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MARINE RESERVES TO 

SUPPLEMENT MANAGEMENT OF WEST COAST GROUNDFISH RESOURCES  

PHASE I TECHNICAL ANALYSIS

DRAFT REPORT (JULY 2000)

EXECUTIVE SUMMARY

Introduction

For the purpose of this Council process, a marine re serv e is an  area  whe re the  take  of ce rtain s pec ies is

prohibited.  The prohibition may apply to all fish species or only certain species covered by Council FMPs

(e.g., groundfish but not salmon).  The Council’s current consideration of marine reserves is motivated by

conce rns relate d to the gro undfish  fishery.  

The Coun cil has sp ecified a tw o-stage  proces s to consider marine reserves as part of an integrated scheme

to sustain a healthy ecosystem and more effectively manage the West Coast groundfish fisheries.  The first

phase is a conceptual evaluation that will conclude with the Council’s decision on whether or not marine

reserves have a role in fishery management.  This document is a technical analysis intended to assist the

Cou ncil  with that decision.  During the first phase, an Ad-Hoc Marine Reserve Committee (MRC) was

appointed by the Council to develop management objectives for marine reserves.  Options to meet these

objectives were identified and evaluated. During the second phase, if pursued by the Council, options for the

design and location of specific marine reserves will be developed. Several West Co ast states are

indep endently considering the use of marine reserves as a management tool for nearshore fisheries.  If the

Cou ncil  decides to  cont inue w ith the  deve lopm ent o f ma rine re serv es, it w ould b e critic al to coord inate  this

federa l effort with the  state, tribal, and  local agen cies. 

The Council authority to create marine reserves is limited.  The Council has the authority to regulate fisheries

that take species managed under a Council FMP, identify essential fish habitat (EFH), and establish habitat

areas of particula r conce rn.  The Council/federal authority to manage fish is generally exercised in cooperation

with the states and tribes.  State fishery regulations must be consistent with federal regulations established

through the Council process.  However, the Council does not have the authority to regulate fisheries not

covered under a  Coun cil FMP  nor doe s it have au thority to regu late n onfis hing activities.  Thus creation of

marine reserves and protection of the reserves from  other nonfishing human  activities will likely require

coopera tion w ith oth er sta te, tribal, and loca l jurisd iction s.  Co ordin ation  and c ooperatio n with  the trib es w ill

be particularly important if marine reserves include tribal usual and accustomed fishing grounds or otherwise

impact tribal fisheries .  Marine re serve d evelopm ent will need  to be consistent with applicable law regarding

treaty Indian fishing rights in usual and accustomed fishing areas.

Marine reserves are being conside red to address a number of problems in the groundfish fishery.  Estimated

biomasses of the majority of We st Coast groundfish spec ies, for which assessm ents are available, have long-

term downwa rd tre nds .  Suc h tren ds ar e prim arily the  resu lt of fishing down stoc ks th at pre vious ly were  lightly

exploited.  This  proc ess  is largely over, an d the Co uncil is now  in the difficult po sition of trying to  move to a

harvest policy that must balance catch against low annual production.  The transformation to lower harves ts

did not occur quickly enough for a number of important species.  Five Council-managed species (bocaccio,

lingcod, Pacific Ocean perch [POP], co wco d, and can ary roc kfish) cu rren tly are considered to be overfished,

and stock re building plan s either ha ve been  develop ed or are  in progres s.  Ther e are no  stock a ssess men ts

for most of the 83 species included in the West Coast groundfish FMP.  Because many of these unassessed

species co-occur with the overfished species and are targeted by the same types of fishing gear, it is expected

their  populations are experiencing similar declines in biomass; biomass of some of these species may also

be in nee d of rebu ilding. 

Effective manage ment of m arine fisheries is being attempted in an environment where there are many

unknowns and uncertainties about the status of the stocks, and indeed, about the entire ecosystem supporting

them.  It is apparent incre ased sc ientific  know ledge an d resea rch of m arine eco system s will be nec essary to

successfully  manage these resources.  Failure could prevent rebuilding overfishe d stock s and c ould lead to
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ESA  listings tha t wou ld hav e dra ma tic negative  cons equences fo r the f ishe ry.

Fishery managers are concerned with maintaining the biological and economic productivity of those stocks

that benefit Wes t Coast fishing comm unities.  Sustained productivity depend on rational harvest rates and

healthy ecosyste ms a nd fish ha bitat.  It is clear traditiona l ma nagem ent e fforts  alone  are n ot successfu lly

protecting and sustaining many of our coastal groundfish populations and habitats.  Marine reserves are being

promoted worldwide  to mitigate  overfishing and the impacts of fishing activities on seafloor habitats.  Rowley

(1992), among others, has suggested marine reserves can be most beneficial to species that have been

overfished, reach great sizes or ages, and h ave lim ited m ovem ents  or se den tary be havio r, all of  which app ly

to many West Coast groundfish species.  Marine reserves demonstrably conserve and enhance fish

populations within their borders by, (1) increasing fish abundance, size, and relative age composition; (2)

protecting critical spawning stocks and habitats; (3) providing multi-species protection; (4) contributing to the

preservation and maintenanc e of the natural diversity of individua l species and habitats; and (5) providing

undisturbed, reference sites aga inst which  we can  evaluate  the effects of fishing and other human activities

on marin e ecos ystem s.  The capacity of marine reserves to enhance fishery yields outside their boundaries

is less well docu men ted, prim arily due to the la ck of re search  on this effe ct.  Until recently, we have had  no

long-term marin e reserv es of ad equate  size with which to tes t thes e potentia l bene fits an d und ersta nd their

contributio n to enha ncem ent and c onserv ation of fish  population s. 

Objectives

Following the re com me ndations  of the  MR C, the  Cou ncil ad opte d six f ishe ry ma nagem ent objectives that

might be addressed by marine reserves as a supplemental tool for management of groundfish fisheries.

These objectives are interlinked.  The following are the objectives that marine reserves might help address,

ranked in order beginning with the top priority objective.

Objective 1. Stock Rebuilding. Assist in rebuilding overfished stocks and maintaining them at productive

levels.

Objective 2. Biologica l Prod uctivit y.  Enh ance long -term  biolog ical pr oductivity.

Objective 3. Econom ic Productivity.  Assist in achieving long-term economic production, while minimizing

short-term negative economic impact on all users.

Objective 4. Insurance.  Provide protection for the resource, as a hedge against the realities of management

uncerta inty and the e ffects of  natural en vironm ental variab ility. 

Objective 5. Habitat Protection. Conserve and protect EFH.

Objective 6. Research and Education.  Provide unfished areas for research that will serve as controls for

assessment of the effe cts of long -term  environm ental variation s and the  potential ha bitat

alterations due to fishing, and also increase our understanding of the role marine reserves may

play in fishery m anage men t.

Options

There are four marine reserve options covered in this analysis (Options 2, 3a, 3b, and 4).  These o ptions are

not mutually exclusive and may be implemented serially over time.  The reserve options are described

prim arily on a q ualita tive ba sis (p age  3).  The op tions  are s um ma rized h ere in  a title format with some ballpark

percen tages provided to give a rough sense for the size of the reserve system that might entailed for each

option.  Status quo (Option 1) is continued management under the re buildin g polic y establishe d by the Co unc il

in 1999; it do es not inc lude m arine res erves o r areas w ith fishing ge ar exclu sions.  

Option 1: Status quo rebuilding.

Option 2: Heritage and research reserves (small reserves, encompassing a minimum of appr oxim ately
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5% of habitat or biomas s).

Option 3a: Establish rebuilding reserves and reduce harvest proportional to the amount of biomass set

aside in reserves (medium  reserves, encom passing approxim ately 20% of habitat or biomass).

Option 3b: Establish rebuilding rese rves  (me dium  rese rves , encom passing  appr oxim ately 20% of habitat

or biom ass) an d do not re duce h arvest.

Option 4: Establish alternative managem ent reserves  that are large enough to allow for a more  liberal

management  regim e outside  the rese rve (large r eserve s, enco mpa ssing su bstantially more

than 20% of habitat or bioma ss, possibly 35% to 50%).

The objectives that marine reserves may help achieve, might also be addressed by nonreserve policies.

Thes e nonre serve a lternatives a re addre ssed in S ection 5 o f the doc ume nt.  

Relation of Marine Reserve Options to Objectives

The expected impacts of each option in terms of the objectives that have been identified for marine reserves

are summarized below, based on assessment of available empirical and theoretical evidence.  Comparisons

are m ade with re spect to  current (s tatus quo ) rebuilding p olicies. 

Rebuilding an d Biological Prod uctivity

Stock rebuilding for relatively sedentary species within the borders of marine reserves is well established from

empirical evidenc e.  Lowe r total mo rtality rates  within  the p rotec ted a rea re sult in  an increase in the average

density, size, and age of the protected species.  The reproductive output of th e fish  within  the re serv e will

increase faster than the biomass, because of exponential size-fecundity relationships.  W ith sedentary

species, production outside the reserve will prim arily be due to larval export.  In contrast, the density, size,

age, and fec undity of relative ly mobile sp ecies w ithin the reserve will increase less than that of sedentary

species, with correspondingly less export of larvae. Mo re m obile  species will have a larger contribution to the

area outside of the reserve due to movement of young and adult fish.  Unless the reserves are quite large;

protect critical life history stages such as spawning or rearing aggregations;  or protect stocks at a time that

their  catc h per  unit of  effo rt (CP UE)  wou ld be exceptionally high, reserves will provide little pro tectio n to h ighly

mobile or migratory fishes.

The most relevant evidence of ma rine re serv es spec ifically s ervin g to re build g roun dfish  popu lations is that

of the large area closures off New E ngland (ca 17-29%  of cod, haddock an d yellowtail flounder distributions);

these closed areas were  accompanied by overall harvest reductions, and thereby, closely related to Option

3a.  Since the closure in 1995, groundfish spawning stock biomass has increased steadily within the closed

areas.  Harvestable biomass of scallops has increased 14-fold within the closures.  While the expe rienc e in

New Eng land is  enco urag ing, th e rela tively rapid recovery rates observed for haddock and cod in New

England should not be expected for W est Coast rockfish, becau se the species have  very different life

histories.  Marine re serves  will require a lon g-term  com mitm ent of m anage men t, enforcement, and research.

When  considering reserves for rebuilding individual species, it should be noted the effects on biomass outside

the reserve  will depend  on the biolo gy and be havior of th e target species, the size of area taken out of

produc tion, and the  harves t man agem ent in the ar ea outs ide the res erve. 

Sm all reserves (Option 2) likely will not significantly increase biomass outside the res erve  or sig nifica ntly

increase the concentration of harvest (except possibly in localized areas adjacent to reserves).  Medium- sized

reserves may result in larval transport or adult spillover sufficient to enhance rebuilding outside the reserve.

This  is most likely if the harvest rate outside of the reserve is not increased (Options 3a).  If reserves of

substantial size are created and total harvest is not decreased (Option 3b), the same amount of fish will be

taken out of a smaller portion of the habitat.  Fishing rates outside the reserve would, therefore, increase; and

biomass outside the reserve may well decrease.  Changes in biomass outside the reserve would depend on

the amount of larval export  and adult spillover from reserve areas, and potential increases in growth/survival

rates as a c om pensato ry response to  the re duced de nsity o f biom ass .  Tota l fishin g eff ort m ay incr ease if

biomass and availability outside the reserve decline (CPU E decline s) and a llowable ca tches re main  consta nt.
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There would also be an associated incre ase  in the c oncentra tion o f gea r/hab itat inte ractio ns as  harvest w ould

be concentrated in a smaller area.

Very large reserves, created to substitute for other management regulations, would likely result in substantial

reduction of the targeted stock biomass outside the reserve, because effort would be less constrained (Option

4).  While production rates in the areas outside the reserve might increase, total annual production in the

unprotected area wo uld likely decline .   At the sam e time, s ubstan tially larger biom asses  would ac cum ulate

within  the lar ge re serv e are as, poten tially contribu ting to the outs ide ar eas  throu gh lar val tra nsport or  adult

spillover.   The po pulation res ponse  of individual s pecies to  this type of m anage men t is unpred ictable with

current kno wledge, and it is lik ely to be species specific.  The same concern over increased gear/habitat

imp acts  outs ide the res erve , as s tated  for the pre ced ing op tion, is  a con side ration  for th is opt ion as  well.

Econom ic Productivity  (Harvest Related)

Outside the reserve, the short-term impac ts are expected to range from  negligible (Option 2) to negative

(Options 3 and 4), depending on the size of the reserve.  Negative impacts are expected based on initial

harvester displacement and depletion of the stock as a result of the concentration of harvest over a smaller

area (Option 3b and 4) or from reductions in the allowable harvest (Option 3a).  Over the long term, based

on theoretical models, some rebuilding might be expected outside the reserve or a liberalization of regulations

based on the existence of protected population within the reserve.  For Option 2 and 3a, some long-term

positive effects may be expected.  For Options 3b and 4, the magnitude and direction of the net effects over

the long term are uncertain.  Based on present knowledge, the dramatic management changes associated

with im plem enting Op tion 4  are p roba bly risk y.

The creation of a reserve that proves successful in protecting stocks of concern  may en able m anage rs to

recommend  higher exploitation rates  on  oth er sto cks  in the areas outside the reserve.  Stocks of concern may

be those with lower production rates than other stocks in a complex of overfished stocks or stocks listed under

the ESA.  Higher harvest rates for stocks of concern outside the reserve  may allow fishers to access other

species that are more productive or in better condition.  If biomass increases outside the reserve s area (i.e.,

there is a positive effect on rebuilding) cost-per-unit catch may decline (CPUE increase), thereby increasing

the economic productivity of the stock without increasing total removals.  However, there may be little change

in the CPUE if stocks  have been fished down in a serial process (i.e., vessels have fished out an area and

moved on  to another without experiencing a substantial long-term decline in CPUE ).

Insurance

Prop erly designed and adequately enforced marine reserves can provide a buffer of biomass that can insure

against uncertainties in stock assessments, overharvest of species for which little assessment information

is available, and harvest controls that do not adequately restrain harvest. The primary effectiveness, and

hence insuranc e, provide d by ma rine rese rves wo uld be for s pecies w ith sedentary life stages that would be

afforded protection from fishin g with in the  rese rve.  T he gr eate r the a rea s et as ide w ithin marine reserves, the

more  insurance provided.  However, as discu ssed above, harvest regulations outside the reserve  area  could

diminish overall biomass levels (Options 3b an d 4).

Habitat

Habitat within reserves should be afforded significant protection from interactions with fishing gear, species

diversity should also be enhanced.  The impacts on habitat outside the reserves would depend on harvest

regulations in that area.  If the same amount of harvest is concentrated over a smaller area (Options 2, 3b,

and 4) or red uctio ns in  biomass result in an increase in effort to harvest the same amount of fish (Options 3b

and 4), gear interactions with habitat are likely to increase.  If these interactions have a negative effect, there

may be nega tive impa ct to the sp ecies us ing the ha bitat and the ecosystem in areas outside the reserve.

Designation of a m arine  rese rve and the ass ocia ted aware ness of its  imp ortan ce, m ay provide some

protection  against im pacts fro m no nfishing, ind ustrial activities th at are ou tside the C ouncil's pu rview. 

Research and Education



1/ The term  “prot ectio n” inc ludes consideration of precautionary values afforded by different degrees of

protection of the resource both within and outside the reserve.
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All marine reserve options would provide significant research and education opportunities.  Research

opportunities include development of improved population parameters to assist in stock assessments and a

better understanding of f ishery/habitat interactions and ecosystem processes.  Part of the research and

educa tion oppo rtunity is provide d by the co ntrast of a reas with in and ou tside the re serve.   

Other Social and  Econom ic Impacts

Monitoring Reserve Effectiveness

Good baseline and post-implem entation studies of the reserve areas are necessary to determine the effec ts

of the re serv e.  Kn owledge  of fish ing ef fort p rior to  crea tion o f the rese rves , as w ell as in control areas before

and after the c reation of r eserve s, will be imp ortant for inte rpretation of results . The re is s ubs tantia l risk in

imp rope rly evaluating reserve effectiveness.  Negative impacts could ensue if inadequate monitoring and

evaluation resulted in (1) finding reserves are effective when they are actually ineffective, or (2) finding

reserves are ineffective when they are actually effective.  In the former case, harvest regulations outside the

reserve might be liberalized under the false belief reserves are providing some protection.  In the latter case,

all the costs of developing and implementing reserves, along with the benefits that would be derived, might

be inappropriately abandoned.

The costs of monitoring reserve effectiveness are difficult to evaluate at this general level of discussion and

will prima rily be depen dent upo n the num ber and  size of res erves a nd the nu mbe r of significa nt types of

habitat encompassed in the reserves.  There is considerable potential for planned and ongoing habitat and

stock evaluation efforts to be modified or enhanced, so the results would be of use in the evaluation of

reserves.  The West Coast groundfish surveys and future NURP research may be of pa rticula r use  for th is

purpose.  With the larger reserve options there  is also some potential for using cooperative industry/agency

resear ch platfor ms fo r extractive  mon itoring. 

Enforcement

Marine reserves will not be effective if compliance with regulations is inadequate. It has been suggested there

is not much sense in creating reserves of greater size or number than that for which enforcement resources

are sufficient to ensure compliance.  From experience, it is important to clearly identify and assign

enforcement responsibilities.  Public and industry acceptance are  key to adequate enforcement over the long

term.  How ever , there  is substantial risk and uncertainty associated with assuming informal public surveillance

will be adequate to ensure compliance.  Some design features make marine reserves more enforceable than

others. The New England closures are being effectively enforced using a satellite vessel monitoring system.

Information Value

The greater uncertainty there is about how a system is operating, the greater the value of new information

about that system.  In the late 1980s and early 1990s, managers believed they were on the way toward

sustained yields. The recently documented depressed conditions of those few stocks for which we have

information, raise con cern an d unce rtainty regard ing the nu mer ous sto cks fo r which litt le inform ation  is

available. Con side ring th e incr eased un certa inty in assessment of fishery resources, the value of

implementing marine reserves to improve our understanding of fishery resources may be much greater than

it was a number of years ago.

Existence, Bequeathal, Option Values

The objective related to sustained economic productivity was evaluated primarily in terms of harvest.

However,  other values will be generated from the creation of marine reserves, including (1) existence value

derived from knowing a fish population or ecosystem is protected1/ without intent to harvest, observe, o r
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otherwise derive direct benefits from the resource; (2) bequeathal value placed on knowing a fish population,

habitat, or ecosystem is protected for the benefit of future generations; and (3) options value placed on

knowing a fish p opu lation , hab itat, or  ecos ystem  has b een  prote cted  and is  available for use, regardless of

whethe r the reso urces a re actua lly used.  The se value s ma y be close ly related and  overlap w ith values the

general public places on wildlife and natural parks.  Some consideration of these values should be included

in the imp act ass essm ent for sp ecific m arine res erves.  

Non-Marine Reserve Alternatives

A number of non- ma rine re serv e alte rnativ e m easures  that c ould  address the objectives for marine reserves

were identified by the MRC.  Not all committee members endorsed all of the alternatives.  The alternatives

are not mu tually exclusive, and none (together or in combination) completely substitute for marine reserves.

Marine reserve s, similarly, are  not a com plete substitute for any of the nonreserve alternatives.  However, the

non-marine reserve alternatives, could reduce the need for such reserves, thus affecting the decision on

whether or not to implement marine reserves.  For example, given the risks and uncertainties of the current

fishery management system, an individual might make the qualitative judgement the likely benefits of marine

reserves warrant their costs.  On the other hand, if a comp rehensive observer program were in place, and the

fleet and allowable catch had been reduced, the same individual might conclude the additional benefits from

marine reserves would not warrant their costs.  It is important to consider all expected benefits of the reserve

system such as e nhanced eco syste m, m ultisp ecies, and hab itat pro tectio n.  Sim ilarly, the existence of an

extensive marine reserve system may not substitute for an observer program or for lower target harvest levels,

but might affect the balance of the expected costs and benefits from implementing an observer program or

reducing capacity and harvest.  The non-marine reserve alternatives identified by the MRC are:

a. Time and area closures.

b. Fleet reduction in combination with re duc tion in  allowa ble ca tch:  b uyback, in dividu al tran sfer able  quotas,

status quo (econom ic attrition).

c. Zero  fishin g m ortality o n targ et spp inclu ding n o byca tch m ortality.

d. Lower to tal fishing m ortality.  

e. More conservative stock assessment parameters.

f. More and better data for stock assessments.

g. Redu ce cap ability of individual ve ssels to im pact critica l habitat. 

h. Gear restrictions in certain areas (stated in terms of performance standards; e.g., no gear with impact on

critical habitat).

I. Allocation to ward ge ar types with  less im pacts to  habitat. 

j. Observer program (including better documentation of rem ovals).

k. Mor e eff ective  enfo rcem ent (b etter  cont rol of r em oval)



1/ The S ustainab le Fisherie s Act of 1 996 rea uthorized th e Mag nuson -Steven s Act.

2/ Any fishery m anage men t plan . . . shall . . . . (7) . . . minim ize to the exte nt practica ble adve rse effe cts on

such habitat caused by fishing, and identify other actions to encourage the conservation and

enhancem ent of such habitat; . . . . (Section 303[a]).
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Marine Reserves to Supplement Management of West Coast Groundfish Resources

Phase I Technical Analysis (June 2000)

Authors (Alphabetic Order): Dr. Richard Parrish, Mr. Jim Seger, and Ms. Mary Yoklavich

1.0 Introduction

The Pacific Fishery Management Council (Council) has specified a two-phase process to consider marine

reserves (also known as no-take areas, marine protected areas, harvest refugia, and defined in this document

as an a rea that pr ohibits fishin g) as pa rt of an integ rated sc hem e to sus tain a healthy ecosystem and m ore

effectively  manage the West Coast groundfish fisheries.  The first phase is a conceptual evaluation of marine

reserve s and w ill conclude w ith a decision on whether or not marine reserves have a role in Council fishery

management.  During the first phase, an Ad-Hoc Marine Reserve Committee (MRC), which was appointed

by the Council, developed management objectives that might be addressed by marine reserves.  Major marine

reserve options w ere identified  for analysis  as well as  nonres erve op tions that m ight add ress  sim ilar

objectives.  This report provides a technical analys is of th e exp ecte d im pac ts of m arine  rese rves , partic ularly

with respect to the identified objectives and the major options that have been developed by the MRC.  During

the second phase, if pursued by the Council, full specification and siting for marine reserves would be

developed, including considerations of number, size, shape, location, and other design criteria.  The second

phase also would include development of a public outreach program to ensure that all interested parties have

an opp ortunity to be inv olved ea rly in this proces s.  

1.1 Proble m Sta teme nt:  Som e Curre nt Ch allenge s to M eeting  Fisher y Man agem ent Pla n Go als

The Council has three ma in goals for managem ent of the groundfish fisheries on the West Coast, in order

of priority: 

Goal 1 - Conservation.  Prevent overfishing by managing for appropriate harvest levels and prevent

any net loss of the habitat of living marine resources.

Goa l 2 - Econ omic s.  Maximize the value of the groundfish resource as a whole.

Goal 3 - Utilizatio n.  Ach ieve th e m axim um  biolog ical yield  of the ove rall ground fish fisher y, prom ote

year-round availability of quality seafood to the consumer, and promote recreational fishing

opportunities.

The groundfish fishery management  plan (FMP) states that these goals are to be considered in conjunction

with the national standards of the Magnuson-Stevens Fishery Conservation and Management Act (Magnuson-

Stevens Act).

Of partic ular e mp has is in the Sustainable Fisheries Act1/ are goals related to the identification and prevention

of overfishing and the identification, description and protection of essential fish habitats.2/  The prevention of

over fishin g and  the p rotec tion o f hab itats a lso ar e the  top p riority goal of  the C ouncil.

Five Cou ncil-m anaged  spec ies (b ocaccio , lingcod, P OP, cow cod  and c ana ry rockfish) currently are considered

to be overfished, and stock rebuilding plans either have been developed or are in progress.  Estimated

biomasses of the majority of other groundfish species for which stock  assessm ents are available have long-

term downward trends.  However, there are no stock assessments for most of the 83 species included in the

West  Coast groundfish FMP.  As many of these unassessed species co-occur and are caught by the same

types of fish ing gear, it is ex pected  their popu lations m ay be exp eriencing  similar de clines.  
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Such downward trends in biomass likely are due to natural variability in the marine environment and the

resultant levels of survival of young fish, as well as being the result of fishing down stocks that previously were

lightly exploited.  This fishing-down process is largely over, and the Council is now in the difficult position of

trying to m ove to  a har vest  policy th at m ust balanc e cat ch ag ains t the ve ry low annual production of these

stocks.

Fishery managers  are concerned with maintaining the biological and economic productivity of those stocks

that benefit W est Coa st fishing c omm unities.  Lon g-term  econo mic pr oductivity from the fishery is dependent

in large  part o n long -term  biolog ical pr oductivity.  M aintaining appropriate  levels of biolo gical prod uctivity

depends on rational fishing mortality rates and healthy ecosystems and fish habitat.  Habitat degradation

resulting from human-induced activities, such as possible dumping, pollution, and fishing-gear disturbance

as well as increasing coastal development, are a continuing concern for fishery managers on the West Coast

and the s ubject o f ongoing  deliberation s of the C ouncil’s H abitat Stee ring Gro up.  

Effective management of marine fisheries is being attempted in an environment where there are many

unknowns and uncertainties about the status of the stocks and indeed about the entire ecosystem that

suppo rts them .  It is apparent that successful resourc e manag ement m ust work toward re ducing u ncertainty

through increased scientific knowledge and research of marine ecosystems and adopting management

measures that are m ore robu st to unce rtainty.  Failure to do so could prevent rebuilding overfished stocks,

could lea d to Endangered Species Act (ESA) listings, and could have dramatic negative consequences for

econom ic pro duc tivity of th e fish ery.

1.2 Why Co nsider Ma rine Reserves as  a Tool for Fishery M anagem ent?

It is clear that traditional management efforts alone are not successfully protecting and sustaining many of

our groundfish populations an d their hab itats.  Marine  reserve s are be ing prom oted wo rldwide to m itigate

overfishing and the impacts of fishing activities on seafloor habitats.   Rowley (1992), among others, has

suggested that marine reserves can be most beneficial to depressed species that reach great size or age and

have limited movements or sedentary behavior; these attributes apply to many West Coast groundfish

species, some of w hich have been ove r f ished.   Marine reserves demonstrably conserve and enhance fish

populations within  their borders by, (1) increasing fish abundance, size, and age composition; (2) protecting

critical spawning stocks and habitats; (3) providing multi-species protection; (4) contributing to the preservation

and maintenance of community structure and function, especially protecting the natural diversity of species

and habitats; and (5) providing undisturbed, reference sites against which we can evaluate the effects of

fishing and other human activities on marine ecosystems.  Th ese unharvested sites could provide rese archers

with a valuable means to separate the effects of fishing from those caused by natural changes in the

environment.  Data  from unfished reference sites also could be used to improve estimates of population

parameters  for harvested species, thereby directly improving management of the fisheries.  The capacity of

marine reserves to enhance fishery yields outside their boundaries is not as well documented, primarily due

to the lack o f resear ch on this  effect.  Until re cen tly we have  had no lo ng-term  marin e reserv es of ad equate

size with which to test these potential benefits and understand their contribution to enhancement and

conservation of fish populations.

1.3 Objectives

Following the recomm endations of the MRC , the Council adopted six fishery management objectives that

might be addressed by marine reserves as a supplemental tool for management of groundfish fisheries.

These objectives are interlinked and not mutually exclusive.  Implementing a network of reserves to address

one objective most likely will achieve various a spects  of all objective s.  The following are the objectives that

marine reserves might help address, ranked in order beginning with the top priority objective.

Objective 1. Stock Rebu ilding.  Assist in rebuilding overfished stocks and maintaining them at productive

levels.

Objec tive 2.  Biologica l Prod uctivit y.  Enh ance long -term  biolog ical pr oductivity.

Objective 3. Eco nom ic Pro duc tivity. Assist in achievin g long -term  econ om ic produc tion, while  min imizin g
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short-term nega tive ec onomic  imp acts  on all  users and still meeting the major goals of the

marine reserves.

Objective 4. Insurance.  Provide protection insurance for the resource as a hedge against the realities of

management  uncerta inty and the ef fects  of na tural e nviro nm enta l variability. Th is is intended

as a supplement to other precautionary fishery management policies.

Objective 5. Habitat P rotection. C onserv e and pr otect es sential fish h abitat. 

Objective 6. Research and Education.  Provide unfished areas for research that will increase our

understanding of the  func tions  and c ontrib utions of m arine  rese rves , and  will serve as co ntrols

for assessment of the effects of long-term environmental variations and potential habitat

alterations due to fishing.

1.4 Options

This  report is intended to assist the Council in the conceptual evaluation of the role of marine reserves as a

management  tool.  The role of marine reserves as a fishery management tool must be evaluated in the

context of the  full suite of expected effects, including those impac ts that m ay have little or indire ct relation to

the task of managing the fisheries.  Four options have been developed in considering the implementation of

marine reserves, with a primary focus on the first objective (i.e., stock rebuilding).  Section 5.0 provides a brief

review of nonreserve alternatives for addressing the objectives listed for marine reserves.

Option 1. Do Not Create Marine Reserves

This  is a “status quo” management option.  Under this option no action would be taken to accelerate the

primary objective of rebuilding overfished stocks above that which is expected from the rebuilding plans

already adop ted by the C ouncil. This approach attem pts to  redu ce ta rgete d fish ing m ortality f or ce rtain

depleted  stocks , while contin uing to allow  substa ntial assoc iated bycatc h and dis card m ortalities. 

Option 2. Create Marine Reserves as Heritage Sites and Areas for Fisheries Research

 

This  option would entail the smallest size-class of marine reserves.  While small, the reserves would be

substan tially larger than existing no-fishing reserves.  These marine reserves must be large enough to achieve

and mainta in the eco logical integrity (e.g ., abunda nces, s ize composition, species, and h abita t diver sity) wit hin

the protected area. These small reserves would be intended to be effective at protecting highly sedentary

species and representative essential, unique or se nsitive  fish h abita ts.  If s ited correctly the y ma y help to  avoid

future ESA listings. If maintained for a sufficiently long period of time, these small protected areas would allow

individ uals  to achieve their natural life span, thereby h elping to preserve genetic diversity of some

assemblages.  These areas would enhance and protect species and assemblage diversity within the

boundaries of the re serv es.  T hese res erve s would be  located re giona lly along  the W est C oas t, in

consideration of the distribution of key fish species and essential habitats, onshore-offshore movements and

home ranges of key species. Consideration should also be given to integration or co-location of these reserves

with potential natural refugia and existing protected areas under other management jurisdictions. The

recommendation from fishery scientists and managers is that this type of reserve should protect a minimum

of 5% of targeted habitats or population s (Carr  et al. 1998) .  Reser ves of this  size would not be large enough

to signif ican tly con tribute  to reb uilding  stoc ks o r to su pplem ent tra ditional fish eries  ma nagem ent, b ut could

be sufficiently large to enhance fishing opportunities along the reserve boundaries on those individual fish

moving out of the reserve.

Heritage and research reserves should be essentially no-take areas, allowing research and monitoring by

perm it only. A valuable role for these relatively small marine reserves is that of "reference or bench mar k sites,"

which wou ld provide necessary controls for monitoring local trends in populations and ecosystem processes.

They would be particularly effective as controls for evaluating the effects of fishing activities in nearby

unprotected areas.  T hese re serves  also wou ld facilitate disc rimination  between the effects of long-term

climatic fluctuations and fishing on local populations.



PHAS E I TEC HNIC AL AN ALYSIS DRAFT (JULY 2000)4

Option 3a. Create M arine Res erves an d Apply Am endment 11 Standard Precautionary and Rebuilding

Harvest Policies Only to Biomass Outside the Reserve

The next size-class of marine reserves would be designed and located primarily to promote the rebuilding of

overfished stocks and, because of their increased size, would address all other objectives as well. The use

of marine reserves to rebuild stocks would be evaluated sp ecies by species based on life history

characteristics.  Size, in this con text, refers  to the total area enco mpa ssed b y a network  of reser ves.  A

reserve network , which  could  includ e indiv idual r ese rves  of va rious  sizes , is like ly to be m ore e ffec tive in

accomplishing multiple objectives than a single large reserve.  Reserves meeting these objectives might

include about 20% of targeted habitats or populations.

Initially, the biomass available for harvest would be reduced by the estimated biomass inside the reserves.

Thus, harvest rates would be applied to smaller biomasses, implying a reduced amount of fish available for

harves t.  One likely approach is to estimate the amount of within-reserve appropriate habitat for the species

as a percentage of such habitat throughout the exploited  rang e of th e pop ulation. Es tima ted harve stab le

biomass for a particular species would be reduced by the percentage of habitat protected within the reserve.

Adju stm ents  to the  harvesta ble bio ma ss shou ld be considered, though not necessarily implemented, for all

fish stocks  protecte d by the res erve, includ ing those  that are no t targeted f or rebuilding .  No adjustments

wou ld be re quire d for  fish s tock s tha t are tr ans ient th roug h the  rese rve, a s res erve s would pr ovide  little

protection to these stocks (e.g., salmon, albacore, small pelagics, etc.), except in the case of pelagics that

form spawning or rearing aggregations on specific oceanographic and seafloor features.  If habitat is the basis

for assessing distribution of biomass, separate habitat-specific estimates of biomass would be required for

each species.

Over time, depending on the age-dependent fecundity and density-dependent recruitment mechanism of the

individual stock, biomass may rebuild more quickly with marine reserves than would occur without them.

Hence, if effective in rebuilding biomass, harvest levels may be higher and regulations less restrictive than

would otherwise occur.

Option 3b. Create Marin e Reserves and Apply Amendment 11 Standard Precautionary and Rebuilding

Harvest Policies to the Entire Biomass (Including that Inside the Reserve)

Marine reserve s would b e design ed and  located to  prom ote the reb uilding of ove rfished s tocks , and other

objectives listed in Section 1 .3 would b e achiev ed to varying  degree s.  Option 3b is similar to 3a except that

harvest policies would be applied to the entire population biomass, including that occurring inside the marine

reserve, thus there would be no initial reduction in allowable harvests, as compared to status quo

man agem ent.  The  use of m arine res erves to  rebuild stocks would be evaluated species by species based

on life history characteristics.  Over time, depending on the age-dependent fecundity and density-dependent

recruitment me chanism  of the  individ ual st ock , biom ass  ma y rebu ild more  quickly with  marine reserves than

wou ld occur without them.  Hence, if effective in rebuilding biomass, harvest levels may be higher and

regulations less restrictive than would otherwise occur.  Rebuilding likely would be slower under Option 3b

than under Option 3a, and there fore  it is possible that long-term total allowed harvests could be lower than

under Option 3a but higher than status quo.
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Option 4. Create Reserv es of Sufficient Size to Ju stify More Liberal Harvest Policies Applied to the

Portion of the Stock Outside the Reserve

This  size-class of marine reserves would collectively comprise an area  that is  suff icient  in size  to sustain

fisheries of targete d spe cies  in nearby fished areas. From conceptual and theoretical modeling efforts, it has

been suggested that a network of reserves incorporating substantially more than 20% (35%-50%) of

approp riate habitats or of total spawning biomass could maxim ize long-term sustainable yields and reduce

annual catch variability (Carr et al. 1998; Mangel 1998; Sladek Nowlis and Yoklavich 1998; Sladek Nowlis and

Roberts 1999), while allowing more liberal rates of fishing mortality than would be prescribed without large

reserves (Lauck et al. 1998).  The contributions from a large network of closed areas to fish popu lations would

allow a wider variety of fishing management strategies outside the reserves and reduce the need for

precautionary measures. Measures to prevent localized depletion might be considered.  The expected benefits

of this type of reserve are realized largely from transport of young rather than from adult spillover out of the

reserves, suggesting these reserves should be designed to comprise sufficient spawning populations of the

target species.

 

2.0 Biological Information Limits 

W hile there is abundant evidence that many species (especially exploited spec ies) s ubs tantia lly incre ase  in

biomass, abundance, average size, and reproductive capacity within reserve boundaries, there is limited

information to evaluate the merits of marine reserves as a fishery management tool and their potential

contribution to W est C oas t grou ndfis h stocks . Mar ine pr otec ted a reas , suc h as t hose in California that either

restrict fishin g in sp awn ing/nurse ry grou nds , proh ibit trawling within three nautical miles off shore, or exclude

gillnetting for nearshore rockfishes, have been established for many years. Unfortunately, there has been no

evaluation  of the co ntribution of  these type s of clos ures to the  produc tivity or protection o f relevant s tocks . 

Des ignated no -tak e res erve s (tho se that pro hibit th e har vest  of all  species) are uncommon along the West

Coas t, and are insufficient in size, number, and location to adequately evaluate their effects on fished

populations. Mos t of the se re serv es were e stab lished  for ge nera l cons erva tion purpo ses , witho ut the  spec ific

objective of effective fisheries and ecosystem management.  Monitoring biological resources in many of these

sm all areas has just begun. There are 17 very small marine reserves in California that prohibit either

recreational,  commercial, or all harvest.  These areas cover a total of 32 km of coastline and comprise a m ere

44 km2 or 0.2 6% of sta te wa ters ( McA rdle 1 997 ; McA rdle  1998 ).  Off  W ash ington, the re are  four  very sma ll

reserves in Puget Sound that prohibit recreational and co mm ercial bottom fishing. T hese a reas ran ge in size

from 0.002 to 5.5 km2 (Palsson 1998). Off Oregon , there is only one very small marine reserve that is closed

to taking fish and invertebrates and located in W hale Cove along the central Oregon  coast (Didier 1998).

There  are no m arine res erves in w ater dee per than  100 m eters an ywhere o ff the W est Coa st.

Modeling may provide some insight into the effectiveness of marine reserves to m anage fishery resources,

partic ularly  in comparing age-dependent growth and reproductive rates of populations inside reserves versus

those in exploited areas.  However, the lack of basic information on fish mobility, larval transport, recruitment

mechanisms, and hab itat-depen dent life history parameters hinders the development of realistic species-

specific  mo dels .  Mos t of the  availa ble m ode ls of th e eff ects  of m arine  rese rves  assum e tota l prote ction  within

the reserve and either unregulated or cons tant, abov e-optim um fis hing m ortality outside the reserve.  In these

situations reserves theoretically can enhance yield, protect habitat, and decrease annual catch variability (see

above). Several modeling studies have suggested that reserves occupying 50% of a species habitat may

result in increased yields (Polacheck 1990 , DeM artini 1 993 ). Ho weve r, it has no t been de mon strated tha t a

fishery that is  regu lated  to achieve op timu m yield can be improved by implementation of marine reserves.

It is equ ally im portant to note that it has not been demonstrated the regulatory intent of achieving optimum

yield has been met through conventional management for any of the West Coast groundfish stocks .  This

emphasizes that those information-limitations to successful application of a marine  reserve n etwork

are not necess arily greater than those inform ation-limitations to con ventional m anagem ent.

While noting the limits to our scientific knowledge, many scientists and manage rs have reco gnize d the re is

sufficient understanding of the problems facing effective groundfish management and conservation to proceed

with the process of marine reserve implementation (consolidated recommendations in Yoklavich 1998; Murray

et al. 1999a ).   
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2.1 Inform ation that will Contribute to Successful Application of Marine Reserves for Fisheries

Manag ement 

2.1.1 M obility an d Larv al Disp ersal 

Some knowledge of the movements of individual species will assist in the design of effective marine reserves,

and this is of particular importance if the goal of the reserve is to rebuild stocks of specific species.

Successful application of marine reserves is based on the assumption that fishes will remain in the reserves

for extended periods of time (DeMartini 1993).  However, for marine reserves to benefit a fish ery it is

necessary that th ese  fish d o not  stay in  the m arine res erve du ring their en tire life history.  Movement between

reserve and open areas is likely to occur differentially during larval, juvenile, and adult  life sta ges .  Mos t Pac ific

Coast groundfish have pelagic early-life stages that disperse during several months over a broad geographical

area and then settle to benthic habitats.  Little is known about the m obility of post-s ettlemen t juveniles.  In

general,  most of these species exhibit ontogenetic movements from shallow water as juveniles to deeper

water depths  as adu lts.  Som e spec ies ma y have ex tensive juv enile m ovem ent; othe rs m ay set tle in a s pec ific

bottom habitat or depth range suited to th eir juv enile s tage , rem ain there u ntil nearly mature and then m ove

to adult habitat.    Some species may never move any significant distance from the initial site of settlem ent.

The adults of many demersal species have limited movement.  Some species, such as yellowtail (Carlson and

Haight 1972; Pearcy 1992), copper and quillback rockfishes (Matthews et al. 1987), return to the ir hom e site

after being displaced various distances, depending on seafloor topography, depth, and bottom types.

Species that have limited geographical move ment as juveniles but m ore extensive movement as adults, and

species that occur in different habitats as juveniles and adults, are particularly good candidates for reserve

managem ent.  This is because reserves w ill reduce growth overfishing by protecting young fish that are

collec tively growing in weight faster than they are lost to natural mortality.  The reserve effect is, therefore,

similar to trawl m esh-size  limits, and  perhap s mo re effec tive, as there  is likely to be som e mo rtality of fish that

pass through trawl nets.

Marine reserves likely will not achieve any protection for highly mobile species of groun dfish un less the s ize

or geographical placing of the reserve precludes the fishery from reaching annual quotas for this species or

certa in life stages are protected.  For example, adults of the main stock of Pacific whiting annually migrate

from spawning grounds in the vicinity of Point Conception, California to feeding grounds off Oregon,

Washington, and British  Colum bia (Bailey et al. 19 82) or ne sting m ale lingcod .  Marine reserves will offer

much less protection for this species than for more sedentary species.

Mec han ism s of la rval tra nsport (in clud ing pa tterns of d ispe rsal,  reten tion, a nd re distrib ution ) cou ld be used

in the design of marine reserves to achieve significant enhancement of some stocks (Carr and Reed 1993;

Morgan and Botsford 1998).  For example, placing reserves in geographic areas of relatively high p roductivity

and high repro ductive s ucces s could re sult in higher  recruitm ent rates  than a situa tion without re serves .    A

strategy of protec ting areas  with high rep roductive  succe ss, and  fishing thos e with low reproductive success,

wou ld be one o f high priority.  Ho wever, little is kn own ab out area -depen dent rep roductive success and

subse quent s ettleme nt and re cruitm ent.

Understanding the connection between adult source populations and sites of successful settlement and

recruitment of the young is critical in designing effective reserves.  Larval transport of groundfish populations

can cover great distances, and is thereby influenced by bro ad oc eanogra phic  cond itions .  Con sequen tly, adu lt

populations can be dependent on larval recruitment from distant sources.  For continued replenishment of

local populations, the source of these pelagic stages (eggs and larvae) needs to be hydrographically linked

to the sites of settlement.  Because of these connections or linkages, comprehensive networks of marine

reserves throughout the range of groundfish species have been recommended (Murray et. al., 1999a).

Interestin gly, the larvae of at least some tropical reef fish species recruit back to the reefs whe re they were

spawned (Swearer et al. 1999;  Jones et al. 1999).  Larval retention and self-recruitment processes such as

these suggest that in certain environments m arine reserves ma y not have to be very large to be self-

sustaining.

2.1.2 Growth Rates
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Marine reserves could provide fishery benefits at opposite ends of the growth rate scale.   As mentioned in

the previous section, protection of young fish es that m ove out o f the rese rves an d are ha rvested  at a larger

size could increase the productivity of a fishery and also enhance rebuilding of relatively fast growing species

such as boc accio an d lingcod .  Slow growing species, such as POP , cow cod , and  cana ry rockfish cur rently

experience subs tantia l bycat ch m ortality d uring  the 6 -12 ye ars b efore they are fu lly recru ited to  the fis hery.

Marine reserves could significantly reduce this mortality, particularly if they are p laced in areas having high

conce ntrations o f young fish .  

2.1.3 Age-Specific and Size -specific Fecund ity

Fecun dity increases exponentially with age and size for most W est Coast groundfish species. Most groundfish

species also have considerable longevity, delayed age-at-maturity and low to very low natural mortality rates

(once settlement takes place).   With this type of life history, even modest exploitation rates result in a large

reduction in the average age and reproductive output of the  stoc k.  Re serv es ar e cer tainly one tool that could

prevent ma jor de clines  in reproductive output for species with size-de pende nt and ag e-depe ndent fe cundity

and that reproduce annually over a long lifetime.   T he effec t of increas ed ann ual fecu ndity with age /size is

likely to be most significant for species that produce multiple batches of eggs/larvae per year.  This is,

becau se the nu mbe r of batch es incre ases w ith age.  Although more than one spawning per year has been

observed in some rockfish species, it is not known if the incidence of multiple spawning is size/age depen dent.

Information on multiple spawning is not available for most of the West Coast groundfish.

2.1.4 Dens ity-Depen dent, Co mpen satory Fac tors

It is generally agreed that decreasing a population by fishing will result in beneficial, or com pensato ry, den sity-

dependent alterations in population rates.  The long-term productivity and stability of exploited species are

prim arily regulated by compensation caused by increased growth, reproduction, and survival rates that are

a response to lowered population  densities.  R ecruitm ent is the pr ocess  that is usua lly assum ed to have the

most compensation and most of the Beverton and Holt stock-recruitment models in use for Pacific Coast

groundfish have very high co mpe nsation a t low stock  sizes.  Managing fisheries with marine reserves has the

potential to either decrease, increase, or have little effect on recruitment, contingent on the density-dependent

recruitment mechanism of the managed species (Parrish 1999).   Density-dependence could occur at three

life history stages (i.e., egg or larval production, pelagic larval stage, or the post-settlement juvenile stage).

In mo st Pa cific C oas t grou ndfis h, it is unlike ly to occur in  the pelagic  larva l stage, because the den sities of

pelag ic larvae in zooplankton surveys are very low.  If density-dependence occurs at the egg or larval

production stage it will most likely be caused by improved condition of the adults due to decreased

competition.  In this case, a significant proportion of the spawning stock would concentrate at high densities

inside the reserves, thereby potentially reducing survival rates of young; this reduction may or may not be

compensated for by increased reproductive output within the rese rve.  In  cont rast,  if the density-dependence

occurs at the post-settlement juvenile stage, due to competition among juveniles or between juveniles and

older fish, concentrating adults  inside the reserves could increase recruitment in the areas open to fishing

where there are low adult densities.  Knowledge of the  sour ce of  com pensatio n in recruitment will, therefore,

be important in the assessment of the value of marine reserves, just as it also is important in assessing the

value of c onventio nal catch  man agem ent.  

2.2 Modeling Stock Rebuilding

Only two fisheries in the California Current System have been successfully rebuilt, Pacific mackerel (chub
mackerel) and Pacific sardine.  Both were rebuilt under moratoriums on landings in California. However, it
could be said that both of these stocks were rebuilt with area closures as there was no moratorium on
landings in about 50% of the sardine's range (i.e., Baja California, Oregon, and Washington).  Rebuilding
rates are dependent on the amount of protection given to the targeted population and, as seen in the two
examples above, the fastest recovery will occur when landings are prohibited.  Reserves are one way to
provide protection while allowing a continuing fishery.  Because crucial  information on recruitment, mobility,
and bycatch is sparse, it will be very hard to establish valid model formulations and parameters to assess
the relative merits of reserves versus traditional quota management. With limited information, it is possible
to demonstrate with one model that reserves will significantly assist in stock rebuilding, while another model
with different assumptions could suggest that reserves will not help.
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2.2.1 Limitations of Sto ck Assessm ents

The majority of stock assessments for Pacific Coast groundfish have been based on single box models that

necessarily incorporate the simplifying assumptions that fish habitat, natural population dynamics, and

behavior are hom ogeneous an d sta tiona ry.  W hile these  assum ptions like ly are n ot valid , there  is little

information to document the geographic or temporal variability of these factors.  Unfortunately, the merits or

disadvantages of using marine protected areas as part of a new management regime will largely depend on

the variability of these factors.

The stock synthesis model has become the standard for assessing the past and current stock sizes of most

Pac ific Coa st gro und fish s tock s. It als o is used in a forecast mode to estim ate future population parameters

under different e xploitation ra tes.  Like many other cohort analysis models, the stock synthesis model is most

useful when est ima ting s tock  size s ever al year s in the pas t.  An e stim ate o f cur rent s tock  size is  signif ican tly

less accura te due to  limited data on young year-classes.  Thus, there is increasing dependence of estimated

year-class size on recruitment functions, with the youngest year-classes often entirely dependent on estimated

recruitm ent.  For this reason, forecasts become increasingly less accurate the farther they are pro jected into

the future . 

When recruitment success is relatively constant from year-to-year, current assessment models can forecast
approximate optimum yields from a groundfish stock for several years in the future.  When annual
recruitment success is highly variable, and particularly when recruitment consists of long runs of below
average recru itment interspersed with single, exceptional year-classes, current models will tend to
significantly over-estimate more than underestimate future productivity of the stock.  This is very likely if the
forecasts are made with optimistic estimates of recruitment. (Ralston et al. 1996)

The fishing industry, fishery biologists, and managers are aware that the accuracy of current stock

assessment models are limited by less-than-adequate fishery and fishery-independent data, caus ed lar gely

by a lack of  adequ ate fund s for m onitoring pr ogram s.  I f  lack of information continues, a mixed mode

management  system utilizing stock assessments, annu al quo tas, a nd m oderate s ized m arine  rese rves  could

offer sign ificant prote ction aga inst setting q uotas tha t were rea sonab le but, in hinds ight, too high .   

2.2.2 Limita tions o f Rese rve M odels

Modeling of marine reserves has received only minor attention in comparison to stock assessment modeling

and the majority of published reserve mod els do not contain sufficient species-specific data and estimates

of population  dynam ics paramete rs.  This is, because the data re quire me nts o f mo re co mp licate d and  realis tic

reserve models exceed current knowledge. Accurate assessment of optimum reserves for a given species

requires geog raph ically specific population estimates, area-dependent population rates and estimates of age-

specific m obility.    

Modeling recruitment for populations with a significant proportion of their biomass  in reserves will be more

prob lem atic than for current stock assessments, because the reserves will have different age structures,

population densities, and possibly different recruitment success than areas open to fishing. Information

necessary to develop these area-sp ecific para mete rs curre ntly is not available . It will require signific ant data

analysis an d proba bly additional m onitoring to a cquire this  inform ation.  

Reserve mo deling  shou ld include so me a nalysis of the  effects o f the rese rve on no n-target s pecies, h abitats

and fisheries, including social and economic effec ts.  If moderate or large marine rese rves are proposed and

implemented, an important part of the modeling will include the multispecies effects of the reserves.  For

example, it is clear that reducing exploitation of bocaccio  by setting aside 30% of its habitat as a marine

reserve will have a much larger effect on the entire ecosystem than that which would occur with a 30%

reduction in the annual bocaccio quota.  It also is likely that the adjunct effects of a reserve designed to protect

30% of the bocaccio habitat will greatly exceed the effects on bocaccio.

2.3 Empirical Evidence for Impacts of Marine Reserve
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The best  exam ple of  ma rine re serv es spec ifically  serving to rebuild groundfish populations is that of the large

area closu res o n Ge orge s Bank a nd vic inity (M uraw ski e t al. In P ress ).  Follo wing  the s tunn ing fa ilures in

several groundfish stocks, 17,000 km2 (from 17%  to 29% of  the a rea o ccupied b y cod,  hadd ock , and  yellowt ail

flounder off New England) were closed to the use of any gear that caught groundfish species.  These were

year-round closures starting in 1995, located to protect significant proportions of cod, and haddock spawning

stocks. These closures, together with a moratorium on new vessel permits, an increase in minimum m esh

size and reduced trip limits, resulted in a significant reduction in exploitation rate (i.e., percentage of stock

removed per year).  The actions of closing an area and reducing harvest would be similar to the actions

proposed in Option 3a.  The latest stock assessments indicated significant increases in spawning stock

biomass for Georges Bank haddock and yellowtail flounder and smaller increases in cod biomass; these

increases were attributed to increased adult survival due to protection within the closed areas. The closed

areas also protect young cod and haddock throughout the year, as well as a number of unfished species.

Extrem ely large and valuable increases in scallop abundance within and near the closed areas (up to 14-fold),

with asso ciated incr eases  in catch, w ere an u nexpe cted be nefit.

There is growing empirical evidence on the West Coast that some fish species protected within some of the

few existing no-take marine reserves have greater abundance and size, and consequently increased

spawning biomass, compared with those in adjacent fished areas. For example, reproductive potential of

copper rockfishes inside a 27-year-old marine reserve in shallow water of Puget Sound, Washington was 55

times greater than that of coppers subject to heavy fishing pressure outside the reserve.  This enhanced

reproductive potential derived from greater densities and larger sizes of coppers inside the reserve (Palsson

1998). Sim ilarly, sig nifica ntly more and larger lingcod and copper rockfishes were observed inside a tiny 6-

year- old no-take reserve in the San Juan Islands, Washington compared to adjacent unprotected areas

(Palsson and Pacunsk i 1995).  Reprodu ctive p oten tial for  black -and -yellow  rock fishe s insid e two  sm all

longt ime  reserves in Monterey Bay, California was 2 and 10 times greater than  that fo r this s pec ies in h eavily

fished areas immediately outside the reserves (Paddack 1996).  Even within the relatively new Big Creek

Ecological Reserve off central California (closed to harvest since 1994), size distributions of several

econom ically valuable rockfish species appear to be significantly greater than for those in adjacent fished

sites; species that were not being harvested did not show these differences in size (M. Yoklavich, R. Lea, and

G. Cailliet, unpub lished da ta).  Desp ite their sm all size and lac k of sc ientific siting criteria, all of the West

Coast reserves that have been studied exhibit significant increases in abundance, size, or reproductive

capacity of exploited species.

Similar incre ases in abundance and size h ave bee n reporte d for spe cies ass ociated w ith natural ref ugia (i.e.,

those areas that naturally afford protection from fishing) and other unintentional reserves.  Examples include

refuge for a healthy red abalone population off northern California at water depths that preclude harvest

(Tegner et al. 1992), and high numbers of large rockfishes locally associated with isolated roc k ou tcrop s in

deep water of narrow submarine canyons that are less acce ssib le to fishing (Yoklavich et al. In Press).

Restricted fishing ac cess fo r security  reasons at the Kennedy Space Center at Cape Canaveral over the last

two deca des  has r esu lted in  grea ter div ersity,  dens ity, and  size o f eco nom ically va luable  fishe s in two unfished

areas com pared to  nearby fish ed area s; tagging  studies d emo nstrated  mov eme nt of fishes  from  the de fac to

reserves to the fished areas (Bohnsack 1998; Johnson et al. 1999).  It seems clear the portion of a population

protected from the effects of fishery selection will live longer, achieve larger sizes and a m ore natu ral s ize

distribution, and; therefore, produce more young over their lifetime than counterparts in unprotected fished

areas. 

Similar effects of no-take reserves have been docum ented in those tropical and temperate system s where

the majority of these protected areas have existed for many years.  Abundance, size, and reproductive output

increased for protected populations of many species of reef fishes and various invertebrates worldwide (see

Robe rts and Polunin 1991; Dugan and Davis 1993; and Rowley 1994 for review of these studies). Increased

catch-per-unit-effort was reported for 6 of 10 harvested fish spec ies ins ide a n ewly established marine reserve

off South Africa (Bennett and Attwood 1991).  A  recent re view of da ta from  over 80 m arine res erves in b oth

tropical and temperate waters reported that some 80% of the reserves exhibited the “marine reserve e ffect”,

that is fish and shellfish species inside reserves increased in abundance and size relative to populations

outside (Halpern , 2000).  V arious ex planations  have be en cited fo r those s pecies th at did not exhibit these

enhan cem ents within  the re serv e, inc luding , (1) p rotec tion o f inap prop riate h abita ts, (2)  beha vior of the

targeted species  is not con ducive to  man agem ent by m arine res erves, (3) inadequate reserve design, (4)
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inadequ ate reco very time o r time of  closure  to reflect sign ificant effec ts, and (5)  lack of e nforce men t.  

There is less empirical evidence that supports enhancement of fish populations in adjacent unprotected areas,

prima rily due to the lack of research on this effect. Enhancement of fished populations could occur from

spillover of adult fishes  mov ing from  the rese rve to unprotected areas, and from transport of young fishes that

are produced by high numbers of spawning adults within the reserve and subsequently recruit to adjacent

areas. Mos t ma rine re serv es ha ve be en es tablished fo r con serv ation  and r esearch  purp oses and  are to o sm all

to significantly replenish unprotected populations. Some of the strongest evidence of export of adult fish from

a reserve to unfished areas is that of increased yields and abundance of several species of large predatory

coral reef fishe s asso ciated with  two small marine reserves off the Philippines (Alcala and Russ 1990; Russ

and Alcala 1996). Many more studies on the effects of reserves on populations in adjacent fished areas are

needed, especially as related to our fishery resources in the temperate waters of the nor theast P acific. In

addition to 'spillover' or export of adults from reserves, increased spawning stock (i.e., high numbers of larger

individ uals  having increased reprodu ctive outpu t) within the reserve could enhance the overall reproductive

potential of particular species, especially those with extreme recruitment variability.   From limited theoretical

studies (see above) and life his tory ch arac terist ics, e nhanceme nt of f ished pop ulations, especially those w ith

relativ ely sedentary adults as is the case for many West Coast groundfish species, is expected to come most

likely from  the supp ly of young to unprotec ted area s. 

3.0 Biological Impacts of Marine Reserves and Alternatives

The impacts and design characteristics of any network of marine reserves will be dependent to a large degree

on the philoso phy of  the re sou rce m anagers .   Until the goals of a reserve program are established and a

number of experimental reserves are proposed, it will be very difficult to  address impacts on target species,

other he althy exploited  stocks , bycatch, o r the eco system . 

3.1 Impacts on Overfished Stocks

The impa cts and design of a m arine reserve network  will depend on the life history characteristics of those

species intended  to receive  protection  with ma rine rese rves. Fo r the purp ose of c onsider ing poten tial impac ts

of reserves on rebuilding depleted stocks, this report focuses on three groundfish spec ies that are  currently

designated as overfished (bocaccio, POP, and lingcod). Canary rockfish and cowcod meet the 'overfished'

criter ia as well, have similar life histories to bocaccio and POP, and can be considered similarly in this

discussion of protection via marine reserves.



PHAS E I TEC HNIC AL AN ALYSIS DRAFT (JULY 2000)11

Bocaccio (Seba stes pa ucisp inis)

Boc acc io have been taken from the Alaska Peninsula to central Baja California, but have been most abundant

histo rically  from Oregon to northern Baja California.  Currently, there are just a few sites that still hold numbers

of bocaccio, off British Columbia, along the southern California coast, and off northern Baja.  These sites

prob ably represent the remnants of a once-coastwide bocaccio population.  Adults are most abundant in 50-

250 m  water de pth, and ju veniles ge nerally occu r at shallow er depth s. 

During much of the 20th century substantial numbers of bocaccio were taken com me rcially a nd re crea tiona lly

along the Pacific Coast, particularly off California.  They have been fished with trawls, gillnets, and hook and

line. There has been an alarming declin e in bo caccio population biomass and commercial and recreational

catches of bocaccio during the 1980s and 1990s. Exploitable biomass and spaw ning b iom ass  of the  boca ccio

population off California are now 2-4% of those est ima tes fr om  the m id-19 60s  (Ma cCa ll 1999a).  Recreational

catches of bocaccio off California in the late 1990s were about 3% of peak catches in the early 1980s.

Average size o f boc acc io in the  recreational fis hery o ff central C alifornia has declined over the last 35 years,

and has been below the size-at-maturity-for-50%-females for most years since 1987 (Mason 1998). Average

surplus produc tion, which r oughly app roxim ates po tential produ ctivity of the population, was estimated to be

5.7% during 1969 through 1999.  Average annual exploitation rate was 17.2% in that same time period,

clea rly, an unsustainable rate.  Bocaccio recently have been identified as a candidate for National Marine

Fisheries  Service’s  (NMF S) List of E ndang ered an d Thre atened  Specie s (ETS ). 

Boc acc io achieve a maximum size of 91 cm (3 feet) and, although difficult to age, conceivably live to about

50 yea rs old . The  age o f fem ale bo caccio ab out 86 cm  in length recently has been validated to be 30 years

using radio chemic al techniqu es (C ailliet et  al. 1999). They are vulnerable to the trawl fishery at about 40 cm.

Females probably live longer than males, and are sexually mature  starting at about 3 years old.  Fifty percent

of the females off southern California are mature at 36 mm in length, and all are mature by 44 cm; size at

matu rity increases northward with females off Oregon just beginning  to ma ture at 54 c m in len gth.  As w ith

most other fishes, fecundity of bocaccio increases exponentially with age and size; while a female of 38 cm

in length produces about 20,000 eggs per year, a 77.5 -cm  long fem ale can p roduce  2.3 million young every

year. 

Boc acc io have  infreq uen t recr uitm ent success ; in mos t years relative ly few young s urvive to  reproductive age.

It is likely that an outsta nding year  class m ay occur  only once in  about 20  years.  For example, the last strong

year class for bocaccio was 1977, which has been harvested since the early 1980s.  Rec ruitm ent success  is

linked to enviro nm enta l factors (Ralston and Howard 1995), and has been depressed since the onset of

coastal ocean warming in the late 1970s.  To sustain the resource, spawning biomass needs to be high

enough to produce a large year class during those few years when environm ental conditions are conducive

to high rec ruitme nt succ ess. 

Pelagic larval and juvenile bocaccio are found in surface waters from  nearshore to as far offshore as 480 km.

They often associate with drifting kelp, and settle to benthic nearshore habitats after 3-5 months. Juveniles

occur over roc ks a nd sa nd pa tche s with  vege tation ; in some years high num bers of you ng bo caccio re cruit

to oil platforms and piers off southern California. Juveniles (22-24 cm long) tagged in water <55 m moved up

to 148 km over 2 years as they settled to deeper habitats (135-220 m depth; Hartmann 1987).  Significant

mov eme nts of adults have not been docum ented, but it is conceivable that young adults (35-60 cm long) mo ve

limited distances (of 16 tagged fish, 6 stayed in the 10 km2 study area 45% of the time; 5 stayed in the area

more  than 75% of the time; 10 bocaccio occupied the study area less than 10% of the time; R. Starr, pers.

comm .).  Adults aggregate over rock s of re latively h igh re lief, an d hav e bee n obs erve d we ll off the bot tom  in

mixed-species grou ps of  chilipe ppe r, and  widow, ca nary, a nd ve rm ilion ro ckf ishes.  Th e larg est individu als

of the popu lation  likely are sedentary and most abundant under rock ledges and in crevices of boulder fields,

in association with lingcod, cowcod, and greenspotted and yelloweye rockfishes (Yoklavich et al. In Press).

Typic ally, stock assessment mo dels  includ e only  that component of the population available to trawl survey

techniques (i.e., the semi-pelagic young-adult segment of the population).  The larger, older bocaccio, those

most close ly associated with deepwater rock banks and r eefs , are p oorly re pres ente d in the se m ode ls; this

leads to erroneous natural mortality estimates and, perhaps more importantly, an unestimated contribution

that these larger fishes mak e to recruitment of the fished portion of the population.  While these older
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mem bers of the population are not accurately surveyed and  includ ed in a ssessm ents , they a re ef fectiv ely

harvested with longline, setnet, and recreational hook-and-line gear.  If this segment of the population is not

protected and replenished with the younger bocaccio, it will be lost over  time .  From  subm ersib le sur veys in

deepwater habitats off southern and central California, there are very few sites  that s till harb or larg e boc acc io

(R.N. Lea, M. Love, and M . Yoklavich, pers. obs.).

Three modeling efforts recently have addressed potential effects of marine reserv es on  the bocaccio

population and the bocaccio fishery.  Sladek Now lis and Yoklavich (1998) incorporated size-specific life history

information (i.e., growth, survival, fecundity, recruitment to the fishery) into a model that predicted moderate-

to-great potential for enhancement of bocaccio catch with reserves, depending on the magnitude of fishing

mor tality outside the reserve and size of the reserve.  They also suggested that, because larval survival varied

from year-to-year, variability in annual catches generally decreased with increased size of reserve due to

contribution of young from the protected area.  They concluded that benefits of the reserves likely derive from

transport of young rather than spillover of adults, and reserve design should accommodate protection of

spawning biomass.  Key assumptions in this model were that larvae dispersed widely from their source, and

that adults remained in the areas of initial settlement (i.e., did not move in or out of the rese rve).  Mo dels with

size-s pec ific mo vem ent ra tes and re alistic  trans port p atterns of  larvae will as sist in  dete rm ining effective

reserve size and location.

Parris h's (1999) analysis concluded that maintaining catches while establishing marine reserves will require

significant increases in fishing effort and fishing mortality rates in the unprotected areas.  He poin ts out that

effort and mortality rates will increase exponentially with the size of the reserve, and that the potential impact

or disturbance to benthic ecosystems in the exploited areas will be dependent upon the increased trawling

rates.  Parrish also concluded that the highly variable recruitment success of boc accio could result in more

varia ble catches under a management system utilizing large reserves.  This would be caused by the increased

dependence on incoming year-classes resulting from the reduced age structure in the exploited areas due

to the increased fishing mortality rates.

A recent m odeling ef fort by Tira F oran (E nvironm ental De fense F und, O akland , California; u npubl. rep ort)

specifica lly considers how closed area policies affect the time to rebuild bocaccio stocks given various fishing

mor tality rates.  Based on Foran’s model, there are two principal conclusions.  First, with a constant total

exploitation rate ( that is  as in o ur O ption  3b) th ere is  little or n o evid ence tha t rese rves  will dec reas e the  time

(years) to rebuild the stock.  Fishing mortality rates necessarily increase outside of the reserve as reserve  area

increases, thereby increasing the risk of fishing gear damage to benthic habitats and associated fauna.

Second, with a constant fishing mortality rate outside of the reserves (our Option 3a), there is a large reserve-

effect that primarily is due to a reduction in total exploitation rate.  For example, with 20% of suitable habitat

closed to fishing the stock rebuilds 34 years earlier than without reserves.  Catch with 20% of habitat closed

is predicted to be 88% of that without reserves.  This model set movement of fish in and out of the reserve

at 0.5 , that is  half the catch comes from resident fish in the open area and half comes from the total of fish

in open area and fish moving out of the reserve. This mixing rate very likely is too high, and with lower mixing

of fishes there is likely an even more p ositive  effect of r ese rves  on re buildin g tim e.  Fro m th is m ode l, it is

important to note that decreased time to rebuild the bocaccio stock can be achieved either by implementing

reserves or by reduc ing the ove rall exploitation r ate.  How ever, as s tated above , reducing exploitation by

establishing rese rves  will have a much grea ter po sitive e ffec t on th e ent ire ec osys tem  than  that w hich  wou ld

occur by simply reducing the annual quota for a single species.  In ad dition, rese rves ha ve the po tential to

produce more recruits per fish than policies that only reduce overall exploitation rate, due to the exponential

increase in reproductive contribution made by the fishes that are expected inside reserves.

Pacific Ocean Perch (Sebastes alutus)

POP occur from  Japa n to th e Be ring S ea to  San  Dieg o, Ca liforn ia. Th ey dom inate  rock fish b iom ass  in the G ulf

of Alaska, and generally are abundant to southern Oregon and northern California. Adults are most abundant

in 200 m to 275 m water depth on summer feeding grounds, and 300 m to 450 m on winter spawning grounds.

Juven iles occu r as sha llow as 37  m wa ter depth , and m ove dee per with ag e. 

POP historically have been one of the most important species of rockfishes taken commercially almost

exclu sively  with bottom  trawls prim arily along W ashingto n and O regon. P OP fre quently are  caugh t with
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shortspine thornyheads, arrowtooth flounder, and darkblotched, sharpchin and splitnose rockfishes. POP  are

not impor tant to the re creationa l fishery.  They were severely overfished by foreign vessels during the 1960s,

and have been managed with a stock rebuilding plan since 1981; estimated time to rebuild was 20 years.

Population biomass and reproductive output have remained depressed (i.e., about 13% of initial estimates)

regardless of a moratorium on targeted fishing since 1987 (Ralston 1998).  Their exploitation rate continues

to be set to incidental take (bycatch) only. Average surplus production of the West Coast POP population

estimated over the period 1967 through 1997 was only 5.7%, and their maximum annual  product ion was 9.2%;

average exploitation rate was 10.2% (Parrish pers. comm.). Maximum annual production, estimated in 1992,

was 9.2%.  Under the most recent rebuilding plan, exploitation rate is expected to be less than 2%.

POP achieve  a ma ximu m size o f 51 cm  (20 inche s) and live to  at least 90 years old. Most o f their grow th

occurs in the first 20 yea rs of life. Mo st fem ales are s exually m ature at 5 -9 years old. As with most other

fishes, fecundity of POP increases exponentially with age and size; while a female of 25 cm produces about

10,000 eggs per year, a 47-cm  long female can produ ce 300,000 young every year.  Maxim um fe cundity is

505,000 eggs. POP recruitment in recent years has been at a steady low level compared with estimated

recruitm ent during  pre-fishe ry years. Th ere hav e been  no stron g year clas ses du ring the last 3 0 years. 

Aggregations of females form at the heads of submarine canyons and gullies to release young in deep water

(500 m to 70 0 m).  Pelagic lar val PO P rem ain at depth of release for several months and then move to shallow

wate rs; juvenile s agg rega te in schools near the surface (0 m to 30 m) over rock features at the shelf-slope

break.  Subad ults and a dults are b enthop elagic.  Adult POP aggregations are localized and as sociated  with

rock y steep bathym etry. T hese schoo ls can be 30 m wide, 80 m deep and 1300 m long. POP behavior and

mov eme nts throughout their life history are affected by water tem perature  (larger ag gregation s at 4oC to 7oC),

coastal upwelling, and tidal currents (Scott 1995).  Adult migrations likely are of a limited distance.

Many of the ir life-h istory c hara cteris tics (i.e ., extr em ely long  lifespan, late maturity, infrequent recruitment

success, low productivity, and local aggregations in specific habitats) have contributed to the overfished status

of POP.  From Gunderson (1997), responses to overfishing (such as reduced abundance and catch rate,

change  in spe cies  com pos ition) o ccu r ove r relat ively sm all spatial scales for POP.  Fishermen target those

localized habitats that harbor high numbers of POP in order to meet their bycatch allotment (i.e., 'topping off

their  catch' as described by Gunderson 1997).  Therefore, the management strategy since 1981 that set

ABC=0 but allowed incidental allotment of POP is not meeting the Cou ncil's  goal to  successfully  rebuild the

stock.

A recent mo deling  effo rt by T . Fora n and  R. Fu gita (E nviro nm enta l Defe nse  Fun d, Oa klan d, CA ; unpubl.

Repo rt) spec ifically c ons iders  the im pac t of a n o-tak e res erve  policy o n the  time  to rebuild POP stocks given

various fishing morta lity rates and various recruitment scenarios.  From the model, protecting 25% of POP

habitat in marine reserves, combined with a fishing mortality rate of 0.12 outside the reserves, resulted in the

highest potential yield among the various scenarios. Similar to the conclusions of their bocaccio model,

decreased time  to rebuild the POP stock can be achieved either by implementing reserves or by reducing the

over all exploitation rate.  However, as stated above, reducing exploitation by establishing reserves will have

a greater positive effect on the entire ecosystem than that which would occur by simply reducing the annual

quota  for a single species.  In addition, reserves have the potential to produce more rec ruits per fish than

policies that only reduce overall exploitation rate, due to the exponential increase in reproductive contribution

made by the larger fishes that are expected inside reserves.

Lingcod (Ophiodon elongatus)

Lingcod occur fr om th e weste rn Gulf o f Alask a (Shum igan Island s) to northern Baja  Califo rnia, a nd po ssib ly

into the Bering Sea. They are most abundant from Point Conception to southeast Alaska. Adults are most

abundant from intert idal to  305 m  wate r dep th, oc curr ing in th e sha llowe r dep ths fr om  cent ral Ca liforn ia

northwa rd.  Juven iles occu r to at least 20 0 m, a nd m ove dee per with ag e. 

Lingcod have been harvested  com me rcially w ith hook a nd line , traw ls and  set-n ets a long the en tire Pa cific

Coast, but catches have been highest from Oregon to Vancouver Island at depths 70 m to 150 m. Lingcod

have been important to the recreational fishery throughout their range.  Total catch has declined coastwide

from a peak of 4814 mt in 1983 to 819 m t in 1998 (Adams e t al. 1999).  Biomass of the lingcod population off
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Washington, Oregon, and California recently has been estimated to be about 19% of the initial biomass of the

1970s.  Management has responded by reducing recreational catch (b ag limits) a nd imp osing a m inimum  size

limit  (22 in ches) in e arly 1980s.  There have been coastwide reductions in commercial quotas and an imposed

com mer cial size limit sinc e 1995 .  Lingcod  are cau ght along  with a variety of ro ckfishe s. 

Lingcod achieve  a ma ximu m size  of 1.5 m  (5 feet)  and live to at least 20 years old. Females grow faster and

larger than males. Most fem ales are sexually mature at 3 yea rs old  and 7 6 cm  in length; m ales m ature at 2

years and 50 cm.  As with most other fishes, fecundity of lingcod increases exponentially with age and size,

from about 40,000 eggs per 76-cm fema le to abou t 500,000  eggs p er 97-cm  fema le.  Lingcod recruitment has

steadily declined from 1985 (Adam s et al. 1999).

Aggregations of territorial m ales form  to spawn in late fall to early spring, depending on latitude.  Egg masses

are laid in  rock crevices and under rock ledges  in water from intertidal depth to at least 125 m.  Males guard

nests  during egg incubation (5 weeks to 11 weeks).  Pelagic larvae and young juveniles occur near the

surface in nea rsho re wa ters;  older  juven iles se ttle to a  varie ty of be nthic  habit ats includ ing sa nd, g rave l, shell

debris, and eelg rass be ds in relatively sh allow wate r (down  to about 7 0 m).  Adult ling cod  are m ostly

associated with rocks, although have been foun d over soft bottom espe cially in deep water.  Older juveniles

and adults likely are sedentary, although they seas onally mig rate to sha llow water to  spawn.  Some movement

to at least 10 0 km  has be en noted .  These  mov eme nts are tho ught to be  mad e largely by im matu re fish.  

One preliminary modeling effort has explored the use of marine reserves for rebuilding lingcod populations

(T. Foran and R. Fugita, Environmental Defense Fund, Oakland, CA; unpubl. report).  Their model indicated

that a fishing rate of 0.08 and 20% of the biomass protected within marine reserves could achieve the

rebuilding target of 40% unfished egg production by year-10, without sacrificing any catc h.  As  with th e m ode ls

for bocaccio and POP, the basic conclusion is that exploitation rates need to be reduced in order to increase

rebuilding of lingcod populations.  These authors suggest that while m arine  rese rves  alone  ma y not re build

the stoc ks, th ey cou ld wo rk in c om bination with other methods to reduce overall fishing mortality and also

increase management robustness (that is, reserves would help in reducing the impact of significant error

assoc iated with es timates  of total fishing  morta lity). 

3.2 Reserve Options for Rebuilding the Targeted Species

Many life-history characteristics (i.e., relatively long lifespan, infrequent recruitment success, low mobility, and

aggregation in specific habitats) have co ntributed to  the overfished status of these groundfish species. These

characteristics also may make them particularly amenable to spatial management via marine reserves.  W ell-

designed marin e reserv es that pro tect rock  habitats h arboring  large, older , more  fecund , seden tary adults

cou ld maintain a minim um s pawnin g stock  that could  significantly co ntribute ne w recru its to unprotected areas

and there by ass ist in re buildin g and  sus taining pop ulations. T he clo sed  area s would protect young adults that

are now being harvested prior to size or age at sexual maturity, allowing them to achieve older ages and

higher reproductive output, thereby replenishing the older segment of sedentary fishes.  Incidental take of

overfished species (and other species that might be vu lnera ble to  over fishin g) wo uld be eliminated within the

reserve boundaries and essential habitat would be protected.  In addition , species  that a re cu rren tly

unassessed would be  afforde d som e level of pro tection.  Considering the above life history characteristics and

the five options (as described in previous sections) to rebuild these overfishe d popu lations as w ell to address

all objectives for implementing marine reserves:

Option 1 (Do not create reserves): As per the rebuilding plan developed for the bocaccio population off

Calif ornia  (MacC all 1999a) , the me dian tim e to rebu ild the popu lation to 40% of its initial spawning biomass

with a fishing rate (F) of zero is estimated to be 20 years to 76 years (depending on strength of 1999 year

class).  Time to rebuild will increase with increasing F; when F  is 0.04, time to rebuild is 22 to 162 years

(depen ding on s trength o f 1999 yea r class).  

From the 1999 rebuilding plan for POP (MacCall 1999b), the estimated time to reach a target of 40% of initial

biomass, with F =0, is  a minimum of 18 years to 27  years (de pending  on the tim e period u sed in the  mod el to

resa mp le reprodu ctive suc cess; i.e.,  'all years since the mid-1950s', 'all years since 1970', or 'all years since

1980'). Time to rebuild increases with increasing F; when F is about 0.03, time to rebuild is 39 years to 97

years (depending on time period us ed in the model).
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From the rebuilding plan for lingcod (Jagielo 1999), the estimated time to reach a target of 40% initial biomass,

with F=0, is 4 years to 8 years (median=5 yrs).  Time to re build increases with increasing F; with an

exploitation rate o f 3.2% , the p opu lation  is est imated to reach 40% of initial biomass in 4-12 years, with an

estimated 99% rebuilt in 10 years.

Option 2  (Create heritage or research reserves).  As stated above, these sma ll rese rves  likely would not

sign ifican tly improve the schedule to rebuild these overfished populations per se.  Howeve r, there are several

important roles that well-designed heritage reserves can play in protecting these species as well as all co-

occurring species  (including s everal tha t are on their wa y to an  'over fishe d' des ignat ion). If  sited  correctly,

these reserves could help to avoid ESA listing of bocaccio (currently on the candidate ESA list). Species

diversity and biological productivity will likely be enhanced within the boundaries of the reserves.  Some of

these small reserves could be located to protec t those sites that still harbor the large, more sedentary

segment of the population, thereby insuring some level of protection for spawning stock. Others could protect

overfished sites of appropriate habitat, which would offer a means to m onitor reha bilitation of overfished

species to tho se s ites.  In  the case  of ling cod , sm all reserve s could p rotect high -density  spawning and feeding

aggregations and their habitat (as is the case for a no-take reserve covering the pinnacles off Cape

Edgecumbe in the eastern Gulf of Alaska [O'Connell et al. 1998]). Reserves of this  size definitely will provide

control sites for evaluation of effects of fishing on habitats and fish populations and related research.  These

reserves shou ld be lo cate d reg ionally a long the W est C oas t, in co nsideratio n of the distribution of key fish

species and essential habitats, onshore-offshore movements and home ranges of key species.

These sm all reserves could assist in stock rebuilding in the specific cases where a significant proportion of

the surviving component of the depleted stock is concentrated in localized geographical areas (e .g., 'hotspots'

of rougheye and shortraker rockfishes in the Gulf of Alaska [Soh et al. 1998]).  In this case, properly placed

sm all rese rves  likely could increase the recovery rate by reducing explo itation  rate o n the  deple ted s tock  while

continuin g to allow op timum  exploitation r ates on  healthy spe cies outs ide the res erves.  

Option 3a (Create marine reserve s and apply amend ment 11 standa rd precautionary and rebuilding harvest

policies only to biomass outside the reserve).  The conclusion from the only model specifically focused on

rebuilding the bocaccio population suggests that establishing marine reserves would serve the same purpose

in terms of reducing time required to rebuild the population as would lowering overall exploitation rate.

However, rebuilding the population by spatially managing fishing effort with marine reserves would protect

those areas of high fish abundance and guard against directed fishing on these sites (as discussed for Option

2 as well).  This would be especially important if exploitation rate for over fishe d spe cies  is red uced to only a

bycatch allocation (as is already the case for POP ); this type of manageme nt encourages vess els to "top-off"

their  catch or direct their efforts on these areas of high abundance  (see Gunderson 1997). The "incidental

allotment only" management strategy has been in affect for POP since the 1980s, and this population has yet

to show signs of rebuilding.  Establishing reserves rather than management by explo itation  redu ction  also w ill

meet several of the other objectives, as stated under Option 2 above.

Option 3b (Create marine rese rves and apply amen dment 11 stand ard precautionary and rebuilding harvest

policies to the entire biomass, including that inside the reserve). As stated above, with a constant exploitation

rate, there  is little or  no ev idenc e tha t rese rves  will dec reas e the  time  (years) to rebuild the stock(s).  Fishing

mor tality rate (F) necessa rily incre ases sign ifican tly outside the reserve to maintain exploitation rate, thereby

hindering rebuilding. C oncern s asso ciated with  increased fishing effort in the unprotected areas include the

increased potential for negative effects of fishing gears to other open area fisheries and habitats, and the

truncation  of age c omp osition of the  exploited p ortion of the  population  (Parrish 1 999).  

Option 4 (Create reserves of sufficient size to justify more liberal harvest policies applied to the portion of the

stock outside the reserve).  This option results in the same the situation as in Option 3b.  The most significant

element in rebuilding the overfished stocks is the total exploitation rate (E).  In this option, the decrease in (E)

achieved by establishing large reserves would be offset by more liberal harves t policies outside of the

reserves. This  libera l policy w ill resu lt in significant increases in fishing effort outside of the reserves,

accompanied by potential of increased damage to habitats and ecosystem.

3.3 Impacts on Healthy Exploited Stocks 

Establishment of marine protected areas (of any design and reasonable size) will obviously impact the
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targeted species, other healthy exploited stocks, and fish and invertebrate stocks that are taken but not

retained by traditional fish eries.  Th e significan ce of the se imp acts on  the non- targeted species will be a

function of the sizes and locations o f the prote cted are as and  the sim ilarity of the protec ted habita t to the dep th

and bottom type preferences of the non-targeted stocks. Protected areas spec ifically d esigned  to occupy a

sm all portio n of th e prim e habitat of the targeted species are likely to have no im pac t on s tock s tha t prim arily

live in other ha bitat types.   Moderate sized protected areas will necessarily include a mixture of habitat types

and will have more significant impacts on the fisheries for other exploited stocks.  Again the impacts will be

a function of the amount of that species habitat being protected.  Protected areas occupying up to 20% of the

habitat of a targeted species could probably be designed in such a way that a minimum percentage of closed

area co vers the h abitat type pre ferred b y the healthy ex ploited stoc ks.   

In cont rast it is  highly  unlikely that larg e reserv es, which  occup y 35+%  of the hab itat, can b e des igned  to avo id

having significant impacts on many healthy, exploited species.  Reserves of this size are poor candidates for

the narrow goal of protecting a single overfished species.  A typical example is the bocaccio/chilipepper fishery

in central California.   These two species have overlapping depth ranges and habitat preferences and co-occur

in catches, making it very difficult to des ign a large r eserve  to prote ct the  depr essed bo caccio st ock  that w ould

not adversely affect a fishery for the relatively healthy chilipepper stock.  On the other hand, this class of

reserves is well suited to a philosophy that is based on m ultispecies, habitat-oriented, precautionary

management  approach.  It is also a potential candidate for addressing the present condition of groundfish

stocks, where biomass levels for many exploited stocks have dropped below target levels and are continuing

their downward trend.  Further, large reserves that protect representative habitats offer perhaps the best

insurance against future depletions (and associated constraints on fisheries) of unassessed and non-target

populations.  In any case, the design objective would probably be to protect a significant percentage of a wide

range of habitat types rather than to protect the habitat of a single depressed species (although several of

these over fishe d spe cies  co-o ccu r in the same habitats).  Large marine protected areas are also likely to be

beneficial where serial depletion, genetic selection, and recruitment overfishing are potential problems

(Bohnsack,19 98).  One could argue the West Coast groundfish fishery has experienced all three of these

problems (i.e., serial deple tion of low pr oductivity stocks; selection for smaller body size and earlier age at first

reproduction; and recruitment overfishing).

3.4 Impacts on  Physical Habitat 

The principal impact of marine reserves on the physical habitat is that they will prevent the physical alteration

of the sea-floor that results from disruptive fishing activities.  Some level of recovery of damaged habitat also

wou ld be expected to occur within the protected areas (Collie et al. 1997; Auster and Langton 1999),

especia lly with regard to the biogenic components of habitat (e.g., attached epifauna like sponges, hydroids,

bryozoans, etc.).  The re also m ay be add itional effects  assoc iated with res erve statu s, such as potential

exclusion of oil  and gas exploration and communication cable or pipe laying activities.  There are a few

localized cases where very nearshore marine reserves have resulted in increased public access and

destruction of intertidal habitat; however, this type of problem is not a concern for the offshore species

presen tly address ed by the C ouncil. 

3.5 Impacts on Ecosystem

Any discussion of the ecosystem effects of marine reserves is severely limited by the lack of knowledge

concerning the long-te rm ef fects  of the selective removal of specific components of the fauna, alteration of

the benthos by fishin g gea r and  inter- specific in terac tions .  How ever , it is generally assumed that some level

of recovery could be expected if an area is protected from exploitation.  Murawski et al. (In Pres s) an d Co llie

et al. (199 7) su ggested  5-10  years  for be nthic  habit ats w ithin large closed areas off New England to recover

from disturbance by trawl and dredge fishing.  Parrish (1999) has suggested that sm all reserve s are likely to

tend towards a state that has a higher proportion of sessile and territorial species and a lesser proportion of

pelagic, mobile, and migratory species than the original state.  This is, because small reserves are m ore lik ely

to provide protection to species that remain within the reserve than to those that move in and out of the

reserve .  

It could also be assumed that a management strategy that puts part of the ecosystem in marine reserves

wou ld have few er imp acts on the ecosystem than  one that a llows  explo itation  of the  entire  ecos ystem .   This



PHAS E I TEC HNIC AL AN ALYSIS DRAFT (JULY 2000)17

assumption is valid if reserv e imple men tation doe s not result in significant increases in fishing effort in the

unprotected areas.   However, if fishing gear has detrimental impacts on the ecosystem and if the

establishment of reserves results in significan t incre ases in fis hing e ffort in  the explo ited a reas  the lik ely

consequences will be an increase in the quality of the ecosystem within the protected areas and significant

decrea ses else where.   

4.0 Social and Eco nomic Im pacts

Evaluating the economic (see Thomson, 1999) and social (see Pomeroy et. al. 1998) effects of a system of

mar ine reser ves will be co mplica ted by unc ertainties as sociated  with: 

1. The biological effects of the refuge.

2. Difficulties in predicting how user groups or stakeholders are likely to respond to the reserves.

3. Shortcomings of models used to estimate economic effects.

4. Lack of appropriate data.

5. Lack  of expe rience w ith this appro ach to fish ery ma nagem ent.

Some of the key questions to be addressed in this section are:

1. Who are the stakeholders?

2. What is the value of information in situations of risk and uncertainty?

3. What  are the research costs and expected time frame for collecting information on marine reserves?

4. What are the enforcement costs of marine reserves?

5. What are the administrative costs of marine reserves?

6. W hat are the effects of marine rese rves on production in the private sector?

Most of the analysis of impacts assum es there will be sufficient compliance (voluntary or enforced) to ensure

there is substantially no harvest in the no take marine reserve areas and appropriate harvest levels in any

control areas.

4.1 Stakeho lders

The creation of ma rine re serv es is  about m anaging  the reso urce by m anaging  people.  A ssess ing the im pacts

of “managing people” requires consideration of social, cultural, economic, and political environment (Pomeroy

et al., 1998).

Stakeholders  are those groups affected by decisions of whether or not to implement marine reserves.

Stakeholders include consumptive users of specific stocks such as commercial and recreational fishers;

nonconsum ptive users of the stock and habitat such as recreational divers (nonfishing); and nonusers, such

as members of the general public who don’t intend to use the resource or habitat but va lue their ex isten ce in

a healthy state (existence value).  Other types of values placed on the resource include option values (the

option to use the  resourc e in a con sum ptive or non consu mptive  man ner, even  if that option is never

exercised) and bequeathal values (a value placed on the opportunities for future generations to utilize or enjoy

a resource).  Additionally, those involved in the fishery management profession (including stock assessment

scientists, management specialists, educators, and enforcement personnel) have job responsibilities and

personal career motivations that may be affected by decisions about marine reserves.

The following is a general characterization of the common interests among stakeholder groups.  This first

attempt will be expanded as the pu blic com men t proces s better ide ntifies som e of thes e interests .  It shou ld

be recogn ized that ind ividuals m ay be pa rt of more  than on e group  and m ay have in terests that

overlap.  For example, some commercial fishers may have priorities and interests that are similar to those

of conservation groups, and all commercial fishers will have at least some interests that overlap with the

nonconsum ptive general public (the payment of taxes for management of the fishery).   Similarly, some fish

consum ers are also members of conservation groups and the public that pays taxes for management of the

fish reso urce s.  Th e em phasis of this section is mainly on the immediate short-term  impacts that these groups

may be facing.  Potential longer term effects, such as accelerated rebuilding would likely benefit most these

groups.  Longer term economic effects are discussed elsewhere in the analysis.



3/ By shipp ing ra w pro duc t to ce ntrali zed locations some processors have maintained a more consistent

product supply and better utilized their factory capital and work force.  They are likely to be less affected

by localized disruption in supply but will still be impacted by policies that change the total amounts of fish

availa ble for harvest.  Some centralized locations also make use of infrastructure, labor pools and other

services  that are in pla ce prim arily for other ind ustries (e .g., agriculture ). 
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Cons ump tive Users

Most consum ptive u sers  will hav e cer tain in teres ts in com mo n, 1) th e size  of an y shor t-term  redu ction s in

harves t, 2) whether or not marine reserv es w ill enhance long-term production from the resource, and 3)

whether or not entities operating in specific locations will be disproportionately impacted compared to similar

entities in other locations.  These groups will also have an interest in the preservation of habitat for the

purpose of ensuring viability of target species and preventing the unintended dep letion of unassessed species.

Com mercial Fis hers

Comm ercial fishers will be concerned with increased operational costs and time away from port (including

home and f am ily) that m ay occ ur if tra vel dis tanc es to  prod uctive  fishin g gro unds incr ease.  An othe r likely

concern will be the relative catch per unit effort (CPUE) at the alternative fishing grounds and whether

increased concentration of effort on the alternative fishing ground will cause localized depletion and further

increase travel distances to sufficiently productive grounds.  On the other hand, if pop ulations re build w ithin

reserves and there is some enhancement of fishery resources in open areas, CPUEs may increase for some

species in some locations close to the reserve.

Process ors

The processing com panies interests will depend in part on changes in local supply and how process ors have

adapted to current supply situations.  Processors  that h ave c ontinued  to rely o n loca l supp ly to m ainta in

operations at a particular plant will be most impacted by any change in local supply.  Processors that have

adapted to cu rren t fishe ry con ditions by ce ntralization of processing and distribution activities may be

somewhat less affected.3/ 

Treaty Indian Tribes

The National Marine Fisheries Service recognizes four Washington coastal Indian tribes (the Makah, Quileute,

Hoh, and Quinault tribes) as having treaty fishing rights in their usual and accustomed fishing grounds south

of the Canadian border and north of P oint Che halis, W ashingto n (46° 53 '18" N latitude ).  The treaty fishing

right is place-specific for individual tribes, i.e., each tribe has its own usual and accustomed fishing grounds

and needs to be contacted rega rding impacts of the reserves.  T ribal allocations for species of groundfish,

including sablefish, black rockfish, and Pacific whiting, have been made in recent years.  In general, the tribes

regulate  fishing by their own members after allocations are set through the Council process.  Establishment

of marine reserves in the tribes ' usual and  accusto me d fish ing gr ounds would  require appropriate coordination

with tribal governments.  Marine reserve development will need to  be consistent with applicable law regarding

treaty Indian fishing rights in usual and accustomed fishing areas.

Recreational Fishing Charter Boat Operations

W hile not completely imm obile with respect to a port of operation, recreational fishing charter boat operations

are location de pende nt both  in terms of their reliance on location specific marketing channels to bring them

customers  and the effects of distance to fishing grounds on profit.  Increased distance to fishing grounds may

affect both the cost and revenue side of their profit function (increased distance and travel time increases the

fuel and labo r opportu nity costs and at the same time is likely to decrease will ingness of customers to take

a trip [decrease demand]).  Charter vessels that work as indepen dents, re lying on cha rter offices  to book  their

clients and have somewhat more locational flexibility than those vessels that serve as their own booking

agents.  Charter booking offices on the other ha nd ar e m ore c lose ly tied to  the fis hing o ppo rtunitie s ava ilable
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in the port that they serve.

As with commercial vessels, there could potentially be some short and/or long term negative effects from

increased crowding and localized depletion in good sites that serve as alternate to reserve sites, and in

contras t, over the long-term there could be some increase in local catch rates and fish size due to spillage

of adults out of the reserve.  Fishery enhancement from adult spillover would be in addition to  the theoretical

possibility of incr eases  in biom ass ou tside the re serve thr ough larv al and juve nile expo rt.

Recreatio nal Fishe rs

Recreational fishers would face the same situation as described for charter vessels except that recreational

fishers may be  more  mob ile in their choice  of fishing p orts.  Th e likelihood  that fishers  will change  fishing po rts

depends on the degree to which fishing is the primary purpose of a  trip and the distance to alternative ports.

Recreational fishers include recreational divers who pursue and capture fish.

Seafoo d Con sume rs

The seafood consumers’ primary interest is likely to be in the effect of m arine  rese rves  on loc al fres h sup ply

over the short-term and long-term.  Most impacted would be retail or restaurant patrons who place a premium

on knowing the product they are purchasing is locally caught.  For other consum ers demand for frozen and

some fresh seafood may be met through supply in coastal and international markets.

Nonfish -Resou rce Dev elopers o r Users

Another consum ptive group are those with an interest in the utilization or disturbance of ocean resources other

than fish.  Such entities may extract oil/gas, discharge wastes, lay communications cable or otherwise engage

in activities in ocean or adjacent areas.  In areas where marine reserves are created it may be mo re diff icult

for these groups to justify the impacts of their activities.

Nonc onsum ptive Us ers

Wildlife/Nature/Ecosys tem Tou rists

The interest of ecotourists and associated businesses involved in the non-consum ptive on site use of marine

reserves will likely depend on the degree to which the reserve is visibly different from other areas (although

sometimes the mere designation of a  marine protected area may draw tourists).  The differences are lik ely

to be greatest for those interested in underwater experiences and for those interested in wildlife populations

that tend to congregate in the reserves (e.g., possibly sea birds and marine mam mals).  There  will likely be

some interest from people who experience marine wildlife primarily through aquariums and other educational

forums, including incre asing inte rest in  virtual marine reserves on world wide web sites.  Those with an interest

in ecotourism  are a lso likely to be m emb ers of the  public that p lace a no nuse va lue on the  resourc e (e.g.,

existence or bequeathal values).

Transit U sers

Those who use an area solely as part of a transit route may be affected if the rules of the marine reserves

prohibit transit or impose some requirement on vessels transiting the area.

Non-U sers

Gen eral Pu blic (Lo cal, Reg ional, N ationa l, Interna tional)

The general public within the U.S. has an intere st in the issue of whether or not to create marine reserves and

the management of marine resource s in they are part owners  of the res ource a nd pay tax es that su pport its

man agem ent.  Add itiona lly, the public  within the U.S. together with the international public have an interest

in the ecosystem functions provided by the marine environment.  Members of the general public may also

place nonuse values on the resource, hab itat, and ecosystem proce sses preserved by m arine reserve



4/ SeaWeb  is a project of the Pew Charitable Trusts. SeaWeb is a non-partisan, multimedia educational

initiative on the o cean. 
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(existence, bequeathal, and option values).  These values may be closely related and overlap with values the

general public places on wildlife and natural parks.  Some consideration of these values should be included

in the imp act ass essm ent for sp ecific m arine res erves.  

Conservation Groups

Conservation groups represent their membership and supporters in advocacy for policies to preserve natural

resources, habitat, and ecosystem processes.  These organizations are often comprised of members of the

general public  with nonuser and user interests in the management of the natural marine environment.  A 1999

survey conducted by the Mellman Group for SeaWeb 4/ found that 75% of Americans favored havin g cer tain

areas of the ocean as protected areas, 60% be lieved that there should be more marine sanctuaries and 3%

believed there were already too many marine sanctuaries.  With respect to fishing, 82% oppo sed  trawlin g in

marine protected areas and 59% opposed commercial fishing in such areas.  Cited as “convincing” reasons

for creating marine protected areas were; (1) distinctive areas should be protected similar to what is done for

national parks (65%); (2) less than 1% of U S waters are in marine protected a reas (MPAs) (63 %); (3) MPAs

wou ld be an important step in improving the health of oceans (58%); (4) harmful activity should be restricted

to preserve ocean beauty for future generations (57% ).  Sup port f or m arine  prote cted  area s dim inishe d by on ly

1% when res ponden ts we re firs t read  a sta tem ent outlining potentia l negati ve socioeconomic effects of

creating marine protected areas and increased by 6% when respondents were first read a statement outlining

potential positive effects of creating marine protected areas.

Public Employees

Pub lic employees are charged with representing the public interest in conservation and management of the

ocean resources.  For the most part, the  public  intere sts in clude all of  those listed abo ve.  T he pu blic

em ployee s inclu de ed uca tors,  fishe ry ma nagers a nd sc ientis ts, an d enf orce me nt pe rson nel.

Educators  and researchers.  O ne of the social charges given to educators  is to help keep the public (including

fishers) informed of the status and use of its resources so the public can determine whether or not

stew ards hip is being carried out in an acceptable mann er.  The importance of this task is greatest for those

members of the general public who even tually become comm ercial and recreational users of the resource.

Outreach and extension programs are two of the instrum ents us ed to per form  this charg e.  Another charge

given educ ators  is to teach  profess ionals  who are charged with conservation and management of the ocean

resources.  The  effectiven ess  of the  job perfo rmed by e ducators  depe nds , in part, on the quality of research

and infor mation  about the  ocean  environm ent.  

One of the keys to advancement of information in the ocean environment is the availability of undisturbed

areas and control areas with known measured disturbances for the purpose of study.  The grou ps of  public

em ployees listed above have a stake in the creation of marine reserves to develop better information for

carrying ou t their charg e.  

Enforcers.  Enforcement personnel ensure the public interest is carried out as identified through governmental

processes.  On the one hand the creation of marine reserves may coincide with the interests of some of those

in the enforcement community to the degree to which re serves  provide info rma tion that allows  man agers to

identify better ways to conserve and manage the ocean resources.  On the other hand, additional enforcement

responsibilities from  the c reatio n of m arine  rese rves  could  detra ct fro m e nfor cem ent perso nne l abili ty to

pursue other assigned responsibilities.

Summary of Stakeholders and Types of Interests in Marine Reserves

The following table summarizes the stakeholders, their association or likelihood of close ties to particular

fishing sites (on-site or off-site users), and their  use of the resource (that is consum ptive or non-consum ptive).
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On-Site Off-Site

Consumptive Non-Consumptive Consumptive NonConsumptive

Commercial Fishers X

Commercial Processors X X

Tribes X X

Recreational Fishing Charter
Operations

X

Recreational Fishers X

Fish Consumers X

Nonfish-Resource Developers or
Users

X (habitat)

General Public X

Wildlife/Nature/Ecosystem
Tourists

X

Conservation Groups X

Public Employees X (sampling) X X (market
samples)

X

Fishing Communities

One group not included in the above list is fishing communities.  Fishing communities are comprised of

mem bers of the above groups.  As defined for the purposes of the Magnuson-Stevens Act, fishing

communities are tied to location.  Included as part of fishing comm unities are those in the  local com mun ity

who benefit from indirect and  induced  activities ass ociated w ith the fishing  resourc es.  Indirec t benefits  include

those received by gear and bait suppliers for recreational and commercial fisheries.  Induced benefits include

those rece ived by those with owner, employee, or other interests in grocery stores, movie theaters, social

organizations, and o ther a ctivities pat ronize d by those  direc tly and  indire ctly benefitted by fishing activities.

Mem bers of the general public who are resident in the area of the fishing community have an interest in the

fishing communities contribution to the tax base and the maintenance of school, hospital, road, and other

services and socioeconomic infrastructure.

4.2 Risk, Uncertainty, and Knowledge

One of the major conservation concerns imbedded in the marine re serv e objective s listed in Se ction  1 is

reduction of threats to target species and ecosystems.  Before m oving  ahea d with  a disc uss ion of  spec ific

costs and benefits, this section will deal with:

1. Issues  of risk an d unce rtainty. 

2. The va lue of inform ation in an u ncertain e nvironm ent. 

3. Mana gem ent in the fa ce of un certainty. 

4. Potential co nflicts betw een res erves a nd the cu rrent fish/fis hery inform ation system .     

5. The opportunity to improve understanding of the value of marine reserves.

4.2.1 Risk and U ncertainty

Risk is gen erally d efine d as a  situa tion in  which the   prob ability of  diffe rent o utco me s is k now n wh ile

uncerta inty is a situ ation  in which the probability of different outcomes is unknown.  Additional knowledge may

change a situation from one of uncertainty to one of risk, and in some situations additional knowledge may

be used to m inimize or eliminate risk or uncertainty.  However, additional knowledge may also change what

was perceive d to be a s ituation of k nown ris ks to on e perce ived to be lar gely unce rtain.  It may be argued that

over the last 10 years additional information has appropriately increased uncertainty about the management

of West Coast groundfish stocks.

4.2.2 Value of Knowledge as Uncertainty Changes

When  uncertainty about the fishery or ecosystem increases, the value of additional information increases.

The mo re ce rtain  a person is about knowledge of a situation, the less value that person will place on acquiring
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new information.  Thus, the value of new information about fish or a biological system depends on our

expectation the new information might change our ideas about the status and characteristics of the

resource(s) of concern.  During a time when stock assessments and other information about the fishery

indicate  a fairly stable res ource c ondition, a  lower value may be placed on new information about the resource

than when e xisting inform ation sou rces be gin to indicate  greater variation or unexpected results (this line of

reason ing follows  a review o f uncerta inty literature by  Ha nna, 198 3).  

In the lat e 198 0s an d ear ly 1990s, stock assessments yielded fairly stable results from year to year and most

fishery managers believed the groundfish fishery was moving toward sustained yields, though some scientists,

environm entalists  and fishermen challenged this point of view.  Instead of stabilizing biomass levels near 35%

of the original stock levels, as theorized by the specialists advising fisheries ma nagers, a  num ber o f valuable

stocks fell rap idly thro ugh  this th eore tically stable level and a number are now well below 10% of their original

level (Ralston, 1998; MacCall et al. 1999, among others).  While research continued on stock assessment

methods and development of greater understanding of the resource during the 1980s and 1990s, the urgency

for such new information was probably not as great as it has been in the late 1990s.  The recently documented

depressed conditions for those stocks for w hich we h ave inform ation, raises  conce rn and u ncertainty

regarding the numerous stocks for which little information is available.  In this environment of greater

uncertain ty, efforts and techniques for gaining better understanding have greater value.  It has been

suggested that marine reserves will provide the needed baseline data for a more accurate understanding of

marine ecosystems.  Murray et al. (1999a) proposed a network of replic ated  rese rves  to allow  for sc ientific

testing of re source  man agem ent strateg ies.  Thus, considering the increased uncertainty in assessment of

fishery resources the value of implem enting marine reserves to im prove our understanding of fishery

resources may be much greater than it was a number of years ago.

The value of reliable information about the status of the resource and function of the ecosystem is not just that

it allows fishery managers to impose harvest restrictions compatible with what the resource can sustain, hence

yielding greater b enefits ov er the long  term.  The m ore the information is trusted by stakeholders the easier

and less controversial will be the management decisions (whether the decision is one to decrease or increase

harvest).  Easier and less controversial decisions are cheaper to make. Less time is spent accommodating

and responding to agency, industry, and public uncertainty and com me nt at th e leve ls of: day-to-day agency

and Council staff operations; Council meetings; Congress; and the courts.  In addition it is clear that

uncerta inty and ques tions  conc ernin g the  reliab ility of info rmation  incre ases the  time  necessary to accomplish

management  decis ions .  This  delay in  imp lem enting critic al managem ent decis ions puts the resources at even

greater risk.  These are  real costs  that not only involve the expenditures of tax dollars but also degrade the

abilities of fishery managers and other policy bodies to appropriately respond to other issues needing attention

(see Council workload priorities, Exhibit G.12., Novembe r 1999).

4.2.3 Manag ement U nder Unce rtainty

Recent information on West Coast groundfish has increased uncertainty about appropriate management

approaches.  The current system of management can be thought of as an experimental or

incrementally-adaptive probing of the ecosystem in order to determine levels of sustainable fishing under

varying environmental conditions.  The success of such an approach depends in large part on two factors,

1) the degree of risk and damage to the reso urce an d ecos ystem  during this type  of ma nagem ent; and 2)  the

information feedba ck nee ded to m ake re asona bly accura te estim ates of conditions of the fish stocks and

various o ther asp ects of th e ecos ystem  and env ironm ent. 

Experimental/increm entally-adaptive manage ment can involve “stress treatm ents” (the taking of fis h at a

higher rate).  This  ma nagem ent appro ach  can a lso inv olve th e red uctio n of fis hing a ctivities in certain areas

(precautionary experimental management).  The current management system can be thought of as a stress

treatme nt, though without control or reference areas it is difficult to draw inferences across time due to

uncertainties about previous conditions, changing intensity of fishing and variation in ocean conditions.  Stress

treatm ents can also be conducted by increasing fishing intensity in certain areas (for example see Leaman,

1998).  The  decis ion to  purs ue ex perim enta l ma nagement using s tress treatments or precau tionary

management  is based on a balance between the knowledge to be gained verses the degradation, strain, or

threats  to the resource or ecosyste m.  “Experimental treatments that limit or remove fishing activities from

plots and leave fishing practices unchanged in other areas . . . . can provide both knowledge and conservation
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benefits. . . . Increased replication is a m ain re ason tha t the n otion  of m arine  prote cted  area s is compelling

in an experimental context, in addition to the need fo r ecologic al baseline  controls.”  (Oakey and Harrington,

1999). 

Marine reserves can be a management tool that helps ensure species survival and avoids endangered

species listings and the consequent impacts on fishing communities.  Marine reserves can be considered an

insurance policy, hedging against the uncertainties associated with management strategies and information

limitations.  Whether or not the insurance policy is taken out depends on the costs of the policy, the perceived

potential for disaster, and the payof f if the  disas ter oc curs .  In this  application the disaster would be a general

failure of recru itment d ue to overfishing or other causes affecting only populations outside the reserve and the

insurance payof f wou ld be th e con tinued pro duc tion fr om  stoc ks w ithin th e res erve  (eithe r in the  form  of ad ult

spill-over or dis pers al of yo ung  stages) ( this d iscussion follows Ca ribbe an F ishe ry Ma nagem ent C ouncil,

1998).

4.2.4 Effects on Stoc k Assessme nt Mod eling and Fishe ry Independen t Surveys

The long-term series of NMFS triennial trawl data may be affected if marine reserves encompass areas

covered by these surveys.  The triennial trawl survey has been conducted since 1980 and is used to develop

estimates of biomass for species such as shelf rockfishes, flatfishes, and sablefish.  Survey areas and stock

assessment areas should generally coincide.  If a reserve is included in these  areas, a reduction in the

estimated total s tock  biom ass  availa ble for harvest (as in Option 3a) may be most consistent with the stock

asses sme nt.  Adjusting exploitable biomass downward also assumes there is not substantial migration of

adults  out of the re serve.  If the reserve area is excluded from the survey and stock assessment area then

ma king no adjustment to harvestable stock biomass (as in Option 3b) may be most consistent with the

assessment appr oach.  Th e gre ates t con flict be twee n the  rese rve and trie nnial s urve y wou ld occur if a reserve

encompassed one or more of the triennial survey sampling stations.

One issue to be addressed is whether or not the triennial survey would proceed in the reserve.  If sampling

is not allowed within the reserve, the samples from that area may have  to be  elim inated from th e sur vey tim e

series.  Depending on the station eliminated there could be substantial effects on the time series and

consequen tly stock assessment results.  Because catch is not evenly distributed among sampling stations

and it is likely that reserves intended to protect rockfish would be located in areas of greater rockfish

abundance, it may be anticipated the stations eliminated from the time series would be those with higher

rockfish counts in the samples.

If sampling is allowed in the reserve, an adjustment to account for the effects of th e reserv e would h ave to

be co nsidered .  The  num ber o f triennial su rvey s am ples  from  within  the re serv e would not lik ely be enough

to allow researchers to adjust survey results based on triennial survey observed differences from within and

outside the reserve.  Any adjustments would depend on comprehensive studies to evaluate effects of the

reserve.  If the area within reserves is 5% or less (Option 2), the effect of th e res erve s on t he trie nnial s urve ys

may be of little conc ern.  As th e area w ithin reserve s mo ves clos er to 35%  the need  to treat reserves as

separa te area s for  the purpo se of  stoc k as sessm ent increa ses .  The  imp acts  of ca rrying out the triennial

surv eys with the re serv es de crea ses  as the size  of the  rese rve increa ses .  Res erve s in the 35%  class  wou ld

be little altered by the removal of fish by the triennial surveys and the continuation of sampling within the

reserve s ma y allow the su rveys to be  used to a ssess  the resu lts of the ex perim ental m anage men t.

Another factor tha t may co mplica te stock  asses sme nts is the m igration of a dults from the reserve (spillover).

Inco min g year classes may have different migratory tendencies at different ages.  For example younger

bocacc io may migrate into areas subject to surveys and then become more sede ntary and locate in reserve

areas as they age.  This may confound interpretation of survey results.  It should be noted that interpretation

of surv ey res ults is  difficult and con foun ded  alrea dy, espec ially with  resp ect to  rock fishe s assoc iated  with rocky

habitats that are generally inaccessible to trawl surveys.

4.2.5 Improving Understanding of Marine Reserves

There is substantial empirical evidence that abundance and size of fish species will increase and disturbed

habitats  will recover within marine reserves, and there are numerous conceptual and quantitative theoretical
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mo dels  on the effects of marine reserves on areas outside the reserve.  The large year-round closures

established to pro tect s paw ning s tock  biom ass  for tw o dep leted groundfish stocks on G eorges Bank  have

resulted in significant increases in spawning stock biomass for two depleted groundfish stocks on Georges

Bank, protection of young stages of these stocks throughout the year, and comprehensive protection of most

unfished species as well (Muawsk i et al. In Press).  However, until marine reserves are created and evaluated

in terms of protecting resources on the West Coast, it is unlikely the quality of information on the external

impa cts of m arine res erves w ill substantially im prove s pecifically for o ur deplete d groun dfish stoc ks.  

Buoys, cables, m ilitary, and other e xclusion  areas m ay provide s ome  opportu nity for studying pseudo marine

reserves.  How ever , the s izes, lo catio ns, and sh apes of th ese  pseu do re serv es, a long w ith the  habit ats

encompassed and types of gear restricted, may not represent the types of reserves that need to be tested.

For exam ple, m ilitary areas are often open to fishing except during certain restricted activities; also, these

areas are almo st en tirely in shallow water adjacent to land thereby offering limited protection solely to very

nearshore resources.  Com mu nica tion cables  are o ften la id on soft bottom rather than the rocky area habitat

for which it is thought reserves are most needed.

In order to  evaluate the current understanding of marine reserves and the degree of improvement needed,

the quality of information about marine reserves should be compared to the quality of information about other

management  approaches.  One of the other major conclusions from Sections 2 and 3 is tha t while  there  is

substantial uncertainty about the effects of marine reserves it is arguable there is similar or even greater

uncertainty about the effects of conventional harvest management for assessed stocks, not to mention the

num erous s tocks  for which  there are  no stoc k ass essm ents. 

4.2.6 Summary Comparison of Information and Threats Associated with Reserve Options

The following is a summary of the above discussion with respect to each of the options identified in Section

1 of this document.  The options are summarized in terms of the potential information gains, information

losses, and th reat to  the re sou rce related to m anagem ent unce rtainty.

Note that options 3a and 3b are pres ented in reverse order.

Option Potential Information Gains Potential Information Losses Threat to the Resource

1. Status Quo–No
Reserves

Substantial uncertainty
and threat to resource

2. Heritage and
Research Reserves
(5% of habitat or
species biomass)

As compared to status quo, there
will be a substantial gain in
information on life history and
ecological relationships for the
sedentary or less mobile fauna
protected within the reserve. 
Measured fishing in control areas
will provide comparative
information on fishery impacts.

No substantial losses as
compared to status quo.

Less threat to the
resource than status
quo.

3b. Rebuilding Reserves
(20%), Harvestable
Biomass Does Not
Includes Reserve

As compared to Option 2, greater
protection will be afforded a greater
number of species (i.e., as reserve
size increases, more mobile
species are afforded more
protection).  

Possible loss of information if
reserves coincide with triennial
survey sampling stations,
thereby complicating the
interpretation of survey
results.

Less threat to the
resource than Option 2

3a. Rebuilding Reserves
(20%), Harvestable
Biomass Includes
Reserve (i.e., greater
harvestable biomass
than 3b)

As compared to Option 3b, greater
harvests rates outside of the
reserve and control areas may
increase negative impact to fishery
habitats in certain geographic
areas, offering a greater contrast
that may help us understand fishing
impacts.

Approximately the same as
3b.

Greater threat to the
resource as compared
to Option 3b.
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4. Harvest Management
Reserves (>>20%, up
to 50%), More Liberal
Regulations Outside
the Reserve

As compared to Option 3a and 3b,
a greater number of species and
longer periods of the life history
contained within the reserve (more
sedentary relative to the reserve).

As compared to Options 3a and 3b,
greater harvests rates outside of
the reserve and control areas may
stress certain geographic areas,
generating information over a
broader range of exploitation rates.  

Same as 3a or 3b, plus
greater numbers of more
mobile life stages of a
sedentary species may end up
in triennial survey areas,
complicating the interpretation
of survey results.  May require
redesign of survey and
assessment areas and/or
methods.

Threat to the resource
may increase or
decrease depending on
the degree to which
uncertainty in the
modeling of reserve
impacts and harvest
impacts are taken into
account in determining
the percentage of area
to be set aside.

If implemented
immediately, there may
be greater risk to the
resource than under
Options 1, 2, 3a, or 3b
because of
uncertainties in
modeled effects.

4.3 Costs of Measuring Reserve Effectiveness 

The costs and difficulties of measuring the effectiveness of marine reserves should not be underestimated.

This  section touches on some of the difficulties and indicates possible costs. These issues are being

considered in depth as part of a project on “The Theory of Marine Reserves” being conducted under the

auspices of the National Center for Ecosystem Analysis and Synthesis.  This project has brought together

leading experts on marine ecosystems and marine reserves from across the nation and resu lts sh ould  be

availa ble for incorporation in analyses if the Council proceeds with the second phase of its program for

considering marine reserves.

Perio dic studies may be needed to determ ine wheth er, or the de gree to  which, progress is being ma de toward

meeting reserve objectives.  The exact design of the studies will depend on the objectives for the reserves

(Pomeroy et al., 1998).

“ . . . how success or eff ective ness will be  evalu ated  shou ld be e stab lished  prior t o refugia

implementation.”  (Pomeroy et al., 1998)

W e will m ake  an at tem pt in th is section to estimate costs for evaluating the performance of marine reserves.

Such an evaluation would likely involve fairly intense studies of reserve and control sites.  The costs of such

studies will need to be considered in the context of the question of whether or not marine reserves reduce the

amount of info rmation  need ed to  appr opria tely cons erve  all W est C oas t grou ndfis h stocks .  Add itiona lly, in

weighing the costs of these studies the prospect for successful reserve evaluation studies needs to be

conside red. 

4.3.1 Difficulties of Measuring of Reserve Effectiveness

In order to properly assess the effectiveness of reserves, baseline studies will need to be conducted prior to

reserve implemen tation.  These baseline studies will likely include both areas within and outside the reserve

if contribution of the reserve to resources outside the reserve is to be evaluated.  Studies of the effectiveness

of marine reserves will need to address numerous difficult issues, such as, (1) appropriateness of the control

areas again st wh ich m arine  rese rves  are to  be co mp ared  in term s of h abita t and  ocea nograph ic

characteristics, (2) year to year variation in the abundances and/or geographic distribution of target species,

(3) adeq uate  sam ple siz es, based on a mo unt o f varia bility, (4)  likely time lag between the establishment of

the ma rine re serv es an d m easurab le effects on population abundances, and (5) differences in the history of

activity in the con trol area as  com pared to  the reserve area.  Projections are that some species such as

bocacc io and POP may take up to 100 years to recover.  If marine reserves are effective in assisting in

rebuilding, it may take several decades for those  effects to  be detected by studies of reserves and control

areas.  Some indicators of reserve performance, such as changes in size distribution and abundance of

certain  species, could respond relatively quickly, thereby giving some idea of reserve effectiveness.
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Difficulties in evaluating the effectiveness of reserves should be compared to the difficulties in measuring the

effectiveness of conventional management techniques, which include: (1) interpretation of fishery-dependent

data, which is c onfoun ded by the  effects o f mar ket, wea ther, m anage men t strategies , etc.; (2) lack of d ata

on total mortality; (3) inadequate surveys; (4) time lag between implementation of management measures and

population respon se; (5) lack  of inform ation on the  impac ts of fishing on the ecosystem; (6) lack of reference

or contro l conditions .   

The following is a list of factors that will affect our ability to determine whether or not reserves are effective

(if reserves are impleme nted).

Factors Affecting Ability to Determine of Reserve Effectiveness

C Accurate baseline study of habitats and faunal assemblages over all seasons and over several years, in reserve
and control areas

C Measurement of fishing intensity in reserve and control areas before and after reserve implementation

C Size of changes in fishing intensity as a result of reserve implementation (if there was little fishing in the area
before reserves are implemented, little affect would be expected from creation of the reserve).

C Proper identification of habitat and comparison of habitat quality between reserve and control areas.

C Amount of natural variation in the total abundance and local distribution of target populations.

C Length of time from reserve implementation to occurrence of strong year classes and oceanographic conditions
affecting geographic distribution of recruits at the time that strong year classes occur

C Effectiveness of survey/sampling techniques used to assess reserve effects.  Intensit y of the study.

4.3.2 Social and Economic Costs of Measuring Reserve Effectiveness

An answer to whether or not marine reserves are effective with respect to some of the major objectives (such

as an overall increases in biological and economic productivity) is unlikely to be definitive within the first

decade.  The  issue s disc ussed in  the previous section are likely to cloud results from a study of reserves,

cause ambiguities that take a long time to resolve and make it more difficult to maintain political support for

continuation of the reserve.  If reserves are crea ted, it s hou ld be recognized that results of studies of reserve

effectiveness may be  uncerta in, particularly du ring early per iods or if ba seline stud ies are ina dequa te.  A false

belief that re sults  of res erve  stud ies w ill be fo rthco min g in fa irly sho rt ord er co uld lead to a high cost policy

under which the costs and dislocations caused by the creation of a reserve are incurred but the reserve is not

maintained long enough to determ ine its degree of, or lack of, effectiveness (Carr and Raim ondi, 1998).

Pos sible  causes and policy risks associated with inadequate study of reserve effects are laid out in the

following matrix.

Alternative Truths About Reserves

Possible Study Conclusions Reserves Are Ineffective Tools Reserves are Effective Tools

Reserves Are Ineffective Poor study design or flawed evaluation. 
Underfunding.

In fortuitous/undetected variation in
natural cycles and stock distribution that
invert study results.

Poor reserve design.

Illegal fishing.

Policy Risk:  Effective management tool
abandoned.

Reserves Are Effective Poor study design, flawed evaluation. 
Underfunding.

In fortuitous/undetected variation in
natural cycles and stock distribution that
invert study results.

Policy Risk:  Regulations are
inappropriately relaxed on remainder of
fishing grounds.
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This matrix is ma inly designed after a line or reasoning presented by Carr and Raim ondi (1998).

The expense of m onitoring the effectiveness of reserves will increase more rapidly with the number of

reserves and control areas than with the size of the reserves and control areas.  As size of reserves and

control areas increase the cost of monitoring will likely increase with the number and amount of different

habitat types encompassed within the reserve.

The cost of m onitoring reserves will be a function of:

1. Number of reserve areas and control areas.

2. Depths of the reserves and control areas.

3. Indicators to be monitored.

4. Number of significant types of habitat areas encompassed in the reserve and control areas.

5. Size of the significant types of habitat areas encompassed in the reserve and control areas.

6. Size of reserve areas and control areas.

As an example of expected costs, $80,000 was spent for a one-time only survey of the bottom habitat in deep

water (25 m to 100 m) inside and outside the Big Creek  Eco logica l Res erve  off centra l Califo rnia; th is

represented about 25 square kilometers of total study areas.  An additional $300,000 was spent to collect

baseline inform ation  on fis h abu ndance , diver sity, and size composition in and out of the reserve in deep water

over two years following establishment of the reserve.

Many of the costs may not require the acquisition of new funds but rather the repositioning of ongoing or

planned stock, habitat, and ecosystem studies into reserve areas and reallocation of existing budgets.

Examples of projects that may be use d to help as sess m arine res erves inc lude NM FS ba se fund ing going to

each science center for EFH, a Sea Grant habitat proposal to integrate existing habitat data into a single G IS

database, a Sea Grant proposal to establish consistency in the classification of habitat types, budget initiatives

for habitat mapping and gear impact research, S-K fishing gear impact studies, mo ney made available as part

of imp act c om pensatio n for  laying c om mu nica tion cables  (Olym pic Nationa l Marine S anctua ry).  For example,

the Big Creek reserve relied on funding from:

California Sea Grant College Program;

NOAA NMFS;

Mos s Lan ding M arine  Labo rator y;

California Department of Fish and Game; and 

NOAA  Monterey Bay National Marine Sanctuary

For measurement of reserve effectiveness the first priority will be to conduct baseline studies in reserve and

control areas, the second priority will be to ensure that levels of fishing effort in control areas is understood

and that any fishing allowed in reserve areas is monitored, the third priority will be to conduct followup studies

in reserve and control areas in order to determine differences.

4.4 Enforcement

Enforcing closed areas can be expensive.  Com pliance  is often  difficult to  ma intain, pa rticularly if th ere isn 't

wide pub lic accep tance o f the Ma rine Prote cted Are as.  

The succe ss of m arine res erves d epend s on co mplian ce with reg ulations (e .g., Caus ey 1995; Ticco 1995;

Prou lx 1998), yet too often reserve management and enforcement practices have been insufficient (Beatley

1991; Alder 1996).   Previous rese arch  on en forc em ent and co mp liance  in commercial fisheries suggests that

enforcement is the  “Ach illes he el” of fisheries management and co nserva tion, beca use en forcem ent efforts

are exp ensive a nd often  ineffective  (Sutinen , 1988). 

Empirical studies of the  com mer cial fisheries  (e.g., Sutine n, 1988, S utinen & G auvin, 198 9, Sutinen  et al.,

1990, and Sutinen et al., 1992) suggest the success of enforcement is influenced by many variables that

include: the process of creating regulations and the types and level of enforcement, users’ perceptions of the

effectiveness of enforcement, the types and levels of penalties for noncompliance, social pressure exerted
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on user groups, and last but by no means less important, users’ perceptions of the fairness of the regulations

and the enforcem ent process (Crosb y).

W hile enforcement resources are limited and there may be concerns about enforcing marine reserves, these

concerns should not be considered a ba rrier to implementation of marine reserves (United States Coast

Guard [USCG] Comm ander John Schott in a statement to the Ad-Hoc M arine Reserve Com mittee, May 1999).

The combination of education and effective tools such as vess el monitoring systems can  help insure more

effective c omp liance with m arine res erve res trictions.  

4.4.1 Variables Affecting Enforcement Success

Some of the  ma in var iables  affecting  enfo rcem ent success  and c osts  include, 1) public and industry

acceptance; 2) ease of detecting violators; 3) violation penalties; and 4) existence of an enforcement plan.

Public and Industry Acceptance

Anecdotal evidence on marine and coastal protected areas in other countries suggests that public attitudes

change from initial opposition to strong suppo rt (Bohns ack, 19 93; Ballan tine, 1989 ).  However, there are no

documented studies of enforcem ent implemen tation strategies to explain this transforma tion (Crosby) .

Enforcement reso urce s are  mo st like ly to be in adequa te wh en there is  overwhelming public opposition.  Such

opposition often results in lawsuits against the program, case dism issal against violators and congressional

intervention.  Successful program s mu st em phasize c omm unity involvement and educa tion (Proulx, 1998).

The potential for r eserve  network s to serve  as suc cessf ul resour ce m anage men t tools will be limited if the

ways  people value and use resources assoc iated with res erves a re not tak en into accoun t (Fiske, 1 992 ).  Th is

is, because resource users frequently resist establishment of marine reserves or other conservation measu res

that restr ict huma n act ivities.   Part o f this r esis tanc e is, because  the goals  and e conom ic and social ben efits

of marine reserves are often not well articulated by those promoting reserve protection or well understood by

users who resist reserve establishm ent (Murray et al., 1999b).

In the case of the Florida Keys, the Enforcement Action Plan Goals include increasing public understanding

of the importance of san ctua ry regu lations, ac hievin g volu ntary c om plianc e, and pro mo ting public s tewa rdsh ip

of marine resources through interpretive enforcemen t.  Enforcement officers apply an “interpretive

enforc eme nt” strategy when patrolling waters or speaking to citizens.  This approach see ks voluntary

compliance with sanctuary regulations by educating sanctuary users about regu lations, wh y they shou ld

com ply, and how  they can c omp ly (Florida Keys  Nationa l Marine S anctua ry Draft M anage men t Plan).        

                               

Factors Likely to Increase Industry Acceptance Factors Likely to Decrease Industry Acceptance

Understanding of why the reserve is needed. Convoluted goals.

Understanding of how the reserve will accomplish its specific
goals.

Feeling alienated from the development process.

Specific monitoring programs in place to determine if the
reserve is meeting its goals.

Reserves that appear to be allocative in nature.

Procedures for removing reserves if they do not meet their
intended goals.

Location.

Ease of D etecting V iolators

On the one hand, the large number of entry and exit points make it harder to control illegal activities in marine

reserves than in many terrestrial parks, on the other hand, air surveillance can be easier in marine reserves

com pared to  tree-cov ered terre strial park s (Tisd ell and Bro adus, 1 989).  

Howe ver, the ea se of de tecting violato rs in m arine res erves is d epend ing on the  following fa ctors:  

1. Location of marine reserves:  The location of marine reserves will have an effect on the amount of

traffic  encountered in these reserves.  If the rese rves  are lo cate d nea r high ly populated ports or in the
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vicinity of traditional fishing grounds, the enforcement burden will be increased, due to the increased

vessel traffic.

2. Configuration of m arine  rese rves :  Cer tain design characteristics can make it easier to enforce marine

reserves.  For exa mple , straight line bo rders as  oppos ed to contours and reserves large eno ugh to

provide a buffer for key areas that need to be protected (USCG CDR  John Schott, statement to the

Comm ittee, May 1999).

3. Regulations within  marine reserves:  If all vessel presence is prohibited, enforcem ent will be easier.

If only fishing vessels are prohibited, then enforcement must show that any fish found on board a

vessel were caught in the reserve (Tho mson, 1998 ).  Enforcement can deal with reserves that allow

some gear  types  and n ot oth ers, h owe ver, s uch  me asu res w ill make enforcement through  overflights

more difficult (USCG  CDR Joh n Schott, statement to the Com mittee, May 1999).

4. Enforcement resources:  The probability of detection of violators within a marine reserve will b e

heavily dependent on the types and proximity of enforcement resources available.  Monitoring marine

reserves with aircraft can be effective if  certain regulations are implemented within the reserves, as

mentioned above.  The use of surface cutters may be less effective than aircraft but can provide a

significan t deterren t when the y are pres ent.  

5. Requiring vessels to carry transponders may be another way to m ake it eas ier for enfo rcem ent to

detect violators.  Transponders may also be more effective and efficient, as well.  The Georges Bank

closure was located 150 Km offs hore  and r elied o n satellite-b ased ves sel m onito ry syste m a s we ll

as traditional methods of enforcem ent (i.e., USCG and aircraft, see Muraw ski et al. In Press).

Violation Penalties

Compliance with reserve rules can be voluntary but in many cases may occur only with realistic levels of

enforcement by responsible agencies and the threat of meaningful penalties for poaching.  Poach ing can have

high payoffs when reserves successfully protect valuable fishery populations, especially if social or legal

institutions are in adequa te (T egner et a l. 1992, 1996).  For example, in southern California, where most rocky

shores are easily accessible, unlawful collecting and poaching of intertidal organisms have been widespread

in existing reserves, because enforcement has been virtually nonexistent (Murray et al. 1999).  During the 15

years the Florida  Middle G round h as bee n protec ted (an a rea roug hly the size of M onterey Ba y), bottom

trawling vess els are routinely detected despite severe penalties and loss of catch Heavy fines and penalties

are often viewed as a business cost that determined poachers are willing to bear.  (Proulx, 1998)

Enforcement Planning

Enforcement resp ons ibilities  shou ld be c learly  specified during the process of designating marine managed

area sites.  Scientists participating in a working group on socioeconomic considerations for marine reserves

noted the importance of cons idering enforcement in the design and  implemen tation process.  (Pomero y et

al. , 1998).

Com mon  false ass ump tions rega rding enf orcem ent:

1. Lawful users will provide sufficient policing to keep violators out of the reserve.

2. “Other  agenc ies” will contribu te to the su ccess  of enforc eme nt.

3. Aerial and surface  patro ls will be more frequent than will realistically occur with available enforcement

resources. (Proulx, 1998).

There is also the potential for confusion regarding enforcem ent responsibilities when multiple agencies are

involved in establishing and managing sites or specific resources within an area, which can lead to partial

enforcement or none at all.  Creative ways for improving compliance should be pursued, such as using more

voluntee r staff, add itional interage ncy agre eme nts, or incre asing ed ucation a nd outre ach. 

“In practice, the reaction to the  regu lations ena cting  a clos ed ar ea is  always different and more clever

than what was expected or predicted by managers. . . . The level of enforcement resources,

partic ularly  traditional enforcement resources such as o ffice rs, bo ats and pla nes  is usu ally



5/ This  value appears to be substantially lower than a current estimate for 110 hours of time for a cutter

operating on the W est C oas t.  Ass um ing a c ost o f $1,0 10 pe r hou r the to tal cu tter co st wo uld be

$105,0 00. 
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recalculated in an emergency setting by enforcement managers desperate to curtail frequent and

blatant violations with  the close d areas . . . . . refugia along the Pacific Coast will require nontraditional

enforcement approaches combined with an appropriate background level of traditional enforcement

to have a re alistic  prob ability of  [suc cess] . . . . Ev en m atters as  sim ple as  routin g pat rol m ust be

closely examined w ith regard to the likelihood of implementation under the usual budgetary  restraints.

(Proulx, 1998)”

Planning  for enfor cem ent sho uld include  a detailed a nd pee r reviewed  threat ana lysis. 

4.4.2 Enforcement Funding

Overa ll funding for  fisheries e nforce men t needs  to be adequate to cover any additional burden that may be

imposed by marine reserves, without substantially dimin ishin g effort on other high priority activities.

Enforcement presence and resources must be sufficient to detect violators with sufficient frequency and

impose sufficient penalties that there is pu blic confide nce in the  program .  Proulx (1998) observes that “the

classic formula for maintaining a closed area has never succeeded.  Eventually enforcement resource s are

taxed beyond their ability to keep a physical presence within the closed area and complaints of little or no law

enforcement begin to surface in front of managers . . . .”  The need for additional funding for enforcement of

marine rese rves  will dep end  on the leve l of en forc em ent activity and pu blic su rveillance  alrea dy in and around

a closed area.  If adequate funds are not available for enforcement of a proposed reserve or reserve network,

it may be better to have a smaller reserve that is adequately enforced (Tisdell and Broadus, 1989)

4.4.3 Enforcement Cost

Enforcement costs will vary with number, size, and shape of the refuges; types of activities restricted and

allowed; degree of change the rese rve requires as compared to current usage of the area; proximity of the

refuge to other activities such that public surveillance can occur or there will be an enforcement pres ence in

the area for other rea sons; a nd the type s of activities e nforce men t is diverted fro m in ord er to enforce reserves

(unless new funds are m ade available for enforcemen t).

“Informal public surveillance may mitigate some of the enforcement costs associated with a harvest refuge.

However,  the prob ability of this occu rring and  the risks  assoc iated with  wrongly assuming that such

surveillanc e will in fact occ ur shou ld be care fully evaluated .”  (Thom son, 19 98). 

The following is provided as an example estimate of enforcement costs.  This estimate is for the annual

enforc eme nt costs  for Hind B ank so uth of St. T hom as (Ca ribbean  Fishery M anage men t Counc il, 1998).  

The Hind Bank Marine Conservation District makes up about 16 square miles.

NM FS A gen t resp onse/inve stiga tion and ov ersig ht 18  days a nnually $6,000

NMF S reim bursem ent for U .S. VIRG IN Island  patrol exp ense 4  hours p er week  equipm ent 

& personnel $8,500

U.S. Coast Guard surface patrol 110' cutter 2 hours per week $47,5005/

Total Es timated  Annua l Enforce men t Costs $62,000

The cost of operating Coast Guard aircraft ranges between $4,500 and $7,500 per hour, depending on the

type of aircraft.  Mo nitoring m arine res erves w ith surfac e cutters  may be  less effe ctive than a ircraft, but

provides a significant deterrent when present. However, depending on how factors mentioned in Section 4.4.1

effect the reserve, enforcement with surface cutters can be optimized, especially through the effective use

of radar.  The cost of operating Coast Guard cutters ranges between $800 and $3000 per hour, depending

on the type  of cutter.  
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4.4.4 Enforce ment C ost Sum mary

W hile enforcement costs should not be viewed as a barrier to the creation of marine reserves, they must be

taken into account.  Any time new regulations are created without the elimination of other regulations, there

will likely be an increase in the burden on enforce men t.  Marine reserves will not be effective if compliance

with regulations is inadequate. It has been suggested there  is not much sense in creating reserves of greater

size or num ber than  that for wh ich enfo rcem ent reso urces a re sufficie nt to ensure compliance.  From

experience, it is important to clearly identify and assign enforcement responsibilities.  Public and  industry

acceptance are k ey to adequate enforcement over the long term.  However, there is substantial risk and

uncerta inty associa ted w ith assum ing inf orm al pub lic sur veil lance will be adequate to ensure compliance.

Some design features make marine reserves more enforceable than others. The New E ngland closures are

being eff ectively enfo rced us ing a sate llite vessel m onitoring s ystem . 

4.5 Administration Co sts

Once marine reserves are  created  the prim ary adm inistrative cos ts would be related to oversight of research,

monitoring, and enforcement and possibly the issuance of permits for special activities in the reserve.

4.6 Private Sector Costs and Benefits (Including Producer and Consumer Surpluses)

Private  sector costs and benefits are defined here to include producer surplus and consumer surplus in the

commercial seafood and recreatio nal fishing ind ustries.  Generally, when we examine producer surplus in the

commercial seafood fishery we assume the surpluses are occurring at the level of the primary producer.  As

the product works its way into the wholesale and retail distribution network s, the num ber of su bstitute pro ducts

available inc rease ra pidly diminish ing the im pact of c hange s in W est Coa st seafo od sup ply on price.  

Add itiona lly, to the degree that the current system of management is based on input controls (limits on the

number of boats, gear used, amount of time spent fishing, etc.) any increases in harvester surplus that might

resu lt from  ma rine re serv es would  gene rally stim ulate  mo re investm ent in  the fishery, dissipating benefits that

might initially accrue.  Such dissipation will be less of a problem where output controls are  used, such as

individual quotas  (or cum ulative limits  that are restrictive enough so as not to provide any incentive for vess els

to increase their capacity to harvest fish).

W hile this analysis focuses primarily on surpluses at the harvesting level some comm ercial seafood fishers

land their p rodu ct pa rtially processed.  Th erefore, p roce sso rs are inclu ded  in the a nalys is in order to  provide

a com mon  basis for  com parison  (i.e., proces sed fish ).  

4.6.1 Seafood Harvesters 

Short-Term  Impacts

Total gross revenue earned by fishers w ill depend o n price an d the am ount of c omm ercial harv est.  Amount

of commercial groundfish harvest is generally limited by direct harvest lim its im posed on  the fle et as  a who le

and implemented by cumulative limits placed on individual vessels or season closures for a few groundfish

species and gear types.  Harvest costs and exvessel value will affect the amount of fish harvested.  Harvest

costs, properly measured, are subtracted from gross revenue to determine producer surplus.

Allowed harvests would be immediately reduced by regulation under Option 3a, and may be reduced under

Option 4, relative to the harvests that would be allowed in the imme diate future under status quo.  While the

longterm intent of Option 4 is to liberalize regulations, initially harvests under Option 4 might be regu latorily

constrained, because of substantial uncertainty about the impacts of creating such large areas of marine

reserves.  Harvest reductions would cover those species targeted for rebuilding and may cover other species

for which the creation of a reserve removes a portion of the population from exploitation. Additionally, it may

be necessary to further constrain harvest of other species caught in a complex with the protected species in

order to avo id the  conv ersio n of h arve st m ortality to discard mortality with no real net effect on total fishing

mo rtality.   These changes in allowable harvest would impact all vessels including those vessels that did not

generally  fish in the newly protected reserve areas.  No immediate changes would be imposed by regulation



6/ Assuming that exploited segments of stocks targeted by the reserve are sedentary, increased harvest on

similar segmen ts of the stock outside the reserve wou ld likely result in some localized depletion

decrea sing CP UE.  
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under O ption 2 or 3 b.  

The main nonregulatory cause for a  reduced harvest and hence reduced revenue may be a reduction in fisher

effort due to a decrease in CPUE.  The decre ased CP UE w ould in crea se costs  per u nit ca tch, p oten tially

reducing prod uce r surplus  per u nit of c atch .  Ves sels  trans ferrin g the ir effort to other fishing areas may expect

to experience a reduction in CPUE for a variety of reasons.  A lower CPUE may be related to pre-ex isting

lower CPUEs on the alternative grounds as compared to the marine reserve area, increased crowding and

gear conflict on the alternative grounds, or localized depletion on alternative fishery grounds as a result of a

transfer of effort from the reserve  area.6/  Increas ed crow ding and  localized de pletion are a lso poss ible results

for vess els in  other fisheries to wh ich dis loca ted ve sse ls tran sfer  effo rt.  W heth er dis loca ted ve sse ls m ainta in

the sam e targ eting  strate gy in a diffe rent f ishing  area  or ch ange the ir target species, it is likely that over the

short term their  net revenues will decline since the alternative activities are by nature “second choice”

alternatives  as com pared to  their activity in the m arine res erve are a. 

The short-term effects of dislocated effort are expected to be the stron gest unde r Op tion 4  and n egligib le

under Option 2, except to the extent that a reserve created under Option 2 occupies a substantial portion of

an area on which a local port depe nds .  For O ptions 3a a nd 3b , am oun t of dis loca tion w ould  be exp ected to

be intermediate between Options 2 and 4.

If there is a short-term reduction in harvest, to the extent that fish are caught for markets that also receive

supply from other areas, the price of fish landed in areas near the  reserve  may no t increase  substa ntially.  If

catch is for very localized markets in which fish from  other areas do not serve well as substitutes, or buyers

compete for fish to fill the need of local fish plants, there may be some increase in the exvessel price that

offsets  som e of the ha rvest co st increas es or red uctions in to tal catch.  Su ch loc alized increases in CPUE

would decrease harvest costs around the edges of the reserve.

Long-Term Impact

The short-term negative effects on total catch and co st per unit catch may be reversed ove r the long term.

Increases in total biomass would most likely be expected under Option 3a (see Sections 2 and 3).  Option 3a

would, by regulation, directly reduce total harve st m ortality ( this assume s disc ard m ortality is  prop erly

accounted for and controlled).  The decrease in harvest mortality would be expected to increase rebuilding

rates, resulting in greater annual harvest revenues and possibly lower cost per unit harvest at some  point  in

the future (assuming market prices remain stable).  Increased opportunity to harvest species protected by the

reserve ma y also in crea se op portu nity to harve st other species in the complexes with which the protected

species  are cau ght.

Unce rtainty about the timing of recovery, current levels of net benefits and interactions with healthy stocks

make it difficult to determine the present value of the accelerated stock recovery (comparing on a present

dollar basis the value of harvest foregone to the value of future harvests over a specified period of time).

Under Option 3a, based on theoretical and large ly quali tative models of reserve effects, it is hoped that

rebuilding over the longe r term w ould occ ur at a fas ter rate than a similar amount of catch reduction achieved

without the implementation of reserves.

Option 4 would likely take an amount of area out of pro duction sufficient to result in harvest reductions,

however, with the amount of area  place d in rese rve, re distrib ution  of ha rves t to op en ar eas  wou ld sub stan tially

increase harvest rates in the open areas (likely reduce CPUE).  Additionally, Option 4 specifies liberalized

harvest rules in the open areas.  Given the lack of knowledge about density dependent stock

spawner-recruitment relationships in a dynamic marine system, the long-term  net e ffec t on susta ined yie ld

levels and CPUE in open areas for Option 4 are uncertain.

The long-term effect of Option 3b on biom ass  outs ide the res erve  and C PUE  is also  unce rtain b ut the oretic ally
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positive.  The result depends largely on (1) the degree to which segme nts of the target populations are

sedentary within the reserve and increase their fecundity per unit of biomass; (2) larva l trans port a nd su rvival;

and (3) growth rates outside the reserve area (see discussions in Sections 2 and 3).  Option  2 is unlikely to

have a significant impact on rebuilding but may provide some insurance against reproductive disasters related

to causes that can be controlled by marine reserves.

Localized increases in CPUE around the edges of reserves due to some adult spillover (and hence the

possibility of lower costs per unit catch ) is likely under any of the reserve options.  Empirical evidence is strong

for increases in biomass within reserves and some increase in the concentration of harvestable fish just

outside re serve b ounda ries see ms lik ely. 

Short-Term Long-Term

Option  
Cost Per Unit Harvest

Allowable Total
Harvest

Cost Per Unit
Harvest

Allowable Total
Harvest

2 Heritage Reserves - or 0 0 + or 0 + or 0

3a Rebuilding w/harvest
reduction

- - + +

3b Rebuilding w/no harvest
reduction

- - 0 + ?  ?

4 Alternative
management

- - - - ? ? ?

Key: + = a potential positive effect (e.g., costs decline)

- = a potential negative effect

4.6.2 Seafoo d Proce ssors

If coastwide supply remains stable but local supply diminishes in some areas there may be some redistribution

of harvest between processors.  In areas of the reserve, competition among local buyers  could lead  to

localized increases in exvessel prices.  The degree of competition would depend on availability, substitutab ility,

and costs for transporting product from other po rts to the po rt experie ncing a re duction in lan dings.  Assuming

little chan ge in th e ove rall su pply in th e m arke t to wh ich pr ocesso rs se ll, if ex-vess el prices  increase,

processor margins for plants depend ent on local supply could be diminished.  If product supply diminishes

on a coastwide basis, in the short term, a verage  proces sing cos ts may increase, diminishing producer surplus.

An additional problem faced by processors is the maintenan ce of a skilled workforce.  Dim inished work

opportunities could diminish processor abilities to attract and maintain a skilled workforce.  This could lead

to either increased costs related to less efficient workers or additional expenditures to recruit or retain skilled

workers.

Under Option 3a, there would likely be immediate reductions such that plants dependent on West Coast

harvest may suffer reduced revenues.  Under Options 2 and 3b, there would not be any harvest reductions

imposed by regulation, however, Section 4.6.1 outlines how chan ges  in harvester costs ma y cause harvesters

in particular loc ations to re duce th e am ount of p roduct lan ded.  If O ption 4 were adopted  for imm ediate

implementation there may be some immediate short term reductions in harvest either as an indirect result of

decreased CPU E in re ma ining o pen  area s or a s a pr ecautionary m easure ta ken  until  reserve effectiveness

is demons trated.  As with all reserve options, the long-term consequences depend on reserve effectiveness

in either rebuilding populations outside the reserve or preventing the total collapse and  decla ration of

endan gered s pecies s tatus for ta rgeted p opulations . 

Proce ssor Im pacts

Option Short Term Long Term
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2. Little coastw ide imp act.

Possib le localized ne gative im pact. 

Possib le positive co astwide im pact.

Possib le localized ne gative im pact.

3a. Nega tive coas twide im pact.

Possib le localized ne gative im pact. 

Likely pos itive coastw ide imp act.

Possib le localized ne gative im pact.

3b. Little coastw ide imp act.

Possib le localized ne gative im pact.

Possib le positive co astwide im pact.

Possib le localized ne gative im pact.

4. Likely neg ative coa stwide im pact.

Localized  negative im pact.

Possib le positive co astwide im pact.

Possib le localized ne gative im pact.

4.6.3 Seafoo d Con sume rs

Effects  on se afoo d con sum ers w ill prim arily de pend on the ef fects  of the  options on sup ply.  Section 4 .6.1

outlines short-term and long-term effects on amounts of fish supp lied.  D ecre ases in am oun ts su pplied  will

generally  increase prices and decrease consumer surplus and increases in am ount su pplied are  likely to

decrease prices and increase consumer surplus.  The size of the e ffects  relative to national and international

markets in which there are large num bers of substitutes are likely to be small for the individual consumer.

W here there are localized markets for local products, the effects on price and on the individual consum er are

likely to be greater.

4.6.4 Recreatio nal Cha rter Vessel O perations  and Fish ers

Producer surplus for charter vessels will depend on the impacts of the reserve on regulations outside the

reserve area, recreational fisher demand, and charter vessel operation costs.  Regulations on total catch,

seasons, bag and size limits are likely to vary under each reserve option in directions similar to those

described for the commercial fishery in Section 4.6.1.  Consumer surplus and demand for fishing trips are

direc tly related.  A re serve tha t elim inates a recreational fishing area may, over the short-term increase

crowding and decrease CPUE.  Depending on the locations of the reserves vessel travel times may also

increase.  The net effects may be to decrease demand for trips in a particular area (decrease consumer

surplus) and increase the costs of charter operations (shift the supply curve, decreasing producer surplus).

In addition to a decrease in consumer surplus, a decrease in demand for trips implies a decrease in charter

vessel clientele and/or the average price charged for charter trips (a decrease in producer surplus).  Over the

long- term , ma rine re serv es m ay res ult in an  incre ase  in CPUE or the average size of fish taken outside the

reserve, particularly in fishing areas close to the reserve.  This might increase the de mand for trips out of a

particular port.  R egu lations m ay also  be m ore lib eral th an they would otherwise have been.  The degree of

such effects in the long term is at present unc ertain (see Sections 2 and 3).

4.7 Transit U sers

Those who use an area solely as part of a transit route may be affected if the rules of the marine reserves

proh ibit transit or impose some requirement on vessels transiting the area.  Restrictions on transit may apply

to recreational and/or co mm ercia l activitie s rela ted o r unre lated  to fish ing.  T he co sts w ill depen d on the c osts

of going around the areas or the costs of complying with any rules that provide conditional access to an area.

Refuge size and location will affect degree of inconvenience (cost) to any vessel that has its presence in the

reserve restricted, and consequently likely degrees of compliance and amounts of enforcement required.

4.8 Offsite Nonconsumptive Users (Existence values, Bequethal Values, and Option Values)

Offsite  nonconsumptive uses of resources that may be protected in marine reserves is discussed in Section

4.1.  These values are public in nature in that no one is excluded from deriving the identified benefits.

Magnitude of the offsite nonconsum ptive values for potential marine reserve areas and related ecosystems

will be positively related to:

1. Qualities of the protected area.

2. Condition of the protected area.
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3. Uniqueness of the protected area on a national and global scale.

(After Spurgeon, 1992, as cited in Caribbean Fishery Management Council, 1998)

W here the m arine res erve is be ing used  to protect a nd reco ver fishing  stocks , the value p laced by of fsite

nonconsumptive “users” on the fish stocks independent of the place of those stocks as a component of the

ecosystem will also affect total offsite nonconsumptive value.  Total value placed o n offsite  nonconsum ptive

use of the stock or component of the ecosystem set aside will also depend on:

1. The size of the human population.

2. The level of income.

3. Education levels.

4. Environmental perceptions and preferences.

(After Spurgeon, 1992, as cited in Caribbean F ishery Managem ent Council, 1998).

The above relationships imply that as human populations and the welfare of those populations increase and

as the amount of quality habitat remaining in good condition decreases the nonconsumptive values associated

with the creation of marine reserves is likely to increase.  Also implied is that once the basic integrity of

ecosystem processes and marine fisheries components are preserved, the likely additional benefit from

incremental expansion of marine reserves will decrease, i.e., as uniqueness decreases the nonuse values

of addition al reserve s ma y decline.  

Value may also be placed on bio logica l diversity.  The value on biological diversity may be part of the value

placed on a site by nonconsumptive users (onsite or offsite).  Three levels of biological diversity have been

identified, 1) genetic divers ity within  a spe cies , 2) sp ecies dive rsity (ric hness, a bundance, and taxonom ic

diversity), and 3 ) eco syste m d ivers ity.  Eco syste m d ivers ity encom passes  the va riety of  habit ats, b iotic

comm unities, and ecological processes (Caribbean F ishery Managem ent Council, 1998).

4.9 Other Social Imp acts

The loss of fishing grounds can have substantial impacts on fishery dependent families and the communities

in which they reside through either the stresses of lost income or the additional time som e family mem bers

spend away from home required in order to travel to areas open to fishing.  Any beneficial impacts from

marine reserves in terms of recovery of stocks and potential for increased harvest outside the reserve areas

are likely to  be lon g in co min g (pa rticula rly whe n dep ress ed st ock s are  long lived with highly v ariab le

recruitm ent).  The  impac ts of lost and reduced income on families in terms of loss of self esteem, stresses

resulting from changing roles of family members and various social abuses are extensively documented.

These changes in families, in turn, stress communities both through increased strain on social services and

the disruptive effects of disturbed families on other members of the community.  The potential long-term social

impacts of marine reserves should be addressed when specific sites are considered.

4.10 Data N eeded  for Soc ioeco nom ic Analysis

Much of the data needed for analysis of ma rine re serv es is n ot ava ilable  from traditional fishery data systems.

Deta ils on ar ea of  catc h are  not re cord ed on  a fine  enou gh sc ale to be useful in modeling the effects of marine

reserves.  For th is rea son , it is like ly that re serv e loca tion and as sessm ent o f soc ioeconomic  imp acts  wou ld

have to be based largely on key informant and anecdotal information.  The collection and summarization of

such information may require the assistance of individuals with social science expertise from outside fishery

management agencies.

4.10.1 Location of Current Harvest

Information on the location of current harvest relative to a proposed marine reserve area is needed in order

to begin to evaluate the degree of impact from creation of marine reserves.  Location of harvest information

would allow  statem ents to be  mad e abou t:
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1. The number of harvesters and amount of harvest that will be dislocated by the creation of a marine

reserve area.

2. The num ber o f harvesters a nd am oun t of ha rves t by ha rves ters in  the a rea th at m ay be s econdarily

impacted by the shift of harvest effort out of the marine reserve area.

Information about the location of alternative fishing grounds wou ld allow  analys ts to b egin  to analyze some

differences in travel costs to the different fishing grounds.

Knowledge about am ounts  of displaced effort and catch as a proportion of the effort and catch in alternative

fishing areas w ould beg in to indicate the magnitude of cost increases related to the additional competition on

the alterna tive fishing gr ounds . 

Some inform ation  of this  natu re is a vailab le from  trawl lo gbooks  and s om e from c harte r ves sel logs in

California.  In 1999 and 2000 there has been an effort to collect specific fishing location information from

recreational fishers.

Groups

Nonconsumptive
on site (e.g.,
ecotourism)

Recreational
Fishers Charter Vessels

Seafood
Harvesters Processors

Ocean Area None identified California Charter
Vessel Logs

1999-2000
RecFIN Data
(sample data–not
expanded)

California Charter
Vessel Logs

Trawl Logbooks If information is
available on
seafood
harvesters it can
be tied to a
processor ID.

4.10.2 Current CPUEs For Different Harvest Areas

A second piece of information needed for an economic analysis is the size of alternative fishing areas and

CPUEs in those a lternative fish ing areas .  W ith this information a short-term initial assessment might be made

of the differences in costs of fishing between the marine re serv e are a and  the a lterna tive ar eas .  This

information may be available for groundfish trawl vessels coast wide and  recreational charter vessels in

California (Thomso n, 1998).

Stock movement and total abundance information for the ranges of the stocks in the alternative fishing area;

stock recruitment and growth parameters; and relationships of these and other factors to CPUE would be

needed to assess the ability of altern ative f ishing  area s to abso rb dis placed ef fort o ver th e long  term .  This

information is unlikely to be available.

4.10.3 Harvester Costs and Differentials Between Harvest Areas

It may be possible to construct some harvester cost functions by the time analyses are needed for the siting

of spec ific mar ine reser ve.  How ever, the im pacts  that need to be modeled with respect to short term  costs

have to due with  how co sts vary be tween fis hing sites.  O ver the long -term , ability to asses s chan ges in co sts

depends on the effectiveness of marine reserves in preserving and rebuilding stocks and the relationship of

stock abundance to CPUE.  As discussed in Sections 2 and 3, prediction of such changes is pro blem atic .

Other than changes in travel time and costs to fishing grounds, it is unlikely that we will be able to es timate

changes in harvest costs resulting from marine reserves.

4.10.4 Recreational Harvester and Site Specific Demand

A completely quantitative economic analysis would need information on expected changes in recreational

harvester demand associated with the changes in CPU E (if CPUE predictions could be m ade).  These values

cou ld be used to generate estimates of total trips expected with changing fishing opportunities and changes

in consumer surplus.  A recent Recreational Fishing Information Netw ork ( Rec FIN) soc ioeconomic  survey of
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West  Coast anglers collected information on hypothetical responses to hypothetical changes in rockfish and

lingco d bag  limits .  This  data might be useful in gaining some insight into changes in demand with changes

in harves t opportu nity. 

4.10.5 Process ors

If the impacts of a marine reserve on commercial landings to a specific port can be estimated, the next

question is whether prod uct is  processed locally or shipped to another location for processing or direct sale.

Information required for a full quantitative assessment of impacts on processors would include amounts of

product processors acqu ire from local and outside sources, processor variable costs, fixed and variable costs,

and exprocessor prices.

4.10.6 Offsite Nonconsumptive Values

Estimates of existence, bequeathal, and option values are difficult to derive .  The   me thod s m ost gene rally

used to es tima te such va lues are surveys.  Another indicators of such values might be the portion of

environm ental orga nization bud gets de dicated to  the crea tion of m arine res erves o n the W est Coa st.

4.10.7 Family Dependence

Information will be needed on the dependence of families in the community on income from fishing, alternative

sources of income, and resources available in the community to assist families in adapting to change.

5.0 Discussion of Alternatives to Marine Reserves

A number of non-marine reserve alternatives that could address the objectives specified for marine reserves

were identified by the marine reserve committee.  Not all committee members endorsed all of the alternatives.

The alternatives are not mutually exclusive, and none (together or in com bination) c ould com pletely subs titute

for marine reserves, nor could marine reserves  likely be a complete substitute for any of the nonreserve

alternatives.  However, the non-marine reserve alternatives could reduce the need for such reserves, thus

affecting the balance  on the de cision on  whethe r or not to im plem ent m arine res erves.  For example,  given

the risks and uncertainties of the current fishery management system, an individual might make the qu alitative

judgement that the likely benefits of marine reserves warran t their costs.  However, if a comprehens ive

observer program were in place, and the fleet and allowable catch had been reduced, the same individual

might conclude that the additional benefits from marine reserves (keeping in mind all other benefits including

habitat protection ) would no t warrant th eir costs.  It  is impo rtant to consider all expected benefits of the reserve

network such as enhanced ecosystem, multispecies, and habitat protection.  Similarly, the existence of an

extensive marine reserve network may not substitute for an observer program or for lower target harvest

levels, but m ight affec t the balanc e of the ex pected  costs a nd ben efits from implementing an observer

program  or reduc ing capa city and harv est.  

The following are the non-marine reserve  alternatives identified by the comm ittee and the marine reserve

related objectives toward which the nonreserve alternatives m ight make progres s over the long-term.



PHAS E I TEC HNIC AL AN ALYSIS DRAFT (JULY 2000)38

Objective Addressed

Non-Marine Reserve Alternatives S
to

c
k
 R

e
b

u
ild

in
g

B
io

lo
g
ic

a
l 
P

ro
d

u
c
ti
vi

ty

E
c
o

n
o

m
ic

 P
ro

d
u

c
ti
vi

ty

In
s
u

ra
n

c
e

H
a

b
it
a

t

R
e

s
e

a
rc

h
 a

n
d

 E
d

u
c
a

ti
o

n

a. Time and area closures x x ? ? ?

b. Fleet reduction in combination with reduction in allowable catch:  buyback, ITQs, status quo
(economic attrition).

x x x x

c. Zero fishing mortality on target spp including no bycatch mortalit y. x x ? x

d. Lower total fishing mortality.  x x ? x

e. More conservative stock assessment parameters. x x ? x

f. More and better data for stock assessments. x x  

g. Reduce capability of individual vessels to impact critical habitat. x x ? x

h. Gear restrictions in certain areas (stated in terms of performance standards, e.g., no gear
with impact on critical habitat).

x x ? x x

I. Allocation toward gear types with less impacts to habitat. x x ? x

j. Observer program (including better documentation of removals). x x ? x

k. More effective enforcement (better control of removals). x x ?  

x = some progress would likely be made toward objective.

? = some progress might be made, but the result is uncertain and could be negative.

5.1 Time Area Closures

When  an overfished species is taken as part of a multispecies fishery it can be difficult to reduce take of the

overfished species without reducing take of other species in the fishery com plex .  At the  sam e tim e, the re is

variation in the m ix of stock s taken  in the m ultispecies  fisheries.  There are  reports that in some situations

fishers will go to an area where the overfished species is mo re availa ble in  orde r to tak e as c lose  as po ssib le

to the fu ll amo unt of the o verfishe d spec ies allowed  under th e cum ulative limit reg ulations.  If  these areas can

be identified, it might be possible to close the area for a period of time, reducing the “incidental” harvest of the

overfished species without substantially reducing the harves t of other e conom ically valuable s pecies.  If there

are seasonal patterns in the congrega tion o f ove rfished sp ecies, tim e are a clos ures  could  be a p articu larly

useful tool.  However, time area closures can be used to reduce bycatch for a period of time even if there are

no seasonal patterns.  It has been suggested there may be certain canyon areas along the North Coa st where

POP shows up more frequently as bycatch and that POP bycatch might be reduced by closure of these areas.

T ime area  closu res m ight a lso be  warrante d if the re are  certa in times of the year that fishing tends to disrupt

reproductive activities (i.e., when male lingcod are nesting).

5.2 Reduction of Allowable Catch 

The cent ral focus of alternatives to marine reserves is to find some other means of accelerating stock

rebuilding beyond what would occur under the status quo rebuilding plan.  Under Alternatives b, c, and d,

rebuilding would be accelerated by reducing total catch morta lity through direct regulation.  Alternatives c and

d would lower total harvest with no other changes.  Altern ative c  could  imp ose  som e dra ma tic red uctio ns in

the harvest of many species caught in complexes with the species in need of rebuilding.  That some harvest

of overfished species is allowed necessa rily implies that the current rebuilding plans could have reduced
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harvest further than they did.  These rebuilding plans implicitly incorporate a balance between reduced harvest

to facilitate stock rebuilding and the negative economic and social consequences for the fishing industry,

communities and the n ation.  Alternative b would propose to achieve further reduction in mortality by providing

a program to mitigate for some of the economic consequences, a buyback program or the creation of

individual transferable quotas (ITQs).

Buyback Program

Industry funded buyback programs have been explored by the Council.  The Magnuson-Stevens Act

authorizes buyback funded by industry, the states, or other public or private sources.  An industry funded

program  requires a business plan and a referendum among industry members on whether or not the program

should be implemented.  A business plan for the trawl fleet was approved by the Council, however, NMFS

guidelines specified that all related FMP amendments for the business plan need to be in place before the

Cou ncil  submits its request for the development of a buyback package.  Part of the business plan proposed

for the trawl buyback program involved the allocation of fish to the trawl sector in order to provide assurance

that the sector would be able to repay the loan.  The allocation portion of the proposal combined with the

substantial declines in allowable harvest in the last two years have stalled progress on submission of the

buyback proposal.  The proposal dated July  1998 requested a maximum of $28 million to fund the purchase

of between 80 and 90  of the 280 trawl permits (28%-32 % of the perm its).

Reduction of flee t capacity w ould  improve the health of the industry and possibly allow some further reduction

of fishin g m ortality w hile at  the sam e tim e liber alizing  management measures in such a way that bycatch

discard  morta lity could be red uced.  Overa ll, health of the  trawl s ecto r of the indu stry wo uld im prov e. W hile

the trawl s ecto r wou ld be b etter  able to  sus tain fu rther  cuts  in harvest, the buyback program would provide

little mitigation  for the im pacts  of reduced landin gs fo r the p roce ssing sec tor or  com mu nities  with econom ic

ties to the processing sector.

Individual Transferable Quotas

The alloca tion and free trade of individual quotas has generally been shown to result in windfall profits for

those selling the quota and increased fishing profits for participants in the fishery. The windfall profits may

provide the compen sation necessary for som e to leave th e fishery with out taking  on exc essive d ebt.  In most

fisheries, the most contentious aspect of implementing ITQs is the initial allocation.  For multispecies fisheries

there are com plexities relate d to m ixes of IT Qs tha t mus t be held.  There is concern that fishers may species

highgrade (retain species for which they have the requisite ITQs while discarding bycatch). Tracking,

monitoring, and enforcement programs may be expensive.  The most difficult and possibly costly aspect of

the program is ensuring that multispecies landings are prop erly recorde d.  Other aspects of tracking landings

and ITQ trading are reasonably tractable given today’s computer technologies.

5.3 More  Precautio nary Stoc k Assessm ent Param eters

The alternative of using mo re pre cau tiona ry para me ters in  the stock assessments (Alternative e) is somewhat

similar to the option of directly reducing the allowable h arvest, as  discuss ed in Sec tion 5.2.  A  decision to use

more  precautionary parameters  in place of best estimates is a policy decision.  As compared to the direct

reductions of harve st discus sed in Se ction 5.2  use of a more conservative parameter in a stock assessment

or harvest model may be a somewhat less arbitrary method for reducing harvest, because it relates the

redu ction  mo re clo sely to  the a reas  and a mo unts  of un certa inty in the m ode l.

5.4 More an d Better Data for Sto ck Assessm ents

The main objectives addressed by deve lopin g better data for stock assessments (Alternative f) would be

increasing long-term biological and economic productivity by better estimating appropriate harvest levels.  The

draft NMFS NWFS C groundfish research plan identifies the following research funding shortfalls:

Additional Critical Research related to status of stocks

Improved survey frequency and coverage $3,500,000
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Improved biological studies and stock assessments $2,000,000

Enhanced fishery sampling and electronic data collection $1,500,000

Fishery observer program $4,700,000

Add itiona l Critical Re sea rch related to socioeconom ic ana lysis

Collect economics data $700,000

Build  soc ioeconomic  analys is cap ability $500,000

5.5 Reduce Gear Impacts on Habitat

Alternatives g, h, and I are all proposed as different m ethods  of reduc ing the us e of gea r with nega tive impa cts

on habitat.   The expectation is that reducing habitat degradation would also improve biological productivity and

acceler ate stoc k reb uilding .  The re is  still considerable debate over the degree of impact different gears have

on habitat and, in some situations, whether the impacts are  negative or positive.  Localizing the gear

restrictions to certain areas (Alternative f) might provide some opportunity for research on the issue.

5.6 Observer Program

An essential component of effective, science-based fishery management is the documen tation and

quantification of bycatch, total catch, and total fishery-related mortality.  An observ er progr am w ould con tribute

to stoc k reb uilding  and b iologic al pro duc tivity by he lping to ens ure th e tota l fishin g m ortality is  prop erly

measured and controlled.  The Council has expressed the need for a comprehensive observer program for

many years.  It has consistently voted to pursue an at-sea observer program.  The lack of an observer

program has contributed to uncertainty in stock assessments and rebuilding plans and has undermined the

credibility of management decisions.  Because existing information is lacking, assumed disca rd rates have

been applied to all sectors.  In addition, incentives for selective fishing gear that minimizes bycatch and

discards are difficult to implement, because they cannot be effectively evaluated.

The effects of an observer program on economic productivity would depend on the costs of the observer

program compared to any gain from better monitoring of the fishery.  The observer program would also

provide some op portunity for research, though on topic somewhat different from those that would be

investigated with marine reserves.

Framew ork regulations for an observer program are being published in the Federal Register.  In 1999, the cost

for an observer program was estimated at between $4 million and $5 million for 20 observ ers.  The program

does not specify the number or types of vessels that might be covered by this program.  In the groun dfish

fleet, there are approximately 270 limited entry trawl catcher vessels, 235 limited entry longline and pot

vess els and between 1,000 and 2,000 active open access vessels.  The open access fleet with significant

groundfish take is a relatively small portion of the total number of open access vessels. For additional

discus sion on iss ues relate d to an ob server p rogram , see the C ouncil’s dra ft strategic p lan. 

5.7 More Effective Enforcement

Good enforcement ensures the harvest targets set by the Council are not exceeded.  To the degree that

landings are not reported even the bes t conserv ation  effo rts m ay be c om prom ised .  Altern ative k  wou ld

impro ve fisherie s enforc eme nt.

The USCG is short about $5 million from its annual request for resources needed to meet enforcement goals

(this  shortfall is the equivalent of approximately 129 days for Medium Endurance Cutter).  However, increased

cutter hours may not be the final solution to the most optimal enforcement of the fisheries.  The $5 million may

be better spent to fund other enforcement programs, such as vessel monitoring systems, increased dockside

observers from NMFS and the states, at-sea observers, etc.  Increased cutter days would result in an

increased number of at-sea  boardings.  However,  the USCG is somewhat limited as to what it can enforce

at sea,  i.e., it ca nno t effe ctively  enforce  trip limits.  Trip lim its need to be enforced during offload monitoring.

For fiscal year 20 00, the N MFS  Northw est Reg ion Enfo rcem ent division re ports a $ 52,500 base program

sho rtfall  for ESA enforcement and a $20,000 funding base program shortfall for Washington, Oregon, and
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Calif ornia  groundfish fishery enforcement. Due to past full time employee and budgetary cutbacks, NMFS

enforcement presence in Oregon an d W ash ington has been limited to one Special Agent in Aberdeen,

Washington, and one  Superv isory Spec ial Agent an d one E nforce men t Officer in A storia, Ore gon .  Tim e

expended by these agents is carefully prioritized.  With the proposed FY2000 cuts, travel for the agents and

officers was expected to be strictly curtailed, resulting in the inability to provide even minimal prioritized

coverage for groundfish monitoring outside the local commuting areas around Aberdeen and Astoria.  The

number of NOAA Fisheries, Washington, Oregon, California investigations reported by the NWR has declined

steadily with reduced enforcement resources:

Year 1995 1996 1997 1998 1999

Number of

Investigations

107 110 17 28 8
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APPENDIX A: Members of the Ad-Hoc Marine Reserve Committee

Name/Affiliation Seat

Cedergreen, Mr. Mark (Salmon Charter Boat

Operator, Chair of the Council Salmon

Advis ory Su bpanel)

Recreational Salmon 

Corrigan, LT Brian (USCG) Enforcement

deReynier, Ms. Yvonne (NMFS, NWR) NMFS, Region

Ellis, Mr. Stuart (Northwest Indian Fisheries

Comm ission)

Tribal

Fox, Mr. Dave (Oregon Department of Fish and

W ildlife [ODF W ])

Oregon De partment of Fish and W ildlife

Fujita, Dr. Rod (Environmental Defense Fund) Environmentalist

Hansen, Mr. Donald  (Groundfish Charter Boat

Operator, Chair of the Council Groundfish

Advis ory Su bpanel)

Recreational Groundfish 

Hanson, Dr. David (Pacific States Marine

Fisheries  Com miss ion [PSM FC])

PSMFC  (Comm ittee Chair)

Helvey, Mr. Mark (NMFS, SWR) NMFS, Region

Lea, Dr. Robert N.  (California Department of Fish

and G ame  [CDF G])

CDFG

Maclean, Mr. Duncan (Commercial Salmon

Tro ller, Sa lmo n Advisor y Subpanel)

Comm ercial Salmon

Munro, Ms. Heather (West Coast Seafood

Processors Association, Vice Chair of the

Council Coastal Pelagics Species

Advis ory Pa nel)

Processor

Ponts, Mr. James (Commercial groundfish

longlin er, m em ber o f the C ouncil

Gro und fish A dviso ry Sub panel)

Comm ercial Nontrawl Groundfish

Robinson, Ms. Michelle (Washington Department

of Fish a nd W ildlife [W DFW ])

WDFW

Smotherman, Mr. Kelly E. (Commercial

grou ndfis h traw ler, m em ber o f the C ouncil

Gro und fish A dviso ry Sub panel)

Comm ercial Trawl Groundfish

Yoklavich, Ms. Mary (NMFS, SWFSC) NMFS, Science Center


