementation policy) such that individ-
ual i’s quota is E[Wi] ¼ mW and quotas do not get redistributed
amongst seasons, this quantity is actually the same as a fisher
under an individual-based quota fishery, Vari,IQ, where the pro-
portion of total harvest an individual receives each year is a
fixed quantity and no longer a random variable (Supplementary

material). That is to say, in the best-case scenario, an equal-share
catch cooperative in a competitive fishery can diversify away all the
season to season variation in the proportion of the total harvest an
individual fisher captures, though catch is still subject to variation
in total fishery-wide harvest.

Finally, to bookend the potential for catch cooperatives to
reduce catch variability in a competitive fishery, consider the
case where cooperative participants’ catches are perfectly positively
correlated: �rWij = 1.0. In this scenario, there is no diversification
effect and the expected catch variance for a participant turns out
to be the same as that of an individual fishing alone under a com-
petitive fishery, Vari,C (Supplementary material):

Vari,C = m2
Ws2

H + s2
W m2

H + s2
H

( )
(6)

Thus, depending on the ‘quality’ of the cooperative in terms of the
correlation amongst participants’ catches, equal-share catch-
pooling cooperatives in a competitive fishery have the potential
to reduce catch variability to be equivalent to individual-based
quota management, where fishers only experience variation in
the total fishery-wide harvest and not in the proportion of total
harvest they take in any one season, or can be ineffective and
provide no diversification benefit whatsoever, in which case they
experience the same catch variance as fishing alone:

Vari,IQ ≤ Vari,CK
≤ Vari,C

Simulated cooperatives in the Bering Sea crab fisheries
Prior to rationalization, there was substantial risk-reduction
benefit to forming catch-pooling cooperatives in the competitive
red king crab fishery. Simulation results indicate that cooperatives
could reduce risk with as few as two participants, and both semi-

Table 1. Relative catch variance for an individual fisher in an equal-share catch-pooling cooperative across a range of cooperative sizes and
mean pairwise catch correlations amongst participants modelled after the pre-rationalization red king and snow crab fisheriesa.

Red king crab
Mean pairwise catch correlation

– 1.00 – 0.50 – 0.33 – 0.25 – 0.20 0.00 0.20 0.40 0.80 1.00

Participants K ¼ 2 0.34 0.50 0.56 0.58 0.60 0.67 0.73 0.80 0.93 1.00
3 0.34 0.41 0.45 0.47 0.56 0.65 0.73 0.91 1.00
4 0.34 0.38 0.40 0.50 0.60 0.70 0.90 1.00
5 0.34 0.36 0.47 0.57 0.68 0.89 1.00
6 0.34 0.45 0.56 0.67 0.89 1.00

Snow crab Mean pairwise catch correlation

– 1.00 – 0.50 – 0.33 – 0.25 – 0.20 0.00 0.20 0.40 0.80 1.00

Participants K ¼ 2 0.83 0.87 0.89 0.90 0.90 0.92 0.93 0.95 0.98 1.00
3 0.83 0.85 0.86 0.87 0.89 0.91 0.93 0.98 1.00
4 0.83 0.84 0.85 0.87 0.90 0.92 0.97 1.00
5 0.83 0.84 0.87 0.89 0.92 0.97 1.00
6 0.83 0.86 0.89 0.92 0.97 1.00

aBased on Equations (4)–(6) generated under the assumptions outlined in the text. Under these assumptions, individual fishers have the same expected
catch whether they operate alone or in an equal-share cooperative under a competitive fishery, or in a quota-based fishery (see derivations in the
Supplementary material). Calculations use empirical estimates for equation parameters as follows. Red king crab: mH ¼ 4.6E + 6 (kg), s2

H = 2.1E + 12,
mW ¼ 8.4E 2 3, and s2

W = 11.6E − 6; snow crab: mH ¼ 49.5E + 6 (kg), s2
H = 1.9E − 15, mW ¼ 10.4E 2 3, and s2

W = 9.0E − 6 (mW and s2
W are mean

values across the fleet). Catch variances are relative to the individual fishing alone under a competitive fishery (Vari,C), the highest expected catch variance
among all scenarios considered in these analyses. Minimum mean pairwise correlations are truncated at the lower bounds possible for K-participant
cooperatives. Note, relative variances for the ‘optimally’ diversified portfolio (numbers in bold; where mean pairwise correlation amongst cooperative
participants is equal to the theoretical lower bound possible) are equal to those under individual-based quota management.
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deviation and 25% CVaR could be reduced by as much as 40%
with sufficiently large cooperatives (�5 or more participants;
Figure 2a). The marginal risk-reduction benefit by including
another participant in the cooperative is high initially, but gener-
ally drops off after six-participant cooperatives (Figure 2b).

In sharp contrast to the red king crab fishery, the snow crab
fishery shows very little risk-reduction benefit to forming a co-
operative (Figure 3). This occurs because the interseason variance
in total fishery-wide harvest over the data series is high (Figure 1)
and dominates the variance amongst fishers’ shares of the total
catch. Furthermore, individuals’ catches in the snow crab fishery
are highly positively correlated (Figure 4), attenuating the benefits
of diversification through cooperatives. Heuristically, forming a co-
operative with highly positively correlated catches is analogous to
forming a stock portfolio with securities that are highly positively
correlated—such as investing only in banks.

Table 1 shows the expected catch variance for an individual in
the pre-rationalization red king and snow crab fisheries in a
K-participant equal-share cooperative over a range of mean
pairwise catch correlations relative to the catch variance for an in-
dividual operating alone under a competitive fishery [Equations
(4)–(6)]. These calculations illustrate why catch-pooling coopera-
tives can lead to risk reduction in fisheries such as the red king crab
fishery, but would not have been expected to perform well in the
snow crab fishery over the study period. The variation in the total
harvest in the snow crab fishery over the study period is large
[Figure 1; total harvest coefficient of variation (CV) ¼ 85%], and
thus even the theoretical variation expected under an individual-
based quota fishery (or optimally diversified catch cooperative in
a competitive fishery) is still high. This can be seen by the contribu-
tion of season to season variation in total harvest, s2

H , in Equations
(4)–(6). This, coupled with the fact that fishers’ catches are highly
positively correlated in the snow crab fishery (Figure 4; mean
pairwise correlation amongst fishers’ catches over the study
period ¼ 0.88), indicates that any gains to be had through diversi-
fication are unobtainable because cooperatives would have high
positive correlation amongst participants’ catches; regardless of co-
operative size, as �rWij goes towards 1.0 (perfect positive correlation
amongst participants’ catches), catch variance of a cooperative par-
ticipant, Vari,CK

from Equation (4), approaches catch variance for
an individual fishing alone, Vari,C from Equation (6)
(Supplementary material). On the other hand, year to year total
harvest variance over the study period is less in the red king crab
fishery (Figure 1; total harvest CV ¼ 27.4%) and fishers’ catches
are less positively correlated (Figure 4; mean pairwise catch
correlation ¼ 0.22); an equal-share catch-pooling cooperative
with five participants and pairwise catch correlation of 0.2 would
capture �65% of the potential variance reduction (calculated rela-
tive to the ‘minimum’ catch variance level expected under
individual-based quota management, from Table 1: (1–0.57)/
(1–0.34) ¼ 65.2%.

Discussion
These simulation results suggest that catch-pooling cooperatives
can be an effective tool for fishers to manage catch risk under a
range of scenarios. We examined a simple equal-share allocation
rule within cooperatives, but unequal catch allocation is still
expected to result in lower year over year catch variability for co-
operative participants [cf. Equation (S.6) and derivations in the

Figure 2. Catch risk information for simulated cooperatives in the
Bering Sea red king crab fishery prior to rationalization (1991–2004,
excluding closure years of 1994 and 1995). (a) The 25 –75% quantile
regions (shaded areas) and median risk for semi-deviation (solid line)
or 25% conditional value-at-risk (dashed line) across 1250 randomly
generated cooperatives. Filled circles indicate the median risk across
the study population (n ¼ 119) without cooperative participation.
(b)The marginal risk-reduction benefit (percentage decrease in the
median risk measure across simulated cooperatives, relative to the
no-cooperative median risk level) as additional participants are
included in a cooperative; ‘1’ indicates the first marginal cooperative
participant, indicating a cooperative with two individuals.

Figure 3. Catch risk information for simulated cooperatives in the
Bering Sea snow crab fishery prior to rationalization (1991–2005).
Shaded areas are 25–75% quantile regions and lines are median risk
for semi-deviation (solid line) or 25% conditional value-at-risk
(dashed line) across 1250 randomly generated cooperatives. Filled
circles indicate the median risk across the study population (n ¼ 96)
without cooperative participation.

Figure 4. Histograms of pairwise correlations for catch time-series of
full-participation individuals in the Bearing Sea red king fishery (a;
1991–2004, excluding closure years of 1994 and 1995) and snow
crab fishery (b; 1991–2005). Vertical dashed lines indicate mean
values across all possible pair combinations: red king crab ¼ 0.22,
snow crab ¼ 0.88.
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Supplementary material]. We also repeated cooperative simula-
tions with an allocation scheme that provided a 10% bonus to
the highest-catch participant and found similar risk-reduction
results (Supplementary material, Figure S1).

With highly variable fisheries such as the pre-rationalization
Bering Sea crab fisheries, most of the risk-reduction potential to
be had from catch-pooling cooperatives can be realized with a
small number of participants, of the order of 4–6 individuals.
This property is important, because problems of moral hazard
(i.e. behaving differently under a cooperative than when operating
alone because individuals do not bear the full responsibility for
their actions) and shirking (not working as hard in a team as indi-
viduals might alone) may be obstacles to the success and longevity
of cooperatives. For example, cooperatives which share fuel costs
can reduce the incentive to economize and avoid high fuel-
consumption fishing behaviour such as running at high speeds.
Smaller cooperatives may lead to easier monitoring of partici-
pants’ actions and provide better control over moral hazard or
shirking problems (Jones, 1984; Kraak, 2011, and references
therein). Bonuses for high-catch participants to incentivize hard
work may also help to address these problems, as could penalties
for poor performance such as dropping members after a series
of poor performances.

Derivations of individuals’ catch variance demonstrate the stat-
istical properties under which catch-pooling cooperatives can
mitigate risk. Under the assumptions outlined above, we showed
that, all else being equal, an optimally diversified cooperative
where participants’ catches are least positively correlated can
result in catch variability in a competitive fishery that is equivalent
to that under individual-based quota management. While opti-
mally diversified cooperatives are probably not feasible due to a
lack of information available on the covariation amongst indivi-
duals’ catches and that some fleets’ catches may be too highly posi-
tively correlated, the fact that suboptimal cooperatives could
capture a substantial proportion of the catch risk-reduction bene-
fits (e.g. as in the case of the Bering Sea red king crab fishery)
enjoyed by individual-based quota fisheries is a noteworthy
prospect.

Ultimately the decision to form a cooperative and the deter-
mination of whether or not a fisher is better off by joining a co-
operative is a consideration of net benefit—including expected
catch. We do not consider an explicit theory for the decisions
leading to the formation of a cooperative or optimal behaviour
once in a cooperative, instead simplifying analyses by assuming
that participants in a cooperative have similar expected catches
and variances, which allowed us to focus on the portfolio proper-
ties leading to risk reduction; effectively, we fix the ‘return’ com-
ponent of a risk–return trade-off decision and imply that fishers
in a cooperative are better off if they observe any reduction in
risk. While a formal theory of cooperative formation is beyond
the scope of this paper, we argue that the assumptions we use
are not unreasonable. The above assumptions imply that only
fishers with similar skill and luck form a cooperative. It is likely
that groups of fishers with similar mean catch and variance exist
in most commercial fishing fleets. For example, 83% of the red
king crab vessels considered in the simulation study had five or
more fishermen in the fleet with a mean catch within 5% of
their own (73% for snow crab), and 55% had ≥10 fishermen
with a mean catch within 5% of their own (50% for snow crab).
Similarly, 72% of the red king crab vessels had five or more
fishermen with a standard deviation of catch within 5% of their

own (84% for snow crab), and 45% had ≥10 fishermen with a
standard deviation of catch within 5% of their own (40% for
snow crab).

Sustained pressure on ocean ecosystems, coupled with globa-
lized seafood markets, sets the stage for continued challenges for
commercial fisheries (Garcia and Rosenberg, 2010). Many coun-
tries’ regulatory agencies are responding with updated strategies
such as individual-based quota management; however, successful
top-down management requires substantial financial and institu-
tional resources. Our results demonstrate that catch cooperatives
provide a tool for fishers in competitive fisheries to control their
harvest risk that could be organized independently of regulatory
management agencies. Furthermore, catch-pooling cooperatives
can lead to income smoothing for participants in competitive fish-
eries, allowing fishermen to allocate resources more efficiently, for
example by investing in cost-reducing fishing technology (e.g.
Warren, 2011), as well as preventing hardships associated with
income shocks such as loan defaults. Harvest or revenue insurance
has also been proposed as a strategy to smooth income in wild
capture fisheries by spreading the risk of a bad season across a
group (Mumford et al., 2009). Under an insurance policy,
fishers trade uncertain, potentially large losses, for certain, but
small losses, in the form of insurance premiums. In the event
that a participant has a bad season as judged relative to an
agreed upon benchmark, they receive a payout from the insurance
pool to augment their revenues. Catch-pooling cooperatives to
manage harvest or revenue risk also function by spreading risk
across a group, but they may avoid some of the obstacles that
prevent the successful implementation of insurance programmes
in wild capture fisheries that include difficulty in setting appropri-
ate payout triggers, difficulty in monitoring for moral hazard pro-
blems where participants change their behaviour in order to
receive insurance payouts, and substantial administrative costs
(Herrmann et al., 2004; Mumford et al., 2009). Catch-pooling
cooperatives can operate without the need for premium payments
or payout triggers, and, if small in size, are less susceptible to moral
hazard problems that arise due to the difficulty in monitoring the
actions of a large group of individuals.

Fishers typically guard information about their operations,
such that the extent to which informal landings cooperatives to
reduce catch risk are employed is largely unknown. At least
within the Alaskan commercial fisheries familiar to the authors,
it is likely that there are opportunities where catch-pooling coop-
eratives could successfully reduce risk, but they are not employed.
This raises several future research questions as to the reason coop-
eratives are not used more widely. (i) Do time or financial costs in
maintaining a cooperative outweigh the risk-mitigation benefits?
(ii) Is there utility to operating alone that outweighs the risk-
mitigation benefits of cooperatives? Perhaps fishers are willing to
accept high season to season catch variability for the opportunity
to achieve the rare exceptional season, or, put another way, fishers
may exhibit risk-seeking behaviour, weighting a previous excep-
tional year more than they do a symmetric previous disastrous
year. (iii) Is there a lack of information available to fishers regard-
ing the potential benefits of using cooperatives? While manage-
ment agencies do not need to be directly involved in informal
catch cooperatives, they could address the latter concern by pro-
viding resources to aid fishers in forming landings-pooling coop-
eratives to manage catch risk, such as information on the business
management of cooperatives (e.g. Haight et al., 2007), or
fishery-specific information on the potential risk-reduction
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benefits of cooperatives by conducting risk analyses as demon-
strated in this article.

Supplementary material
Supplementary material is available at the ICESJMS online version
of the manuscript and consists of the following: catch variance
derivations and Figure S1, which shows cooperative simulation
results under a 10% bonus allocation scheme.
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