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Introduction

N Flsherles managers must base their dec151ons on 1nformatlon

hat has con51derable uncertalnty. Important populatlon dynamic
processes such as the spawn/recrult relatlonshlp are highly
stochastlc., The accuracy of quantltatlve descrlptlons of these -
processes is often low. confidence limits about. parameter
estimates derived from fisheries dependent and fisheries
1ndependent data are often wide. While usually overlooked in the
technical advice given managers, there also is considerable
uncertalnty in the polltlcal outcome of management dec151ons.V
For example, environmental _groups may object to a decision and .
through the judlClal or polltlcal system cause changes that could
be costly to government agencies and flshlng 1ndustry. Fisheries
managers are very aware that they work in an uncertaln field and
desire, but often do not receive technlcal advice on the rlsks of
alternative management options.

In this paper I descrlbe results of two studles of Northeast
Pac1f1c fisheries that convey risk 1nformatlon to. flshery
managers. The first study was conducted on Pacific sardlne
(Sardinops sagax) fishery in 1970. The second study is on the
widow rockfish (Sebastes entomelas) fishery and still is in
progress:

Pacific Sardine Study

. In 1970 the northern stock of the Pacific sardine was badly
depleted., The biomass was estimated to have decreased from .
almost 4,000,000 tons in 1932 to between 1000 and 5000 tons in
1970. Landlngs were restricted to low levels: Reported 1970
landlngs were 221 tons. However, sardines had become very
valuable for use as bait by recreational fishermen and there was
anecdotal evidence of significant non-reported landings.

. My colleague Paul Smith (Natlonal Marlne Flsherles Serv1ce,
La Jolla Ca.) and I became concerned that potent1a1 for stock

recovery could be reduced by the fishery and decided to examine
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the p0551ble effects of the flshery with a simulation model: I
based the model on the results of Murphy's (1966) study of
Pac1f1c sardlne populatlon dynamlcs. | The model used standard
deterministic. Since there was considerable uncertalnty in the
spawn/recrult relatlonshlp (SR) and the SR is extremely 1mportant
in projections of future populations, |I used a stochastic SR. I
employed an autoregre551ve equation with a lognormal error term
to model deviations from expected values of a Ricker SR.

We presented results of the modellng exercise to managers in
the form of probablllty of recovery as a function of blomass in
1970 and average future, catches, Flgure 1. Two recovery levels
were presented, 20,000 tons in ten years and 950,000 tons in 25
years. Slmulatlons indicated that 1thou1d be safe to have a low
intensity balt flshery if the populatlon recovered to 20 000 tons
and that maximum sustainable productlon occurs at about 950 000
tons. The results indicated that if the biomass was only 1000
tons that a reductlon in catches from‘even the reported landlngs
would 1mprove the probablllty of recovery.“ The results also _
showed that if catches were kept at 1low levels there was a good
chance for recovery within a reasonable time frame:

We presented the results to varlous lévels of state
government (the regulatory authorlty) and included the
recommendation that a regulatlon be enacted to prevent use of
Pa01flc sardlnes for bait: The administrators sent the paper out
for review. Some scientific assumptlons of the study were
questloned and Paul Smith did an excellent job of presentlng data
that convinced the reviewers that the]assumptlons were '
reasonable. California enacted the recommendations in 1974.
Landlngs averaged less than 10 tons for the next S years. We
w111 never know either the exact levels of 1970 catch and blomass
nor the exact naturé of the SR; but the populatlon is recoverlng.
By 1986 . the population had recovered suff1c1ently to allow, a
small directed fishery:. The 1992 quota was set at 25, 000 tons.

Widow Rockfish Study

Since 1970 flshery data have 1mproved somewhat and our
analyt1ca1 technlques even more so. While the level of
uncertalnty in management adv1ce is still h1gh the 1mprovements
in data and technlques allow us to describe better the .
uncertainties associated w1th stock assessments and management
recommendations. Another change that lhas occurred is that groups
w1th strong conservation ethics have become well organlzed and
aggressive in attempts to meet their goals. In the past
fisheries dec151ons were sometlmes challenged in the jud1c1a1 or
political arena by user groups willing to take long term risks to
obtain short term gains. Now flshery '‘managers . also encounter
efforts by groups that are primarily interested in, av01d1ng long
term risks to natural populations: Management decisions made by
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]udlclal or polltlcal bodies-. can be more difficult and costly to
1mp1ement and/or subject the resource to greater risk than
agency-made decisions: This study compares the results of
management policy often used for northeastern Pacific groundflsh
with a more aggre551ve pollcy and a type of policy that mlght
result from a judicial decision resulting from a challenge by an
environmental group.

_ Speclflc management pOllCleS for groundflsh flsherles of £
Callfornla, Oregon and Washington are recommended to the Nat10na1
Marine Fisheries Service (NMFS) by. the Pacific Flshery Management
Council (PFMC) . The management duties and authorizations of NMFS
and PMFC are specified by the Flsherles Management and
Conservation Act (FMCA) . . The FMCA requlres that overflshlng to -
be defined for each flshery and that management pollc1es contain
measures to prevent overflshlng. The PFMC defines overflshlng
for. groundflsh as the level of flshlng mortallty that reduces
equilibrium spawning biomass per recruit to 20% of the unfished
level (Fyq) -

, The present management pollcy for widow rockfish (pollcy P)
is to fish at the constant level of flshlng mortality that
reduces equlllbrlum spawnlng biomass per recrult to 35% of the
unfished level (F;4): This management pollcy is based on the .
study by Clark (1991). nghtower and Lenarz (1990) estlmated F”%
to be 0.21 for widow rockfish. An aggress1ve pollcy (pollcy A)
would be to fish at a rate (F,ypm). that produces close to maximum
yleld per recruit. I estimated Fyyp; to be 0.50. A court- _
ordered management pollcy (pollcy C) . could take many ‘forms. I
chose a policy that would close the flshery if the populatlon
fecundlty fell below 20% of an unflshed populatlon. The fishery
recovered to 35% of an unfished populatlon.p I also assumed that
management agenc1es and the 1ndustry would bear an additional
annual cost when flshlng was closed because of added monltorlng
and administrative costs. The cost was assumed to equlvalent to
1000 tons of fish, whlch represents about 15% of recent annual
landings. The cost was subtracted from the annual yleld under

policy C.

The model was age structured and. used parameter estlmates
from Hightower and Lenarz. (1990): Natural mortality (M) was
assumed to be 0:.15. Flshlng select1v1ty was . assumed to be domed
shape with full select1v1ty at 8 years:. Maximum age was 55
years. Fish were 70% mature at age 7. The Kimura (1988)
formulatlon of the Beverton-Holt SR was assumed with shape )
parameter (A) set at 0.889. Under the assumed SR, recruitment is
relatlvely hlgh until populatlon fecundlty is reduced to less
than 20% of unfished levels, Figure 2. Deviations of recruitment
from expected values were assumed to have. a log normal
dlstrlbutlon. Runs were also made under the assumption that
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recrultment is 1ndependent of spawnlng stock. It was also ,
assumed that fishing mortality and population fecundlty estimates
followed a log normal distribution. Each 200 year simulation
began with an unflshed populatlon at equlllbrlum. 2000
replicates were run for each combination of management pollcy and
2 SR's. .

I will first present results as I mlght to a techn1ca1
audience: Both the management. pollcy and SR had con51derab1e ‘
influence on yield and populatlon fecundlty. For example, under
policy P fishing mortallty would be 0!21 and relative yield would
be about 0.7 when recruitment is stock 1ndependent, and 0.6, under
the Beverton-Holt SR,_Flgure 3. Relative population fecundlty at
the end of the 200 year period would be about 0.4 when
recruitment 1s stock 1ndependent and 0.3, under the BevertontHolt
SR: There are even greater differences in the results when :
management policy A is followed (F=0. 50) . Relative. yield would
be about 1.0 when recruitment is density 1ndependent and 0.2
under the Beverton-Holt SR. Relatlvelpopulatlon fecundlty at the
end of the simulation would be about 0.15 when recruitment is
stock independent and less than 0. 001 {when under the Beverton-
Holt SR. When management policy C 1slused I assume that F=0.5
when the flshery is open. Relative yield would be about 0.8 when
recruitment is density 1ndependent and 0.6 under the Beverton-
Holt SR. Under both SR assumptlons relatlve yleld would decrease
by about 0.05 when adjusted for cost of years closed to flshlng
and the flshery was closed about 50% of the time. Flshery
closures ranged from 1 to more than 10 years with typ1ca1
closures belng about 4 years. Under both SR assumptlons relatlve
populatlon fecundity at the end of the simulation would be
between 0.30 and 0.35. !
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The ‘results shown 1n Flgures 3 and 4 indicate that if
management used policy A because it .assumed that recruitment was
den51ty independent and the assumptlon was correct, yield would
be relatively hlgh 1.0, but populatlon fecundity would, be lower
than 0.2. If management had guessed wrongly, yield would be very
low, 0:25, and the population would have collapsed by the end of
the simulation perlod. However if management pollcy P was used,
relative yield would only be 20% less ithan under management
pollcy A when recruitment is. den51ty 1ndependent and yield would
by 300% higher than under policy A when there is the_assumed
Beverton-Holt SR. Population fecundity at the end of the .
simulation perlod would be con51derably hlgher under pollcy P
than under policy A regardless of SR.j Management policy C .
produces results that are similar to policy P except that the
fishery would be closed about 50% of the time.

l

I thlnk that for even a technlcal audlence it would be‘ \
easier to comprehend the 1mportant outcomes of the study,‘lf they

were presented as shown in Figqure 5. (It can ea51ly be seen .that
the aggressive policy would result 1n‘low population fecundlty
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under either SR and would-also-result:-in very poor yield under
the Beverton-Holt SR. It is also easy to see that management
policies P and C produce similar yields and population
fecundities, but that fishery would be closed about 50% of the-
time under policy C.
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Figure 1. Probability of recovery of Pacific sardine population t0 20,000 tons
in 10 years (a) and 950,000 tons in 25 years (b). 1970 population size (tons)
isopleths are shown with annual catch and probability of recovery.
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Figure 2. Simulated recruitment of 5 year old widow rockfish as a function
of relative population fecundity.
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Figure 3. Relative yield and population fecundity of widow rockfish
as a function of fishing mortality.
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Figure 4. Relative yield and population fecundity of widow rockfish

as a function of fishing mortality. Simulated fishery was closed if
population fecundity dropped below 20% of unfished ievel and reopened

when fecundity recovered to 35% of unfished level. Yield is relative to
maximum yield of unclosed fishery. Adjusted yield reflects cost of closure.
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Figure 5. Relative yield and terminal population fecundity of simulated
widow rockfish fishery under three types of management; agressive (A),
court-ordered (C), and present (P); and two spawn/recruitement
models: recruitment density independent (I) and Beverton-Holt (B).
Filled portions of circles are proportional to portion of time that fishing
is allowed. Yield under court-ordered management reflects additional
costs.



