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- ABSTRACT .

A ccmputational procedure fo;;qugimizatign . of large
.multidimensional;.mddeISris presenteé;gihe procedure is apglied
to- a model of the Georgia Strait sport and commercial fisheries
of chinook ( Oncorhynchus tshawytscha ) and coho ( Quvkisuteh-)
salmon..Optimal-seasons'for theSe;f;sheries<arefcalcn1ated -and
ccppared to current-*tegulatigps,y:Differences, in form and
performance, between thewoptimalwsg350n3= and - present. seasons
are minimal ' and insignifigant. . However, ginorder'~tb " match
present age structure, pophlationilevels;and harvests a . value
of near zero nust be placed on_fishmleft in the water at the-
.end of the season, -

The computational : requirements of ,the;ggptigiZatiqn _are
-PFOportiona1‘~to -thOSE'of'thevéodelfﬁIn‘thegcaSe.study in this
thesis the optimization reguired 'apppcximately; eight to ten

times the computer time: of the-mcdel;g
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The sheltered waters of Brltzsh Columbza ¥s Georgia Strait-
,support viable commercial and sport fzsher;es on stocks of
@ch;nqck salmoawjggggggxgg§g§¢3§g§§g§§ggglwand»coho»salmgnwjg;w*
‘;ggggggglxyln.the:19505,ethe:comme;cigygtrollffishéry~caught'the.
| ﬁéjofityvof'fishxtaken by hook.an§£%#ne inﬁtbergeg;gia Strait. -
fen year éverages for the years'}9§§£t§§1962,.inClusive, show
that;the.ccmmercialvtrollers'canhgﬁtiS;QoO;Chiﬁook_nhile
sportsmen aﬁgled 92,700~chindbk in GegréiaﬁS&raif;;av@rageﬂ»
_ﬁqgtches.cn‘the-entite;Brigish_CQ;ggp%nggastyby_hogk and line .
in saltuwater totalled 9&9,100vchinook<a§nuallY¢;Cbho average
-catches were 307,200 commpercial and 12Q,800wsport.in the -
Georgia Strait as compared with-a cgaStgide.total“of 3,131,400
-ccho {(Milne 1964).

distrlhntlon of ‘catch bstveen thevcomme:01q1-and sport -
fishermen.,Incxeases.in'human-pogulationy‘aealth;eleisu:eztime;;
and advances in gear efficiency:accompanied a significant
growth in effectivemspoitmfishiﬁg‘effort.;Suhseguently,nihe‘
sport catch.haS’risen‘to 3ﬁ8,000/chinook.and 464,000 cohcs .
Meanwhile the commercial troll catch has declined to 99,000
coho and 181,000 chinook per year;;{ﬁrgue,JCouhsléy;*andiﬁartis



' lately, concern has arisen ahontnthe ab@1ity of:the-gany-
pcpg}atiens of chinook and coho sa1m9h=tha&vméke;up,the Georgia
Straitvstocks~tomwithstand~highjiishing“preSsure;;Spauninq_
_.escapement estimates-have‘not’shown-a;general'decliné,-but,_the-
amount of effort expended hy:thg ;ig?erieSkdepartmEQt to find
agéﬁgstimate spauning,populatioqsﬂhas increased siqnificantly
during the past few years (A.H. Argue and ‘F..E. A, Wood
égrs.;comm.ya.;lt is thé posifion-of-the Department of
Fisheries that "this increasevanq'mo;e'efficient'enumeration
_.has p;cduced an.artificially’stap;e situation in the escapement
~ trend.”
The Fraser River;gillngt‘catph! as-an.indicatorlof-
escapement, has shown a ccnsiderah;g.decline in chinook- {Fig. -
31j,and atmoﬂerate'decline‘in-cdho'(Eigﬁrzj.gﬁnother indication
:ﬁhgtgchincck-populations may‘haﬁg;become’a dangerous
‘ccg§grvation.prcblem is the agexstxuctn:e}pf the catch. The
 . averagefweight'of»a*trollvcauqh;:phinqokahas declined  (Fig..3),
‘;indicating a shift~in~age:compositionutosaxasayounger'age:
. qiasses {ocean age 2 and 3)*(Bnopm}4978¥-¢ |
| ,;gistgrically, themccmmerciél“tzbllerseha#efdaughi'the»v
qajqxity of:thegfisﬁrwwygywhayeﬁglsg pprgewt&e-bruntuof~
. tegulations intended to.ensureﬂfhevcggservation»OfHChinéck~aad
. coho salman.?The”restrictiéns:héfe.taken_on'threeﬁméjaruforms:
season closures -“rest:ictingvfishing to. summer and fall mcnths
j(Hilne)J?éﬂ), limited entry;(ﬂitchell'19?7)>and:sizeFIimits.ﬁTOm
date, the sport .fishery has been subject to size:-limit and: to
 h§qf1imit'tegulatibns,5898,:gégégﬂghg,gncreased-impb:tanc@xcf

. the sport catch and the concern .cver cconservation, the-
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DepartmentIOf.Fisheries has begun §o}investigate new
regulétions‘fcr the sport fishermen, and changes in the
commercial troll regqgulations.

To assist in the assessment of neu=management:policies,
the author has worked with a team of sciemtists, under the
direction of Dr.,C.J.JHaiters at the .University of British
Columbia, to develop a computer simulation model (Wiegert

1975, wWalters: 1971, Holling et.al, 1978). The model has been
.uséd\to test the effectiveness of varicus restrictions on the
.Georgia Strait chinook and coho fisheries. .

 The ‘simulation model.is designed to predict pqpulatipn‘
numbers, fishing effort, catch, and escapement on a bi-monthly
basis for a single fishing-ateairepresenting the Georgia
Strait. .Both in its attention to the details of fish and
‘fishermen dynamics and the extent to which it mimics real catch
and effort statistics from the Geqrgia Strait, the model
represent -a "realistic® account -of the fishery. This realism
makes the model ‘an attractive test bed for newv and povwerful
~methods of analysis.;lnﬂparticular( the model can be used to
test'bolicies designed by technigues of op#iﬁization (ﬁaltefs,
"Hilbkern 1978). .

This thesis contributes td the development of a new
computational framework for some large scale Tesource
management optimization problems.,?he'optimization’is embedded
in the context of the simulation model and maintains most of
the detail of the simuiation-model.,The coupling of the .
optimization model with the simulation model affords the

- optimization model a modest degree of realism and, I hope, some



degree cf practicality. .

~The main problem of this thés;sgis to 'find optimal fishing
seasons with respect>to;changi§§_f§§h”stogxs,.effortﬂlevels,
prices, and benefits for both the sports and commercial
fishermen, while meetiﬁg target escapement -levels from the
fisheries, .The ccomputed seasons for "current" conditions, as
predicted by the simulation model, are compared- with
'regulationancw contrcliingvthe.fishety,,ogtimal,sgasons_are
computed under a variety of assumptions about values of
parameters for uhichnthere:is'a;g;sa;;deal.pf uncertainty. . Alsc
discussed are the sffects of'ingxeased:abundaﬂceyof-somef_
populations,_on.opiimal'seasons,més may result -from the .
‘"Salmonid“Enhancément"Program“=(pacLEOG-19?7;¢Larkina197£§;wa

The ‘problems with analysis-ané-gptimizationwinﬂthis:
exercise are not unique: to the Georgia Strait fishery. .Most
rescurce’ exploitation prcblems-are'c§mplex and multi-
dimensional ‘in the ‘exploitation regime and in the objectives of
.managements;Thetefore,'they presen; major difficulties for -
.optimization,  The methodolcgy"deyeloped‘below,is capabie*of.
dealing with most of the-comp;egiﬁy‘and dimensionality of “the
. Georgia ‘Strait fisheries, and may also be useful for other
problems, I -hope that the :apparent ®realism® of "the simulation
model and optimization model "inconjunction with the immediate
.préssure for-therconservationuoqueorgiacStraitmchinock:and

coho will serve to,enhance‘the~practicality.ofgthis thesis,



_1J,_The_optimization=vcrk‘to~®91Qi§¢ussedgin‘chaptgrwthreg‘is
‘;§g§ed upon~a simulation;model.Fat'p:ésent3there.isxno docuzent
describing the Georgia Strait model. ,Therefore, to lay the.
foundations for the task of :this thesis, it will be necessary
to describe some of the important ingredients of the simulation
model. .

‘There are ‘four. major compoments in:the.model:z (1) -
population’dynamics of fish (lite:hiétgny;wmcrtalityﬁfgroith;
gigxgtion,_etc,):~42)+dynamics_oixfi5§inggeffort¢~{3)aa set of
x gcnt:q;s available to managemépt;f(Q}westimates of how benefits
“ flou/from the fish to the fishe:xgn¢§nq;managers.;

There are many morewfacetsw;ogﬁye;aCtual,managément
_proplem.;These'fourfcqmponentS‘ﬁp;g”aﬁkgrnel;around which new:
vﬂ:egulatiéns~can_be9developed anditﬁgn.examined.in a broader,
intuitiveucontext,,uhile:still.aaintaining-auresemblance:to;the
real world, .The broader context would not:overtax :amalytic

methods now available., . -



.F_The,hiolch»of-the,pacific;galmgggiggggggggggggggggig)gis
ﬂiygé#y,ggmplexf,ln.sgite.ofvyeatsxpf work by many  investigators,
' ;;ﬁeréhis still much uncertainty,snrrgundingasdme;veryqimpc:tant
, ,;elagionships.,h-lot:of informaﬁipn:existsvon the reproductive
biology and early life stages Qf.sogefspeciesAoffsalmen.f
Bouever,ﬂdueﬂto'the~difficultyuoiﬂocegn,Studiés,~verjglittie,is
known for ce:tain:aboutwtheﬁmatggefsﬁgge;;mhemngblgﬁfadﬂieééed
by¢¢hisfthesis:dea}s-exciusivelyiﬂgthrthe,jﬁbenile~aﬂd adult
~ocean life of coho and chinock;salﬁen;gﬂs a ‘con'seguence, ‘there
uare‘biological.parametets usednig'thisgmodel about-which there
arg;yéry little: "solid" data toiggbgtggtiate;particular.values.g
Although scme information aboutfeach?parameterfused in the
model exists, much of it is tanéentglpto.the-pérameter‘in
question and, often'concernS”qecg:aphica;'areaS'and species
which are not the focus of;this moae1.;ﬂuch.ofﬁthe ndata”" used
.in the model is a productnof'thg;experiencé;and "yisdom® of two-
. members of the Department of FiShe:ies,*AaﬁQ;Argue and D.
Anderson.;Theseatuo~gentlemen%inﬁexp;eted~the”available
information and ﬁade-infbrgedfes??mg@ggqog~many.of=the:
parameters, It is hoped-that'thésé,estigatESvreilectwthet

“cu:rent'state'ofrthe-GeorgianStrait.chinookLandwcohoﬁfisheryfm
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283sds -+ Life-Bistory-

Like the other coﬁmercialnsalmon'species, chinook and coho
- are anadromous, ,The eggs are laid in rivers and lakes, The.
.young fish spend some time in freshuate: before migrating to
the ocean, .¥hen mature, they return to freshwvater to spawn and
die. It is believed that a fraction of the :chinook.and coho
spend most of ‘their ocean life inm coastal waters while the
cther fish spend their ocean life. on the’higtheas,,Tag returns
, from hatchery-reared fish>indicatejthat<as~much as 76% of the
Wpchinpck-and‘51% ofwthe coho ~produced in Georgia Strait reside
'inwsgoréia’Strait for'some;petipd'ofttime.(Eiq,ﬁu)«{Anon.;“
;A3978).§It»is,the~portions of ‘the stocks resident in the Gecrgia
 ’St£ait which are the subjects of this analysis..
| -goho_eggsgareslaid'in;the'fglizand hqtch.theuneXt-spring.yA
:The'smolts generally migraterto;the ocean the following’spfing
. where they spend one‘uinter-and,return-to;spawn the following
fall, By theflate-summervof.their-first'year at sea, c¢oho‘are
firstccaught'by the :sport fishery and, by the next spring, they.
‘are-.caught by the commercial ttoliers.wlnrthe‘modelf~cohozare'
assumed toc be recruited~t0ztheg£i§hery‘by*AuguSt'lm{ﬂiﬁi@ﬁrguer
‘pers.ﬁcomm.MJ,jDuring~the‘summenyand_fall:of*thé:iasi%yéar"at_
~sea,. coho move into freshwvater to spawn. The model.uses-the:
tising. cf the Fraser Riverzgillne§.catCh {Pig. .5) to
approximate the-migration-timing {Ledbetter and Hilborng19?8}ug
Chinocok have a more;flexibleglife:history.¢0ceanjmigration
;_may,take place in the spring th:qnghwto.fallaafter«hatchigg;.or

. after one-or. two winters in freshvater. The podel assumes;that
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chinqck are recruited to ‘the fishery by_tke.&eginning of
Cctober of their first year at sea., In general, maturation
takes place during the second through fifth year at sea. For
this model, an estimate of the proportion of fish maturing and
~returning to spawn for each agewglas§ was needed., An analysis
of tag returns in the Praser River gillnet versus the Georgia
Strait sport -and troll fishery 1led tb the following estimates

{A.¥. Argue pers, conm., Arqgue 1976). .

Ocean age two - 3% mature
Ocean age three- = 40% nmature-
Ocean age four L 80% mature’
Ocean age five _V.J_,jOO%;matu:e'

, As~9ith ccho, the run-timing¥9;59ature-fish:was estimated
from:the'Fraser River gillnet catch;jFiq,jS) {Ledbetter and
Hilbern 1978). .

a‘feature‘more'impdrtant.fo;‘ch;nook;than coho. is the
tegdancy_for Georgia Strait‘fish to'migrate.out of the Strait
befcre maturing., :Again, through an amalysis of tag returns
inside and outside the Strait, estimates of the net migration
rates from inside to outside nerevderived {K;H.;Arque

pers, .comm, .) =
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Ocean year- cne: | 40%
- Ocean year two 25%
Ocean year three }a - 15% - -
Ocean year four = 10%.
Ocean year five = 0% -

 Fish.moving outside are assumed not to return to the gulf until
. their rapid spawning migration, -and thus to be relatively.

- invulnerable to the gulf sport.and troll fisheries..

. 2s¥a2s - Natural-Mortality-

' 'Natural mortality of fish- at sea is a very difficult
g;ocess~tovstudy.,Experiments gengrally inglude small numbers
of fish and are prone to large:ohservaxion eTLOLS, .
uvEnvitonmental.variability'often ;onfounds experimental errors,
._resulting.in,hiases for- which there,is no information
:}gopcg:ning directicn or magnitude. (Ricker 1976). .
| vParker {1960) estimat£d=thewm§an-bi-monthlyfndn-catCh‘
~mertality rates for chincek'salmOn dfang~threeﬂthrou9h'fivé>to.
.pe;O,OI?S.;Benry'S»11978)¢estim§§g§:ggne-Q;QZG,QIt'iS'generally
.thgught-that natural‘mortalityg;ates décrease”aith'incteased
sizg and agev(ﬁicker'1976);yTheuparametersvchosenvforwtheﬁmodel-
are meant to'reflect~ndtural'mortglityronlgyﬁnotamortality;

caused by fishingfgikkﬁigarque;ég:s;wcommyga;;The insténtanéaus

natural mortality’rateS»(per.15¢days)-in:the:modél ares
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~ Ocean age ‘1. 0.035 for 3 months

Ocean age 2 0.015 - for 12. months

Ocean . age 3 ~01QG7${for 12 .months

Ocean age 4 0;0075;:0: 12 months

0ce§n age 5 0.0075m£or 10.-months
Average 0.051:

Ricker. (1976) estimates the instantanecus rate of non-catch
ocean mortality for coho to be 0.04 for a half month period..

" The. values used in the model'fo:'naturalymortality alone are:’

Ocean age 1. 0.04 7 for 5 months
Ocean-age 2 . 0,02 for 10 months
Average - 04027

~ Buch better estimates of natural mortality.will.likely be .

availiable soon, through analysis. of -the many tagging studies

'_ conducted during thet1960ﬁs*(Walters,%péps.gCommfyrﬁ

-2a3s3s - "Shaker® Hortality-

"Nen=-catch ocean mortalitytiq;madg up of two compbnénté«—i
natn;al'mortality and mortality;caused by fishing, but not
included in catch statistics.,mértality:of the second kind
.includes salmon caught that are less than. legal -size, or caught
during a closed period for the species’in-guesticn.gTheSe fish
a:e-discarded'dead or“mortally.iggn;eﬁ f\either after being
hog;ed, or. by shaking thealf:emvtbg,ggar as it is hauled up...
~ Shaker mortality caused~by'trolling.£o: coho and chinook
- averages abaut~dne~fishrkilled“forueyéry3tso;that»are"boated

(Ricker 1976). The effect of various regulation ‘changes on
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shakg; portality and the effect of!yagigqs-aSSumPtions about
shaker nortality rates on-theiconseguence:of requlaticn changes
is,a majoreconcernvbf~the~simu1ationfmodelwwlnfthe”modelb a
shaker mortality rate-of 50% .is usedvfo;htrpllers {Ricker

Hv127é).;Litt1e-empiricalauork_has heep-donE"on;sport-shaker~"
_mortality.} It is a general belief that sportsmen kill more
zfish.than ccmmercial fishermen becausgﬁofainexperience or:lack
prgccncein.ﬁTheréfore,uthe shaker mortality rate in. sport

. fishery-is assumed to- be 80%.

i 2aXsls - GLONEh -

oo

. In tte model, -the size of a igsh{isyésgumedito-he a
5_fqn¢tion~of its age and the timé:of;jea;::aﬁ estimate ‘of the
ggrputh of a chinook;oi‘cbho ét-seg-(Eig;k6)¢uastmade‘using data
.oﬁ the size, age, and-fime qf.capture"in‘thgxcegrqia'Strait
troll fishery..A length-weight_;elation vas also.constructed

from these data (Argue and Marshall 1976). . -

,;”fLTherewhaveUheen'several dynamighmodels of fishing effort
”5prggqseﬂftsatto,~Rinaldi,-ahﬁ Walters 1976; Clark'and Munro
ﬁ”5975; Clark 1976).;These.models.h#vewsfpdigd the theoretical
"behavior,of-capita1=or fixed inputs. in. and. out of fishing

| fleets, with little or no empirical basis,. Hilbormn and

- Ledbetter (1978) :document thewaiquation“of saimcn‘seiners
vamong‘fishing areas‘on-thexariﬁigh Columbia: coast, .Their

conclusion is that the key determinant of boat movement is
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availability of fish. A major ingredient of the sinpulaticn
- mcdel and the optimizaticn model of this thesis is the response.

- of fishing effort to the success of fishing.. -

ggg.ﬂw;f§gort§-Effértwggsgonsew ‘ ‘

Motivation of sport~effort-gan‘beiassumed, in part,-to. be
associated- with the: capture of fish. Ccnseguently, a-.change:.in.
the nupber of successful captﬁ;eS.experienced by fishermen will
likely change the -amount of fishing tSey~do.QFurthermore; it is
probable that an increase in the average success per angler in
the;#port fisheryuuill'motivatevanhincreasefinwfishing effort. .
Undeubtedly,-many.other-factors, besi&es fishing success,

determine ‘the amount ofmsport.effort.yﬁeather,-holidaYﬂtime;
- fuel prices, and the .general state of ‘the econbmy;wamcng:bther
thiggs,wmay affect- the mctivatiohvCf-theHSQOrtsman,=The:iishery
__manager»does'ﬂot-have-jurisdictiqp~over the e€conony, ncr. the:
enzi;¢gmeﬁt;¢ﬂe-must; therefore, pu:sue»managémemt;plans.based
. UpoR relaticnships under his cogtrol, i,emfthe“sucéess of
fishinq.,

The~responsiveness of sport effort-to.catch.per unit effort.
(CBUE) is indicated in ?igutes'7.thropgh 15, -Each ‘graph
:epregehts catch and effort data from the Georgia Strait

- {Statistical areas 13-18, 28, 29)»forsone month from the years
| 1968 to 1975;(Anon.gﬂ;c;;Sportslcg;§§|§t§t;stics~1568s13753.gIt
appears fcr:mést‘months-thatwhig@erucguxxis*associated~sith-

_increased effort. For the simulation, it:is assumed that effort

v;s,simply proportional to recent sucgeSS‘as measured by CPUE, .
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Seasbnal’variation in-the'ratiq:of‘effp;t~to'catch per effort
. is .shown in Figure 16:for<theasame:datajset.gThis variation
indicates that the responsiveness. of ‘the fishermen is “much
- greater. in the summer than the.wiater, .

Consideration of‘thefbehavior;ofaiishermep'is'importanteto
evaluate the impacts of'regulatign.g§9nges intended to increase
the abundance of~fish:signifiéantlyagfqr example, an inérease:
in the -success of -the fisbetmeh'maygstimulate enough -effort so
as to cancel“any‘intendeduincrease;;ngspavning escapement. ;The
relationship included~inwthevque;ﬁisgba5ed‘uPonathe number of
fishjcaught.;ltuis veryaiékelya§p§§(§hg'size:offfiShicaught“is
mc;gvimpontantﬂin-mqtiVatingveifgtﬁuthanrmere-nnmbers.?In*SQCh
a"case,“reéulationsmintended=to xgduce'theecatchwof»smallmfish.

(size‘limits):may.increase'the:avgrage'sizg ofafish.Caught;y‘
Sport effort may increase, due.tc theylarQef'an&'oldét.fish;:,
and'cancelwan33intended.increase@inﬁspagnerggs;gpémeqtﬁyfheﬁ
analysis of this thesis is based upop~t§earg1atidu55ignoﬁ
:numbers rather than ueight‘fTherefore;«ahy&gonclﬂsinSJShqﬁld
:he_ueighedvby:theuuncertainty in,the«ﬁelationshigaofmeffortrtow-
success of fishing. .

- In the‘quel;=sport4effqrt,is gssyygﬂ not to saturate or
reach an upper limit at high;levels‘qf success?¢Some:u999r
limit-must»exist, but, it has aéparen@ly‘not been reached. in
recent years {FPigs 7-15). Unlike the commercial -fishery with
its.licence.program,:ihich:limips the number of vessels able' to
,participaté,-there is: no legalnlimit»to the . numbers of people

who can participate in sport fishing. .
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There is a great deal of va;igbi@ity;in the data depicted
by Figures 7 throughuis.;ﬁowever, predictions that ignored the
behavior of fishermen are surelywmqrexmisleaaing.than»
- predictions that take some account of this numerical responmse

process., .

‘~;1212;gfCoggercialJEffortwResgonggf .

Motivation of the commercial_fishermaniis less difficult to
, define than'that'ofwthe«recreatiqna;“fishe;mam.ﬂfor-the-most
part, the commercial fisherman-iswou;‘iOfmaké,money;,&he:more
potential to catch fish there is in an area, the more fishermen
will.participate.;ﬁnliKE-the-spprt{fleet,\the¢c¢mmercialﬂf1eet
can, brave the elements*outsideAthé'sheltered‘uaters‘of Georgia
Strait if -the fishing is good'ehough to warrant. .it., Therefore,
the ccmpercial effort in Gebrgiaistrait’is.affected by ‘the
‘_abunﬁance of fish inside,,as uell‘aspthe,fishipg‘oppo:tunities
outside Vancouver Island and aléng the north coast. .0ur ccncern
is with the ‘inside fishery. ‘Therefore, the relationship between
effort and CPUE is constructed with Georgia Strait data alcne. .
Figures 17 . through 23 show'effq;t;and'CPBE-data.in the Georgia
. Strait troll fishery for the months of April..through:October
for tye years 1968 to 1915.{There”is a definite.limit to the
~nupbexr of boats in the;cemmercial;t:pll fleet because -of. both
the.licence program and the number. of boats-that~are not -
~equipped to handle the rigors. of -the.more.lucrative outside
fishery.#Therefore,~the-rslatiog;hip of effort - tc CPUE is

assumed to saturate, ,Figure 24 indicates the seasonal variation
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in the maximum troll effort assumed in-the model and shows: the

levellof CPUE at which.halfwsaturationvof.effo:teis reached, -

© 2:233. - Catchability-

Gtk e g P

An important- piece of any:fisyerigs moaeliﬁg exercise is
_“;he,cqupling.ofvfish and tishinq_effott.fihe assumptioﬁvabcut
capture used in this model is theafraditionél_one}that“catch

.per effort is proportional-to abqndance-(aicker, 1940)..In this
. ﬁqdel,:the catéhability.coefficient is the proportion of the

.available fish that is caught. by a single unit of effort in a.
unit of time¢fCatchabi1ityvis assnmedito vary as a function- of
 age‘and species of ‘the fishuasmiellmas'timeubf.year;yThe_
_variabilityvmaynbe-due&£0wenvironmenta1 changes, seasocnal:
V,chénges'in=the'behavior of;theg§;§§wo: seasonal. changes in the
. efficiency and'combositionrof"tye;effo:t;yFor.example, sport
fishing effort in the'summerwmay;pe:maae~np of a higher
«p:opcrtion.of~inexperien¢éa=£ishermenlthgn,the ardént fishermen
of the winter months, |

Using the "calibratienvphasg?hggghodqlogy:developed'byu

thnson 1975, the‘simulatioh modelzhas been used to reconstruct
‘catcbability»coéfficiénts~fdr.chiaook and coho.in the "Georgia
Stnaitcghveragewescapemént by age were used to start a backward
~calculation of abundance using c&tch by age and' gear type. .The
escapement-of ‘the oldest age class of fish was added into the
(pccl;fishery”according~towthegmatgygtiqp#sc@gdule;and,:gp
timing. discussed héfbreayPtcgtessinghbapkiérds in time, at each

period. the catch and natural mortality.at:.the.oldest age was.
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.added to the pool, -then-the progo:tiqn taken by- the sport and
troll effort present formed thevbgéis for the calculation of
catchability. At the beginning of ihefyear,~the estimated
abundance of the older age class represented the ‘residual for
the yocunger .age class and the backwvard calculation continued
for the younger age classesm,Thié procedure provides an exact
~estipate of time- varying catchability provided the ‘natural
mortality schedule is known, .

The escapement and catch.at'age.qsed.inuthe backward
,calculation:is‘presented in Table 1;;The:resu1ting catchability

estipates are presented in Figures 25 and 26...

243, Controls

A.central-issue~inathe-desi§p.pf managementﬂsttategies.is
-th?359t ofwadmissible‘controls.;?herg afe'fi§efimpcrtant
cpn?rcl options open to~the~managers of the Georgia Strait
fighgry,fThey can regnlate‘thexsize Qf»themfishhthatimay be -
kept if caught, the gear with whigh@;hé”fiSh;a;84Caught,%the',
gqmpﬁr caught or landed-perstrip (§a§4limityifthe;area in which
fish may be caught, -or the times vhen' fishing is allowed.

. One: control option notuconsideied:feasible;is.towrestricts
.gartiCipation in salt water angling}gLimiting;the‘numher;of,
‘partiqipants or chargingvfo: the priyilegeuof fisﬁing,~so as to
.reStiict=eff¢rt; would be met. with cgnsiderahle disapproval by
,the.sport'fishermenm(Sport-FiShvAdvisoryuCommittee %77 .

.- persS. .cchls )+ In British Cclumbia, salmon fishing is

considered to be every resident's right, /Limitation of



Table 1: Current Ca%ch and EZffort

" Januvary Pebuary ta

Sport Iffort’ 7407, 7407,

Troll Effort 0. 0.

Sgort CPUZ 1.5 1.3

Troll CPUZ 0.0 0.0

Chinook Sport Harvest Places

Age 1 . 0.

Aqe 2 119. 127,

Age 3 5200. 43¢3,

Aqe 4 1881. 1966.

Age S 207, 220.
Chinook Sport Harvest wWeight in Pounds

Ags 1 0, .

Age 2 9s. 102,

Aqe 3 . 21320, 18718, 1

Age U 17305. 19070. 2

Age S5 3767, . 4026,
Chinock Tzcll Harvest Pieces

Age 1 0. 0.

Age 2 0. 0.

Aqe 3 0. 0.

Ag2 4 0. 0.

Aae S 0. Q.
Chinogck Trcll Harvest Weight in Pounds

Agqe 1 0. T 0.

Aga 2 0. . 0.

Aqe 3 0. 0.

Aqe & 0. 0.

Age S 0. 0.
Coho Sport Harvest Pleces

Age 1 . 0. 0.

Age 2 3704, 2963,
Coho Spert Harveat Weight in 2Pounis

Agqe 1 . 0.

Age 2 370a, 3259.
Coho Trcll Harvest Pleces

Aqe 1 o, 0.

Age 2 . 0. ] 0.

' coho Troll Harvest Weiqht in Pounis
Age 1V . 0.
Age 2 0. 0.

tch

7407,

202.
3514,
1985,

225,

0.
182,
6164,

1061,

4118,

bQUU:
0.
5333,
0.

0.

C.
0.

Data for

Apzil
22961,
1786.

1.2

15.9

0.
S17.
6693,
3869,
402,

0.
517.
33465,
464624,
7397.

0.
170.
22264,
5793.
170,

0.

S9u,
111320,
€9516,
3128,

0.
16073,
0.
22502,
0.
0.

c.
0.

Georagia Stralt by

ray
65921,
693,
1.3

15.5

0.
2294,
15330,
8J69.
975,

0.
2753,
87174,
103932,
‘18623,

Q.
655,
50628,
203177,
582,

0.
2095,
29362,
281849,
11000,

0.
$9329.
0.

142390,

'D
0.

C.
C.

June
35179,
3287,

0.
10195,
113856,
117581,
23191,

0.
2334,
25564,
7596.
3us,

0.
7501,
162122,
11¢142.
6856.

0.
59625,
0.

220613,

C.
c.

0.
0.

" Month.

July
169618,
4560,
1.1

19.7

0.
35280,
26528,

5029,
1013,

81164,
193654,
77303,
21378,

0.
4990,
13726,
3086,
88.

0.
15968,
100185,
47524,
1849,

1187.
117546,

356,
505448,

0.
67944,

0.
292159,

Auqugt

232949,
2394,
1.3

11.38

1.

61697.
32776,

6291,
710.

(N

172752,
2521375,
101215,

16046,

0.
ERDA N
4131,

813,
84,

0.
108913,
32194,
13949,

1932.

6494,
155865,

2598,
132566,

0.
198790,

KD
931389,

Seprenbar

110362,
2230.
1.0

AR Y]

1.
29737,
12014,

2169,
221,

1,
95158,
100951,
36372,
s238.

0.

8722,

4255,
1060,
99.

0.
29565,
35742,
17823,

2346,

5960,
60257,

2980,
283208,

0.
10944,

0.
Ste37.

October Moveaber Deveadber

371775,
0.

1.0

" 0.0

82CS.
5953.
892,

4s,

28713,
51196,
15352,

1107,

3400,
19265,

2330,
92472,

0.
0.

0.
0.

148072,
0.

1.0
0.0

15.
2023,

1970,
3659,

1576,
17581,

0.
0.

0.
0.

19629,
0. .

1.8
0.0

- 3177,
2600,

2859,
12480,

0.
0.

¥
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ccmmercial effort‘is more palataﬁlé gpddis-in effect for the
.ehti;e coast, . U . |

The set of-controls~current;y“;nreﬁfectﬁare as
_follﬁus:v The size“limit'fof the: commercial troll fleet is
.three‘poundsndressed ueight or.approximately 18.inches;gThgrer
is.no_hag limit cn the ccommercial fishery. Many areas,
particularly .inlet and river mouths, are closed to-comme;ciﬁl
trollers and fishing is restriqted to_the summer and-fall.
mcaths. . |

The current size limit-is 13 inches for sport-caught-fish;g
:Al;;lineS‘must be hand reeled. ;There are virtually no-

_restrictions on .where fishing takes. place in marine  waters and

:‘__tbe sportsman is -allowed to_fish year round.,The'baqﬁlimit.is

.~ four salmon per angler-day..:

228y Value- . i
The model-outlined amove-prp@gpgs;§1h99918$slyucomglex-set
'pgﬁpé;fcrmancg indicators.,Simplgrava;ue:measures are necessary
;???Moptimization.,The simplificati@nuused here is the. landed
‘ﬁ¢y§lne.o£*the-catch for the commercial troll ‘fishery and the

- value of a recreational bcat-day. -
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fo#@a.ﬁmg@amercialmﬁiggery~;:

In the model, it is assumed tﬁe value. to the: cemmercial
trqllers is-generated,bywthe'numher.of pounds of salmcn landed, .
The mahagement agency may haveumcxe;generalvconcerns, such . as
the health of the processing or ﬁarketing‘sector, but-a goad
indei.of-the‘prosperity of the entire,indust}y is the 'landed
valué of the catch, The pricé per pound varies with the time of

-year-and the size of-the-fish, .

. {Pig. :27) . -The price paid for a.landedhsarmon“iS'assumedrto be
\indepgpdent.ofsthe_totalwnnmhe:-ofAsalpoh;langederom'the
Georgia Strait,  Georgia Straituqaﬁyhes may;influence:local
prices to scone degtee.;ﬂoﬁéﬂer,amhe Georgia:Strait represents a
small catch compared with the entire coast including Alaska,
British Columbia, Hashinqton;‘Orggon, and California and would

- therefore have little influencé.onathe_general market price. .

248224 - The Benefits of the Sport-Fishery-

The sport fishery has a‘signiticantlywﬁifferentvwéy of
generating value. There are many spoxt;fiShermencvhogliktho
eat fresh fish, and a fish caught.in the sport fishery doés
substitute for other food;gmore impprtant, however, is the
value of the act of fishing. Bryan- (1974), in a questionnaire
study of sport.fishermen,:conclngésthat'ﬁheaeatingvof fish
ranked significantly.lowetvthan cE§er'attfibutes of fishing,
Such as thenoutdoorvexperience;;in.motivating~sport-fishe:§en.;

‘The task of putting a dollar value on the recreational aspects
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Fiqure 27: Landad Price per Pound of Troll Caugqht Chinook and
Coho Salmon. . .

Average landed price per pound gglrr:(c))oko a
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.Offthe sport fishery is difficu;t;?where is a need for a ccEmon
déncﬁinator bgtween the sport and ccmgercial ﬁishery.gThe value
of commercial fishing is readilf‘accountable in the value: of
the cétch;dif%the,fish are to be allocated between the two user
groupé,-an.eqqivalent*metric~iSanegdedsforuthe_sportfishery.;

Many methcds have been suggested for the 'evaluation of the
bepefitSvfrom the sport»fishery;gThe suggestions range from
accecunting the costs ofvnsing"thg';e§ource to questions about
,hga;éughgaa§3é2~uou1&.bevwilling ﬁpgpay to fish. ,Stevens {1966)
) ieéieuswthe;major~schemesyg‘-'
, ﬂﬁescfmthe most=intere§ting1§pprogghe§ﬁto«evqluating‘sports
.:fishing'uas-conducted in the Héshington_State~Fishety;;¢n71967,
Mathevws and: Brown (197Q)~asked.theaguestipnxuior.whatﬂminimum
. price would you be willing thé;ggg;ﬁyqunatightgto-salmohﬁfish
. for a year®" The resulting value~ua$w$20,gov$60¢a0.per fiShing
_trip, depending strongly upqnvtp§;greaffiéhed;andrthe:gu@liﬁyf
_ Qfgthe fishing:exgerienced.ﬁIn«thewmoQQlVoi-theaGeofgiaastrait
| fighgry, the value of $15.00 -in the winter and $25.00 in the
f_sﬁmmer per hoatndayx(Eig;y28)mi$1uSedé(ﬂasse”and Peterson .
19717 ., | |

Once a metric has been estab;iéyequq:3measuringﬁthe
‘pégtprmance:of.each fishery, the:nﬁmbe;s from the two fisyeries
mﬁst~be conbined into an overall meagure,;The simplest apéroach
and the one tc be used ip this analysis is to sum the dollar
_benefiﬁs from the two fisheries, Another approach may be to
transform the benefits frcm a-particular fishery into a utility
function: (Hilborn and Peterman 1977J,j1n the case of the sport

fisbery, an added unit of sport effort,at~an-already-ﬁigh
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Fiqure 28: R=ecreational Valuz of a Boat-Day of Sport Effort in
the Georgia Strait,
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~effort 1ev§l;ﬁay=havevafguite different appeal tc a manager
than:that sanme unit of effort at a low level of effort. Also,
Mthe;yay~inwuhichwthe’benefits,:o;antility, from the two
fisheries is combined may-take on a quite different form
{Bilborn and Walters 1977,1Keen§y”and_ﬂaiffa 1976, Keeney .

. 1977).. It is apparent that the choice of objective functicns
will affect tbe.ferm~ofntheaoptimal-poiicies.ylt:may also ke
lihat theﬂstudysof~optiaalwpolicies can.be-nsed‘to deternine

better obijectives., .
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 OPTINIZATICN MODEL-

)
I

.. .Huch of ‘the préSentutheory'opnogtimglgggpibitation'df.
vgatytalufish popnlatiQBS'haS»beggvdevelﬁpedméssumihg thaiu_ 
;écruitment,is independent of stqpk‘sige;"&éaging‘towther:
écncept of yield per recruit (Beyez;onndhd Holﬁ?1&61¢¢Ch,g18,-
19; Bicker 1958, Ch. .10; Clarku19?§,xchgg8k¢ghqother pcpuiar
approach is tc¢ assumevthatggrouth,nm¢;tality¢ and reproduction
can be_pooled‘intOna~QréSS'ﬁbdeiyo£»popnlatiqn-changev(scheafer-
1957;-clarkr19?6,-Ch.p?;.cldrk,;dear@,'and'Frieﬂlander 1973y, .
- Single~stage étock~rec:uitmgn§amodels have proven useful

when.life cycle length is fixed-(Rétkeri19§uq.,walters {1975),
using dynamic programming,vcénfitﬁed'that[a fixed escapement
policf.is optimal . in therpresencgqufenvixenmenfal-vari;bility.;
chgr.approaches inélude-Solving.féraan optimal'age structure'
given an arbitrary total:ﬁopdlat;pn;(Bgddington 197@,

Eéﬂdington and Taylor 19]3)a¢ﬁalters:(1969)adevelopeﬁ a .general
. sipulaticn model -of - fish populatigns,Tand tested various
pa:veéf sc?emgs'cn~the-moael;fothe:ucongerﬁs-have been féiééd
-about overexploitation insmﬂltiple-stock'fisheries (Paulik -
ﬁpgrs?on, and Larkin-1966;aﬂiiho;n:1976)¢¢T0‘date, there-is no
"gepe;al'solutionwtOwthe*optimal'explqitationwprobleﬁ of age

: structure population when,recruitmgqg,erequ'upon~StOCX size, .
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. .. The source of much of «the difficulty with optimization is
W.£p§,ﬁ;urse of_dimensionality”w(ggl}p§931963).gfor‘tbezmixed_
v-fishe;y»prdblem:considered in thisithesis, one has to deal with
-ail possible combinations of abqnéanceﬁqf two age clases ofb
cohc and five age classes offchihook.} Unfortﬁnately, some
reduction in the problem is needed in order to apply current:
technelogy.. . |

The simplifications used in the model is to assume that
recruitment is constant and that there exists an initial and a
_térgét esCapement'abundance‘fonwgachiagezclass of each species. .
Tﬁehoptimization problen. is to determineran'optimalfplan of
within season -operaticen that:maximizes total benefit-frdm~tbe
fishgxyuahd maintaigs.target escapement:pa#uiatibns.fThe-mbdel
aésumes each age class of each species is separate from the
cthers . in its biology. . The only interaction is invthescqmmcn
exploitation cf all:the fish. =

Another complication in the'analysis~ofsthis;fisﬁery-is the
,.diversitymdf‘the-available controls.;The:taSk ofﬁdesigning a-
complete pottiblianf.controls.vith-amsingle-compﬁtational-
4procedure.15»very'difficultf;Thepénlyfoptimization~tc‘be:done‘
xin.this=thesis-is'to determine,sgasqns.ofsfishing for both
fisheries.foptimal.séasons will be studie&wnnder¢varioﬂswéize
~limit requlations and under a,vérigty_of~c§tchability B
cbefficients representing a variety;ofwPOSSEhle-gearv

-restrictions,



Bag limit changes and area CIngres;fbrnthe sport fishery

are not considered-as: control -options, Piqure 29 shows the:
| frequency of bags per boat-day for sport fishermen who keep. log
books for the. Department of Fishe;ias~(§;ﬂ;;Argue pers., .Coff. .
;)«,A‘bag'limit-reduction to. one fish per angler-day corresponds
to a limit of two .and one half_per-bggteday;gThis;reductidn'in
bag could produce an ‘approximate 15%;reauction.in inmediate -
catch,-butuuouldnresult.ip an=u1tim§tehréduction~in catch of
cnly 2% to 10%-(Allen 1955), The comsequence of a'seVere'béq
~limit on spavning escapement could be considered minimal at
_best, A less severe bag limit. of one ChihOOR,‘stib.salmcn:total
. per angler-day has been'suggesteq-and,xas found completely.
unacceptable by the sport fishermen  (Sport Pish Advisory.
. Committee Meeting, June 23;-1?78);::
Area restrictions on thef%port.fishéﬁmeﬁ;ha#ewﬁegn“vw
Gdigpqunted;on the basis of*thsmiyeggggié§”t§?yjyculd-939&5?&3:
;ﬂithih{théytburist indnstry;plf.spme-ateaS”weréfclosed during
.peak tgurist)times,athe¢diSQarity.am§ng resort operators in the
-affected areas wculd be.unacceptables -

The following sections describe the four ma‘jor components

-of ‘the optimization model: fish dynamics, effort dynamics,

controls, and revenues.
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< P Eish Dynanmics

Themfish model is a standard;rggdgqgenbounter-model.,mhe
‘“gpqug.in a class of fish during;peripﬁ k. .is governed by the
} féllowing ordinary differential gquation:

dx (i,t)sdt = ~[m(i,k)+(1(i,k,c;¢(1—1fi,k,cy)v(cyys.
u(k,c)E(k,c)qii,k,c)
+ (1(iskesy (121 (i, k, 8)v(8))
u(k,s)E(k,s)gei, k,s) Ix(L,t).
kK S t.S kel k=lweenl ., d5T,0007
v_yhg;g:g.m;i,k}.is;the sum"ofvna§u§§¥¢?p:tality rate, migraticn
| rate out of Georgia Strait;fﬁ%pégpatu;eJrun timing for age
and species i during-pe&io@5§;  Q
l1¢i,k,c) = 1 if age and sggéiesqgishﬁi is over the
cconpercial size.limit;
1(i,k,c) = 0 if«age“andn39§g§gs_f§sh i is upder the
compercial size "limit; . |

'vl(i,k,s)-= 1 if age and.specje§ ;ish’i is over the sport

size limit;

- 1¢i,k,s) = 0 if ‘age and séégies'fish:-i is under the

sport size linmit; |

- v{c)-and v(s) are shaker g?qulity_rates for commerqial

vandﬁsportﬂfisheries-respectively;-
.“:u(k,c)and.uxk;s)aare*the»cqntrols for the cogmercial:apd

-sport fisheries respectively during period ki

E(k,c) -and E(k,S)~arE‘the'effortflevels'for,the~ccmmetcial

~and sport fisheries respectively .during period k; .
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g(i;k,C) and~g(ifk,syvare"thencatchaﬁility:coeffi¢iengs
for age and species i, :in thegcgmgercialnand sport

-~ fisheries respectively; |
X({(i,t) — the number of .age and_spgcies_i.fish;available'at
~time t; .
x{i,k): - the number of ageiandlgpecies i fish p:eséht»at’
- the beginning of period k;-
 X{i,1). = the number cf'age;ng:species-i fish,present;at.
the'beginningvof'the»year;..
ﬁ - the 24 bi-monthly periods,iy a year. .
The seven classes of fish are two ages of coho and five-of
chincok. .
The~assumption-of»:andomAencqpntetﬁis;guiteatenucus.wnack
.of information on the process of4engqun;gruand'capturepinumost
.fisheries precludes the use of-othe::pcssibie*forms of the
mocdel. .In the Georgia Straitrfisheryf,fishing takes place at
re;atively-localized\“hot~spots”;;1t iS'nOf clear whether
_Success is-a,proauct;of-theﬁaggrggatipn-offthe fish or of

different behavior of fish in the fishery areas. .On the cther

the range of stock sizes normally present...Because there is

little known about-the process underlying successful capture,
the number of tenuous assumptions required increases with the
-complexity of the model, It is therefore more prudent to make
‘'one’ bad assumption {(randcnm enébdﬁ%@rYW£haﬁ“ﬁén§‘vbrse“onéé::
. Integrating Eguation 1 ué gets. ... .

YA, ke -y (,k) = -[n(,k) +(1(i,k,c)
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+ (1=-1¢i,k,c))v(s))utk,c)E (k,c)gli,k,C)
+ (L{i,k,s)+(1-1(i.k,s))v(s))

u(k,s)E(k,s)q(i,k,s)]

(2)
where: yv(i,k)=Ln(x(i,k))
At this point, we may define

F(i'k) = Y(i'k*‘”'y (llk)

The random encountar model (Ricker, 1940) relates
instantaneous rate of catch, effort, and population aé fcllous:
catch = effort x catchability coefficient x population

Therefore, catch per unit effort (CPUE) may Le written:

CPUE = catch/effort = catchability coefficient x populaticn

or
CPUE = gx
Sport effort is assumed to be propcrtional to CPUOE, Therefore,
E(k.s)=c(k)giq(i.k.S)x(i.k)l(i.k.s)
i-1
(3)
where: «c(k) is the time varying coefficient shown in fiqure
16, it may be viewed as the marginal effort generated by a unit
increas in CPUE, Ccmmercial troll effort is assumed to saturate
with CPUE.
E(k.0)=a(k)§ag(i,k.C)x(i.k)lli.k.C)/rb(k)*

T
% qli,k,c)x(i,k)1(i,k,c)]
1=1 -
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{(4) -
vhere: a and b are depicted in Figure 24 {(Note: response is

assumed for. legal sized fish only). .

The only controls for which optimization is done in this
thesis areAthe seasons of sport and troll fishing, ;Therefore:
u(k,c)=1 if commercial fishery is open in period k;
u{k,c)=0 if commercial fishery.iS-CIOSed in period k;
ufk,s)=1 if sport fisheries fishery is open in period k;
u(k,s)=0 if sport fisheries fishery"islclosed in period k. .
Note that u=1 does not imply that fishing will actually occur;
equations (3) .and (4) may produce low fishing pressure if ‘the

stock size is low or, in the sport fishery, if it is winter, .

324, ~ Revenue -

Revenue is generated from:theicommgrcial;fishery in thg'
form of catch and in the sportmfiéheryhin the form of effort. .
Sport effort is dependent upon catch,. so for the purpose of
optimization, revenue frcm~thé;sgqrt fishery can also be:
represented in terms of: catch. .The dVgrage CPUE. in the sport.
fisheiy is approximately one :fish per boat-day. ,Therefore, the.
price of a sport caught fish can be assumed the same as the
value of a boat-day of efiortaﬁThe revenue expression is taken
.to be the sum of the components due to fishing on the right

- band side of Equation 2, weighted.by the price and size of fish
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caught.
T
B(k)=u(k,c)E(k,c) F(k,C) 2 1(i,k,c) w(i,k)g(i,k,C)x(i, k)
+ u(k,s)E(k,s)p(k,sﬁiil(i,k,s)q(i,k,s)x(i,k)
- (6)
where: w({i,k) is the weight of age and species i during period
k (Fig. 6 and length weight relationship);
I(k,c) is the price per pound of commercially caught fish
during period k (Fig 27);

F(k,s) is the price per fish in the sport fishery (Figqg.

29) .
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L4, OPTIMIZATION

With the inqredients defined in the previous chapter, tke
optimal control problem is to find
u(k,c),u(k,s),x(i, k) k=1,...,n i=1,...,7 (Equation 1) that
maximizes R{(k) (Equation 6). In addition, the populaticr
levels after period N (x(i,N+1)) should not depart dramatically
from target levels (X(i)). The later condition can be
formalized by a terminal payoff function, .

G(x(i,N+1)) = = d(i)(x(i,N¢1)-X(1))

where: X (i) is the tarqget level of age and species i;

d{(i) is a parameter used to‘ueigh the terminal ccnditicn

against the within seascn benefits,
" The rroblem is fcrmulated in the method of "Lagrange"
multipliers (Kolman and Trench 1971, p. 224; Clarke 1976, f.

250).

To ease the notation and differeﬂtiation, the formulaticn
wvill be carried out in y(i) rather than x(i). Recall that vy (i)
= Lnx (i), hence x(i) = EXP(y(i)). The problem may then be

~expressed as

N 7
Maximize {5\ R(k) +ZG}
k-1 i1

(8)

subiject to
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Y(i, k+ 1) =y (L,k)=E(k) Kk=T,40.,N

0 < utk,c),u(k,s) £ 1

(9)
The Y"lLagrangion" for this prchlem (Clark, 1976) is:
™ 7
L = ZTR(K)-Z 2z (Y (L, k+N) =y (i, k)-F (i, k)1 + G
e 1= : _
(10)°

Whera: z is the Lagrange multipliér.
A ﬁecessary and sufficient condition for optimality of a pclicy
U{e,+) 1s that L must be maximized with respect to all v's and
d's.bbifferentiatinq with Tespect to v and rearranging terms
ﬁrcéuces
z2{i,k-1)-z (i,k) = dAr(k),/dy(i,k) + z(i,k) dF{i.ki/dv(i,k)
| | K=2, 000 N
(11
Z(1,8) = dGcsdy (i, N+ 1)
{12)
rcr Equatiqns 2 and 6, note that L is linear in the u's,
Thérefore, to maximize L with respect to u, the following
conditions must ke satistied:

' 7 ‘ 7. .
Flk,c) Zw(i, k)i, k,c) ¢ Zz(i,K)[1(i,k,c)¢(1-1(i,k,c))v(c)]

1:1 i1
u(k,c)=1
7 7 :
ptk,c) Sw(i,k)1(i,k,c) » Sz(i,k)f1(i,k,c)+(1-1(,k,c))v(c)]
-1 il -
u(k,c)y=0
7 7 - ‘
pik,s) Sw(i, ) Ll(i,k,s) € 22(i,k)M1(i,k,8)+(1=1(1,k,s))v(s) ]
i1 -t
‘ ‘ u(k,s)=1
7 , 7
plkes) Zw(i,k)1l(i,k,s) 2 Lz(i,k)rl(i,k,s)+(1-1(i,k,s))v(s)]
4 il - .

u(k,=)=0

(13)
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' H,2,» The Algorithm.

Some methods exist to handletghis,prohlemggone could soive'
for the seven times 23 x's and z®s and two times 24 u*s. This
approach would mean solving a 5ystem;of 370 non-linear
equations for 3790 unknowns,'and'wguldLhe prohibitively
.expensive, Fortunately for«this:stuéy,,itruas possible to
derive a. much simplerfptocedure,@similar.to.”policy interation®
- (Howard, 1960). .The procedurezigyo;vesJthetfolloning'steps:

Step 1: Pick a set of u's,.

Step 2: Solve ‘Equaticn 1 iornard to time N using current

best estimate of the optimal u's, .

Step 3: Determine’z(ﬁ)-and‘solve,eguation (11)y. tackwards

from N to 1 using current u's, .

Step 4: Using z's.*determinefaxneu;setvof-u's‘accé;dinq

to 'equation (13).. ‘

Step 5: 1I1If, during tuo~ite;§tgggs;fall_x's,.z}s,.and‘uls

 remain unchanged, then»stqp;ve;se;gonto‘Step‘Q.;

No theory exists-concerning\the numerical properties of
this algorithm, -Puterman and.Brunellg,(19?ﬁ)ahavevcomparsd
pclicy iteration to the*"Neutcn@fmethp@«of non-linear
programming. .Convergence of the algorithm .is not guaranteed.
However, if the algorithnm stops,gthen,a'solution to the -
“"Lagrange" problem has beenvreaphgdaggd it :is guaranteed that

the resulting policy is. locally cptimal, .
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The optimization-proCedure,dgsctibpazin=the"greceding
section requires initial populatiop.siies {x4i,1)) and target
population sizes (X(irrvahevpopula;igntsizes used in this
study were taken from the simulation model. -An initial
pcpulation structure is used to start: the 'simulation then, as a
conseguence of ccnstant recruitment.ag equilibrium population
structure is reached after six years. The final populaticn
structure of ‘the sinulaticn model is likely the-best availiable
estimate of "current? conditions in.the Georgia:Strait,. .The
optimization uses these values (Tablé 2) ‘as the x(i,1)s.

_An important parameter in the optimization is d(i) (Eq..7)..
The magnitude of 4{i) determinesrthg_degree-to which X{3i) is
met., Differentiating G with respect to y(i), leaves d(i)...
Therefore, d{(i) ‘is the terminal value of z(i) arnd the basis for
calculating the rest of <the z's. The z's have an. interesting
intetpretaticnljln-econcﬁics,.they arg‘knounzas:the “shadow"
prices (Intriligator 1971)¢gIgnoripg4sizealimits.and shaker
mortality, systen (13):stateS*thatqifmthe“shadov~priCehof a
fish left in the sea is greater,thapzthe price .of the :1anded
fish, then the optimal decision. is to leave'theffiSh.in-the
water. .On the contrary, if the fish is morervaluableﬁinuihe
boat than in the sea, then:-the:fishermen should be allowed to

fish.,



TABLE 2.

Coho

Ocean year
Ocean year

. Chinook

Ocean year
Ocean year
Ocean year
Ocean year
Ocean year

bW N e

Initial and target population sizes

Initial 1,800,000
Initial 1,080,000

Initial 1,300,000

Initial
Initial
Initial
Initial

980,000
490,000
142,000

17,000

Target
Target

Target
Target
Target
Targct
Target
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1,080,000
0

980,000
490,000
142,000
17,000
2,500
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The z's represent the.value.of leaving~the-fish“ih‘theréea
tc-be“canght*laterfwhen~they:ﬁréjlargerMandumore“valna%léﬁjThef-
'2's also include the cost of violating target escapements.  The
value chosen for 4 (i) can.bé“intérpreted“as*tﬁeﬁvalue%of'»
leaving a fish in the uatet;fo;Hfgtn:e@benﬁfits.¢These;beqefits
ray come from the offspring if the fish is allowed to reach the
spawning grounds, or from.thé-vélue.pfgghe;fishﬁin next years
catch, -

For the optimization in this thesis, independent estinmates
of the d's vere not~avai1ahl€.;Therefore,'suitable values had
toc be found by other means. .The approach used was to assune
tha@ thg’d's shoqld“be‘proportional to the landed value in the
-cconmercial fishery of a fish of age and species i in the last
period of ‘the year. .

d(i)=rp(E,N,c)wli N -
| (14)
A search for the value cf ¢ vhigpwggﬁgrateava pelicy that met
the terminal values (X's)-most'clqselyvresulted in r equal to
0.07 and left an average trivial discrepancy of €.,71% from the .

target X%'s, .

The method described in the last secticn fourd solutions
very efficiently in all éases;;Convergence was obtained in four
or five iterations of the algorithm. ,The calculation included
sclving equation (1) and eguatiop {11 .-five times. -This

computational requirement is equivalentfto running the
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sipulaticn model eight to ten years., .

Table 3 shows intermediate policies obtained as the method
ccnverged on an -optimal policy.for 2cnrrent" conditions. . The
initial policy’used in all cases . included sport fishing all
year and no commercial fishinq.wThis policy underharvested the-
popqlatiens leaying ap‘ave:agegpflﬁs%,too many fish. .The next
policy computed by the algorithm closed up both .fisheries - all
.year around. ;This policy over ha;yé§tg§ the-popu1ation leaving
an average 17% tco few fish.,Theanextagplicy:closed the sport
fishery for the months of Januagywthrough March and closed the
commercial fishery from aanuaryupnti;uaune 1, ‘leaving ‘an
5&erage~of 0.5% too fewv fish, The final:policynleftﬂthe-spcrt
seascn unchanged and opehed;thegcgqmergial,fishery.one:ha1£4.

menth later. .

The first optimization-resulyﬁgbtainedlwas using nominal or-
f"best quess" parameter estimatesa§pd the assumption that
management will attempt to maintain current age- structure and
escapement levels., The optimal pclicy for this case is
presented in Table 3, final iteration, .

There are three major differences between the optimal
pelicy and current management practices: - 1)..The -optimal policy
closes the sportffishe:y during the winter. .2) The optimal
pclicy opens the'commercial,fishery‘qune’15nas:opposed-to:then
current- practice of Apti1‘15fopgg;§g.£o:.chinoqkpand July 1

opening for coho. 3) The optimal policy leaves the commercial
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TABLE 3. Intermediate policies for computation of optimal policy under
"current”" conditions.

FIRST ITERATION

Jan Feb Mar Apr May Jun Jul BAug Sept Oct Nov Dec

Sport 11 11 11 11 11 11 11 11 11 11 11 11

Troll 1111 11 1111 11 11 11 11 11 11 11

Average deviation from target populations - 17%

SECOND ITERATION

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Sport 60 600 00 11 11 11 11 11 11 11 11 11

Troll 600 00 00O OO OO 11 11 11 11 11 11 11

Average deviation from target population - .5%

THIRD ITERATION

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Sport 60 00 00 11 11 11 11 11 11 11 11 11

Troll 00 00 00 00 00 01 11 11 11 11 11 11

Average deviation from target population .71%

1 - fishery open
0 - fishery closed
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fishery open during November -and December.,In practice, the
fishery closes in October.,The:majo;lreason for these -
differences is the higher:value of<commercia11y~caught‘fish
during the latter months of ‘the year. Both the rising price per
pound (Fig. .27) and increased weight per fish, due to growth,
contribute to a very high value per fish in the commercial
fisherywduring“thEW1ater~months;iUn?er~tﬁesewconﬂitions%ﬂitwis
better to leave the fish in the: water during;thq;early $9§£QS
~anavtONharvestﬂthEm~Iater”wﬁenﬁtheyfarE‘more;vaiﬁabléugx

The optimal policy was cdmp&reg,to;gnrxgntgseaspns_nsggg_
the simulation model. Closing the‘vinter,spgrt;fishery.resulted
~in a 140,000 dollar decrease in sport benefits, which was
offset by a 140,000 dollar increase in the -commercial landed
~value., .The net change in value using the-optimal policy was

insignifigant. -

Much of ‘the impetus for the development of the Georgia
Strait simulation model ‘and this optimization exercise has ccne
frcm concern over conservation of the fish stocks. This concern
can be interpreted as an increased value of fish left in the
water after the fishing season,;ntsegigs.ot.cptimal,policies
. were developed using increased yglues-ofrthe:r parameter din
Equation 14, ;Figure 30 shows the effect of increased value cf a
fish in the water at the end-ofrtheayear-onuthe:optimalAfiShing
seasons, As r is.increased,-the;leﬁgth.of~the:seascns decrease,

The sport fishery is confined to the summer months when it has
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Georqia Strait with Respect to Increased Escapement and
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the highest value, and commercial. fishing is delayed tc the
- later months when the fish have the highest value. .The abrupt
change in the sport season where r . is: changed from 0. 34 to 0,16
reflect the "square” nature:offthefsportﬁfishery:value’curse-
(Pig. .28) . The sport'fishery.va;uggqpyyejis'surely.smoother~
than the curve assumed in this ﬁcdel;wﬁowevet,‘its #real” shape

is still uncertain., .

4, »Size-Limits-

Optimal fishing seasons'iergggggputgd‘for various size
limits, Figure 31 shovsfthe;resgltinggpolicies.yIncreased size
limits had little effect:npon«théﬁspoftnfishinq season. .The
séort fishermen are assumed to-;equndito legal sized fish-
cnly. .Therefore, the‘harvest:of\uadersized fish contributes to
the kill-through shaker mortality, but.does not contribute %o
the value of the fishery, .The results show .that, for size
- limits at least up to 20 inches, ‘it . is never optimal tc have a
winter sport-fishery. .Increased size»limits, on both the sport.
and commercial fisheries, from.Present‘to 20 -inches allowed an
expansion of the commercial fishery to the same season as: the
sportsman's, .

While increasing the-sizeiligiﬁ,,ityaas=foundgnecéssary'to
decrease the value of r so as not . to 6vershoo£utarqetn :
population levels, .The results for the 26'inch=size:1imit»are-
puzzling. At 26 inches and a value of -0 for r, the optimal -
policy is to-open-the'cemmercial=fishgryythe;yean:round,.hut 

not to include 'a winter 'sports fishery. This policy resulted in
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Piqute 31: Optimal Seasons for Sport and Troll Pishing in the’
Georgia Strait with Respect to Increased Size Limits.
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an average of 21% tcc-many fish in the water at the.end of the
year. .Opening both fisheries all year*round'with a 26 inch size
linit does not violate the target4pqpu1ation.,ﬁouever, r must
be negative for this policy to be . optimal: Interpretation of
the shadow price being negative is difficult. However, one
coculd speculate that it is an artifact ‘of the "current™ age and

species structure, -

5.5, - Increased Sport Efficiency-

The catchability coefficient‘isgthg"mqstﬂuncertaih
paramete:“in~theﬂmo&eiiﬁTﬁé“uncertaintymariSES?bechse”“"
catchability is computed fronm pa;yg@;;pggtalj;g;rggés,,ggﬁgk,w
effort, and”éscapement,“dll'ofvyhiphﬂarEfproneﬂtnﬂerrbtapcatbh
and effort data for the.commgncia@&fgghe;y,is¢;ga§onahly;sgundgf
However, sport fishing statisticéAare_based upon spall samples
cf the sport fiShing-fleet,-and a:é believed to be badly Liased
(Arque Coursley and Harris 1977). Catchability also enters into
the-calculatién of catch per unit effort, frém'ahich the sport
effort response is predicted.

The efficiency of the sport fleet is increasing and will
likely continue tec do so.}Thereferestptimal policies were
computed for increased sycrt.catéha?§lity-to reflect both
uncertainty and future increases in;§port:efficiency (Fig, .32). .

As the sport catchability. increases, the anmcunt of fishing
-allcwed in both fleets iS“reducedﬁg;gain, the sport season is
-confined to the summer-and~the¢cc@mergi;1fseason to the end of

the year. Increased sport catchability results in both an
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increase in the amount of effor;lgnqnap increase in the impact
of any unit of effort on the-fisﬁ‘stocks,;As.sport*effiCiency
increases, the value of a fish left in the 'water (d(i)) must
also increase to provide-for,ehbugh fish at the end of the

sSe€asch,

+5+6, ~ Enhancement -

Enhancenent was represented hy”ingréasing.the initial
abunéance-of the two age classes Qf coho {Tab., .4). .The effect
of doubling tﬁe numbér.efrcoho;ob the optimal seasons was not
dramatic, but'thé direction Was,significant.,Thé optimal
pclicies Qere:to delay the opening ofnthe.spo:t season until-
the béginning of Hay and start‘theutroll-season the first cf
-July. .Hcre severe restrlctlons in flshlng were: requ1red in. part
to offset ‘over harvest. The average departure from target |
conditions was 8% more fish than needed. 2all theﬂchinook.ages
were overharveéted;;The second and fifth year chinook.uere‘the
m&st.severly.OVerfished (15% and 16$LrespeCtively);;Overfishing
cf*theiéhinOOR was compensated by 96% more coho present. than
necessary at.the-end'of-thevyearswﬁxagtlyathis type of result
-is necw occurring in the-Georgia’ Strait, with large excess:
escapement of coho to hatCheries:suchlas Capilind;gJudginngxcm
public reaction to government dégisions to sell«these;excess
fish, ‘it might be a good idea:to model the terminal cost term G
- {equation 7) to reflect a penalty on high as well as low

deviatons from desired terminal stock sizes. .
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‘Table 4. Optimal season with enhanced coho

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

Sport 60 00 00 0OO0OC 11 11 11 11 11 11 11 11

Troll 00 00 00O 0O OO OO0 11 11 11 11 11 11

Deviation from target populations

Coho Chinook Age 1 Age 2 Age 3 Age 4 Age 5
96% : -.4% -15% -1% -2% -16%

Average deviation from target population - 8%
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This result may have Serious jgp;isa£ions for enhancenment...
Enhanced fish, by stimulating'fisﬁigg“effOIt,‘may'cause the
.overexploitation of unenhancednstocksgfgestrictiens on-fishing
may need to be more severeifalso,fg poor decision regarding the
opening or clecsing of any fishery may,-hy-Stimdlating-larqe
amounts of fishing effort, be very costly in terms of.

overexploitation of unenhanced-stocksr;
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-Cenclusicns can be .drawn in three areas: the management of
this particular fishery, the computational scheme proposed, and

the importance of optimization in. resource management. .

~6styt GoOTUiA- Strait Fishery.. . .

_One.of ‘the main Fufposes for huilding .sizple models and .
determining optimal policies undegua éimple'setjof assumptions
is to see how sensitive these'models.and.policies are to parts
of the system about which there are large uncertainties., .In the-
model presented here, there is:gncertaiptyﬂaboutvall the -
parampeters; there is a150fveryzlittle'gnbwnyabout:the’abundance'
of fish in pre-spavwning age»classe5ngﬂalexamination, there are
tuwo components which enter the model quadatically: the
catchability coefficient and the . stock abundance. In the single
stock case:

rate of catchzé:(a + bgx}qx
Errors in estimates of the g's will result in a square effect
cn prediéted-catch.fErrors in assessing the abundance of a
cohort will also result in large errors in predicting catch
frcm- all cohorts. Optimal policies are in turn very sensitive
to' the catch. The amount of time that the fisheries are clcsed
reflects the potential for the.catch:to violate target

escapenents, Therefore, the policies of clgosures are very
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sensitive to the unknown éuantitigs catchability and atundance..
The major conclusion regardiqgvthe Georgia Strait fishery

is that, under the assured price schedule-ia both the sport and
commercial fisheries, there were: no cases.tested.where a,winter
sport fishery is cptimal. There -is little confidence in. the
particuiar price schedule used iﬁ'thisﬁthesis.,ﬂcuever, the
geneial tiénd of sport fishery,heing.mqre valuable ‘in the
summer than in the winter is likely :a good assumption. . The
analysis shows that fish should be left in the water in the
Qinter/so they can be harvested‘during the more véluable summer .
sports fisherf.,The analysis also shdws that season clcsure can
be used as a tool to:'insure escapement from the Georgia Strait:
fishery. Dramatic ihcreases in the number of fish left in the
water after the fishing season best obtained with a summer
sport'fishery and a fall comméiéial fishery...

Allen (1954) discusses the Qse of éize lipits as a
fisheries regulation, "Size limits may be used either to
" maintain a sufficient breeding stock, or tovpromote'the maximum
catch of the desired kind. " Maximum catch can take on three
different forms:

(1N TheAmaximum.total nunbers of fish, independent of

size;

{(2) The maximun numbei of 1arge fish; and

{3) The maximum total weight,

b
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In this analysis, the sport:fishery-is assuned to cperate
under the first cbjective (maximum number).;In such a case,.
Allen concludes %“,,, no size limit should ke applied so that
anglers can be allowed to takefas many fish as, possible before
they die from natural causes", Snze llmlts in the Georgia
Strait fisheries have been defended upon the basis of
maintaining breeding stocks. .

"It is true that one of the reasons for ‘size limits in the

fishery is conservation, . However, the commerc1al fishery is

operated with an objective'resembllng.(B)eabove.¢81ze.l;m1ts in- -

both fisheries are in fact mechanlsms for dlsterutlnq
benefits betwueen the two users of the resource..For example, a
larger size 1limit in the commerc1a1 than in the sport fishery-
allows more smaller flsh for tao purposes, One purpose is to
allcw the small fish to grow blqger and more valuable for the
commercial flsherman. The other purpose 1s tc make available to
the sportsmen more of the smaller and more abundant - fish,  The
analysis shows size limits can be.usedvasllnstruments to
increase escapenent, . However,,the'odfrent policies of size
limits and seasons appear to be almed at dltrlbutlng the
harvest and not at preserving the stocks.;

The computed optimum policy: does not dlffer qreatlv from.
the present practiced policy in e1ther appearance or
performance (Table 5). .Earlier results indicated that to match
current conditions one pust maximlze‘psesent within season
benefits and attribute near zero Qalue to stocks leftain-tge:
water., ,The current policies and tdeif resulting allocation:

between commercial and sport fisheries, have evclved due tc
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Table 5. A comparison of the optimal policy with a variety of other

policies.
Chinook Coho Troll landed Sport landed

Policy Escapement Escapement Value Value
(1) .
Present seasons 34,879 124,861 $2,300,000 $12,640,000
(2)
Optimal seasons 36,577 124,660 $2,440,000 $12,500,000
(3)
Optimal seasons 49,572 177,390 $2,900,000 $ 8,180,000
with 20" size :
limit both
species, both
fisheries
(4)
Present seasons 50,000 149,000 $1,400,000 $12,000,000

20" sport chinook

size limit.

Troll effort con-

stant at 40%
present maximum
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political and economic pfessures frcm both groups...The relative .
value of sport versus commerc1a1 flsherles used in this thesis
is likely a manlfestatlon of thece pressures. Bv submiting to
these pressures the manaqement has put foreward an ohjectlve of -
m311m121ng present benefits rather than_conserv1ng.for the
future, . o

The focus of this thesis has bses the within-season

management of the Georqia-strait fishéfy-nn technigue for -the
development of seascnal manaqement plans designed to meet
annual goals has been presented, The lonq term goals and
consequence cof policies have not been the subject of ‘this
analysis. The time is right for a look at the fishery, its .

objectives, and dynamics from a long time perspective. .

The evaluation of policy,design metpods can: be approached
from several points of view, .The predlctlons and policies
generated from any form of ana1y51s must be intuitively clear,
for if there is no reasonable-and 1ntu1t1ve path by whlch'cne:
can reach similar conclusions, then great doubt should be
placed upon the computed answer. Conversely, reasonable . results
frcm most technigues of pelicy_de51gn pould, in hindsight, have
been developed without the mathemstical and computational
trappings, The ccmputer'heccmes<necéssary wvhen the: arithmetic
becomes too cumbersome for pencil and paper. Furthermore, itsis
unlikely that the human alone can fiﬁd the right combination.

and sequence of steps in a finite period of time to arrive at a-
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correct and reasonable solutionoto a manogementﬂprobleo.,

A promising approach to polioy design and analysis is
sipulaticn modeling. Modeling allows the synthesis of data and
known processes with the not sovieli known and guessed at
processes.  The kncwn and the uncertain are glued together to
form a dynamic representation of the Qroal" system, A
laboratory world is created into vhlch one can make management
interventions and observe predlcted results, ,Alternate policies
can be evaluated for their performance in the model world
without risks of damaging the real world.,There"are several
ways to use a simulation model for pol1cy design. .One method
invclves the use of the szmulatlon model to exhaustively search
fo:.best control pol;c1es {Peterman 1975,41977),;0thers use
more formal optimization techniques on simpler models and then
apply the contrcl policies to the.laiger_models'(winkler 1975,
Hoiling and Dantzig 1978).,The oethod presented in this thesis
preserves all of the compcnents of the simulation with the
exception of a longer tern persgecfive,land even long tern
effects are partiaily accounted for ihrough the specification
of desired terminal stock sizes. A formal optlmlzatlon
technigue is used on the complex and detailed simulaticn mcdel. ,
This fact makes the described methodoloqy a most powerful
optimization procedure for dealing with large scale, ccmplex,
and multidimensional models. . “ |

The Georgia Strait problen vos ; good test bed for the
procedure.:The cconputation was very officient, reguiring little
more computing resources than thehsiéulation model. ;The

ccmputational requirements are only proportional, not
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geometrical to the dimensionality of thé model like methods
such as dynamic programming (Walters 1975).;It is hoped that
the described method will prove'ﬁséful*on‘cther resource .

management problems, .

6.3, QOptipmizaticn and Resource Management-

The final area of discussion relates to the propriety. cf
optimization in resource manageﬁent;problems.,ﬂodeling,of
resource systems has been of gréat hélp,in,pcintinq to
uncertanties and gaps in cur understanding of behavior (Holling
et al, ;1978). Hodels, however, aré éﬁly simplified
characterizations of how we believe fhe world operates, A great
deal cf cauticn'must'be-used'whén‘extrapolating the model to
the real wvorld, .Optimization as aﬁ extension of ‘the modelirng
process allows us to judge the iﬁyo:fance of uncertainties and
of ‘ignorance with respect to the way in which we value the
world (Walters and Hilborn 1978).Jqu eiample, the sensitivity: .
of the optimal policy of season cloéures t0 uncertainties atout
harvest efficiency and fish abundanée suggests that increacsed
undérstanding of harvesting and pre-spawner abundance may- -
increase the benefits of the GeOrgiaIStrait'salmon LeSOoUICES, .

Another function of optimization is to identify
uncertainties aﬁout‘how We value the outputs of complex
systens, ,The optimization of a simpie model under a particular
objective shows us how we should ﬁehave if we value the world
in a particular way. If the optimal policy generated under one

objective function is unacceptable, then the optimization
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exercise has demcnstrated a discrepancy between the explicit
statement of our value system and the way in which we value the
world. Such discrepancies can arise through uncertainty. about
the way benefits flow from a rescurce or by an cmission cf some
critical component of the value“of the resource., For example,
one major concern to the managefs of the Georgia Strait
fisheries is the allocation of caich:betveen the ccmmercial and
the sport fisheries, /A critical assumption has been that a fish
caught by a sportsman is always mére §a1uable than a fish
caught by the ccmmercial fishery. Past policies have always
suggested the complete elimination of'the_commercial fishery
before any ccontrcl of the sportsmah.juany'people:would»argue.
particularly the"fishermen's‘union, that the sport fishermen
should accept some of the burden of conservatlon and that
elirination of the commercial txcller is unacceptable. Thus, a
discrepancy between the stated value system and a real value
system has been pinpointed for fational discussion. .Disparities
may also arise from additional amenity'or utility, over and
above the landed value of the fish, These values may be
asscciated with employment or tiadition, and predominate the
benefits at small catch levels, .

'HOptimization can be used in an simi;ar way to models, -
Modeling may help to clearly defjﬁe areas ¢f uncertainty akcut
the behav1or of a resource system. Optlmlzatlon then helps to
define uncertalntles and ccnfllcts about how the benefits of

resource systems are perceived, .
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The resulfs and predictions from the large simulation model
are numerous and varied., The presentation of the predictions
has taken on two forms, Nomograms {(Paeterman, 1977) have been
used extensively to allow managers to observe the effects of
various combinations 6f control actions. The other form of
presentation Lhas been to examine in detail a variety of
specific manaqement actions in a tabular form, Tables 4 through
7 illustrate model predictions under extreme assumptions of
shaker mortality and spoft effort respoanse. Within the tables a
va:iet? of actions are pursuéd to test the modél under z2xtrenme
manaqemént actions and to determine the affect of sonme
admissible regulations other than sport season closures, The
tables present a set of indicators which are thought to be
important and of interest to ?he peohle involved in decision
making.,

Escapem=znt of spawners'is thought to be of utmost
importance at presant, One of the managers! objectives was to
find a policy that would double escapement levels, or at least
return them to historical levels,

Indicators of the commércial fishery are catch, effort,
CPUE and a variety of attributas of monetary valus. Similar
indicators are presented for th2 sport fishery, Shaker’

mortality and the average weight of chinook in both fisheries
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The first managemant action on the tables represents the

model predictions under current regulations. It is not intended
to be an accurate account, but, to form the bgsis from which to
evaluate departures, The n2xt three actions represent extreme
requlations (rows 1-3); Note that the obijective of doubled
escapemant would.require complete elimination of the sport
fishery. This prediction suggests that the objective was
unréasonable. Actions four and five are incieased_siie limits
on commercially caught salmon, Action six is meant to emulate a
restriction of movement of commeréial trollers inside and
outside Vancouver Iéland. It is assumed that forty percent of
the observed maximum effort is from boats which would chooée to
operate exclﬁsively in Georgia Strait and that the other siﬁtv
percent would fish(outside and be excluded from the inside
fishery, Actions eight thrduqh ten are increases in the size
limit of sport caught fish, Action eleven is an'increase in the
size limit of chinook for part of the season. Actions twelve
through fourteen afe combinations of the other actions. Finallv
action fifteen simulates a one chinook per day baq»limit in the

spott fishery.
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35. 122, 2s58, 168, 9. 15, T4, 2.3 2.4 926, 532, 116, u66. 729. 0.80 1s.1 203520 11240 TLW3 11,55

{10) Sport 24" chinook

T2 2500 T ds0. 900 T he) Tl T ala 2370220 7200 258, wee. 729, 0.93 4.1 129¢. Iss. 7.45 6.2v

(11) Sport 34" chinook
Oct 1 to June 1

(12) spore 20" chinook

Troll 26" chinook

(13) Sport 20° chinook ~ VI TR e % Ve h2 T3 s 100 210, wse) 729. 0097 1h.t 165w, 523, 7.72 a.99 "
Troll sace 6 - .

(14) Sport 20" chinook G- TN IBI. S92l TN e 1.5 vl 7%, 83, 218, wES. 3. 5.9y ey V676, S3e. 7.69 9.01
Troll same a0 7 _

(13) Sport 1 chinook per . 36 1277 72500 T 1800 0. T 19l 43, 2.2 2.3 923 708, 241, 466, 729. 0.97 4.1 1358, 759, T.47 S.s6

day beg-limit

£6



30T shaker wartality troll
30% shaker mortalily apore
fixed sport effyry pattern

MANACEMINT ACTIONS

Tabkle 9: Pedictions from the Georgia Stra
+

t Simulaticr Model

:
i
- Undzr the Aszunpticrns of 30 Perceut Shaker mortality ir tte
Troll Fishery, 30 Pezcernc Shaker mortility in the Sport
Fishery and Fixed Sport Efifort Pattsrn,
IKDICATOLS
Escapecent Covrercial Troll . . Srort Shaker Average
. Yortalizy igats
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107 3 3 3 > 0d x10%  x106 x100 5100 a10d  s10d x0® x0) a0?

x10 x10 %10 x10

{0) ?resent

35, 127, 263, 188, 95, 16, AR 2.3 2.4 ¥27. B20. 136, 487, 729, .13 Ly

“lcés 252, F.uw 5,40

16, 730 8.27 6.17

(1) No spore f1shery T TSI T 300 Tss T 3. T I T wls TuLe FRYR 0. " o. " o 0. 1.30 c.o
(2) Xo troll ftehery 5%, 153, 5. o. o <. t. ©.0 0.0 Co 9C. WYu. 526, 729, 1,29 4.1 310, 199, 0.0  6.40
(3) Yo aport ftsnery W TR T T S T . 0. 0. 222 0.0 0. 6. 0.0 .60

o troll fishery

(4) Troll 24™ chinook

¢}

-~

Troll 26" chinook

4%, 129, a3, 93. 0. 17, 1. 2.2 2.0 12¢. BuB. 359, B9, 729. 1.1e IET ]

522. 30d4. 10.%1 5.70

3T sel T 20 T TeE T T T 0T 1le e Y3 857, 368, 490. 729, 1,13 14.3

Tsan o3isl 12w s.e

(6) Troll effort conscant
st 402 of present max

(7) Troll June 1 chinook
. July 1 coho

us. Jue. 137, 89, ug, S. 15, 1.3 1.3 w2, 884. 372, 508, 729. 1,21 w1

3€5. 226, 7.09 5.61%

91, " T97. T 11T s, 1.5 s 26,858, 372, wde. 729, 1,13 3.1

we. T 277 1ga)

322, 2340 1066 5.5y

(43

Sport 20™ both species

{9) Sport 20" chinook

“0, 1YL 310, 200, 109, 200 1k, 2.7 2.9 1eS. SIS, 211, 30u, 75, 0.7 16,1

Tel. 575, .ty &Lt

80127, 72960 T 199, T TTesl T 20, T s, ol 2.8 w2, 698, 212, 4ds. 729. 0.%6 141

229, W00. .51 e2.¢7

(10) Sport 24" c¢hinoox

45, 127, 314, 27ve. $7. 20. 16. 2.9 3.0 5. 630, Y84, 43k, 729, 0.36 141

€35, 460. 7.62 11.6%

549. 36, 7.50 4.33

an MM:” w“ .__n:_msmow ITTT290T 2780 Thed. T 98 19 e a.w 2.6 136 767, 23\, w3, 723, 1.35 14,1

12) Spore 20" chy - -

¢ vqmnf 260 eminook L T 2 E P P B PE T T T ou vs s o vy 100 6.1 855, &8s, 12.47 8.%5
(13) Sport 20" chinook J—— = - 679. 376, 7.7 9.09

Troll sane §

530 13907715077 103, wel e, Vo4 S 16C. 762, 259, SOB. 729, 1.05 4.1

(14} Sport 20" chinook
Troll sasce as ?

(13) Spore 1 chinook par —_—

day bag-limge

t2, 7. 204, e, 59. 13. 14, 1.7 .0 w0, JW0. 256, w8S5. 729, 1,01 e.1

697, J8e¢. 7,75 9,131

2.5 2.6 136, 751 268, 486, 729. 1.03 ta:y

e e e e

39 NI T 240 e T T G 190 T 1e,

577, 3367 257 5.9

49
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APPENDIX 2

The Lagrange system in one dimension:

N ) :
~ Max £ R{y,, u ) + G
Y, u k=1 Kk N

Subject to the constraint of the state dynamics equation:
yk+] = yk + F(yka uk)

Maximize the “Lagrangion" with respect to Y(y, :k=1...N+1) and

k

U(uy :k=T. . N4T).

N |

P:(laxU L = kE] LR(yk,uk) - Zk(yk+] -y - F{yk, uk}H

Maximize over Y:
dL

¥y

= dR/dy, + 7, *+ 7, dF/dy, - L, |

d6/dyyeq - Zy

Set eqUa] to zero:

el =4t dR/dyk + Zk dF/dyk

~N
i

dG/dyN+]

Maximize over U:

R and F are assumed linear in U therefore

u, = U

k max(]) (0)

Of Umin
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The Lagrangion system has three sets of simultaneous equations:

yk+'|=.Yk+F(.yka Uk) o k=].N
= *
.Y] N 4

Zk_] = Zk + dR/dyk + Zk dF/dyk . k=T1...N

Iy = dG/dyN+]

U = Umax or Umin 5 k =1...N



