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. "I. GeniHal In.troduc;tion

. ..

'ablinda~c:e or·catc.h per uniteffort'(C/f) in th,e commercial
..

'fis~herY-iboth of which.ha.ve inherent problems. Because of large

in t~r'annual. 'va ~ ia tic)n in rna r ine sury iva 1- r a t'es, . -p re- s ea ~;n

i

.. Pears-e·Jl982) recornmended(establiShing test fisheries on the

.coast ,of Briti'sh c'olurnbi~ to\'impr'ove within-season management:

~'n'd' u.ti~:Liz:a:ti qoo f' P~cif i c salmon (Oncorhynchu sspp."f stacks.

Herec;OIlll:'lenoed'test fi.sherres because de.clsLons on dai"ly

forcomillercial fi;;hing aremade'fbr mo;st

basis of pte-season fore~asts of ' return
. .' l

.. . -, ; :

clpenings ·or.' c16sure~
'.' .....' . ,i

. .

s~lmon stock 5 on ,.the

"

. :... ' -. ~ .

:.:- t ........

.;' .'
.,

.... ' . '.-'

....... .".; ..

'.' :.
;_....... fore;ca?f~ are typically irrtpr~c'ise (EggEHS etal. ):983). 1"0rt he

. •... '. "" .

.' I'. :-

CQm~ercial .fis~ery to pE,Qvide C./f data on which to base an in­

season. 'forecast of abundanc'e' of returns,' the fisherY m~sthe

. open' and'onceclos-edfor ao:nservation .reasons" will not reopen .
'. - -. .- ..' .

• 1.

' ...-a,'

....' ....
J . ~ '.

. inttje<absence of.'9th~r in-season, forecasts of return abundance.

. Thu~, a lar~e 6ut late-at riving salmon run 'could go. .. - .

. ').'.
~nderhar~8sted. Also, the k~y assumption in using'tommercial .

:::'
£i6h~rYC/f as ari index of abundance of returns is that t~e

catchability coefficient (q) is. constant. However, this

assumption.is potentially violated 'by a number of factors,

, ':. ...,", ~'.
CatchabiUty may vary due to changes iA

1
,st,ock abunciance and

spati~ldi6trtbution (Paloheimo and Dickie 1964, Peterman and

.'. ~.

-'...
. .

steer 1~81, Ciecco and Savoy 1985, Winters and Wheeler 1985), to

change'S ·in £1shing power (Gulland 1964, Ledbetter- 1983) as

.'.' .
:. ~ ftshe~men ~eek to inctease q and maximize C/f~ orto changes in

'., 1

i; ~
J."

.... ' ...::. :
: ."~ '. .~:.. ' .. ' : ..: .. .',

",'." ' ... '.': ';.
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, "'fishing ,effort ,(~othschild',1917, Led~\:z;.j98jJ"~ :Th~·'
'a~s SL\~'pt i ~~ i~ a160 e,xplhci tl~viola ted by ~e9til'~'tioos';' such 'as

, ' , ,,'\t" '

stib~rea closures pr ,g~ar' restri,;.4tions t.~at<decr;ease q;'" aimed a:t~, '

. '

", .
. . '"

...',
".': '. ~

::..... :<.:; .... ". ~':

" .'~-:'."

~:'.::: : .'~'

, .
.....: .

t,

,';contrdl.l i n9 'exploi tati on ' rate Ii d,e spi te e*cess iv~: nuinbe r s, of"
, ,

the basi~ of C/faTo,oe, ,as detailed ·below.. ·

, -inq requc;es the, ptecisi'on; of abundance est'i1nate's cal~uiated:'
. ..~~ .'.:' ".

~;

'from ~ommer:Cial e/f and, thereby~ reducesfhe chance that:
'. -'.: : :'- :. '.. 'j' . . ." . '-.

'inanage-meni90al~ 'will ,be met, if management actions are ,taken on
, ...•"':;:.

~t '. . . .' :

' .
: .'

~. ,: :

.>-:;

.....
"

fishing vessel~'.
- . ' .. '. . .:. ~ '-..:' - ". . Cf .

The combination of.,these 'SQurces 'oLvatiation
.. . . - - .. t

. ...,'

~ ...
"- .

'.-"

'.. ~

. -:.' : ..

An alternative to using commercial C/f as an in.,.season inOex. </
'.'. ,

, '

r.vehue ~axirnizationor by the fishery manager's objective of

of stock- abundance is a test f i she ry (Sprout a~dK'adowa1<.i19 87,.

,/inard and Meacham 1987')" unli,.ke a commercial fis.hery,· a ,te'st· .

__I fi'shery takes onl'y a small proportion of 'the salmon run: 59 it'

can ?pe ra te,con t i nuous 1y., t!1,roughou t the; run without dange r q:f

overharve.sting the stock. It uS,ually consists of a series of·
. ' ~ . .'

~t~rida~dized gillnat samples desi~ned to maximize precision of

~bundanc~ e~timates. These ~amples ~re usu,lly taken by a boat

> ,n~t irivolved.ln the commerciar fishery. 'They produce a standard

C(f that is not confounded bx\the harvester'i obj~ctive of

. /.'. ~

This standard elf is
OJ

. controll i n9 the ra te 0 f exploi ta ti on:

.' :...'"

.. ~. :

combined with arelation.shipbetween abundance andC/f derived

from previous year5~' -data to estimate daily or w~ekly ahlUndance

•... ~fe·$Capement/.if the test fi~hery OC~tl~ upriver, of the

2

'. . .. . .

cbmm~tcial.'fi8hery,or abundance o.freturns., if it occurs

"·-Clowndv~r.'Estimates ,of escapement from the test fishery are

combin,cCl with catch data to pr-odblCe' estimates of .return

..'...~: ..
......

·1'"
... :.:.....

'~":', :. :' • I • •. . • '.!" .:
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The.se' est'irnates of return. abundance ~canYn be'

h.'arvestQornponerit is indirectly ,coptrolled by regulating the

" .. ;.....: ~

···.al~oc~ting:r~'turn.s:to catch 0 r escapemen t by i nd i rec t.ly

:Mana9~~ent·0't. paci'ffc S,almQn fisher'ies is a-probl·em -cif
. ' ...')-~ . .. '. :

either the- c·atch or escapeme,nt can lead to allocations which ao
.- .. '

'.,' notrtleet manage~ent obj ecti V.es' and thus reduce. benefits ..
..- '.-. :,

.~~., ~; ~

"':comhined,with.hf~toti~alrun timing data to produce a foreca,st

,-.::

:'. -:,-/·:.f~ s hei:y?"
. . ~... .~ .:

......;...

,:>:o'fani1tial'abundance" J of ["e turn~ (Walters and, Bucki ngham 1975);·
,,: :_:.... ~ : .' - • '. .. -. '. '.: :. : :~. -' "'. '., . . .... . • , . . J • -:.t,',J

,,: <'(;,i,v.. n ,t.hat' testfisherie,~(inCUr·a. cost,th,is study addresses t~:

.ques!:i,on: ,Does the aOdit'jOnal economic benefit that ar-ises from,

'.: :.us.lr)g,t.~-S't .fishe·ry :cl;ata 'outweigh the cost 0'£ having .the test ".
, . -. .- . . ~ ~.~.. \ ,,' .. : ..: '. ' ..-'" . . '.

. '.

·4··..

.., .

. ':'J ..

'. ,-'-­
.. ' '- .

.. ;.' ..; ..

..::.;. '-"': "::.'

...... .
'\'.' .. '.

-... : .... '

- ... ,.'
:":; ".

.' . ~'. '...
. .. :

_ ." .

'.'
' ..:'

... '
: .

." 'tlrninl} and'lengthof .weekly fishery open'ings by gea\ typ.eand
..
'area. Since· t1)efisherY'manager must ,SEt these regulations i]1'

advance of the· week ly fishery open ~ ng, he· mu,s t es ti rna te the
. . . .

'.' number of vessels that will fish during the opening and also

~redict their efficiency. During'the fishing season, foreca~ts

"

r

'. ':.:'

of annual abundance of returns are. derived from both pre-season

. and in~seas-on forecasts (Fjigure 1). Pre-season forecasts are

made in advance of the fishery and are based on 1) number of

sp.awners in each bro.od-year, a stock-recruitment function, and
. . . -.. . -.

~"age~~t-return data, 2) number of ~mig[ating juveniles, a marine

. survival function, and age-at-return data~ or 3) re1ationJ~iPs

between iet,~rns at success~ages (Pet'erman 1982, Minard anO ..

"; 'Meach~m 1987,Sptbut and' KadQwaki 1987 ,Henderson et al. 1987).

bl':"'seas6n forecasts are based on cumul"ative returns to date and

3' ,
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WEEKLY NUMBER OF FORECAST OF

\TARGET FISH I NG VESSELS CATCH PER EFFORT
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Al~o, larg~r runs generally

5

,I.

" - .....'

6bjecti~es. Test fishery or commercial fishery elf provide

these in-season estimates of abundance .

returns and then mod1.'"fy fishing plans to meet escapement
. L " .

"'"..... :

managem~nt information with which to reforecast abundance of

Henderson et al~ 1987,~Minard and Meacham 1987, Sprout and

Kadowak i . 19~7) 60 the re is 'a c r i ti cal requi rement for iri-season

. . ~ .
l)istodcal run timing data (Walters and Buckingham 1975,

. Hencderso~~tal. 1987, Minard and Meacham 1987, S'p'rout and

·. Kadowaki.J1987 , steer arid Hyatt 1987 ,Fried and Hilborn 1988).

The pre-l;teason and in-seas'on forecasts ar"e combined to produce
. " {

one forecas.t which iSi-thenapplied to an aver'age historical run

tlming'c~rve tofora6as~ w~ekly abundance of returns. Pre­

'~eai;on ·.f~)[ecasts may not be very pr'ecise (Eggers et el.' 1983,

. . " ." . \ . .
'imperfeet information about exploitation rate an~ abundance ~f

· 'eturns re~~lts irr d~viations from ~heie goals. Sirice the catch

is a larg.e proportion of annual returns, s(tIallLpercentage

d~viations from annual catch obtedtives produce large devia~ions

..,,~~.

·c··The overall objective of t.he fishery management effort is to

ma., conse~ve, and enhance the anadromous fish stocks for the

. ,.gr~atest possibl~ benefit from the renewable fishery resource

(Anon. 1984) .. This involves allocating returns to catch, taken....
in the current year's fishery, ~nd to escapement, which results

in future .. catches~· catcb is allocated among g~ar types, user
, .

:-:.•..... ,.

· ·f'r'om annual ,escapement targets.
. - .. 4 '~.-.~'.. , (

..~>.:.~.. <.<::;<";'\:>'--;: '..
\';

,". "..

~ .

..!.r o •

.. '

..~ ~~.

gtou~s, and across the sub-stocks that comprise the run. Goals
,'." ~

aree~piessed as target escapements or exploitation rates, and
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The managerqonttols the precision of th~ information by·

~ -'.

I

_ :.' f" ....;-'" :

. .'.: ~

. -. ~ . ,":' ..

lead to l~ig.r deviations from escapement targets ~aocking and

/'
./

\.\ '

More and better' information will improve the chance' of

provides a quantitative framework thqt can be used for the

evaluation of these alternatives. One ~bjective that can be
\

u~ed in a benefit-cost analysis is to maximize ,net revenue"from

,

information ~ndi~ faced with an array of infor~ation types from

which to choose,· each with various levels of prefision and cost .

.but is' interested in how this change in cost r-elates to

d~~reased deviations from objectives. Benefit-cost analysis

· Peter,man '1988) .

. .
· altering the experimental design or the level of sampling effort

meet'ing these objectives by red.ucing the magn~of deviations

.... from'esca~emen't and-allocation" targets.',HQ~eVer,.~isher'Y
· . . . "

mcmager.has 'limited .resources to use for acquisition of

.=;. .,

;,
:';"'.' '.'
....: .

"'.. ' .-
interattion of· managem~nt, harvesters, and prey.

..;.. .. ~

'" .'

(.

.........

For example, the

" .-~ . .- . .
. '~.'.. '

. " .:., ", "f:·. - ...t"'.f ..-~~~ .

~dditional benefit due to th~ improvement in precision
< .

benefit of that information to the fishery.

~arginal cost of a~quisition of infQrmation equals the marginal

fishery. are moore difficult to assess due to the complex

opti~al level of sampling effort is the level where the

associated with taking one mor~ sample is just~ less than the

each a'i tern,ative . type of info rma t i on and leve 1 of sam'pl i ng

effort ~re relatively easy to measure-but benefits to tHe

cost of tak ing that addi t'ional sample. , Cos t~ assoc i a ted wi th..

6

t~e fishery (Figure 2). The optimal level of precision of

£~reca~ts of abundance of salmon returns is the level where the

..~
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. . ..;.... '.1:,
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;~~- ".:- -
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marginal'cost equals marglnal ~enerit (b), which maximizes the
~

7a

"di f fe rence between total bene fi t and total cost ,( a) .

Figu~e 2. Th~o~etical relationships between (a) total cOJt,, ,

t8tal: benefit, arid precision of.in-season forecast of return

~bundance, and (h) marginal cost, mar~inal benefit, and

. preci.sioh of in-'season forecast of' return abundance, The

optimal level of precision (OPT) corresponds to the level where
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problem but did -riot a~ply tlfeir .analysist'O a specific fishery.

'Walt~rs And Buckingham (1975) formulated a stochasticsimulition
~~ J.

mbdelof-ih~ Skeena River sockeye salmon (Q. nerka) and pink

..

.•. ~. • :••.•. "J~- :\';_
,- .-.:.-: :-.....-~.: ",:. :.t· ~ .:(. :.: .~.,

'. ~"'.

pre-season return' forecasts. Fie found that although benefits to
~

, -the fish pro~essora increasedwith~n improvement in the

, .

it.>. Mathews ..(1971) presented a simulation analysis o-f the. . .

. .
anr.ual expl\.dtation rates, perfect forecasting did not elim~nate

Bristol Bay salmon fishery and quantified.the benefits to the

processing sector associated with t~o levels of precision in

salmon (Q. gor~usdha) 'fish~ry and fo~nd that although perf~ct

p~e-sea~on for~~asts o~ 'return abundance reduced t~e variance in

~

fmproved in-season return forecasts fror;--v~, test fishery.' ~.~ulik

..

S~~e~a1 authors have studied the aa1mon fishery management

p~obl~m b~t th~yl il'ave not quantified the benefits"~n:'d costs of. -

"-'i\rid Greenough _(1-966) conceptual i zed the. salmon management

...... -
, ~ ',.

~~; ~ '.' ;.
: •...:!*••

.. : .. : -

." ..,.--- -

:~: .~

"~ i~':'~': .'
~1· '.<-

~\ :..~:

;, "

.~ .':

. -' .
. ..... .':-J:J' :',.:::<.~

• ""!..,

: ~. -

(1975) nor Mathews (1971) determined the benefits and costs of

8

increased benefit was exceeded by the increased cost of reducing

fore9astin~ e~ror to that level. ~either Walters and Buckingham

.r--"

-/

improved in-season.fcirecasts of returni. Lor~ (1976} presen~ed

an analytic model of in-season salmon management that calculated
"

a~rage de~dati~:>ns from maximum sustained yield asso'ciated wi th

mana~em~ntof_th~Nood ,iver sockeye salmon fish~ry using data
.- ....

,
ah o~timal,schedqle of ~sh~~y openings. He simulated the'

. . ;;-

;fr~m ~athews and found that more precise in-season estimates of

r$tu'rp a.bundancE! decreased the expected loss in catch" i. e. the

precis~o~ of pre-season forecasts fro~ a current error level of

-+/- 50% to an error level of +/- 10%, he contende~ that the
".

./ .

'... ~ .
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analytiCtracta-bility,. his· model greatly simplified the fishery
'. ~ . .

9

from a ~hange in management information and an estimate of the

varianc\of the mean change.' Both ar~ c~itic~l for evalua~ing
, , .

the detectability of the expected result, i.e. determining the

~ample si~e required to detect a change of the ~xpected

-magnitude given ,the' inherent 'level of masking variation in the
, . . 4-. ,

observations. The stochastic model simu~ates the weekly,

perfor~ance and improved forecasts of abund~nce of returns. It

'provides an estimate of the mean change in a variable resulting
." .." ,

and variable du.ration of fishery openings .. Stochastic.
simulation can model the complex relationship between fishery

The purpose of this work is touse'Monte Carlo. simulation to '

determine't'he benefits and costs associated with a test fishery,

incorppratin~'interannualva~iabil~ty in timing of salmon ~uns

, ,

,0 average '.',reducti-oo in ca tch f rom max imum sUS ta inable yield'. 'roO r

realism would likely require the use of Monte Carlo simulation.

that capturin'g, the f i she ry management probl em wi th 9 rea te r

~managers regulate the timing and length of fishery ,openings to

.......rtreet weekly objectives for c,atch or exploitation rat;.~" He noted

',:b~hav{our-'of a commercial gillne~ fishery for sockeye salmon (0.

nerka) a'nd consists 'of' four components: 1) sockeye salmon
':• .:r"

'm~nagel'l\.ent problem. ' For example, he reports t'hatthe ra can be

. conSi~er~ble between-year va~iati~n in retJrn timing, whic~ ['
\

~ffect~ .the precision of in-sea~on·foiecasts of return

abundance, but his model assumed that run timing Was const~nt

aridkno~ri~ ~'Also, the only.m~nagement action in his model ~~. t~

open o,rclose the fishery eacrf week. In reality, fishery

.....:; .
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.The' economi c

. . '. ~

" ...
.. "

e:~tape;mentfnformation from the, test fishery .

;·~brac:a'st()'f·ret:\l'rn·ab.undance-. ' T~ calculat.e the additional'

Q~n~f:rt ;poten~iarly derivable fro~ having a test fishery,

cman~9~ment.issimulated in different scenarios with and without·

,"; s,l.1b,m6(jtH'oalculates benefits and costs.

'~':;poP\.llat·iondyriimr&$;2) 'fishingfle~t dynamic's, 3)f.i~hery
": ..,"

.. '.....- ...:
.'

~'.'.-
:"... " .. "

..-- :; .-

"

Il\~na,g~ment;" arlO-4j .ec:oriomic' eval ua tiori.,:: .::- ..... :

,'·~-CJ'~41at:f'9.~'s~bmo:4e I'consls tsof astock-,r~cr~itment' function, .'

.i .' ··~9.e'--at:-r:et~ra>QaJ~aia'ridin~season-timin9da.t~toca~ cuI a te

..... ,,:' :: .. , ':week'ly~'eturn{:tothefl~he,ry;" The ·fleet submodel .5imulate~ the
:' ". "':, .., -' .' .'~ ... ..J'~,~.' )- .,"

"nume~lcarandfunctipnal respunses efa gillnet flceeFto weekly
. '.: . . .. - . -. . - . .'

.-:,..

,;:~~:bm6deic~1Culates t,henumQe~\ of days of fishing ~equiredt,o>
c· ',' . _"

~,X~'achiev'e:it~e6:0~pe'menttarget,' 9iventhe fleet siz;:"'~rid (l
>",. -'; ." .

,:'j

. ~-" '~.' - '. .';" -' ::.
" .~:". . "

.... ,"

:"."'; .'
"I~:,:.- . . ,', . ", '.,'

···f

~,:._-_.' -.' . ~

"'Both the mean value .($ )ofthe annual catch and the mean net

.'; ~:.f~i:.·.t~~ benet! ttott:tefi she ry of improved in,..season return

\ .

The ,nextbestaiternative is'

The benefit of the test fisheii

ls'calculat~d by subtracting the value of the catch at the level

.;.l~OOslwu.la:tiOrl~ of 50'years duration, are used as the criteria

>0£ pre,clsio l1 of in-seas.on foreca.9ts corresponding' to the ne,xt

bes't':aiferriative from that at the level of preCision ~ssociated
- '.

. ,io,tecaats' from a t.e st fishery.

." - -. .

.:>present-d-iscounted value of the annual catch, calculated from
".': .'-' ".' - -.-' . '-. :.' .

'wfththetestf~shery( F-i,gure' 3).
~. ......::
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bas'edon:cqmmetcf.aL fishe(y catch per .unit effort, wl1ichever
-:.,.

c~:~;::t!~1:t~::l:::~::::::i:~..N::.::1

: :~:(:::?""::: .. calch
.: .: ,"

. .tJlth.&'r'm~Jla9~-me.nt bas'ed on' pre-season fO'recastsor ina,nageme:nt
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~e~sitivity of these estimates of benefits and costs to

uncer~ainty in parameter estimates and model structure is

determined i~plicitly by the stochastic inputs (Fedra 1980) and

explic~tly by altering the form of the model's functional

relati6nships between variables~

"Thi£ study consists of two sections. The first section

focuses on identifying the submodel fot the dynamics of the

gillrtet fl~et in the fishing area chos~n for this study, ~acific

Fishery Management Area 4. This fleet harvests sockeye'salmon

. bound for the Skeena River, British Columbia. In this section,

,I analyze the numerical and functional responses 6f the

commercial gillnet fishery to changes in stock abundance. The

second section adds the fleet dynamics submodel to the stock

dynamics and fishery management submodels. This section also

includes an analysis of sockeye salmon recruitment, age at

return, and return timing, which constitute the stock dynamics

submodel. The' final part of the second section describes the

complete model, and its use in addressing the question of the

economic benefit of a test fishery.
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II. catchabifity coe~fiCient~'~
Fisheries for Sockeye Salmon
4, Skeena River.

, ,

the Gillnet ~ Test
(Oncorhynchu~rka) in Area

:~ .. '

"'~

.',:

Introduction

Two fundamental problems-for managers of Pacific salmon

~oncorhynchus spp.) fisheries are (1) What is the ~nnual

abundarice of fish that are subject to harvest this yea!? and (2)
/ i ,

,How long should the fishery, be open to harve'~t the desired

catch? ,Salmon fisheries are classified as "gauntlet" fisheries

(Paulik an~.~enough 1966), wher~ the fishinQ gear.intercepts

sa_llJ\on passJg through the fishing' area en route to the spc\wning

~rounds. Fish that are not caught "escape" the fishery. The

-~- ~ .:
manager requi.res a foreca~t of annual abundance~of returns

to the fishing area 'in o&der to calculate the ~nnu~l catch

to be harvested, i.e. the excess of abundance over the annual

escapement objective IE ):, y.. . -
l ... ·.

..~ .~

( 1 ) '- C - N - EY Y Y ·L
..

'{:-

R
·1··..:

The annual catch objective is composed of weekly catches which

,the fishery manage~ indirectly allo~s by regulating the duration

and startIng date of weekly ~omm~rcial fishery openings, based
-'

on estimates ~f vessel numbers and stock abundance.
\

The solutions to both of ,these problems require precise

, . .~':'. .

s..·· :.

estimation of the components of the catch equation.

13
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as boat-days (€), and the catchability coefficient (q) as

is ielated to stock ~bundance (N), nominal fishing effort such

'::

~ ......... ""'_ "";;:.. :. ~ _.' ... "0,.,; ~:. ":. ,; '.. :" ..... '.,~' .',- .
; ,'::

; -
'. -.

follows (Ricker 1975):

(2 ) c .. qf.N

Ann~al sto~k abundance may be estimated durin~ the .fishing

•season fro~ historical patterns of run timing and data on weekly

'. 1 "'",stock abundan~e. Weekly stock abundance may be estimated using

catch per effort data from (1) the commercial fishery, or (2) a

test fish,ery which uses st~ndardized gear and procedures to

p~oduce standa;dized data. The desired duration'of the next

-.'-'.':- ....

...•.

commercial fishery can then be estimated from the weekly catch

objective, the number of fishing vessels,' their expected
~

ca~chabi~ity coefficient, and the predicted weekly abundance of
, ~

the stock. The catchabi~:ity coefficient is the propcfrtion of
-

t~tock caught per unit effort, q-(C/N)/f.

..
--'-.
'-. >-:.' Knowledge Q~ the dyriamics of the salmon gi11net fishing fleet

ais impQrtant to fishery.managers in order to increase the

:.~

...
, likelihood of taking the correct weekli catch and meeting ann~al

escapemerit goals. In this chapter, I test several hypotheses

~bout f~ctors that affectq in ~ test fishery and affect both q

and f in a commercial gillnet fishery. These fisheries harvest

sockeye salmon (Oncorhynchus nerka) in Pacific Fishery
•

Management Area .4, located on the north 'coast'of .. British

C.olumbia (Figure .4). This area has -the ~eC\Qnd largest mean

lSe~In-S'eason Forecasts of Annual Abundance of Returns in tl1e
nax'-t chapte r .

"':'- .'
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'F19.ure .4.paci.fic Salmon Fish~{y'Management Area 4 a~

'.SkeenaRi va r. Sockeye returns (N) are harvested in Area 4 by a

.c91T1me,rcial gillnetand seine fishery (CCF) and by three Indian

·:f(Jodt'is.heries (CIFF1,'CIFF2' C;FF3)' in Area 4 and along the

'':''~ockeye migration route . Sockeye that escape Area 4 (E) are
• Q

.< .~rnUme.rated bya test fishery at Tyee. Catch per effor~ data

~ romthi s fishery. is used with cat.ch data to forecast abundance

~i~~turns. Spawning (8 1 , 82 ) occurs below and above the
.....•.. ,"

\.
.~.' ... ,.enumeration fence at the outlet of Sabine Lake. Abundance of

'. :spawn~r"s above tl:le fence (8 2 ) is much greater than that below

'." :.-
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. 1Thi-oughout th~ ~est C1'f this paper, paramete.ts are subscripted
.. with· .th,eequation num,ber in which they first appear.

. ~~ .. .

. .

~ e~timati6nof escapem~nt abunda~~~~These data p(ovidedthe
.... .\

.... basts for an empirical analysis of tht; components of th~ catch

'. equation (:2 }.: In the next chapter, I use ~heserelationships.in~

acomputer'·s:ilnulation to, assess the value of 'test fishery /

;irif6r~ation ig the management of salmon fi~herles.

Q .:

:"~~~~~;~O • " .. , "'._' ~-:.:~.~~~..~

.':,,\.,
~ -':;.: ,--

(3 )

of fish changed in proportion to the overall den.i~ty. Peterman

and steer (1981) fitted"a pow~r model 1

16

\ .

Eff~ct of Abundance of Fish on 9

The catchability· cgefficientmay vary with stock abundance.

pal6heimo'·~nd Dickie (1964) used a theoretical mode1to predict,

that'n~n-r~ndom seatch~ng by frs~erme~ for·schools ~f fish would

result in density-dependent q unless the within-school density

, .
.,

facto~s, such as water clarity and fis~ behaviour, may also

affect q.Fishing ef~rt has been found to respori~ to catch and

Gatch pf soc1teye on·the British Columbi:a·cd'ast and·an upstream
" I

test£ishery has operated the"re since 1955 for in-season

Below, I review evidence about sources of variation in

catch~b-ilityand·effort fr6m other fisheries. This review sh'ows

th~t 6atchability has been related to stoc~abundance and

fishing effort and that investment in technology may increase

'catchability over t.ime (Figure 5). Environment-al and biological
\

-
'catch per unit effort.

."

.: . ~.
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stock abundance, and a negative nonlinear relationship between q

significantly less than 1. Other authors have alao found

-----

- ~\ .-" . - '. _\'

Crecco and Savo¥(198~)

18
~·1

; /- ..-

,
(,0._ 'tsawytscha) in- the Willamette !River, Oregon;

- . '.; .' ~.~-
on sto.cKabundance" i. e. the _exp'One~t (.b 3+1) waswas dependent

, ' .
~nd spatial ~istribution of the stock.

escapement and attributed this to' non-random .exploi~tation of

p~tches of female shad.

Wheeler ( 198-5) argued that t,he density-dependent q in a e

commercfa1 purse-seine fishery for herring (Clupea harengus

found that the catchability'coefficient of a commercial gillnet

fishery for American s,had (Alosa sa-pidissima) in th~ Connecticut

Rivei was inversely related to th~ abundance of· female- , .

..
te~~ their hypot~$sjzed relationship for statistical

density-dependent q. Brannian (1982) calc_ulated ,daily q in a

I tested for density-dependent q in the commercial 'gillnet

rate at low stocJ~ s'izes than at high s.tock sizes, suggesting

harengus lin Fortune Bay,.! Newfoundland resulted from a positive

nonlinear reolatio~ship between area occupied by fish schools and

fishery for sockeye sal~on returning to the Ske~na kiv~r ..
~

Walters and Buckingham (1975) fitted ~ta on weekly harvest rate

and gi11net effort in \971-73 f~r. the same system but did not

:evidenc:e-for,density-dependent~in other species; see Peterman

and ste,~ (1981) fot a review. More recently, Winters and

'where q-a3 * Nb 3-, and found that q in a sport fiSh.er,yfor

'chinook ,salmon

~ .
pignjficance, i.e. P(b 3+1)-1 in equation. 3. However, they

comment that a given level of effort produced a greater harvest
{--.. _~

,- 0

, -Il
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. -<:,}";:~,/;;~,:,,; ::.;"d~kt;~~~'5\:~~;:;~:o~J)',; / ..~,.:' :::

~ockeye salmon in Togiak Ba~, Alajka but. ,

.~ c· ... _"

afsq did not test fOri den,,!;i ty depf:nde"nce ..

1.-

.:;

bboper~tion.thatd.crease~ search tim~ a~d it may be deliberate

~ i.

that the~e are two .suecestful fishing strategies employed by
. . -. ~

......

~ Rothschi ld 1977). Ave rage '~'a:t~hablli ty wi 11 al so dec rease wi th

increases in nominal effort if the additional units of effort

interfere with one another, ~.g. in limited area~ for fishing

specialists at high _ffort levels.

are less proficient at catching fish. Hilborn (1985a) argues. _. ,

.Ialsnt~sted whether q depended on nominal· fishing effort

(e.g. bo.at-days)·,as.might. result from facilitative or

competitiv-eintera-ctions among fishing vess-els ot" from changes.

£n fleet ~omposition~ Harvest ra~e, defined"here as C/N, ma~

Increase dlsprop~,rtleatelYwith Increasing nominal effort If

fishing v~sselscooperate in se~rchin~ for prey or may d~crease

ffisproportionately with increasing nominal effort if they
~ of ~

fis~ermen to maximize catc~!~~~) area spe~ializationt where q is
t.

;m~ximized for one area, and) movement specfalization, where a

fishing area isselect~d'~ maXimize the abundance of fish

available. ·to be caught, N, Thu~, the re,latively high average q

of.the area speciali,ts at iow effort levels would be diluted by

the attraction of. therelat~vely less proficient movement

Thesetheoretic~l effects of changes in ·effort ~n q haye been

docu~ented or implied by several studjes. The exchange of

inf6rmation among fi~herme~:on fish distributi6n is one form of

\ .

.- 't ..

"

\

. ~ .'
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&ffect of Ti~e on q

catchability of the gillnet fleet may changeover the years

due to the net ,effect of changes in fishery regulations that

red~ce Q over time and changes in technology and fleet
'.. ,

..
(1982) reported a dedrease in q with increasing gillnet effort

from ~heSkeenaRiver.in 1971-73 but again did not test the

hypothesiS that q decreased with increasing effort. Brannian

but her hypothesis tests were confounded by the mutual

dependence of q apd f.

~

Ledbetter t19B3}>who fouQd that th~ length of queue. of seine

vessels for: salmon fishing locations in Johnstone .Strait,

reduced through regUlation by closing areas to fishing where
. t.

fishai~ con~entrated (Hyatt and steer 1987) .. Pearse and Wilen

{1979) found that Canada's ~a~ific salmon fleet rationaliza~i~n'

p.fogram limited thJ number of fishing ve.ssels but did not·

pieventinv.stment in fiShing technology that could improve q.

tompos~tionof the fleet~ Walters and Buckingham (1975) fitted

an asymptotlc"equation to gillnet harvest rate and effort data
-

,.

- - ~ ~~

ratiio. is in~~;n::'_cepted(Ledbetter1983). The effects of

". ,-
British Columbia increased with catch per set at those locations

2'0

or. "iriadver~ent, in the case where informatIon ,transmitted via

; ;

~ompetition for limited fishing locations were documented by

,_ and resulted i.n sttong in~erference competition-:' Catchability
• 'I .,

may decrease disproportionately with increasing effort if the
>

additional units of effort are less effective and change the

..

~he seine dr~m, bow thruster, and running li"ne.-:-tn.creased_..!..i.!'h~r:tg
- -- - -_. ~--, . - -----~ - ~ -" - '-

~.

, composition that incr~ase q over time. For ,xample, q can be
\ .'

~. '.

. "

...
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.,.:1,983). " I,n the 'British Columbia gillnet fleet between 1965 and

1977, average eng~"ne horsepower .increased by 47%, average vessel
". . - - ~. . . . . .

., fish behaviour, that may a,ffe.ct q., The test fishery is a

,control iri the sense that it has used rigorously standardized

',pro'cedures a~d .'gea~;:~o fi sh foi Skeena sockeye since 1966.

- .

. ~.

, " ..'.' ,..,.:....'.~\:~..." .-" ~...•_:.,:. -

1. e.

21,
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:Effect of Abundance of Fish on Fishing Effort', \

, 'I f f i she rmen behave as preda to rs, I WOUld" expec~ an

'p~wet of the B.C~ purse seine fleet in the 1960s and 1970s by

~educing the amount of time. required to make a set (Ledbetter

abundance suc~ as catch (Botsford et al. 1983, Hyatt and steer

~987) and catch per unit effort (Walters and Buckingham 1975,

Hilbolln and Ledbetter 1979, Peterman et al. 1979, Argue et al.

1983, Millington'1984). For example, Hyatt and Steer(19~7)

found a correlation between the maximum number of gillnet

've,ss\elsfis'hing and annual returns of sockeye in Barkley Sound, .

BrltishColumbia. 1 explicitly tested for a within-season

more boats would be attracted to fishing areas with high st6ck

aburidan~e. Fishing effort has been related to indices of

'0 .

" _.•-:.::~. - .:' .....,

aggreg~tion response to changes in trl1eabundance of prey,

.: \' ., .•...... " " ... ':' ','

···.agg.regat·ion, response by the' Ar'ea 4 gillnetfleet to changes in

,.' .
.. '

. ,.. -'lengthine..reased: 'by 6%, and' average net tonnage increased by 24%

lrraser 1979). I tested for time trends in the q of the gillnet

·'·.,fleetby'using, the, tef?tfis_hery a~ a control for other,

.anv! ronmental and biologi ca~ fac'tor s, such as wa te r clar i ty and

.: ......

';:.

r; ·ab~ndanc. of sockeye salmon because wee~ly fleet &ize affects

the du'~at(ori of fishery required fo take the weekly cat'ch

, :'~.:, ':~-"7~~:bj'eC ttv~:-

I ,,'

':'" ;

. ..,.; .
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tg ~e9¢ns~ty independent.

Test Fishery Hypotheses

escapement. Therefore, I first analyzed sources of variation in

ona weekly basis (e.g. weekl~ target catch or harvest rate) to

accumulate catch during multi-day openings, it is.,dif~icult to

~equir~~ents f~om those of a daily time step and is consistent.

dete rmine- actual d'a te s of ca tch from da ta on' landi ngs . Al so,

, . I
Analysis ona weekly'basis requires estimates of weekly

Pacific salmon management objectives in Br~tish Columbia are set

, meet annual objectives .

General Met.hod,s

''' ...
-' .

"

. "Analys!'s 'of qie components of the catch equation (Equation 2)

'"requ-ires ~stim~tes of ,'ca tch, nomi'nal fi shi ng e ffor t, and stock
'~

abund.ance ·01 a~ a'Ppr~priat. tiA.e scale. The basic unit of time

o· for my "in-,ason calculations of fishing effort and stock
, . .

abundance was one w~ek." . A time step of one week reduces data
. .. - . . . ~

balcuiation~test fishery catch per effort is implicitly a~sumed
. -~ -'

fishery to ~alculate these estimates of escapement. In this
: '! ._- "}"

;I' _~

'. with management obje~tives made on a weekl¥ basis. 'M6dels q

requi rlng data on a, daily basis are qften dorced to calculate
. - . t : . '"

. . \ .

daily e~timates frbm weekly data. For exam~le~ Schnute and'
, '. ~

Si-pe'rt,D983) distri~uted data collected on a weekly basis into
',' ' , ~."' ,

daily estimates using linear interpolation. 'Since vessels may

::.-..

- .;

.·t~st fi~hery q (Figure 6) becau~e !. used, weekly elf in the ~est
. ,

.-'---

o
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Figure 6. Sources of variation in test fishery q and in

commercial gillnet"fishery q and f. The number of the working

~...-..

.~.. ,

'.

hypothesis is indicated on each arrow.
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because 1) set length ts short to reduce the potential for net
I

satur,ation, ,2) there is no searchin'g for fish schools, and 3)

the~e is no competition with other £ishing vessels. Since I do

not have indep~ndent estimates of weekly abundance at the test

fishery site, 1 used annual data to test the following working
, "

hypotheses on the effects on test fishery q of:

"

.Jr"

.:."

'..;.--.

.~~ ..

" "J:'

H1a: net ,rna t e ria1

H1b: sockeye abundanceeye,c,
Commercial Fishery Hypotheses

"
1 then combined the estimates of weekly escapement with

,
weekly catch data to calculate weekly abundance of sQ~keye in

,Area 4 which I used to test wOYking hypotheses concerning
1,

sources of variation in weekly q and f'in' the commercial 'gillnet

fishery (Figure 6). I used weekly data to test the effects on

commercial gillnet q of:

H2a.: sockeye abu~~nce
H2b: fishing effort

and annual data to test the effect of:

H2c: year

,1 used annual data to test for time trends.in q because the

mechariismsof change, investment and gear'regulation, ?perate on

an ao~ual time scale and beca~se the conttol, test fishery q, is

l"" •.

~~'-~': .
, -,

.. '.

. .~","-.~ .-. -' .....: .'-,
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Fil\ally, I tested for a correlat'ion-between annual q in the test

fishery q.

fishery and annual q.i~ the commercial gillnet fisher~:

H4~ Correlation between qTF and qGN
(

. where qTF is test f{shery q and qGN is commercial giilnet

only available on an annual basis. I used weekly data to test h

~ .... the effect on weekly fishing eftort'of:

~

H3: sockeye abundanc-e

/-:-.,

....-.

A·

Data Sources
:'"

..:,:..

_ d

Sockeye returning to Area 4 are primarily harvested" by a

c~mmercial gillnet arid seige fishery in Area 4 (~igure 4).

Escapement from Area 4 is enumerated by a test fishery at Tyee.

and spawn,ers entering Babine Lake are counted at a fence at the

lake outlet. Indian food fisheries.for salmon occur in three

:.~': .

locations: (1) downstream"from the test fishery site, (2)

"'" between the test fishery and the sabine River c6unting fence,

and (3) above the Babine f~nce.

~o~mercial Fishery

Weekly catch data from sales slips 'of salmon 'landings by the

, ".-

':":.' ,"::-,.f;·
,'..'

25

.', ~.'...... i.:.\. .~:~:
' ..; -

'... ~ ~~: ' '-:.- '. :.

- .

..
.tJ

Aorea4commetcial fishery and daily estimates of gillnet effort

f from 1966 through 1980 weresupp~ied byS. Bepoit (Dep~rtment of

Fish~ries and Oceans (OFO), Vancouver, B.C., personal

,~ommu~ication)-. Daily estimates of effort were summed to yield



"'estima'tes of weekly gilL,et effort. Effort on the first day of

'dat'afrom continuous openings whose, first day was at least one

-'-'

. ..::: '. :..... ;;--_ ...,....

used

. ~.;<.

. :..-:." .. '
.' '. ~ ... '.

" ..

patrol vessels .

and'n~merical response an~es. I

, '

For·~eekly, functional

thh/flgure for vessel immigration and' emigration as estimated

:. .' . . .: .

an operHngwa~ estimated ,"y DFO· management biologi~ts flying

o~~r Atea4 ina chartered aircraft who enumerated all fishing

vessels. ~ffort on subsequent days was calculated by adjustin~

by FIsheries Offic~rs on

.. , .

.. . .:'

...-',:

... "

day removed from the previbu~ openin~'s closure (Table 1). The
, ' '

,objec'tive of this criterion was to minimize inisallo.~ation of

catch between weeks. Openings associated with strikes and those

'.~ '. . :.

at three locati~ns: (1) downstream from the test fishery site,

(2) Detwe~n the test fishery and the Sabine River counting

"'\ "fence, and (3) above the Babine fence. Estimates of annual

week werepositively assign ca~h ~o a

weekl~ analYSeS~

In the Skeena River, Inqian food ,fishe'ries for' salmon occur
- l

for which I could not
, "

River. Fisheries and ,Escapement

catches inthesl three fisheries and of annua~ abundance of

;sockeye spawner's in Area 4 for l'eturn years 1966 thr,Pugh 1980

I. al,\oom~tted from the

,.I

, "()'

,."/,:,,,' 10\0£ the Area \ escapement sO measurement errors inherent in

t~6$e~a~~ should not seriou~l¥ affect" the analysis. The

>pres,enc-e of the Sabine River countiDg fence, which allows

';,coJt\plete e,numeration of escapement, throughout the study period.

~.' . -' .

~~r~ pr9v~ded by c. West (DFO, Vancouver, B.C., personal

,coJt\munication). The three Indian food fisheries harvested about

., ... .'....;.: .-;.. \' .. ".
... :.' .'

".- ;'-1 '='.. ' .:..
.... ~ ... , . ~ .... ':.

, 1

. ,
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y.

commer6ial fishery weeks indicate period for which correspondirtg

escapement 'estimates from,th.e test fishery are _available. Only

, \

"

, Ta1?le l. Data.usedin annual and ,weekly analyses of ' the Area 4
,

gillnet· and test fisheries for sockeye, 1966-80. start and
$>

finish dates=:.'·are indicated fo'r the,test fishery. First and last

'- Data Omissions
-.' .'

" '

1972 - Week 6-4 . ves'sel count but no reported catch ~.
1973 Weeks 7-1 & 7-2 . strike.
1.975 Weeks 7~3, 7-5,'8-1, 8-2 & 8-3 : strike

. '
',1976 -, Whole year Difficulty in assigning catGfl to opening

,'"
"' ..

fishery openings which were open cqntinuously ~nd opened at
" .

least 1 day removed from the previous closure were used~
",

Commercial fishery openings are designated as month and week

,number; e.g. 7-1' is the first week, in July..
", , v'

.J -;-""~

,
Test Fishery, Com Fish Commercial fisheries

Year Start Finish 1st Last used inthis analysis
"

1966 14 JUI'l 28 Aug 6-4 8-4 7-1, 7-2, 7-5, 8-'3, 8-4
"

196.7 14 Jun 29 Aug 6-4 8-4 7-1, 7-2, 8-1, 8-2, 8-4
1968 15 Jun 25 Aug· 6-3 8-4 7-1, 7-2, 8-1, 8-3

. " 1969 13 Jun 30 Aug 6-3 8-3 6-4, 7-1, 7=-2, 7-3, 7-4,
.~.'- 7-5

1970 14 Jun 26 Aug 6-3 8-3 6-4, 7-1, 7-2
1971 . 14 Jun 27 Aug 6-3 8-3 . 7-1, 7-3; 7-5, 8-1, 8-2,

" , 8-3
~ 1972 15 Jun 25 Aug 6-4 8-3 7-2, 7-3, 8-2, 8-3

, , . 1973 ·14 Jun 2:8 Aug 6-3 8-3 6-4, 8-1, 8-2
1974 17 Jun 28 Aug 6-3 8-3 7-1, 7-2, 7-5, 8-1, 8-3
1975 16 Jun 26 Aug 6-3 8-3 7-1, 7-2 '-,

1976 13 Jun 27 Aug 6-3 8-3
, . 1977 13 Jun 26 Aug 6-3 8-3 7-2, 7-3, 8-1, 8-2, 8-3

"

1978"'" 13 ..Jun 27 Aug 6-4 8-4 7-2, 7-3, 7-4, 7-5, 8-2,
8-3, 8-4

1919 11 Jun 26 Aug 6-2 8-3 7-2, 7-3, 7-4, 7-5, 8-1,
8-2,-

1.. 80 12 Jun 27 Aug 6-3 8-3 7-3, 7-4, 7-5

: ~

.' ;'~ -. • "',~ .•'1

;·~~~;~:i~~::·:~:.~·.:;:~jt~~~~_:_.~::~·~.=~;~.·:~.~"_~:~"_"~~~~"='~~~~~~~_.~~~~~~~~~~~~~~~~~,~ ...
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mi'nimize size selection, and hun,g in a ratio of webbing to
"

have been rigorously standardized since 1966 except for a change

fishery uses an undye~ fibrous nylon gillnet, 200 fathoms (366

m) 10n9 by 20 feet (6 m)' deep, consi~ting Bf ten equal length

panels of m~sh sizes 3.5 in (8.9 cm) to 8 in (20.3 cm) to

I

after the end of the sockeye run, using procedures and gear that

in net material In 1969 (Kadowaki, unpublished MS). The test
fl

start of the 'sockeyeruR~ through late August (Table 1), well

supplied.by.R .. Kadowaki (DFO, Prince Rupert, B.C., personal

Test Fishery

·communication). The test fishery operates Jrom mid-June, the

-'finished length' of 2.5:1, to reduce net efficiency and minimize

saturation. In 1969, the net material cHanged from t~isted 7~

:ply twfne to a limpe~, untwisted material~sequentanalysis

showed that this change had no effect on ~~~chability.l Two or

three one-hour sets per day are made during daylight on the high

~ ~nd low water slack tides. During each set, the ne~ drifts in a

channell 2 to 5 km long by 0.8 km wide, running parallel to the

. reduced the pro'~ 'of m~,asurement err~rnormally associated

with esc~pem~nt data (e.g. Walters and Ludwig 1981) because

sockeye migrating through the Babin~ River ~omprised ,96% of the

. total Area 4 spawners.
. , ,

".' .-

'j

~ Catch and ~ffort'data for the Skeena River test fishery were

I> ..

.."' •.•...

northern shore of the Skeena River near Tyee. Sets made at low

~.\;:: ...
"'f:-" tide ca.tch approx'imately

lSee below for· Effect of :::::::i::
28
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fish as those at high

Material,on q:



migration route preferred by sockeye. The test fishery has been
"\

contracted to the same skipper and vessel 'since 1966, an
,'f
f

:.--
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fishing ~rea. If pooling occurs, it will tend to bias upward

th~ estimates ~f harvest rati but should not bias the hypothesis

test~ (lppendix A) .. I did not include the Indian food fish

catch from the commercial fishing area in Nw because I did not

have estimates of the weekly catches by this fishery. However,\',
this f~shery ,harvests on averag~rless than 1% of the annual

abundance of sockeye iIi the commercial fishing area so I do not

To test the effects of weekly abundance on commercial fishery

q and f, I required estimates of weekiy escapement from Area 4

catchability of the test fishery.

Estimation of weekly Abundance of Sockeye

Daily t~~t fishery index (C/f, number of fish caught per

Pacific Dayl,ight S-avings Time.

and estim~tes of their measurement error. Weekly escapement

(Ew) 'was added to weekly co~mercial catch (ew) to yield weekiy

stock abund~nce(Nw) available'for harvest in Area 4 (Figure 4);

I assumed that there is no pooling of sockeye in the commercial

hour) is t~e average of the catches per hour for the two or
~

three sets made e.ach day, which runs for 24 h starting at 1700 h,

.... -,

importa~t factor that minimizes year-to-year variation in the

..
•. . are-a of the river and is made closer to the north shore, a

,tide. The ldw tide set covers twice the distance of the high

"' tide set,. sa~ples a larger proEortion of the cross-sectional

., .~

l .

'. "-

'. \.
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Ew - (C/f ) * Ew. Y

__ Iv
Weekly~Escapemen1:

I calculated the. weekly escape'ment from the Area 4 fishery. .--'

" .
fishety c~tch per effort data. The test fishery is located

i~mediate11 upstream of the Area 4 fishing area so there is no

~igrationlag from the fishing area to the test fishery

(Appendix B). I ~ssumed that the estimation error of the week}y

catches is much smaller than that of the weekly escapements.

Thus, the measurement error of weekly stock abundance (~2NW) is

2simply equal to-that of weekly escapement (a ~w).

Indian food fisheries between the test fishery and the Babine

Annual abundance of sockeye spawners in Nr'ea 4 and catches ,in

sockeye f~om Area 4 .

counting fence were summed to calculate the annual escapement 9 f
)

(Ew) using data from 1966-80 on the annual escapement of sockeye

frOm Area 4 (E ), tumulative annual catch per,effort in the testy

fishery (C/f ), and weekly catch pe~' effort ir. ~he te-st fishery
y -".

(C/f;).; Iassume4"that the ratio of weekly escapements (Ew) to

weekly catcn per effort (C/fw) is the same as the ratio of those

annual variables. Hence; to estimate weekly escapement:

( 4 )

.expect the resu/lts. to be compromised by tne omission. Weekly

escapement was calculated from annual escapemen-t and test

.
. Me.asurement Error of Weeki'y Escapement

T~--:e analyse,fbelow of sources of variation in commercial
. 1 , ,

gillnet catchab.i 1 i ty and fishing effort use '1 inea r regression to

.' ."

.. ' .

10.

..



\ error of the weekly escapements calcula~ed from the testfish~ry

data. rnstead~I,estimated this measurement-error from the -

where'l/q5 is determined by linear regression of Ey on C/f y '

const~ained through the origin, and Vs is a normal~y distributed

random error term with vari~nce a
2 Note that in the catch

• e) v5·

equation for the" test fishery, stock abundance is act,ually

fishery site, 1 could not directly estimate the measurement

correct, the bias i~' linear regression, when weekly stock

abundan,ce Is the lnde~endent variate. Since.- '1~ not hav'e

independent estimates of weekly abundance of sockeye at the test, .

' . ..,

.stimat~ parameters and det~rmine their significance.

Regression 'is subject t~ bias when'\heindependent variate is

measured wi~h error (Drap.er' and Smith 1981)-. Estimates of the
;J ,

measurement error of weekly stock abundance, can ,be useR to

. r~rationship between annual esca~ernent of sockeye from Area 4

(Ey ) and cumulative annual catch per effort in the test fishery

(C/fy ) as fOIIOWS~ First, let

(5) Ey = 1/q5 * (C/fy ) + Vs

\

/
:/

/.',- '

/~ ~. .'.

• ....;P"

. ,.

reasonable.

escapement from the commercial fishing area, which gives the,

' .

-,

~.;. ",. ;-. '.~. -...-"- .

abundance of sockeye at the test fishery si~e. I will show in

the next section, 'in my analysis of the effect of sockeye

Assumi~g that l/qS is constant within and between years, then

the weekly escapement (Ew) calculated from' weekly C/f- in the

tes~fishery (C/fw) is

,

abundance orr test fishery q, that'the ·form of this equation is

...

":, ..
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,

of each other, then the

estimate (a2
vs ) is the

n
- l/qS * t (C/fw )

w-l "

n
- E l/qS*(C/fw)
w-l

n 2
- t a v6'
w-l

.,

- l/qS*(C/fy ) - EyJ

2
a vS

2 2
a v6 - a vS / n.·

n
E Ew

w-l

( 6 )

( 9 )

\'

Assuming that 'the error variances of the weekly escapement

32

w~ere v6 is a normally distributed random error ~m with

variance a2
V6 and n is the duration of tne sockeye .run in weeks.

sum of the error variances of the weekly escapement estimates,

.
escapement calculated from the test.fishery data is

-

estimates are identical and independent

error variance of the annual escapement

and an estimate of the error variance of the estimate of weekly

( 7 )

RegreBsions of the log-transformed variates imply lognormally

di~~ributed, multiplicat~ve meaSurement error. I estimated the ----
\. .

Variance of the multiplicative error term by regressing loge(Ey )

on -loge tC/f ).
. y'

stati~tical rssues

,'. Testi~~ the signfficance of parameters estimated by linear

~egres$ion is confounded. by f!rrors in the independent -variate

':' ..
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d~eto a change in net material, I used a t-test to test for

To: test the hypothesis that t,est 'fishery q changed-in 1969

~Hla~ Effect of Change in Net Material on q...

Test Fishery

'-.'.

~

"Specific Methods ~nd Results

parameter estimates and their variances (Appendix C).

-"
reject the:~ull_ hypotheses (Peterman et ai. 1985). Third, in

thbse analys~s where the ind~pendent variate is weekly stock

of theteconstruct.ed weekly stock abundance to 'cor rect' the
,..': ..~

method js less likely to rej~ct the null hypotheses than

ordin~ry least squares regression and~t implicitly accounts "fo,

some unspecified measurement error (R~Cker 1973). Second, I

determined the vari~nce of the measu.rement error in the
\

independent variate above which the.. tests wo.uld incorrectly

-.- abundance, I used my es tima te of the meas).l remen t e r ro r va r i ance

which bias the slope t.owa~dzero (Draper and Smith 1981), i.e~

downward foraPfsitive ~slopes and upward ~r negati~e slopes, and

"bias the iilter:cept upward f9r positive s\9Pes. "I -do riot have'

independent~ repe~ted e~timates of the·Aata values with ~hich to
..,~ .

~altulite the ratio of errors in measuring the independent and
b

. ~de~erideilt v~riates as req~ired for the correction method of

Richards and Schnute (1986) but I dealt with the~problem of

-'eriors l~v~r_iab:es in thre;ways. First, I used the geome.triC

"mean functio~al. regression to estimate parameters since this

, ':

, .

"~

tt
y-

..;- .
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differences. in mean annual q befor~ 1969 (qbar 1 , 1966-68) and

from 1969 on (qbar 2 , 1969....1980). I found no significant change
. . . . ~

i~ the mean annual te~t fishery q associated with the change in
. ~. . .

'net, material in ~969 (°1-3, qbar 1=0.023, ric:ill1Z, qbar z=0.OZ5,

p(qbar1",qb.arZ )..0.7).

RIb: '. Effect of-Sockeye Abunaance on 9

I used annual data to test the hypothesis- that test fish~ry q

is densit~ dependeht, by fitting
J1

...

~ --..

•
(10) . Clfy '" a1~ * EYOblO

<+.> with lin'~ar regression Of.~loge(C/fy) on ~e(Ey)' where Clf y is

(J mean annual catch per effort, and- testing the null hypothesis

thatb10·l. If b10 is not significantly different from 1, this

Implies that Clf is linearly related to stock abundance and that

q is. de~sit~ndepende~t. Equation 10 is equivalent to equation

3 with escapement fro~ the commercial fishing area (Ey ) equal to

N· at t·h·e- t· t f' h 't· d Nb10 - 1 f b 1 th. es 1S ery Sl e anq-a10 * I 10= ,en

q.a 10 · .-~.

. . N

Re9ress~ons of the log-transformed variates (Equation 10) by.

both ordinary least squares (01.5) and geometric -mean functional

regression (GMF) were significant (n-.15, OLS: b10.0.80; GMF·:

bio·0 . 9?'; OLS,_ GM~.: P(b10·0)<0.001), but the null hyp~thesis of

density independent catchabiltty was not rejected

(p( bI O·!). >0 ~8). T~lU b tests ;qr heter~edasticity of residuals

were not S~9nificant.(OL~: ~b~0;22, P(~b·~)·0.3, GMF: ~b.0.12,

P(~b"O).O~6). Modified Anderson-Darling tests (Stephens 1974)

'b
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H2a: Effect of Sockeye Abundance on q

To .test. for density dependence in the weekly q of the gillnet

.. fleet, I fftt~~ a power mOdel to data on weekly gillnet catch

,cpe r ~~ffOi:'t( C/fw) and weekly s to'ck abundance (Nw)'

, I

'.1

, ~ :
" ! '. '; .... ',,!' '.',0',."..f:: .

..
.•... ••," .r-

7). These results

(P(b-O)-O.OOOi) and the

3S

slope (b) to be S89

" 10be 1.7X10 (Figur_~

...

.~ ....

~n=1~~~p(b~O)=O.0004)

.I - .
'II t ' h .Gl. ne F1S ery.o·

10ge(C/fy )

season during w~ich 99% of the adult sock~ye migrate, I

2estimated the additive measureme·nt error ( a v6) of the weekly

escapement estimate to be 1.55Xl0 9 (Equation 9). I calculated

In order to calculate estimates of weekly escapement, I

. .

Since the test fishery ope~ates for approximately 11 week~ each

---~

I constrainedo,t.h,e ordinary least squares regression through the

shbwed tha~ the distrib~tions of th~ residuals from the '

. ,

the--·:I;.~gnbrmally distributed, multipli~at;ve measurement error of

o'r igin .""'1 found the

l'I\~an square error to

regiess~ annual_~scapement·from Area 4 (Ey ) on cumulative

annual test fish inde~ (C/fy ). The intercept (a~ of this linear

re~~ession was not significant (n-15, a-l03 J OOO, p(a-O)-O.S) so

'~on~irm the form of equation 5, i.e. linear with no intercept.

, Commercial

: regress,ions .were not significantly different from normal~ty

tOLs:·modA'2~O~50,P(N»O.15,~MF:mod A2_0~9, p·(N»O.1S).

. Therefore, the a$sumption t·hat test fishery C/f is linearly
. ""

r.lated tosock~ye abundance is reasonable.

/

. .;,
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..Figure? Annual abundance of soc~e~e at the site of the test

fishery and annual sum of daily test fishery index (catch per

hciu r )

{ ;-

" (.

36a 1

i

.... .:..-...
_ ....."".. -"-"·....·~.~·~~L.:..:..:.,·



.~ .
, .... : .

.;.~ '.

- ' .
.:: .
~ ..

"

~:.

TEST FISHERY

. :. ' \~, . . :. .- " '-:' -.;-.... ~

o-+--------r------.---------r--------,
o 500 1000 1500 2000

.,"-.

..'~~-, '.::

r0
o-
x

I-"­
Z
W
~'

w
a..
<t:
<-)
(j)
w
w
>­w
~
<-)

o
(j)

1500

1000

500
•

-, ,"

.,

, :,..'

..~.

.~ .'

........

ANNUAL SUM (Test Fishery Index)

I

36b

'... ',-.. ,

!' .

1<"'" .. ' ...' .



:':~;1:";'-:';:~';:::/ "~~'~'. "~,:" r::,;".' "';', .. '..:.. :::'.' .:: ?';}: ... ;:0:.,.:.:.

~ ...:;"

I.'."

",.

'>,' ....:;=,)

...... ( 11)

.,
......

:':: ~ •. '

'. ,

........

..:....:,

,
and tested the significance of the slope, i.e._,p(~ll=l)..,TO test

for possible interception by the gillnet fishery of-sockeye

bound,for other areas, I also fitted a linear ~model to the

functionalre&ponse data

and tested the 'sig'nificance of -the intercept, i.e. l(a l2 =O). If

F'_th~ gJllnet fishery interc'epts sockeye bound 'for other areas, I

'would expect a PositiCeintercept, reflecting'the mean Clf of

the intercepted stocks.
~,

Reg~essionof 10ge(C/fw) on loge(Nw)' the log-transformation

of the power mopel (Equation 11, Figure 8), by OLS, GMF, and'

ordinary least squares cor~ected for measurement error (OLSc)

w~re all significant (n=65, OLS: bll =O.E7, GMF: bll=O.77, OLSc:

bll -O.68, OLS, GMF, OLSc: P(bil-O)<O.OC1). All three fitting

methods rejected th~ null hypothesis. of density ind~pendent q
()

(OLS, GMF, OLSe: P(bll -l)<O.OOl). Catchabilit~ remained
.-- ,

significantly density dependent even after I ran trials of the

correction procedure with values of ,the measurement error of the'

estimatea weekly abundance above the value I estimated from the

test fishery, data. The paranieter estimates of the nonlinear

functional" response did~ot~ange significantly when data were

stratified by length of fishery opening (Appendix D). ,

. .i~. .... '. 1,'.1·
(' '.
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Figure 8. Weekly functional response of the Area 4 gillnet

fishety~ for 1966 - 1980. Powe ( and 1 i nea r mode 1s fi t te~l by

Catch p-er effort is catch per boat-day.GMF regression.
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between-

week in June,

from zero even

' ....~ ....~. - ,,:.
" ?'-".:"

fi,hery week 6-1). Although I found no

, I

on year and then on ~eek number (week 1

\

a 12=30; GMF a12~22; OLSc a 12=27; OLS,GMF,OLSc:
. "

) .
The inteicept remained significaritly different

!",

seaSon t~me"trend (b=-0.0033, p(b=0)=0.76), gl l~et residuals

decreased acr6s~ weeks-within se&sons (b--0.049, P(b-O~-O.~OS),

Le. the power model underestimates Clf early in the'sef&t and

overestimates Clf late in the season. This within-seas n time
~ ,

trend inthe-i~~iduals may result from fish pooling in ~he

39

abundances of 150,006 fish, 86,000 fish, and 127~000 fish for

data. These intercepts. correspond to intercepted stock
..-...... ,;,.

procedur~ above the'level I estimated from the test fishery

OLS. GMF, and OLSc; respe~tively.

commercial fishing area (Appendix A!. However, a line~r model

fit to these r~~iduals explained oni~12% of their variance.

Tgepower model explained 83% of the v~rianfe in, the original

relationship between the log-transformed variates, Clf and

abundance. Therefore, I conclude that. the effec't' on q of ttme

is 'le~s important than th~ ef~ect of sockeye ab~ndance~

I analyz~ the residuals of 10ge(C/fw) from the log­

transformed power model for time trends by regressing them first

". , •.,\o)~

-when I tried:~lues-of the rnEfasurement error in the correction

Regressions of the linear medel (Equation i2, Figure 8) using

the three fltting technique~ were ilso all significant (n-65,
, ,-3 ' - -3 '-3

OLS b12=O.20XIO ; GMF,b12=O.25X10 ; OLSc b12-0.22X10 ;

.OLSjGMrjOLSc: .P(b12=fr)<O.OOl) with significant intercepts (OLS

r



".- '_.

.....

H2b~ Eff~ct of Fishing Effort on q

Tote&t for the r~~ative effects on weekly catchability 9f

facilitation, an~ comp~tition_orattraction of less proficient

fi~her~en, I fitted a p,wer model" t,o dataon'weekly harvest rate

by the commercial gillnet fleet (C IN ) ~and weekly gillnetw w

fishtng effor~ (fw):

by regression of 10ge(Cw/Nw) on loge(f) and tested the

hypothesis that q is dependent"on nominal effort, i.e. P(b13=1).

If it is greater than one, facilitation increases ca(2h~bility

and ifkhe slope is less ~~one, competition at high effort
~

"'
t," ,

( 13 ) C IN _ - * fb13
w" w

a 13

: !

OLS a d GMF regressions of the log-transf~rmed form of the

. .­

"

..

. :"."
..•..

"'. ~ •• <'";.
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attraction of less proficient fishermen reduces

. catchabi 'ty (q,~ a 13 * f bI3 - 1 ).

null hypothesis (HO: bI3 -1) would be falsely rejected was'O.58.

To put this in. context, I calculated a 95% confidence interval

on the g~ometric mean w~ekly gili~et effort (916,boat-days) as

];oge(916)+1-1.96*s~which, when exponentiated, produced lower

and up~er confidence bounds of 293 boat-days (-68% ~f the mean)

and_ 2864 boat-days' (312% of the mean), respectively. Although I

'do n6thave independent estimates of the measurement error of

- relation hip (Equation 13) between gillnet harvest rate and

nominal effort (Figur_e 9) were signi ficant (n=65, OLS: bI3 =0. 33, .

P(bI3 -0)<0.001, GMF: bI3 -O.56, P(bI3 =0)<0.001) and significantly

nonlinear (OLS, GMF: P(~13-1)<0.001). The critical level of

measurement error (s ) in th~ estimate of effort above which the. e
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significant (n a 65;_OLS: b14 -O.29; GMF: b1i-0.4~;OLSC: b14 -0.30;
,

OLS~, GMF, OLSc: P(b14=0)<0.001) and significantly ,nonlinear,

i.e. b14<1 (OLS, GMF, OLSc: ~(~14-1)<0.001). The response

The gillnet fleet exhibits an- aggregation response to weekly

responding to changes in stock abundance, would be reflected in

a signifi~ant intercept in the linear model.

components in the Area 4 gillnet fleet, the latter component

'""")- .'

linear model .

using linear regression. The presence of stati~nary and mobile

H3: Effect of Sockeye Abundance on Fishing Effort

Although I expect a relationship between average number of

9illnet vessels-iishing each week (fw) and weekly sockeye

abundance (N I, I am not certain of its form., Therefore, ~
, , w

fitted both a power model

.u~ing linear regression on the log-transformed variates and a

changes in sockeye abundance (Figure 10). Regressions of the

,-~tural log-transformed power model (Equation 14) using OLS, ­

GMF" and OLS cor'rected,for mea_~~rementerr-or were all

. ~ weekly gillnet effort, it seems unlikely that the error was

large enough to cause the tru~ Value to be outside of the 95%

confidence interval, 293 to ~864 boat-days. He~ce, it is

unlikely tha't I falsely reje,cted the null hypothesis.

...~

, ...



-of gillnet vessels fishing in each weekly fishery opening.

fishery to changes insock~ye abundance.

response. of the Area 4 gillnet

Power and linear

is the average number\'Boats

43a

regression.
-'

,

Weekly numerical

models fitted by GMF

Figure 10.
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similar to that of the linear model (r=0.66).

appropriate, I examined their 'residuals. Tests of residuals

-I

to cfianges iA sockeye abundance but fish anyway. The intercept

, :l

th~ ~easutement error of th~ ~~timated weekly abundance above

~the' le~el I estimated fro~ the test fisheiy data: -
"' "

from the'pbwer model. fitted by aLS showed significant "7
" ., "

heteroscedasticity (Tb--0.20, P(Tb-~)·0.02) and deviations f~om

2 i
tneriormal distri.butiqn (mod A =2.03, P(N)<O.Ol). Residuals:

" ,

'To distinguish whether the linear or power model was most

r~~airied significantly density dependent when I ran trials with

RegOressions of the linear model (Equation 15) using the three

fittin9".~methods w~re all significant (P<O.OOl) with significant,

"remained significant at levels of measurement error of~tock

abj.:lndance a-bove the level I determined for: the test fishery_.

The correlation coefficient of the power model (r=0.67) was

44

.'ti~e trends in the residuals from th~ power and linear models, I

positive intercepts (aLS: a 1S-278, GMF~ a lS-2l7, OLSc: .a1S=269;

,a LS, GM F', a LSc : P( a15- 0 ) <0 . 00 1 ). A posit i ve i n t e r c·e pte0 u1d

. indicate~ groupo~ resident giflnetvessels that do not respond

. .~"

. -­
f

fro~ the linea~ model were homoscedastic (Tb--O.02, P(~b=O)-O.8)

""and-nor'mally distribuFed (mod A 2=O.03l, P(N»O.lS). To test for

;

IfQund' significant within-season time trends for residuals tram

"r.."~-the OLB fit (b-O.Q5, P(b.. O)-O.OOS) to th~e power model indicating

::::o:~iST::d::n:::d:O::lu:::::::::a:: :::::S~:::o:n t~:: tr~nds/ .•

..- ;~. , ' ..::, -.:' .:.:. -~. .-
'-,. ::
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Ther~~.were··no significan<t bet;ween,..se~_sQn

.""...;....- .

aggrega'tic;Jn response of ~he qillnet' fleet.

be;tter than the power model for describlng the' in-season

'. ". . .:.' ",:-' -

P(b-O)--<t.08.). 'Therefore, I conclude that the linear model. ~8

.-"""TesbP.Fishery and .Commercial- GillnetFishery
')..

. :.

- ·'t1llletrends.lnr·esiduals 'from the po~er model! 01.5: b.-O~Ol5.,
'. .' ~ '.' .'~ . .

-.;-'.
.: .: ...' .' ".. .'. ~

..... P{b~~)-O~2) or'in those from the linear model (b--6.1,

. : ~., . -..;

... ; ..

4 with

, -. '.

r\::.···. - .'" "
~.' .-'.:' ..

. f •.

,H1c: ~ffedt of.Time 6n Test Fishery g

H2c:-Effect of~ime on CommercialGilln~t g

To test f9.-r------time trend's in the catcnability coefficient of.

th~ Area 4 commei~i~l gillnet fleet, I used analysi~ of,

,,', covariance to test the hypothesis that the slope of the

reg,ressi-onof annual gillnet q ~n yea i.' w~igni'ficantlY ,, "

" I

<iifferent ~,the slope of the regression of annual test

fishery qon y~ar. I used arinual data because I did not have
t .- -', ,

'ind~pendent estimates of we~kly escapement from Ar~a

which to calcu~~te wee~ly c~tchability coefficiehtsfor both the
<'

" "

)

!" :,' .:

~illnet and test fisheries.

, ...

' .."

".

. .. '

The

on Yf:ar
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P(bGN-O)~O.3)were not Significan~.

I': .'

':":"'I::~ ..-:'::>:~<~ '::" ,~, .,:,_.;>\. ::'. " .

.,

·~egres~ions of annual test fishery q on year (n-15,

' ..'

the, test:;foishery (P( bT~·bGN)>0 .55) '. The a.bse'nce in this
t..,

.......

'. ". J,

'slope of th~ regression between annual gillnet catchabilit,Y and
<l'

ye.ar('Fi,gure 11) was not stgn'ificantly different from ,that tor,

" ..:

.. ,

-- ..

.' '.. .~. -, " .' .
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Figure 11. Time trends in annual gillnet q and in annual test

fishery q.
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analysis of a time ~rend in gillnet catchability is supported by

.my finding above that residuals froIll the regression analysis of

theweeklygillnet functional response did not e~hibit an ~nnual

time trend .

,"

I cor~elated annuar-gillnet q with annual test fishery q to.
test the relative lmportance of the effects on q of

environmental and biological factors, such as fish behaviour,

common to both fisheries, versus factors such as fishery

regulations, changes in fishermen behaviour or changes in gear,

that affect only the gillnet fishery. If common environmental

and biological factors are important, r'would expect the
"

catchability coefficients to be significantly correlated:

Annual gillnet 'catchability and annual test fishery ~atchability

were not sigriificantly correla~ed (n=15, r-0.37, P(r-0)-0.2).

Discussion

I found in my analysis ~f variations in fishing effort, f,

that during the fishing sea~on, the number of commercial gillnet

vessels fishing in Area 4 was correlated with'sockeye abundance,
"
N. This result is not unexpected given that others have found

relationshipsbetween..,Jishing effort and indices of abundance

such as catch ~Botsford et al. 1983, Hyatt and Steer 1987) or

c~tch per effort (WaltE¥'i'sand Buckingham! 1975, Hilborn and

Ledbetter 1979, Peterman et al. 1979, Argue- et al . .1983,

Millington 1964). The relationship between vessel abundance and

47
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N -also did not change over the ..study period, 1966 to 1980;

residuals from either the linear model or the PQwer model did

At ,
•.. .;

not exhibit tr~nds over years. This last result is due to the

limi-ted entry program in 1969 which attempted to limit the

number of fishing vessels on the B.C. coast (Pearse and Wilen

"

'1979).

The form of the aggregation response of the Area 4 gillnet

fleet appears to be linear with a positive inte~cept rather than

nonlinear, suggesting a group of fishermen that do not respond

to changes in stock abundance but always fish Area 4. The

intercept ,indicates that 217 to 2~ vessels will fish Area 4
~

when the abundance of the stock is zero. This number is not due . ~

solely to the presence of a group of fishermen whu only fish

Area 4. From 1979 to 1981, only 51 vessels on average fished

-,~-S,o 1ely inArea 4 (M i 11 i ngton 1984 ). The add i t ibn a 1 200 ve sse 1s

'likely fished Area 4 on the expectation of harvestable

"

-'.-;'

quantities of sockeye based on their previous experience'in the
, )
area (Walters and Buckingham 1975) and also implied by the

,(

opening of the fishery by the fishery managers.

I found\in my analysis of sources of variation in the
I!'

cat~hability coefficient of the commercial gillnet fleet that

harvest rate of sockeye (C/N) was nonlinearly r~lated to nominal

fishing effort·." --This result is similar to the finqings of )
"".

:>',
'~k:: .

0"

others. Brannian (1982) found that,the same power model gave

"'thebe~~ fit to q and f data from the sockeye fishery in Togiak

.' Bay, Alaska. Walters and Buckingham (1975) fitted an asymptotic
.' " "It •

"

.',.
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curve to harvest rate and fishing effort data from the 1971-73

. "..' , : t·'··'··.. ·, -"

",

,
-c".'~-: ". "., .....~ -."':;1 ,.

and a linear relationship between vessel abu~d~nce (aDd stock

abundance, q cannot be density independent as implied by the

sockeye fisheries on the Skeena River .

I also found that either (1) q was density dependent or (2) q

was density"ind~pendentand the fishery_interc~pted s~gnifitant

numbers o'f sockeye bound for~.other areas. However, since I ­

found a nonlinear relationship' betwee~ harvest rate and'effort

.'~ .. -

"interception model. The for~s of the relationships are

inconsistent (Figure 12a). This finding is explained as

! .
j .
J

follows; From the analysis of vessel abundance and sockeye
•

abundance, I found that between 217 and 278 vessels would fish

when the reconstructed abundance of sockeye was zero. From the
.-

anal~sis of catchability and sockeye abundance, I found that the

l1neai Model predicted between 22 and 30 fish would be caught ~

per boat-day at very low abundance levels. Th~ fisheries were

open for on~ or two days at these lbw levels of stock abundance,

so these two relationships imply that apparent harvest rate

would approach 100% 'near ~ level of nominal fishing effort e~ual

to 217 to 278 boat-days (1 da~ open) or 434 to 556 boat-days (2 J

days open). However, apparent harvest rate does not increase at
",

low effort.levels (Figure 9). The ~orms of the harvest rate

.response and the aggregation response are consistent with

densi ty-depena~nt q (FigurEL 12b) so' I conclud~ that q is densi ty

dependent.

"

;.. "
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. Figu~e 12. F6rm of relationship between harvest rate and

fishing effort ,that would result from a linear ,relationship

between number of gill net vessels and stock abundance

(aggregation response) and,

a. linear relatio~ship between catch per eff~rt and

sockeye ~bundance (linear functtonalrespon,se l, or

. b. nonlinear relation~hip between catch·per effort
. .

and sockeye abundanc'e (nonlinear .functional response).
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The presence of an aggregation response results in three

In the first mecharii~m, all gillnet vessels have the same

catchab'ility coefficient but q depends on stock abundance,

possibly because vessels are more efficient at finding schools

of fish when the stock is less abundant (Paloheimo' and Dickie

,pbssib:le mechani sms .fo r ·the appa rent dens i ty dependence in g..
~ ; ,

1964, Peterman a~d Stee~ 1981, Winters and Wheeler 1985, Crecco

and Savoy 1985). In the second mechanism, q is again the same

-
~'(:~ ~ ..
lr" .

"',
for all ~esselsbut it d~pends on effort, possibly because

vessels interfere with each other at high effort ~evels (Walters
g(>='

.~:'- and Buckingham 1975, Rothschild.1977, Brannian 1982, Ledbetter
: f.

'h

1983.,f';' which are as-sociated wi th high stock' abundance. In the

third mechanism, gi1lnet vessels hav~ different catchability
, t

coeffici~nts. Th~ "a~ea specialists" (Hilborn 1985a) fishihg at

low stock abundance bave a high~i catchability than the'

~movement specialists" attracted by increases'in stock

.....".
~ abundance. Unfortunately, I was unable to distinguish among

these three mechanisms because to do so.requ~res catch and
\

effort data for individual vessels.

fishery managers, often assume that there is n'o long term time

trend in the average efficiency of commer:ial fishing: vessels.

, Analysis of the 'annual catcha'bility coefficient of the Area 4

~ gillnet -fleet and· of the residuals from th~ weekly functional

response of this fleet from 1966- 1980 support this assumption,
, .

. on average; there was no trend tO'increased effic1encywith

time.~apital growth, whiFh occurred at an annual rate ~f 5.1%

from 1957 to 1968 an'd 3.7% from 1969 to 1977 (Pearse and Wilen
"
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197.9) a'nd resulted ip more powerful and larger gillnet vessels

-./ ( F r a s e r 1979 ), did not inc rea s to' gillnet catc ha b i 1ity,. whi chi s ..

th~'- pro~ortion ~r-tne sockeye population caught P~J" gillnet

boat-day. Either the investments were not effective or their

effectiveness WqS counteracted by ~isherles regulations. In

either ca~e, these investments simply increased costs and did

not increase the number of sockeye caught per boat-day .

.'
These results have important implications for fisher~

management. If the fishery manager assumes constant q. in the

catch equation (C-qfN), then the apparent dependence of

commertial gillnet q on nominal effort or stoc~ atiundance can
°.0 •

result in overharvest at low levels of effort ~r stoc~

abundance. The manager will over~stimate the length of fishery

opening required to harvest the desired catch and will

oVerestimate the annual abundante~f fish- that a~~ subject to
- .

harvest. 'Because q increases at ~ow aburidance, the fishery will-·

harvest'more fish than predicted by a linear model 'between C/~

and abundance, which assumes constant q. Also, if Clf is
. Ii!

nonlinearly related to abundance, declines in Clf will

underestimate declines in stock abundance thus masking

overharvest- (Gulland 1977" Clark and Mangel 1979, Peterman and
." >

~teer 1981) •. finally, this. d.epensatory mortality effect of the

~fishery could lead to stock extinction either directly, if the

~ffect r~sults in- critical depensation (Clark 1974, Gulland

1~77, Clark and Mangel 1979), or indirectly, 4f it reduces the·

~esilience of the stock (Holling 1973) And thus~akes the

"
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.. ,4:terannual variation in q than are environmental and biological

factors common to the test and' commercial fisheries, The annual

catchability coefficient of the test fishery is less variable

--......-.'f ,:

en~itonmental effects (Clark

53

. ":'". ' ..J- .: ~

" ,

to ~tOChasuc

of stock abundance from test fishery catch per effort data than

f~om commer9ial fishe~y catch per effort data. Th~ catchability
. ~.."

..
fishery procedures and gear are rigorously standardized.

Reduced variability in q should result in more precise estimates

.-
than that of ,the commercial fishery (Figure 11) because test

coefficient of the commercial fishery is the net result of the

irite\action between.regulations that decrease q and improvements

in fishing technology and procedures that increase it.

interannual variation iri th~ commercial gillnet catchabi;it~

Temporary imbal~n~es between these factors contribute to higher

that affect commercial gillnet q are more important in causing

, -
fish~ry q suggests that the regulatory and technological factors

area: Smaller net economic benefit could ari~e from additional

costs of movement to the fishing area and from higher costs of

harvest resulting from intefference compe~ition or the relative

inefficiency of the additional vessels.

enhancement projects" The benefits from these project~!-ay be

reduced by the attra~tion of additional vessels' to a fishing

The f,inding of 'arC aggregation response by t'he Area 4 gillnet

fleet is important for determining the benefits due to

population vulnerable
, ~'

1914), (!

"

='"
-' The low correlation betweent~st fishery q and commercial

--'

,. " ...
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coefficient over time and thus de-stroy any r~lationship between

e6mmercial gillnet q and test fishery q.

/
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The benefit of

55

t6 meet those weekly objectives.

mana~ing the fisher~ should reduce deviations from theJe

Department of Fisheries and Ocean~ of operating the test

information is simply the additio'nal cost to the Canada

q];)jectives and increase benefits. Annual deviations from

fishery managed without the test fishery data. In the latter

information, measured as mean annual value or net present value

of the com~erdial harvest~ and the total benefit from the

test fishery,information, is the difference between the total

benerit from the commercial fishery managed using test fishery

fishery. Assuming tha~ management objectives are set to

maximize benefits, improv~ng the infoimation available for

ca_e, it ~s managed using the next-best alternative in the

absence of test; fishery information. The cos~ of test fishery

..
In this ch'apter, I use a simulation model to calculate- the

III~ Value ofa~Test Fish~ry to Management of a Commercial
Gillnetfishery'for Sockeye Salmon (Oncorhynchus
n~rkalIritroduction ~

netbenef~t of test fishery data to management of the commercial

-gi llnet fi she ry foti< sockeye in Area 4-. I dete rmi ne if the

'ben~fit of using this information'~xceeds the cost of ite

. objectives result from 1) errors in forecasts of l annual

abundance of returns which are used to set"""'woeekly objectives
Q

during the season, and 2) from errors in controlling the fishery

t<!acqu'{sition, i.e. is the test fishery economic?



(

.. "i.:'.

'/'" .

,Iestima,e the benefits to ~he fishery resul~ing from
/' ..

management- ·based on three n t'ypes of simulated fishery information

,- "'. s'ystems. These ~ystemsare classified by type of information

~

used to forecast annual abundan;ce of sockeye returns:
o

.. ,
~,.J .

/
(1) PRE - Return forecast based on pre-season data only.

(2) COMM - Return forecast baseq on pre-seasoh data and

commercial. fishery catch per effort' ~C/f).

~ .

......
.,' -" .~.

-

, ,.: •..... "

i extended the ,analysis of~;
"4'''.~f,t"

56

r evaluated the benefits of both PRE and COMM information

fishery C/f, commercial catch~ and test fishery C/f.

---"

that the prediction er~pr of r~turn forecasts based on

data are often used as indices of stock abundance (Brannian

(3) TEST - Return forecast based on pre-sea~on data, commercial

becaus~ it is not clear ~ priori which is the. next best

alternative to TEST information. Although commercial fishery

sc~emes, the one that has the highest total benefit is defined

. '

forecasts of sockeye abunda-nce in Area 4 and then used

simulation to estimate the economic benefit of improved

precision of return for~casts. 'Of the PRE and COMM management

~~nderson et al. (1987) to calculate the prediction error of

. .

comme'rci~i- 'fi~hery elf may be about the same as that of return

·'forec~sts based on pre-season data.

~s the ~e~t best alternative. This criterion ~s equivalent to

nettotal~Q~nefit .becaose· fhe costs of· the two._m;anage~ent
." ... ,ft~r ,. .

scheme~ are approxlmat~ly equal; the additional infor~ation

. .

.. 1982,~Steer and Hyatt 1987), Henderson et ale (1987) have shown

~1 ...

-',., -
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If this benefit exceeds the co~t

'I..:,.:.-, .

benefit .of test fishery data.

benefit of, the next best altern~tiye is subtracted from that
\ "

~e~ulting from TEST ~anagement to yield an estimate of the

"> •

abundance to set the duration of ~ubsequent openings and achieve

within the seas~n, historical elf data, and estimates of vessel
.'

Clf to fore~~st ~nnual abundance of returns (rom in-season data.

This fareca'st is combined wi th the pre-season forecast to

data from ~hecommercia~ gillnet fishery and the historical

r~lationship·betweenanoualab~ndance Gf returns and cumulative

of annual abundance of returns is used in conjunction with an

,
forec~st'torestimate annual abundance of returns. This forecast

th~ annual catch, objective. The COMK system uses weekly elf

systems ar~ presented in t,he Management Submodel section below,

the algarithmj used to simulate each of the three management

control the harvest to meet ~anagement objective~. Details of

to forecast the abundance of the sockeye stock and another to

Each simulated management scheme consists of two parts, one

, ..
objecti-ve. This system then uses cumulative catch to date

annual escapement objective to determine the annual catch
o .

~eq~tted for-,COMM management is collected incidentally to the

eniorcement: bf fishery rsgulations to control weekly harv&sl.

~.9\;~ume that both: PRE and COMM management are econ.om~cally,

~ e~rficient', i. e. total benefi1ts 'exceed total c'osts.· Total
....,f ._

but _briefly they are as follows.' The PRE systemreguires the
~

. least amount o~ data of the three and uses only.a pre-se~son

'.

. ~ .. '

··,?f operat~ng t~e testJishe~y, then management based on test
~ "\ I. •

fi~h~ry ~ata is economically efficient.

.,-

",,::';:2t'¥:(:;:~;r.t<·i:.;~T;~;;i;::,~;~.:t ,.' ~;;:;.;' !:~<{;\;}~{SP~?~ '.
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calculate the annual and weekly c~tch objectives. The TEST

system requires the most data of the tqree systems and uses

t"" I!!I'~.•;::lI!Ijjlll!!\~.:,i. ,IIJIIIIII:'IIII'1!II!2..~;.,; ·,··!III!:·,,1III! -.• IIII!I.,..',IIIIII!!I.IIIl"!'!' ,I!!II.--.";--- ----.~., -.~--:----".....,.."..~.~~~~-~~c:-\~.~.~ '0'"

produce a revised forecast of returns which is then used to

annual

elf to forecast

t~~ bistoric~l relationship bet~een

re')tJ~ns and cumula t ite te s t f i she ry
i

abundance. This forecast is combined with the pre-

previous chapter, (3) management, and (4) economic. The

Methods

forecasting abundance of retut:·ns and opening fisheries in

cumulative comm.ercial catch, cumulative elf data from the test

The model consists of four submodels: (1) sockeye population

response tQ fi~hing fleet dynamics and sockeye population

fishery elf to yield a r~vised forecast of annual returns which

is then used to revjse the catch objective in a given week .

se~son forecast and the in-season forecast based on commercial

;~anagementsubmodel simulates the action of fishery managers in

. ci.ynamics, (2) '~ishing fleet dynamics, from the analysis in the

----'
fisher~nd

. 'abundilce of

a~nua/stock

dynamics, which are both stochastic. The economic submodel

~ calculates. benefits and costs throughout each simulation and

- .. 0

.- .....

'.

.-.. -
~. .

-.,.'.

.'-~ '.

discounts the annual values to give net present value. The

-"
t.

model is run 100 times for each of the three management systems
.. \

'- .. ", '"

.:....~.....

.-". - dJJ
".. -,. ~ . -.

uJin9 different random number series for the stochastic

components in e'ach G-f-- the simulations. The benefit of the test

fishery is '~he difference between the mean annual value of the

commercial'harvest when the fishery is,managed using test

....... 58
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,

f i she ry data, 'and the co_rr:espondi ng val ue when it is managed

without test fishery data. The benefit is then compared with

the cost of acquiring test fishery ~nformation" The four

components of the model are described below .

.- .'
Sockeye Population Dynamics Submodel v·

.,

:-.....

: ..

The population dynamics component simulates total returns

res'Ulting from annual abundance of spawners, divides this brood
. .

year production into returns at 'each age, and simulates the

•. weekly abundance of sockeye returns during the fishing season

(,F i gu r e 13) .

Abundance of Returns (Stock-recruitment)

To simulate total abundance of returns (R) from annual

abundance of spawners (S), I use a Ricker stock-recruitment

. function (Ricker 1975) with a I~gnormar error term (Peterm~

1981) :

( 1 ~ eat(1-S/Sr) + v1
R= S *

-~~--.

::..-'

where a 1 is a productivity parameter, Sr is the equilibrium

stock ~ize in the absence of harvest, and v1 is a normally

distributed random error t~rm with variance c2
v1 " The

parameters w~re estimated by least squares regression of the
, --:'

natural log linear form of the above function

~... '

.....

....•

~. ..

( 2 ) In(R/S) .' a -.·1
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Figure 13. Flow chart of Sockeye population Dynamics Submodel.
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and its. relationship to Fishing Fleet Dynamics and Manage.ment

submociels.
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Annual ReturnsHistorical Run
'. Timing Curve
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Also, dams to control water flow were

.• if

, ... ~

fitted to data on annual catch and t1capement at age for sockeye

returning to Ar.a 4 from brood ye~rs 1951 to 1975 (Data from

Peterman (1982) and from R. Kadowaki, Department of Fi5~herie5

1968 (West 1978).

p'arameter-estirnates due to these enhancement initiatives, I used

and could render the regression not significant. To enhance
~.

• 0

parameter,values which would inflate the error sum of squares

of the stock-recruitment function did not change from 1951 to

1976 to 1980 (Table 2).
d;,.t
""\: ....

Fulton River in 1965·and 1~71 and one on the Pinkut River in

sockeye production, two spawning channels were complet.d on the
I .-

1975 in spite of a series of enhancement initiatives during this

peirod. These activities could produce a systematic chang~in

and Oceans -(OFO), Prin~e Rupert, B.C., personal communication).

I founQ a1-1.01~ S- -1.67X10 6 and a2 1=0.32. Although the sloper v_

;(b-a1/s r ) of the r~ionship was not significant (n=25,

.'P-0.25), the point estimates of the parameters and variance are

sufficient for the purposes of this model to realistically ,

One assumption of this analysis is that the parameter values

,
. ,. - .-- -. - - j --
~na~ysi$_ of _covariance to test/ the hypothesis that the

...' \ .

~~rie~ii~ed stock~recruitment fun~tion before brobd year 1970 was
..

completed on the Fulton River in 1968 and on the Pinkut River in

196!. Although these proj~ct; were completed over several

yea~s, fry output from the two syste~s increased substantially

.in 1971. To test for a· systematic change in sto~k-recruitment
""

simulate recruits produced by different abund~nces of spawners.
.. ,

,

,To start the simulations, I used actuaJ annual escapements from

: .....-
:.:,.' :"'..

-:'

. '.' '.

.. 0··· :.

.' ~.

---......~,

....:-

-p
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Table 2.

.- r:· ~ -~ '-- .

(i

Initial abundances'of spawners in simulation model.

of Skeena spawners,

;.

;.'

Data are

.....,--.- ... ~_ ....

Year

1976
1977
1978
1~79

1980

! .
Spawners

583000
951000
421000

1168000
543000

/
"



masked by -iandom variation due to environmental factots.'

not different from that from 1970 on. I found no significant

difference (F2,21-0.5~, p-0;59) -and conclude that althoug'h there

may be a change in parametei values due to enhancement, it is

., :

•. < _ '. _-" :.r. ,'~_- _. .' •• "'< ". '-,-

, '

~ .J

/.. .'. :... ~

t:·~. ". .-
l' .

..-

,~

·p.ge at Returns

Although ad~lt sockeye returnto.'spaw~ and thus recruit to

the fishery at age 3, 4, ~'or 6 years, the majority:return to

Area 4 at ages 4 and 5 in about equal proportions. The average

prop6ttion of total returns from brood years 1951 through 1975
, 7

was 0.48 at age 4 and was 0.49 at age 5. To· simplify

calculations, I assume in the simulatIon that returns from each

-'-~----- --." ---"--- -~ ::;----.
!

63

··f'

.'. . . ; .' ~~.....'. ..:" . ... '.-,~, ,,), .. :-.. ' :, .} '. . "'. '-... _.....:.~.;. <...- ...... :.

N • 0.5 * Ry _ 4 + 0.5 * Ry _ 5

_ .... ,

calendar year, y, consists of half of the returns from the

~rbodyear are split evenly between age 4 and 5 only.

Therefore, anriualabundanceof returns to the fishery in ~ given

Timing of Returns

To simulate weekly ab~ndance· of sockeye returns in the

( 3 )

escapement 4 years,previous (Ry_4 ) and half of the returns from

the escapement 5 years previouS-{Ry_S):

fishery in week t (NWt ), the model randomly selects an annual

r~~im~ng:_curv~ j from tbe set of historical timing curves' that

-'~lculate-d from Area 4 sockeye catch, escapement and test

fishery data (Table 3), and multiplies the simulated annual

abund~nceof retuins (N) by the weekly proportion of annual

returns (~t,j) from the timing curve:

'./' ,~



\

)
Week 1 is fishery week 6-2, the second

/

_.'.-i .:." ."
: b ... ·• ..•·

week in June.

Table 3. Sockeye return ti~ing data. proporti?rr of annual

return of Area 4 sockeye that returned each week, 1966-80,
. . _~:'O' ,. ~

reconstructed from .annual'escapement, weekly,test fishery index

.and weekly catch data.

Q. q
Year

wk 1966 1967 19~8 1969 1970 1971

" 0.0041 0 ,0 0.002 0.002 0
2 0.005 0.00,8 0.060 0.035 0.007 0.004
3 0.023 0.010 0.041 0.035 0.040 0.004
4 0.044 0.045 0.113 0.048 0.062 0.013

,. ,5 0.068 0.069 0.068 0.120 0.121 0.026
6 0.239 0.156 0.389 0.151 0.183 0~086

7 0.078 0.212 .0.198 0.216 0.150 0.217
8 )J..327 0.249 0.094 0.148 0.099 o.19~

9 '0.151 0.164 0.030 O.Hn 0.203 0.174
10 0.042 0.059 0.005 0.033 0.120 0.205
11 0.018 0.019 0.001- 0.022 0.011 0.056

,12 0.005 0.009 a 0.005 0.007 0.017

. "

Year
wk 1972

p
1974 1977 1978 1979 1980

~.:

1 0 0 0 .' 0 0.016 0.013
2 0~'003 0.023 0.011 0.037 0.016 0.034
3 0.023 0.033 0.011 0.026. 0~020 0.056
4 0.021 0.045 0.051 a'. 079 0.027 0.102
5 0.036 0.103 0.068 0.158 0.088 0.183

~ 6 0.041 0.174 0.180 0.274 0.197 0.191
.. , . 7 0.280 0.~43 0.259 0.205 0.262 0.12~

8 0.156 0.277 0.243 0.123 0.157 {J.190
9 o.-2-54 0.085 0.144 0.053 0.175' 0.064

10 0.136 0.013 0.028 0.026 0.037 0.034
11 0.044 0.004 0.004 0.015 0.005 0.005
12 0.006 0 0.001 0.004 0 0.002

i
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( 4 ) 0

Fishing ,Fleet O'ynamics Submodel

year~ (3) standard deviation of time of arrival is correlated

wi~h magnitude of the run, and (4) standard deviat~on of time of

arriv~l is correlated with year, by regress{ng these simple

". ,

.independent of abundance o! returns and 'c.hat it· doe'S not
::>

systematically vary across years. Therefore,_I tested the

magnitude of the run, (2) mean time of return is correlated with
.~

hypotheses that (1) .mean time of return fs correlated with

.statistics on abundance of annual returns and on year,. None of

l~did not use (iming data from 1973, 1975 or 1976 because I had

,difficulty assignin~-catch to a week due to strikes by

'abulldanceo£ gillnet ve&,sels in re~ponse to simulated weekly

stpck abundance-and simulates harv~st rate in response to

sl.ulated weekly fishirig effort (Figure 14J.

. the four re9ressions were significant (n=12, all P>O.1).

using the relationships that I derived in the previous

."",chapter, the fi-shing fleet dynamics e-omponent simulates

fisher'men or inconsistencies in the -data (e.g. vessels counted.

. I. t . but no cotChfpo~ted).

Two assumptions of this algorithm are that return timing is

l , •• ,.

:- ."

: t:



its relationship to the Sockeye Population Dynamics and

--..-.... .-

-:..::..:: ..; '.~' ~-. ;. .

f.

Flow chart of Fishing Fle~t DynamicS Submodel and
, ,

Figure 14,

"

Management Subrnodels.
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distributed random error term with

Parameters were estimated in the previous
~

__ l'UN~t-{-'L-O~S~* -(-GNW. 'L.-DA-':l-&.-r ~ • 33 • ev 6 ~ ' ~ ____
-1 0.95 . . ~

-GNW,t-';'MAX_o_LL.?80 _±-.O. 00076 .LNWt + vs,:
{ 30'

-';-:--.-'-.1

, ..

I use the asy~ptotic relationship between harvest rate and

we~~ly giflnet fi~hing effort derived in the previous chapter

Hat've~t Rate

-
this function to generate vessel abundances less than 0 because

1984) •

fishing effort. At low abund~nce levels, it is possible for

/
This is approximately equal to the minimum number of gil1net

vessels that fish~d only in Ai~a 4 frdm 1979-81 (Millington

0'£ the variance term, v s ' so I set a minimum of 30 vessels.

of 'gill net vessels per week and weekly abundance of sockeye:

,
where Vs is a normally

variance a~5=16000.

T~ simulate the number of gillnet vessels (GNW t ) fishing in

ea~h weekly fishery, I use the simulated weekly abundance of'

sockeye (NW t ) and the linear relationship between average number

Number of Gillnet Vessels

("Figure 9) to simulate the harve'st rate in week t (MW t ) from

simulated wee~ly aQ~ndance of 'vessels (GNW t ) and duration of the

weekly fishery (DAYS t ):

-chapter (Figure 10) in the ordinary least squares legression

analysis ,of th.e effect of s'ockeye abundance on var~tions in
-'

"

... ,

''/.
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,Management Submodel

exploitation rates greater than 1 because of the variance term,

~o I set a maximum harvest rate of 95%.

sockeye abundance. The effect of sockeye. abund~.!1ce on q is

inc-lud~din this function because vessels respond to changes in

, The salmon management process consists of setting objectives

such.~s anriual abundance 'of escApement and proportiori of catch

by ~~ar type, fo~ecasting the total abundance of returns of

•SO~"kep. subject to harvest, and then controlling the timing, and'

duratigll-of 'fishery openings to meet these objectives. In the

model', 'I simplify thil? management process s,lightly by

c?Il'sid:ering ol)l.y thegillnet harvest sector, the major harvester

"~fc so6keye in Area 4 from 1965 through 1980. This eliminates

,.ttH~, requirement in the modeJfor a,.,llocation among, gear types and

'~e.dut:es tnemanagement problem to one of controlling catch by

.
'where v6 is an?:.~allypdistr'ibut~d random error ter: with

variance 0
2 6-0.11. I ~se the harvest rate function because itv .

integrates the potential eff~cts on q of bot~ fishing effort and
. ". ~,

sockeye abundance in the model. Parameters of the harvest rate

-----t.U-J'lc--t--i-O.rl--we-r..e "as t-imat.e.d i nthe , p r ~vi 0 us chapte r i nthe 0 rdina r y

i~ast squa~~s regression, analysis ~f the effect of nominal

fil;;hing effort on, commer,cial gillnet catchability. At high

effort lev~ls it is possible for this function to ge-nerate

. e;~e·apem.Etnt tar.get.·,.'. ~", ,". '. '!
..... "

:".: ':. -~. " ~ . . '.

. ':' ,': j.' .-"' ....

..,

. : .
: ~ .

.;:~ .: '- ,'.. ;­

.::.
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" 9;Oe.; gear" type o'ver a series of openings to meet an annual
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The management component then uses the,

escapement (S J) that will maximize sustainableop _ -

obJ~cti~e of my benefit-cost analysis is to

.-':-, '.' .....
- .;.

yield since the

of ,the level d'f

determi'ne 'the value of improved 'forecasts of sockeye returns,:

escapement) ~arg~t, is derived from stock-recrui-tment analysi~

(Min,a,rd and !Meacham 1987, Sprout, an? Kadowaki 1987). To

, , ,

not the value ~f improved estimates of optimal esca~emerit., The

rtumbe~ b£ gillnet vessels and historical data on weekly

commercial fis'hery elf to set the duration of the fishery~

'One 6f the 'goals of ,salmon fi.shery management is to achieve

an annual numbe r of spawners tha~~i 11 max imi-ze sus ta i nab 1 e

yield (Minard' and Meacham 1987, Sprout and Kado-waki 1987). In

~the:simulatio~, I assume that the manager has perfect knowledge

" '

o~je~tive,and th~ cumulative catc~ ~o date in ord~r to calctilate

In'the management component of , the model, ~he management

i

the tot~l allo~able ~atch remaining in the season. This 6alch

o'bjecti'vr is'then translated into weekly catch objective$ using

process is broke-n down into a sed.es ,of step's ~(Figure 15). The

mode-l s,imul~ates 'pre-season and in-season forecasts of' return
, "

abund~nce, weights these for~casts to form a combi~ed forecast

of annual i~turns,and then subtracts the annual escapement

, averac:ie ,~run timiAg data.
i

. ' ..J! . . .

:apPI.oximate/formula fo,: Sopt from Hilborn (1985b),

\~pening to meet these weekly objestives.

~,\ '

, ~nnual Escapement Objective
(

..... :.. :....--.'

'.' r'

I :.'

. ~. :

.....'

.or.

_ ,.
' ..-...

..'.

'... '

calCu1a'teSc?Pt~ I used the estimates of a 1, Sr' ando 2
v1 from

0'

F~;;',_~,~,;;",, ---~-=1~Fartu--ly~t of S'et~k;;;;r"e-erurtnte-rtt: abpve~ erEquatf Qt;l4! - ano f fie', ------
. ,.... ,,"'~ ;' '
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rel~tionship to the Sockeye population Dynamics and Fishing

( Fleet Dynamics submodels .

Figure 15. Flow chatt of Mana~ement S~bmod~l and its

. .

•
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Given the parameter esti·mates from the stock-recruitr.-.ent

~naly~is above, a p.l.23 and Sopt~79~,0~0.

\

My estimate 6f optlmum number of spawners is less than the
. .

..
published target of 900,000 spawrrers for Area 4 (Kadowaki et al .

1984), which is also

and Kadowaki 1987).

base~ on stock-recr\itment analysis (Sprout

The dl~terence may be gue to an inherent

.' ,
. '.'

J'

bias in my stock-recruitm~nt methodo~ogy. Walters (1985) shows,
that the method I used to estimate the stock-recruitment

-~
parameters is biased downward due to the correlation between

...
case, this bias may result ~n an underestimate o( Sopt by 50%.

Howev.er, my estimates oftthe· S'tock-r~cruitmert-t parameters and

optimal escapement are inte~nally consistent and are adequate

for this simulation; which only requires some stock-racruit

.:... '

.-::.....
random deviations in S and subsequent levels of R. In the worst

.... ~.'

...; .....:
. >- ~

.:' .

.. '- .:

..~. :

"

relatjon to drive the long~term popul~tion dynamics~ ,

I set the target. for escapement .from the Area 4 fishery. at

. "895,000 sockeye to allow tor th~optimal number of spawners and

~n Indian food fishery catch pf 100,000 sockeye, approximately

equal to the average ~aivest by the Indian food fishery, 1964-
. ../'

1983 (Kadowaki et al. 1984) •
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of returns from the previous. year in the calculation of the

as.

'.~•.... -

"

.• - ;.~.:: -. ", ' .. i. '...: :',: ...' .' . . ".. ' . :'-' ~--~

~re-6~a6on Forecast of Annual 'Abundance of Returns
()

For·all tl1ree management systems, I 'u&e tpe meanannual~
, .

return of sockeye to Area 4 from 1966 to 1980 (1.6X10 6 fish)
t ~ J

the pre-season- forecast for Lhe first year ~~ each simulation.

In subaequent years of each simulati6n.run, the pre-se~sdn

forecast is upda~~d by including the' simulat~d ~nnual abundan~e
...

.; .'. .
_ -.J'

j:
.1.

..... : ..

.,:~ .> --.
.. --: .

,

.'. :;:: - .. :..:-
.' ~ .•..

... ::'- .::,. -..... '".
'. ~~.-:: _ ... "-

I use' mean -abundance of returns as the pre~season forecast ,in

the simulation because I foupd ~o significant relationship.,

. between the pre-season fo~ecasts of returns (R. Kadowaki, DFO,

Pri~'c~ Rup'ert, personal communication) and the actual a~nual
~ . .

returns to Area ~ from 1967 to 1981 (P(r=0»0.9).
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new mean to yield the residual error, 'and sum!"ing the squares of

these resid~als. For the pre-season forecast of annual

mean.

lThrou9h.~nerror in calculation, the weighting factors for the
fore-casta!n the simulations were calculated by dividing PRESS

·by the number of obs~rvations., not the degrees of freedom. This..

For comparis~n with the other two forecasting methods below

and for weighting the pre-season and in-season forecasts of

-abund~nce of returns, I Galculated the PRESS sfaiistic, the sum

ol squa~es 0'£ predicted residual err'ors (Henderson ~t al. 1987).

This was calcuiated by dropping the i th observation from the

estimate of the mean, subtracting the i th observation from the

.
'. abundance of returns, I found PRESS-3.16XI0 12 . The residual

mean squ~t~ (RMS-2.87XI0 11 ) was cal~ula~ed by dividing PRESS by

the degrees of fre~dom, the numb~r o~ observations minus one 1 .

-:. ::

. ". ':." ~."~ ~

',,~.-., ":~'. >~:. ..":
:_. I .' .-:'-:,~: . '. .
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',..



I use I the 'PRESS st~tis'tic rather than the residual sum of

'-' .
"'- .-.',, I'

, In-"season. Forecasts of Ann'ual- Abundance ~f Returns

Cumulative catch per effort data' from the test" fishery or
. :.:.'" '" .

from the commercial fishery may be us~d to calculate an 1n-

4 q

variables that may no~ improve the precision of the predict~on.

., . , • '0 '

:squares for two reasons. Henderson~et al. (1987) note that (1)

the: residual ~ 6f square~ ,(RSS) underestimates th~ variance',of'

~ predicted' value beca~se the,'regres~ion is based ori that
: - .' ....';1., .,' ", : > •

, . I .q . •
bbse~vation, and (2) theRSS d~creases with. the addition bf

~·:<> ..,1.~'.:··1:.~ . . :,.~".:,::)., '. r.~.:_:
.• . .# • ~. i'.:.

, .
I>:'

. J .-

.:'.::'

, ' .

..
'season forecast of 'annual -ret,urns for TEST or ~ COMM, management,

. j ..
respect1vely .. The forecast ha.s two 'parts: (1) forecasting

..': .'
~. . .:< .

.. ' .

;,,,,,

. ,"

l~ "; ••-.... •

annual abundance from cumulative abundance to date (Walters hnd

Buckingham 197?, Henderson et al. 1987), and (2) estimating
.

cumtilative a~urid~nce to date with elf dat~ from the test or

commercial fisher~s.

•Annuar-·...abundance of returns in year j. may be related to

cumulative abundance~week t during'the year a9 follows:
/ ~

.. ',.'
.... :..

.•••'!

( 9 )
t

N. III b 9 t * 1: NW. .
J . t. 1, J

,1= 1

.'

73

.....,:.,

weeks 't 1 ,and t, N~i,j is t~e o;;,eekl~)

4 in'week ,i of year j',and Nj is
,

in Area

between

":'. ..
. :. ~ '.:.: ~ ~:. . .

....

of the ~uri returning
1

,abundance of sockeye
/

where b91;: is the reciproc'al of the average cumulative proportion

do~ts not·· affect the relative ~e.igh,ting of the 'PRE, ~ST, and
COMM forecasts in the first three\weeks of the simulations .

. Ho~ev~" in week 7-5 ,the variance of the eOMM forecast is
" underestimated 'b\y 1% relative to that of the PRE and TEST
';-'~foreea~ts,in we'ek 8'-1 by 3%, arid in week 8-2 by 5%. • The effect

of this calculation'err'9r on the results should be minimal.

....... ~ . , ~
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t-

to date for each week t. ,To

the current year is multiplied

annual retutns~ ~umulative 1
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be estimated from.hisVorical data by

through the origin of, anJ:iualabU11dance of
'q;

D.

.N.Wi, j - 589 * TC/f. . + Ci .. '.. 1,) ,)

" ,

(10 )

('e,tlJrns 011ll cumula ti ve' al~mdance

.~ak:~, a.f.·.orecasto; abundance o.f
, 6-

abundane of' re~urns tq date ~in

wher~. 'tC/£~i._,j is the sum of the daily Clf in the test. fishery'in
.....

.w~ek i of year j, 589 is th~ slope of the relationship between

annual escapement ~nd annual teit fish~ry Clf ~alculated in the
,; • <:,'J n
.•• I

.-

'J:'

Test fishery Clf is used to estimate weekly abundance of

TestFisher~

,

of weekly escapement (Ew) ~o weekly catc~ per effort -in the test

fishe~Y(C/fw) is the same as \he ratio of.thosel annual
".

,j, varia~les, i~e. Ew I (C/fw) - Eyy'(C/fy ). Weekly abundance C(.f

returns in t ~ Area 4 fish~ry equais ,the weekly escapement
, j

estimated fiom the test fishery index pJ~s the weekly catch

from (1) weekly test fishery elf and cpmmercial catch'data, or
• ' -.. 1'> '7"'::) ,

(2)·w.eekly commercial 'fishery Clf data.
. 0 r , •

. : .

by the wee'Il.~Y coefficient for that week (b9t ), ,calculated'from
~

. t~e~historical data. Cumulative abundance 6f~eturns to dat~ is

composed ot' weekly abundanceS ·of re'turns, which may be estimated"

,
'escapemerit from Area 4 and' forecas1; annual" abundance' of return~s

~ ~

dur ing the seasol) for TEST managemEfflt. Since I' found in the
I \

previous chapter that a~nual abundance of escapement and Clf i~

the test fishery were linearly related, I assume that the ratio

.... .~ .

,tHe annual ~,.ql)ndanc'eOf.-sockeye in ye'ar j: The weekly
../

" .. 'j 9,oe·fflcfents;·;<ii'9l )'can
'" i'· .., .' . . ' .

-r~~i~~sionc6nstratned

.' ~ -"~',:.

.....

; ".

'r·.'

?<~.~.
,.';.'

... ,'::. ~.

:'::,....:.,: ~.

-;,7'~' ~:.....

"
'-.' :~

.~>:.> .
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'Linear

were not

8-4 were

.\

, "~>" '--.,,' :','

, ..

The RMS ~rrpr of the

,. . . .., .. ' ..'. ': ~- " '. ~ "...... ."
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t "',:~ . t .' ..
* ~ TCt/fi"j + 1: C i ';
i-I ' i-I ,~r

5~9

,
I started with ~eek 7-2 because t~ere we~e few

[;I.

....

...-
N. .. b 11 t\ *'

J -J_ V

the prediction sum o~ squares for the' test fishery relationship

catch in the commercial fishery, both accumulated from week 7-2
•

through week tq

years ,with commercial fishery openings prior to this week and· ~,.

p'redicted annual abundance o ..f return5.
i"

aburtdance forecast decre~sed throu~hout the season and by we~k

. '

abundance of returns is related to test fishery Clf and

cumulative weekly 'Clf in the test fishery and cumulative weekly

/jIO, ~

where bl1t:,"b9t and v ll:t is a,n05Jllally distributed' error term

,:.1 t~sted the sigpificance of. th:\l;t"lonshl P f~ r each week

t by regr~ssing annual abundance of sockeye retur~s to Area 4 on

. 2
with.varlance a v11t'

-was not Improved by starting witn an earlier week.

reg['eSSLons (y-a+bx) for fishery ~.eeks ,7-4 through

sig,nificant (allP<O.002) but ~ith1ntercePts that

'commetcial catth at any.week t ,as
I

significanto(all' P(a-O»(}.OS), thus contirming the.rack of

~:.;intet'cept in equation 11 .. I then estimated the bii t by
f _-~'~ <f:' ~.

"·~'anstraining the r~9reS'sions through the origin. I 'also

'calculated the residual mean square (RMS) errors of the

, ~

. preVious'chapter, ,and ,C i , j ios the commercial catcn in Area 4 in'
~

w~ek'i of yearj. Substituting the test fishery estimate of
\.> t 0

.\o\eekly aQundance of returns .into eq\,1ation 9, then annual
._.._ '0' ...

' .. ,.f)'
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.~., . .
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commercial fishery elf is linearly related to stock abundance,

the 'model' to' simulate' fo·r· TEST manageinent an in-season fore<tast·
. Q

abunqapceqf return,s where ctimulativertes't'fishery Clf is an
~

index of cumulat"ivdr ese,apement to time t.
L • (:a

abund~nc~th~n ~he p~e-season forecast (Figure 16) .

\.'
The estimate ofb11t from th~ Itnear regression is used in

7-4,~ the test fishery became· a better predi'ctor of annua"l'

,

Com~ercial fishery Clf is us~d to forecast annual abundance
,/ . /. "

of returns during the seas5n for COMM management. I found in

.
of" annual return abundance in" th.e currentweek~from'

simula ted weekly test f i she ry C/f' (TCF) and s'imula ted weekly

commercial catches (CW). accumulated" to th~ p,revious week (t-l)

. .

ielated to nominal fishing effort through e9uation 6. Since
~ .

effort is correlated with stock abund~?ce, this results in

apparent density-dependent q. F'or the c'alculationof return

fo~ecasts based on 'commercial fishery Clf, I assume that

t-l t-'1
; INSt' - b11 t..:..l * (5 89 * r TCF. + 1: CW .. ).' 1 1 . 1 .. 11- . 1= .... ,:..., ..

& ~

~ J.

·'J;'his is simply a r'eturn timing model. for forecasting annual

•tb, previous chapter that weekly commercial fishery Clf was

'nonlinearly related to weekly abundance of sockeye returns and. "'. .

..>
that w~eklyharvest rate was nonlinearly related t~ nominal6

". fishing effor~. --The'se findings imply that catch'ability ~s

~o~related ~ith sto~~abundance or effort. In the model, q is

_-r..:.

l

. ,

'd

,

. l·

) .....-..
P:~
, :5;
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In-season time trends in prediction error~ of pre-
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. . Figure ·16..,.,--
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seaso~ for~cast (PRE) and in-season forecasts based on

'commercial fishery C/f (COMM) and on t~st fishery C/f (TEST).

Week 7-2 is the second week in July.
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of constant q. Therefore, I also ran the model with q corrected

for'~hanges in fis~in9 effort .
.# -

~..- .

,,:' ,'" .'
' .

...

~ :'.'

. : -" .. ".

.; -:; .". ~.'" .'., .. ' :."...
.:S ..

.... "-.;,

'. 11~' . -" ..'

'" .. '.

\ -

~owever,i~the sensitivity analysis of the model's results'

"below, I found that the results \'Iere biase'd. by this assumption,

D '
.. ' since the parameter e,stimates <:for the nonline~r relationships

woulcfnot ba available. in the absence of weekly abundance of

tettirnidata from thetes~fishery. The ,est~mateof ~eekly

al;n:indance ·(-N) from the test fishery is required to estimate the
4 ,

pa.rain~ters of the nonlinear functions for the functiona1 .;
~ - .

-responSe (t/f versus N)and the harvest rate (C/N Versus -f).

~----

..',

'" f.

of weekly ~bunda~ce of returns into equation 9; then annual
~

abun.dance of retur"ns is related to commercial fishery Clf at any.

11

t
b14t * t GC/f. .

i-1 1,)
N' -t,j

•
(14)

'(Lj

week t as

~ssumin9 a 'linear' relation5~ip ~etween ,weekly abund~nce oC
" .' ~., "I,ja

returns and commercial C)f; then

Where b14~-b1j*b9t and v14t is a normally distributed error term
2with var~ahc~ a v14t'

;wher~ bi3 is the reciprocal of weekly q (from equation 2 in

·c~apter 2, C-qfN) -and GC/f .. is the commercial fishery ·C/f in
1 , )

w~ek i Qf year j. Substituting the commercial fishery estim~te

... ( 13) - -
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1 ~hen estim~ted ~he b14t by

. .

'~".: ~'.'" . : --. :'

t-1
* E GCFWii-1 .,

. .::"

";.,

. :~"' .

.. ;.:.'

..,'..
..:.... ;. ...

.," ~ ~ :.. ' .
. " .~.

' .. "' . :.,

, '.,~

'. ..' " .
.'to'. . ",

,": : .....

~. '. .. 'c. . ~.
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'.-"'.'
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.' .". '- .'. . .. .. j".: ' ','

. -,intercept in, equat:~on 14~'

<,·;g1,lfne.tfi she ry .. C/f (GCFW)

";.' . '

..

;.t?·?..r~.~~"i:o-~s.(y';'a+bx) (0'( the' fits t week (7-2) tot.hesix th w,,~ek

with inte~ceptsthat

or if-the. fiSher,Y was Glosed in we'ek t, then

Thee.stimiltes of b14t from the linear. regression are used in

Jhemodei to simulate 'for COMM management an in-season forecast

i~turn abundance from simulated weekly commercial

....

. ..-

·····erSt

· ;." ; .

· .' .. i.;~t1e~e:~~~klY/:f:orecasts ass/e 'that f i ~h ing e! fo r t ea chwee k

.... _J~.·nthe-.~?del'Will-b~F'Simi la r to tha toccul' d rig.. hi s toOcall y.
~; . ", . .

~bundan¢e for.edast· remained relatively constant throughout the
. '.' .' ::J

..... ~. :s~.a.f;9t:i'••. The commercial fishery w~s a cOl"'sistently better

."p~edrttQ:~'df annual abundan'ce .than the pre-season for~ca6t and
.:.' 'J':.:~ ... , .' .:. ....,.~.. , . ..

.' . 'fo'rthe,first3weeks, was a "better predictor than the test

"fishery:~rrg\1're 16).

,J8.~2)w~re,$f9nif·icarit·(All.P<;O.03)·but
. . ': .•...... '. - . '. - '. I . . .' .' .

,:.:.>wet~;liots'i9n·lfi-92l1ft-(A+IP( a-O»O .15),' confirming the lac~of

":'- ' ..
. .:' ,~ .... ,. . ~'.: . ~ . . . - .

-".; t:·te.s:tEtdtti~.'s~<JrtifJcanceof this .relat,ionj;hlp pyregressing
..... ::.....
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Results from sim~lationsrun.wi.th~

", I,

. ".~ ~'" .

• ..' : :',.• ',~•.::< ',;' ':..... :'.

"'", .'".: " ,"

,;. 'GCFW . II f.·
hi

..
st

, to .l3 / •f . ' ... 0.33
... , t .. model~t

J."

:,.,.- .

. ~ :". ;.~ ....:.'"".. '
., ..-, '':. ':",

", . ,f',' .,'. "':.~.: I

.'" .
", ',.',

. ,. ~'. -, .

·torecast .·.·.parameter~a re· based:"

. ',

. ':

.......

(,17') .
: . -'" ..

":"; ::" . :" ".~ ~ ...

. ~ .'

:":, .....

. :- .. -

.". . .; ~ .... - ,"

" :..: : ", -, "- .
'. ~ .'>

. ',.

,'; .t~~e~~':.;(;CFWt' :1s t;he&~rnt1iat-ed weekly commercial fi$heryC/f in.

·:,~heln0ge.1.~".~::.~model,ti~ simplated weeKly nominal fishi~g etfprt.

rn:.we,~:k..·t;·;'-·'rhi'st~tiS themeari weekly fishin9;"'effort in t,he :

6():i'~e~'p:ond~ng ~eek ~f the historic.al period, and the exponent

"':':,~el:g!i~lng.,()fPre~'season and lri-seaso'n 'Forecasts
".' ~ . ..~

.. ·· ..;~~ddwaki.'1987). 'tollowi rigwa l·ter.s andauc k inqham{197 4'J I 1 used
_".":; ,. ".0,' - ". .' •

:".~eighted·.least 'sq~~res' to c'ombine the forecasts 1:n the ~'~del.

, • ;~hi/weight:in~ iaetho: hIe.. coml'lIcate<l rAntP"eBoye61An

; ..• ···;,appf(ja,t;h?c)f·:~:rtecl~ndHi ~botn {1988f. the va'r fanceof . the' mean'
...,:••....• ' 1...0."

.' " .';t • -.~:..... ..
" ..,.. '.J...~ ..

; :' ::;:c-h:an9~:s': in' weeklY C/J ~ l:eCls;sume,d. to'~eftect Oftfy chaneJesi n

..:··.·.~~oek~~undari·6e .. :lr; i.he·.mod:el, q ~U'),d 'thus C/f,Varywit.hnominal
.... ; -"'.. "' .'. .

.."<: ..:.~;:~~ia:!:::.·..••,.t.it~::. :.~·:e~i;~ ·.•::;f::::~A:::mf::: :~~::u :.:I::on
., ..,;,..... _..

';: .:?,fthe.:in~epell<ie!tt,·ob6ervat.ions .Xl""~'x n.h~i~~g·un~eq~al

..• \-.y~t'~).~~:'e~::~~i, ... '>,a2
n i.$ minimized. by wei9hte:dl.astsqua res

.' "'l?rEt"'5e~sona:rid in-season forecasts· 0.£ annual abundance of .,

':";:'t.·e~ur:~iF;?F·sOCkeye to Atea 4 are weighted ,to maxim~ie·, the
..:~.

'.' "'.'. :~····,'pr·~crJion,oft-he .tombi neo 'fo reca s t of annual' returns '.( Spr Ou t. and
.," . -. ';~ ,," - . .

...' ..' - .
. ~'.: : . . '",

.';:::;:..

, ..
<::<:.:/~ :

. ';"..



where the weights are the r~cip~ocals of the variances of the

. '. , 2' 2'
indivt(:1uaI observatlonsi1/a 1"" ,1/0' n (Box ~t al. 1978). In

each week t, the weighted forecast of abundance of returns (PN t )

<16:

,"'.'

'.'

..~,..,1'1.,.11,l1li I1!11!1.,.,IIIJII I'I!."II!II.., .-...,...-"""""-_ ~--,..,-,.,,----:-~----:-~._.,'.

For the two forecast case (COMM: pre-season and commercial

'. h 1/ 2 d th th ,th, d d' t f t fwere w
1
," 0', an e x, are e 1, 1n epen en orecas so

1 ,1

. abundance of returns (n .. 2 or n.. 3, as below).

(
/'

n n
PNW

t
- £ w,*x, / £ w,

. '1 11 '1 1
1"' 1-

( 1B)

fishery), equation 18 yields

... (19) PNW t~ + 'W 1 * x 2) / (w 1 + W 2 )

- (l/o~l*xl + 1/022*x 2 )' / (1/d
2

1 +

( 2 * 2 * ) / (2' 2)'a 2 Xl + a 1. x 2 j a i + a 2

2 .
1/0 2)

/

\
~/

'---..'

where Xl is the pre-season forecast, x 2 is the in-seas6n

forecast b~sedon commercial fishery C/f (Equation 15), an~ a
2

l

and 0
2
2

~re their respective prediction error variances.

variances are calculated from the PRESS (Table 4).

These

,.

For the three forecast case (TEST: pre-season, comm.ercial

'. ',', f1sh~ry, and test fishery):
/

"..

.: ..

( 20) 'PNW
t

• (w1*x l + w2 *x 2 + w3*x 3 ) / (wI + w2 + w3 )

- (l/O~l*xl' + 1/02 2 *x 2 + 1/Z2 3 *X 3 ) /

2 . 2 2
(1/0 1 + 1/0' 2 + 1/0 3 1

2'2 2 2 2 2
.. (a 2*0 3*Xt + a l*a 3*x 2 + a l*a 2*x 3 ) /

( 2 * 2 2 * 2 2 2
a 2 a 3 +a 1 a 3 + 0 1 * a 2)

81
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Table 4~ Estimates of parameters and weighting factors for the

pr~-season forecast (PRE)L the in-season forecast based on test

fishery Clf and com~ercial catch (TEST, Equatio~ 11), and the

I
in-seasoh forecast based on commercial fishery Clf (COMM,

Equat{on 14). weighting factor is PRESS divided by number of

observations. Mean n6minal fishing effort (f hist ) for 1966-72~

I' .

,....

1~74t and 1977-8a is calculated for standardizing commercial

fis~ery elf in the model. Weekly test and commercial fishery

Clf are accumulated from week 7-2.

,,

I· .

' .. "

.. :.....,.:.... "

".,.:.' "

Week

7-2,
7-3
7-4
7-5
8-1
8-2
8-3
8-4

PRE :.r- TEST eOl1M
RMS

f'-- b ll t Rl1S b14t RMS f hist
I! ..

9.96 11 22100 11 8902 .. 6 3X1°1r~ . S.86XI0
11

1.34XI0 11
< 2.63XI0 11 3.43 3.63XI0 11 9860 1.13X10 11

1670
'1~. 6 3X1°11 2.04 1.16XI0 10 6140 1.02XI0 11

1739
; 63XI0 11 1. 46 9.94XI0 10

4670 1.18XI0 10
1742

2.63XI0 11 1. 23 3.91XI0 10 3990 8.16X10 11 1455
2.63XI0 11

1.16 I.S0XI0
10 3560 1.05X10 11 949

2.63XI0 11
1.14 1.44XI0

09 3180 1.41XI0 11
2.63XIO ".11 7.1SXI0 3010 1.21XIO I

\

.... ' ..

......" ..::. '.'

I
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where xl is ~e pre-season forecast, x2 i~ the in-se~n

r-yeeast pased on commercial fish,ery ~/f (Equation 15), x 3 is

the in-season forecast based on best fishery Clf an~ co~mercial

cat;h. (Equation, 12), and (12
1

, (12
2

, and (12 3 are their ~'espective

{ ,

. ~ -'. ';

.....

.:....

.......

. '

prediction ~rror variances (Table 4).
)

Total Allowable Catch Remaining in SeQ son

The basic objectives of,management in the, simulation are to
I

"

allow the desired number of total spawners (S t) to escape theop, '

fishery and to apportion the allowable catc~ iri excess of the$e

escap~ment requirements over all weekly segments of the run.

The latter objective is consistent with the weekly escapement

targets set by managers of the .Area 4 sockeye fishery (Sprout

and Kadowaki 1987) and with the objective of orderly harvest.

At any time t during the simulated season, the total allowable

catch ~n the remainder of the season (TACt) is simply the

difference between the 'weighted foreca3:-t of annual returns (PN t )

and the larger of the annual escapement target (Sopt) or the

cumulative escapement to date, less the cumulative catch to

da.te:

-'--' . ( 21 )
t-l

TACt" - PN t - MAX(S t" E EW.)
~ op . 1 1
;' 1-

t-1
- 'E. CW.

i=l 1 : i

.:~ .: . , ~ .

...... : .... ..
" '.j,«

Cumulative

m.anatment

duri\9 the

' ..

~

escapement to date is set to zero for PRE and COMM

since there is no estimate of cumulative escapement

season.

83
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Th~~l allo¥able catch to come is divided across the

remaining weeks in proportion to the~r~weekly abundance of

retu~ns~ based ohaverage historical run timing data. The

~eekl~ catch obj~ctive in week t (TACW t ) is thus:

. ".~

. ".: . ( 22 ) ,
nro

TACW t - TACt * pW t / r PW .
. i -t 1

"

where ~ro fs the number of remaining openings. For TEST
~

management/the PW i (Table 5) are calculated from the b 11tL the

teciprocal~ of the cumulative propoitions of the annual

abundance of returns in week t (Equation 11):

1
. (23)

.", :

:...,

: .

' ..
":.' .
.,,'.

The 'proportion of the run returning in week t is estimated by

s~tracting the cumulative proportion of 'the run returning in

~k t-l (bllt - l ) from the cumulative proportion of the run

~eturn~ng i"n week t (b
11

t) . For PRE .and COMM management, the

PW i are calculated from the b14t , which are p~oportional to the

reciprocals ~f the cumulative proportions of the annual

abundance of returns in week t .I Equation 14):

t24) PW i - l/b14t - 1/b14l- 1

Dtiratlon of Pishery Opening

,Given 'this weeklx catch objective, the control variable (or

the fishery is the 'duration of the fishery opening., Length of
r-. . ,~

the opening is d~term1ned by the number of fishing vessels and

; ....

'. ~,"'.

'. --~ ~ -

-: '

..~.
.....-.:

' ..,'; :

. ~.: .

.... :..
' ' .

: '. . ' their predicted catch per effort .

84
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.Table 5. ,weights .. CPW
t

) for allocating tot~l allowable catch

acr6s6 the remaining weeks in the fishing season. For TEST
" . b

~anagement, PW
t

is anest~mate of the proportion\of the run

'''.';':, .~,' " .... ,'.~~- ..
""'~.,::;

"'"
. '. '~, .': . '", ....; .", ~ /"'- ' ..".

.'-
v

PRE/COMM,
Week (xl000) TEST

7-2 0.045 0.10 ,..

7-3 0.056 0.19
7-4 0.061 0.20.. ;. 7~5 I<>. 0.051 0.19
B-1 ~

0.036 0.13 .
. B-2 0.030 0.05/

B':'3 0.034 0.02
B-4 O.OlB 0.02

-- -'

'" .• ->.

, '

r.turning in.we~k ~ (p t )

(.l/q)*pt' an index of Pt

and for PRE and COMM management,

(See equations' 9, o13(and 14).

it is

·-i

........'. .:".:.: ."
", .-'

B5

..
"

" I
..( ..\, J

..~. ,~ ~~/

:> ·'.1·"

,..
\

..(~ ..
' ..
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( 25 )

immediately after the fishery opening. This number is used in
'Z ~

_conjunction with a simulated prediction of weekly. Clf (PGCF t ) to

estimate the duration of ~h~ opening, which is the we~kl~ c~tch

objective (TACW t ) "divided by the predicted catch by the gillnet

fleet per day open: .

, ~

tishing vessels (,GNW t ), simulated in the model by equation 5,. is
I ,

kriown prior to setting the l~ngth of the opening. In the field

situation-in_Area 4, it i1; estImated by aerial overflight

·... ··i·
< :"

'.' : ...

lAo',;' '.

".::"

. :,

- For the first week of the_ fishery, I set a minimum opening

'l~ngt6 of 2 d and. maximum of 3 d, the range of actual opening

lengths ~or this week from 1966-80. For the remaining weeks of

where Nw is weekly abund~nce_and a 26t is estimated from

~e~res~ions of hi5toric~1 data. I use the historical mean

~-

the fishery~ duration of the op~ning is set with equation 25.

H~wever, ~he model would close the fishery for weeks uhere'the

Predict~d Gillnet Clf
--<.

If the proportion of the run returning in week t (p t ) and
l'"l

weekly q are constant oyer years, then weekly Clf (C/f t ) could

~-- be predicted from estimates of annual abundance (N):

I.

-,

- q I< (Pt I< N)

• a 26t I< N

C/f
t

.--q-I< N
w-

calculated duration was less than. 0.25 d.

( 26 )

~ : .

....,: :.....
••... ~ ::
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'rest rishtHy Clf
, ~

Simulated weekly Clf in the test fishery is calculated from

~p

~eekly gillnetc/f(Table. 6) as the predictor of Clf because I
\,

did not find consistently significant ~elationihips between

commercial fishery Clf' in week t and annual abundance' of

'where'TC/f t is weekly~~~e.st fishery Clf and EW t .is weekly

escap~e-nt pa'st.Area 4. The coefficient, b27 , and its variance,

L a 2
V27 ,.were .estimated from the mean and ~ariance of

. l .

I0ge((~C/fy)/'Ey))' wh~re TClf y and E~_:r:.the2annual variables

for 1966 to 1~80~ I f0'4 nd b..27 ",1.69XIO and a v27=O.027 .
.r."I'.,.Q

. {.returns.~

simulated weekly escapement :. ~,;
."

e v27 ;".
(27) TClf

t - bZ7 * EW
t *.

'.~: .:.-. , .
'0-. -

.~ ~.~ ..

calculates the weekly Clf in the commercial fishery,

Weekly Fishery Operation

The model simulates the true catch,

( 28 )

(29 )

::'-.

"':' '

upd~tes the t(~e weekly escapement,

( 31-) E • E + EW t .

..
~ ; ';"'. :.

87
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( 30)

and accumulates the annual abundance of escapement· ( E)

. .'-'.
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Table 6. E~timates of-parameters, correlation coefficients,' and

their significanc~ fo~ relationships between weekl~ commercial

..
' .

~ I' ,i '.. {..

•

.. ,

-_.... gillnet elf in each week and annual abundance of r-e-t1:Kns,

(Equation 26) , 1966-1980, and mean weekly gillnet elf, 1966-

1980,.
....

-3
Mean

Week a 26tXIO r P(r ..O) elf
f:

7-2 4_.92 0.76 0.004 67
7-3 6.26 0.47 0.12 88
7-4 6.92 0.39 0.21 97
7-5 6.09 0.09 0.80 88

., 8-1 4.93 0.71 0.02 70
( ...

8-2 3.41 0.26 0.47 47
8~3 1. 30 0.39 0.3~ 17
8-4 0.45 0.17 0.69 6
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and the annual ,catch

value of the h

-
(32) C • C + CW t

,.
fishery. This benefit is then compared with the annual cost of

Annual net v~lue of the sockeye catch (B$) is es t ima ted a's

and these values are tabulated in Appendix E. To calculate the

'"including the test fishery in the ~anagement program. d

.89

oVSr 100 simulations, each of 50 yr duration (Figure 17). Mean

annual value of the catch is an appropri~te indicator of total

of· th~ annual 6atch and the,~ean net present value of the catch

The economic evaluation component calculates the me~n value

. !

benefit of test fishery.inform~ion, I subtract the mean catch

In the model, the Indian food fish harvest is 100,000 sockeye

the annual abundance of spawners .

.
less, and this value is subtracted from tHe escapement to yield

or one-half the annua1 escapement· from I.rea 4, whichever is

"-the difference between the wholesale value of the catch and the

the catch. Conclusions based on net present values are similar

.discussion, I only present results based on mean annual value of

.Economic ~ubmQdel..

l

:Annual Benefi t.s

benefit beeause benefits and costs ~re incurred simultanedusly

over time; there is no 4nitial capital expense that must be

. pffset by discounted benefits from later years. 'To s~mplify

.!~'. .
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relationship to tile Fishing' Fleet Dynamics and Sockeye

Figure 17. 'Flow chart of Economic Submodel a'nd.its

.f Population Dynamics submod~ls.
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orbital to hypural lengths of age 4 and 5 yr old male and female ..'.

-":'.' .', :'," .:'.: ~.

(33) B$ • C * AveWt * W$

,/

The average weight of sockeye in the catch (Ave~t) is th~ mean

of weights, o:'f-age 4 and 5 sockeye,weight,ed by their relative
'r;:::

abundances-:

wh~re .Avewt 4 and'A~ewt5 are the average weights of age 4 arid 5

sockeye, respectively, and ~Y-4 and Ry_5 are ~the abundances of

~eturns ,of age 4 and age 5sockeyi, respectively. I calculat~4

II \ J

the mean weight at age by first calculating the mean post-
. I

•
costs of harvesting and proce~sing. ,Abundance of catch is

.
converted to weight of catch and then multipli~d by the mar4inal

') va.lue ~f sockeye per kilogram (W$). r

, o'

r·-·_,

:!/:.. ;. -', s~ckeye caught in the Area 4 commercial gillnet fishery, 1966-72
'.~..-:' .

:':~~ .'0

- ....
'.'-:-.

(Kadowaki, unpublished MS). To calculate the mean length at age
, .'

for both ,sexes combined, I used t~e mean sex composition of the

Area 4"catch d~ring thi~ period to weight the mean length at age

by s~x. I then used·a weight-Iengt~ regression '(Bilton 1985) to

convert mean length at age to mean weight at age and found the
~

mean whole weight of age 4 sockeye to be 2.3 kg and t-flat of age

I used the difference between th~ wholesale value of canned

.
5 sockeye to ,be 3.3 kg .

sockeye caught in net fisheries in ~985 ($6.91 pe,r kg) and the

'marginiHcost of harvesting and processing (24\) to calculate a

.... marginal value of $5.25 per kg (W$), 'the value of catching one
- -. -',.

, ~ \ ' .
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Wholesale value of canned

exported.
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The cost· Of.~peratirig the test fishery is partly recovered

·Col1\merchll.fisherm~nbid for a contract' tcopE::r'ate the t-est

f~shery~ whi'ch includes whar f i hs tat'la t i on and, femova 1, ne t

"

. Annual Costs

The cost of·operat~ng the test fishery consists of costs

'. -:.. -'.
'.: .....

. - . ". . .

.. the cases' with, andwi-e'houtte s t£ i she ry inform.a ti on because both .

.. ~ ,

.' '. . . -; . ." .. ~- r ,J., • • • •

,. '. 9Qlits t~.9 ~ oppoJ:',tuni-ty cost of cap! t~l. lnves tment) a re riot

. :,to:ritr~ct> :Ir~i.pula·testhe durationo,f the test (iSherycharter and'
.... . ". .- ", : ~ ". .... .

..... : ••••• -. r

·artalysls of the data, and (5) supe.rvisio'iof the project by DfO

'p'eFsonne 1 .. '..

", ,.f!s;hern\en:lr:tdJ~afe'tne mi.nimum guaranteed biom.ass of fish per'

~ ... '

.·,subtracted.HoweVer, this value is appropriate for comparing'.,

,.<"Jrial'n,te.naiic.e~· and collecti'on of biological information.
. =-. :..:'.

.......... '... , :<.~..' ~ :.~ --:- :. -: .. ' "'1 '.:.' .' _ .- . ..... . . .

d~y-requlcre~for:them to operate the test fishery. If the catch

'. ::.'

:.- ..

, '
, "

,,·;.t:'t'P!1\ the resource:; the test fishery cmarter is paid in

';" . i.); ie~'stbllnthisamount,of'O- makes up the difference.

, ._J

;"ca~esl~cludet'hi1'bi~s equa.lly.
" ...:, '.: .... ~: . ,-.

'. . ~:: ..

";.'.

.... -

.', .' .. "" mv::.·.. oa.,·.•• ~·nr.••..:.·.·.·o·..f~g·e..• ·•.··.o.r· f,·..; soc;keyein a gillnet f~shery (R. Mylchreest, ,oPo,

'. '" per.:sortalc()iJ1munication)·. This value will result in
. . t .

. < •

()v~r:es.t{m~~iori of the, to,tal benefit of thefishery'sincefixed

sockeye:fs'usep since most of the gillnet c~ught sockeye trort\'

"', '" :-\;rea; .~. ·are can'ned and

..... '.

.. ~ .'
.' . .'
..' .. :.- .. \ .. '

.' .-;

.i.•... ;'

.....• : '._.
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~Ana,:,l.y~~soJtne,·data: arid supervi s'i,Qn ofthecontxa:c trequf r e
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TO~ co~pare with other annual coats, I

' ..'.. ;.~ .

-. ;:.. -... '

Replacement of thewha re is expected to cost app r; ox 1rna te1.'y

.~ :.. ,'..-

:~h.e:c6Jitria~tvatQe i $ 'approximately '$lO'OLOO'O'peryea r( O •... '-._. .;" '.; . '... '. ..' .' -" - ..

.r •. "'.

$.20}OOO' and occur every 10 yr (0: Peacock, personal

:. .. .

~~h~•• are approxi~ate ~arket. rates based on valu~s in prop~sa18

...•. :.

~ , • .0

. " 'lnfQrmati ori'Ql'\c·r.~tt~ r"cost... '. .. - :.:.. '- .

. . ', .. ' . . . . '. .' '. ."""
...... !?eacgcK,'OFQ"princeRupe rt,., pe r sona.l}communica U on)';'

'year"Of •.. blQlog ist ·.time,. (:0 •. peacock ,per sonal' commun i cat~ o~.i ;
"'

" . AssprnFflg·da,iTy.ra test n1985,. Lnci udingpene fi t s an,dove r head, . '

. .

"<from: ·consulting firms. A budget of $10,000 pp.r year is

:': ..

.. : ; ...'.

" ·:.;~pprqki:tnate1Y2weeks' 'per yearof 'teG~nlcia!1tlme ,and ,4 we~k pe.f

.'..
". ~ .

-., ...,

,'caJ;~ufated~ 'the I eve lLzed 'annualcos to f whar f repl acemen t ,
.: . :: ..~". ~.-.

..:: '

'fsth-~'n'etr;ft'esentcost' of wharf purchase in year 1 and
-'" .' . . .".... . I

. ····':repJac~'me~t aty~e~rs 'll, 21; 31 an.d 41 multi'pU:d by the capLtal

.' 'allocate'dior l'let repl'aceinent and incidental costs of'.:._, .. -. : .··l.~; :.

,6\lpe t;vis H:ln', Artriua 1 . cos t to the DFO budge tis the ref 0 r e

. ~pprcudmately $13;000.

~ ,.:' . .. ~.

.'..:.: .

<L .

: .... ;..
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Av~rage annual cost is thus a maximum of $116,000 per year

and i6 likely"much les5. This value 15 a maximum because th~

value of the te~t fishery contract includes be~efits. These

benefits are the d.ifference between the value of all fish caugh~

by .t he t e 5 t f is her y a nd. the .cos t s 0 f ha r vest . The 0 n1y t rue
....

co·sts of operating the test- fishery are the additional costs of

inatalling and removing the wharf each year, pro~essing the

b16logical information, and using stand~rdized procedures to
./i

harvest the fish. Therefore, the annual cost is likely much

~less than the contract bid price. However, this estimate

·.<proVides an upper bound to the cost and the overestimation does

not affect the c'Onclusions of the benefH-cost analysis .

Net Present V~lue

Annual benefit (BS j ) and annual co~t (CS j ) for year) are

. d iac 0 Un ted toy i e 1d net· pre 5 e n t ya 1ue~ 0 f be ne fit (N P S $) and

cost (NPC$):

50
NPS$ - r S$./(l+r)j

.' j -1 )

(J. 7 ) NPC$ •

\

50 .
t.-("'$ . / ( 1 + r ) )

j _ I." . J ..

.: ~-. . .\
: ,. "

LUGe a disc.ount tate er) of 0.1 or 10% per year (Treasury Eboard

1916) and a time horizon in the simulation of 50 yr. The SO yr

s[mulati'onencompasses 10 complete cycles of. sockeye

r~production and ~t t~is d~scount rate, the 50 th year
t, .

co~tYlbutes less than 0.01\ to the net present value. An annual

94

-·f
., .. ', ','

,:~ :..l: .'. . ."", . '.
'., " ,:~ .'":"1.1. .•



......
.... -

", ..; ... :. . ... '
. ,.

". .

..... .
.:~ .

;"'.

': . ~... '

'.....
i­
l~: '.

~':.: .

cost 6f $116,000 per yeo-ar discounted at 10\ per year over 50 yr

yields a net present cost of $1,260,000.

.Results

; .

Baseline Simulation

weeki::~'ults from the three simulations (one for each

method of forecasting returns in-season) show patterns similar

to historical ones (Figure 18). Differences from the historical

data occu~ because the simplified relationships in the model do

not completely capture the dynamics of the sockeye stock, the

fishery, Or its management. The model will, regardless of these

differences, be internally consistent for comparing the

performance of the fi~hery managed with and without test fishery

information.

weekly Results

Number of days open each week in the simulations are less

than the historical data and the variance in number of days open

(acr6Gs the 100 separate simulations) is great~r than the

historical data for all weeks except the first (figure 181. In

the first w~ek, the simulations were constrained to op~n for

only 2 to 3 days. The higher variance in simulated number at

.days open is due to the higher variance in simulated annual

abund~nc~ of returns (yi~ure 19b); the standard deviation of

,"

, .
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'. Figure 18. Ba-seline Weekly Results. Weekly results of 100

Slmula~ions of 50 yr dur~tion with baseline conditions for the

three management scena ri.os I PRE~M.M I and TEST I compa red wi th

hi&tdrical data for Area 4 (HIST). Means and standa~d

I

d~viations (SD) of duration of fishery (Days Open) and. number

ofgi11net v;ssels (Boats) ·are calculated with values ~~all
weekslthose of catch and catch paD effort (catch per boat-day)

are calculated only with values from weeks in which the fishery

was open. Error bars indicate plus and. minus one SD. Fishery

week 7-2 is the second week in July.
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~nnu~labundance'of_ returns in· the simulations is 32 38%

. -..~

.' . ~.,

gte~ter than thehistprical data. \ ..

~" .
.' .'...

- ....

. ':.::.'

~ . :: '.:. - .......
~

' .

. In all'scenarios, the weekly abundance of gillnet' vessels in

the ~odel i. similar to the historical data for the first three

weeks of the'fishery but .is underestimated in l.ater weeks. This
.... -, : '" .

;,1s_ due in part to a residual time tre~d in weekly effoct not

/.

z· , -

·.capturedin the numerIcal response function ( Equation, 5) . In

",thepr>f}Vfouf:J ch~pter in t'he analysis of 'the effect of sockeye

abundanc:eon effort , I found that the residuals from the linear
'~"'.' .' '. .

. :'.
. ~" '.

.,-
...-:-.,

.......

.•....

. -' .
.;. '.- .

: .....

'..\

.. '

;-;"

: :".~"

":.":

.-: ;

>'-'.:' -

' .

:". " .'

,~...

'tr~nd results in slight overestimation of effort relative to

'~i8toric~1 ~ffort early in the season and~underestimation of
-..

.effo.rt late in the season. The degree of underestimation later

in the s~ason is exacerbated by the way in which the results a~e

pi~8.nted. In the historical data, the mean is based on values

. from we~ksin which the fisheries were operi. In the

.' .

flJmulations i it Is based on values from all weeks, including
- . . . . .

. I' •

those i~whiCh there were no fisheries:{;- In the model, vessels

respond linearly to weekly abundance of returns so this~biases

the mean downward stnce "no fishery" implies low ~tock abundance

~nd thus lower numb~r of ve~sels.
.. ". ~. .

Me~n catches during weekly fish~rlea in the COMK ond TEST
"/ .

. . \ .

Bcenariosaresimt1ai to the historical data but those of the
.

PRt scertario are le~stha~the hist~tical data. This is due to

'lowermea'nweeJ<lyabundance of sockeye in.th-e PRE scenario.

, '. . .

". >... :....
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L(ick of ~n.:;.sea.son feedb-ack. to :the stock forecast and fishery

. .~
- .
.; .. ' .

....... .; .. " .

. ...... '. '.• "
. ' ..' ::,

'. ..... .;•• , .•,:..• T •. .• ': •

' .. ".: ..

.: .'.
....=-:

i .. ····

-::.::-.

. . ~ . .

. mariagement' led' to ave rha rv~s t ; mean anImal. re tu rris o~ sockeye in 0

t~e PRE scenario is 26%.less than 'the historical data. Unlike
': ".

:.. :~ '. :.

'-;'.

:;

the ot.he r two -management scheme s, even when re tu rns a rl1 le s s
(

.. t~an th~ 'preQ..season forecast, PRE management keeps 'the fishery

opvn' in th~ hopeless pursuit of the catch objvctive. In this

.' L ~itu~tion, these fiSheries lOwer the meari catch in the later
... ..;..:....

L.~ weeks.
)

..:: ':- .'
'.':" .

., .....:..... '

. ~ i· .

: '....

. '. . '.- ~'.

Differences: in mean weekly Clf between the simulation~ and,

-. t~ehi5torical data result from differences in weekly stock

aburidance and from differences in the catchability coefficient.
.... ....

. -'.

. '.:. ~

~or example in week 7-3, mean Clf in' the COMM scenprio is 64%

greater,than mean Clfin the sa~e week of the historical period.

The mean weekly abundance of sockeye in weeks when the fishery
.....~. ..- .
.~'. :.". .'

wa~-open in this scenario is 21% greater than the historical
.;.. c' •

data. Also, the mean catchability coefficient, q, in the COMM

scenario is 26%. greater than the historical data. This increase

in~q results f~om a distribution of nominal fishing effort

._ .....

highly skewed toward low value·s add from the nonlinear increase

in q with decreasing effort implied by the harvest rate function

in the model.

,~ ~. ' ..~" •...
Annual ReSults

.- ~.,

"

'. :. ;.

Thesimpllfied functions and management schemes in the'model

d~ no~com~letely ca~ture the dynamics of the fishery but the

·.ffeet Of thi£ bias on the calculation of the incremental
~ '-. .

'..... , . ,'.'

..... - ...•.
benefit hf improved forecasts. of annual returns should be

.... ..
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all other factors are held constant in the model.

:i

, .

:...:: ~.:.:.' .. : ..:'..' .-,
~ ~

__ ..eo.

All three management scenarios produce lower meanminimal.

.AII three scenarios have 5 to 7 fewer days open than in the

abundance and "higher va~iance of annual returns, catch, and

escapement than'the historical data, although the TEST scenario

produces values closest' to the historical data (Figure 19).

Lower mean catch will bias downward the total benefits of

management scenarios. However, any potential bias in the

iricrem~ntal benefit of improved informatio~will b~ minimized

In all sCenarios, the mean "esca"pement is less than the

I,

occurrence in th~.simulations of returns less than the

e scapemen t objective."

historical period. This is due to the limitation of the fishery

in .the'simuiation ,to weeks 7-2 through 8-2. Historically, the

fishery_was open on average for 6.3 d in weeks before and after

improved·· in-season forecasts which may reduce the absolute but

neces~arily the proportional difference in benefits between the

escapement ta rge t of 795,000 sockeye. Thi sis due to -the

~this period. The mean annual number of days open historically

iri thi~ period was 17.2 d, close to the 17 to 20 d in the

~. because only the management system is changed between scenarios;

/.

.......

·.- , .... simulations .

l~p~oved forecasts of annual abundance of returns result in

.•~..... 'smallerdeviations from the annual escapement objective which'

.. " ....

."..:.,

~". . ....,.

. ..- ..

.. ...." ...

low&r thev~ri~nce 6f annual abundance of returns (Figure 19) .

"the standard deviation of escapement abundance for PRE
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~Figure 19. Baseline Annual Results. Annual results from, 100

were omitted from statistics on annual catch, escapement, and

1973 and 1975, these years

nu~ber of days open. tteans and standard deviations (SD) are
-

calculated for .number of days open, annual abund'!nce of

simulations of 50yrduration for the three:management

scenarios, PRE, COMM, and TEST: compared with histor'i~al data

returns, catch, and escapement. Number of days open is for

weeks 6-1 through 8-4 only, the peri~d whe~ sockkye are

ha'rvested by the ,commercial net fishery in Area 4.

(H~ST). Due to fishery strikes
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returns and higher value of the annual catch. Mean catch for

TEST management is 7% (45,000 sockeye) greaker than that for

.: "

./

Improved forecasts also produce higher.mean abundance of

manage~ent is $660,000 greater than that of the nex~ best

for PRE management. The mean v~lue qf the riatch for TEST·~

COMM mpn~gement which is 41% (178,000 sockeye) greater than that

managem~nt is 5% greater than that f~r COMM management which is

4t greater than that f6r TEST management ..

.."..

management is 59% greater than that for COM~ management which is

30% greater than that for TEST management. Deviations from tl\e
~ • Q .

escapem~nt objective contribute to ·the ~ariance 6f~~daJe of'

returns. The standard deviation of abundance of r~UFns for PRE
. '.

~j

'!, alternative, COMM management, which is $2,620,000 greater than

.""'- that of PRE management (Figure 20) .

, .•' • . 4

\' ..
~ Sensitivity Analysis

'~~' .
J:.. :~

Standardized C~rnmercial elf

I also ran the baseline simulation with elf in the commercial.

fishery standardized for the effect of effort on q. ~rough the'

harvest rate function (Equation 6), increases in.fishing effort

decrea~e q which reduces elf and thus biases downw~rd the in-
~

- "

; .~ .
. '.

season forecast ,based on commercial fJshery elf data.

Standardizing the catchability coefficient for changes in
......

.. '

"

nominal fishing effort (Equation 17) increases the mean number

of Jillnet vessels, increases elf diring weekly fi~heri€s, and

increases mean weekly catch from baseline for the COMM and TEST
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management is $660,000 greater than that of the next best

- .'...'. ",:;,,-:.. '. '.-:~:::--

. . '. ~ .:~~

".-:-' .., ..

Improved forecasts also produce higher.mean abundance of

alternative, eOMM management, which is $2,620,000 greater than

returns and higher value of th~ annual catch. Mean catch for

Sensitivity Analysis

TEST management is 7% (45,000 sockeye) grea~er than that for

eOMM m~n~gement which is 41% (178,000 sockeye) greater than that

for PRE management. The mean v~lue qf the riatch for TEST~

...,..
management is 59% greater than that for eOM~ management which is

30% greater than that for TEST management. Devi.ations from tl\e
~ .

escape..~nt objective contribute to ·t~e '(ariance 6f~ndaJe of

returns. The standard deviation of abundance of re~uF~s for PRE

management is 5% greater than that f~r eOMM management which is

4t greater than that f6r TEST management ..

. that of PRE management (Figure 20).
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Standardized e6rnmercial elf

I also ran the baseline simulation with elf in the commercial .

fishery standardized for the effect of effort on q. ~rough the'

',.' '.

~~', '

......

harvest rate function (Equation 6), increases in.fishing effort

decre~se q which reduces elf and thus biases downw~rd the in-

season forecast .based on commercial fJshery elf data.

Standardizing the catchability coefficient for changes in
......

nominal fishing ~ffort (Equation 17) increases the mean number

of gillnet vessels, increases elf d~ring weekly fisheri€s, and.. ,

increases mean weekly catch from baseline for the eOMM and TEST
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Baseline Ahnual Benefits.

I

,,'

highest.

the\cat~h from that of the ~~xt best alternabive, i.e. the next

benefit is calculated by subtracting the mean annual value of

value of catch for PRE, COMA, and TEST scenari~s.

b. B.enefits '0f Improved Informatiori'~'~For each scenario,

, Figure 20.
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Figure 22. Annual Results (Standardized CoMmercial C/f) .

. Annual results of simulations for the three management

see na rioSIPR E, COM M, and TEST, compar e d wit h his tori c a I d a t a

(HIST) . Commercjal fishery Clf is standardized for the effect

: ..'l...

,..

..:.'

of nominal fishing effort on q. Means and standard deviations

(SD) are calculated for number of days open, annual abundance

uf returns, catch, and escapement. Number of days open is for

weeks 6-1 through 8-4 only.
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"anri~&l ~at~hincrease 3-~' over ba~eline (or both acenatlos .

,re&pectively, ,from baseline. ' Mean.ann\ial returns a-nd llIeen

",' ',,1,'

. ~'. --:

........,.. :.,.. '

'..:' .
". '. " J.:

' ...
,,'

.. ;'.>

.' -. , .

Although thisstan~ardiz~tionincteas~sthe~alu~ of the

", '.';.'

'."':-.' .

. ." -' . .

fisheryinq:oth'CQM.Mand TEST seenarios,it does not affect the
" , "I' ,

ran~, order of the total value of improved information or th

val~& oftestfishecy informat~on (rigure 2l). The mean value

of the catch for TEST management is still $660,000 greater th",n

,that of the next best alterhati~e, COMM management, which ia nov

fishery for pink salmon (0.In Area 4, a

'$3,000,0,00 g'reater than- that of PRE management. With or 'iIt'ithout

standardi.zation of c~mmercial C/f,· the 'benefit of"'r~.ST

management is great6 than its cost of $116,000.

\)\ "

~hortened Fishin ason

t'" "-..

'. ;.' '.,
gorbuscha) oVerlaps the latter part of the sockeye fishery

(Sprout and Kadowaki 1987)., During this period, management
.() , ,

actions to optimize sockeye escapement may be constrained by

consideration~ for managem~nt of the pink fishery (Walters and

......,
Buckin~ham 1975). I tested the effect of thi~ constraint on the

results,by,\hortening the length,of the fishing season in the,

model.

Sh~rtening the fishing season by two weeks results In a
., .

',downward bias in the in-season forecast when Clf i snot
'\

standardize<;LThis increases meiln annual escapement {figure
I

24)r{rtcreases the deviations from the escapement objective, and

decieasesthe value of the catch relative to ,ba~eline {rigure

25), To take the annual allowable catch in the- rem.aining
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·.. Comme~clal Ushery' Clf is standardized for the effect of

-no l1\ina1 fi s h i ri 9 e f for t on q.
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A~nual a~nefits (Standardized Commercial C/f}.
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,a~'l'otat Benefits.
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:b"Beoefi'ts~f Impro~ed Information.. to, .

scenari~S. .f·'~~
for each scenarl',

.".."'

;"

benefit ~g rialculated by subtracting the mean annual value of

.·the c~tcl1 from. that o·f the next best alternative, Le. the next

", ...

: .....

..
. .", ..

107a

)

.,- .. "

. . '~':..".~. ':-."

'" , .

.. .... . hiqhe$t.

..... :... :

"

' ......"."

......
, '

, .... "' :," .
. ..... ;.:

'.~ ... '".



• ,... • •• C· •••:-. ~ .'
" .. , ..

.. . :.:-' _. ':" . " ..... :'.

-••••• • -J .:."

'..
'..

..

:. ' : .. . ..... : .
. :, .

. '...•..

·STANDARDIZED COMMERCIAL
CATCHrpER EFFORT

TOTAL BENEFITS a
.', ... ' ... -.'

.., .'

·- .- ~:.. '

,-' ..

· -'-...

· '. .- .-..:~ '. '

12-

10--.tA
c 8­
o

. - r--+- ....,..' 6-
E

I 4­
U
~

. <{ 2­
U

/

"; .: ,

-' ..: :

o ....L..........J....-,..,...,---I.---L_,..............._L-.,..-,-L.-

PRE COMM TEST

~
BENEFITS b

l.L..
W 3- ~

Z <-
wm

.........
..-Jf:A

. ~·c I...
'. 0 1.5-oz·..,..

. -·w ::=
·.·~·E -w .'--" .

~ .n::
.. 0 0Z I , ,

PRE COMM TEST
v

\, .

lO7b
. ' . ., .

; '.; ....

" "

.... :

'.'
". ~ ~. .

.- . "-

.<.'. . ...
·'.~: ._; .. '~,.

· . ~: -'~'-.: . ' .

- .:' " '.~ .' .;- '. ;.... . -

{ ... ; .....
, '.' . . .

......

. ".' .' .

.. :~.. ~:.. . .. ~.'- .... :. ...
.... :.. ;.,: .~. -. ..... '."'" -,

.\.
• , •••• , •• #- .'.

:.:.:". -'



:,:,,:
.';.....

......: ....

. >- .,....

.......
:l:':

.... ,.
;".",.' t'

: ; •• ..':..... '., .::'; '. : .. ' ••;..-:...,!;.#•• ..;

.;....... '

":.. '

~. '.
Figure 24. Annual Results (Fishery Shortened by 2 Weeks).

"Arinual re~ults of ,simulations for the three management

,sceni!rios, PRE, COMM,'and TEST, compared with'hi~torical data'.= .:
.',:

(H~ST). Fishing season is shortened by 2 weeks. Means and

~/ .'

'C:

.. '- .•..-:.

f~~ndard deviations (SD) are calculated for number of d&ys

. open, annual abundance of returns, catch, and escapement.

Number of days open is for weeks 6-1 through 8-4 only.

" .

,

. ,
~ . ,.
-',' ..... ', ..;', ',,!' :':" ....

108a

- ....
.~, .



. '. '

'. :- ... ;:
~. : " .

::: " -

.- ..
~ ..

, '

.: ~ .'

.~..

FISHERY SHORTENED BY 2 WEEKS
ANNUAL RESULTS

-,-."'

"'~

, ,

30 '

~, 20
0...
o
(f)

~ 10
.,' 0

a 3.0,-....
I.Do
-\..

X
-- 20, .
(f)
Z
0::
:::>
I- 1.0 '
W
0::

b

o--L...---,----r------r----.-

HIST PRE COMM TEST HIST PRE COMM TEST

d

I- 1.0
Z
W
~
1J.J
0... 0.5
<I: ~

U
(f)W t
O~~~~-~--r--

x--
C W 1.5'

o
1.5

x
-- 1.0
I
o
t-. 'j)

<I:U 0.5

(!)

o

c' . ~

, "

HIST PRE COMM TEST HIST PRE COMM TEST

,',

)

()

loeb

,.: .



the catch from that of the next'best alternative, i.e: the next

, /

"

For each scenario,

"

I

\

l09a

.,

highest.

1

begefitis calculated by _subtractingrthe mean annual value of
"-

value of£atch for PRE, COMM, and TEST scen~rios.
\.-

"' b. Bepef~ts of Improved Informa~ion.

Figure 25. Annual "Be~efits (Fishery Shortened by 2 Weeks).

" a. Total Be6"efits." Mean and standard error (SE) of annual
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t~~?u~h the h~rvest· rate functiort (Equation 6). This results in

a.downward ~as in commercia~ Clf, downward bias in. the return

.. <,
'J

...•.::' ..... f· ''- ••, ,

. . ~,.:

. . ;, ..~ ..::..' . ~

.9
<~

:-'.,". ~ , , ,:'.'..:'. ~,' ':'.
"

.~,; "

¢' \

openings requires greater fishing effo~t which depresses q

forec~st~ and a greater freqtiency of fish~ry closure. Even when

,:

..-'

,
comm~rcial. Clf is standardized, the value of the catch dr6ps

\

rela~ive<\ to baseline (Figure 26). Curtailing the fishing season,

'" .. ,. .
.....-

".'

,
reduce,st\he time available to. collect test fishery data, which

would alter the forecast and reopen the fishery if returns were

/.' .
i . late.

Fishery managers may invest in programs to improve the

change ~rom that in the baseline" the curtailment of the fishing

..:

,'J....-..'.-..' ';"

To test the sensitivity
1

.,
.i.: . ~ '~ .'"

": I··.·
," ,.....':

110

.: .-....:.- ,"..-:': ."
-.. ;'.,

Althou~h the rank order of the management scenario~ does not

the catch for TEST management is $350,000 to $610,000 greater
~

than that of the next b~st alternative, COMM managem€nt, 'which
. .

is ,$1,100,000 to $1,460,00d great.er than that of PRE management.

season reduces the impact of the forecast from the test fishery.

so benefits ~ase with the shorter season. The mean value of

Even'with·a curtailed fishlng season, the benefit of TEST,

man'agement is grea~er 'than the mean annu~l cost of )116,000.

Improved Pre-season Forecast ,
t

precision of the pre-season forecast.

of the results to improved pre-season forecasts, I raD the model

Mith the baseline error varianc~of the pte-season forecast

(2.87XI0 1}) reduced by 50% and 75%. As expected, results are

highly sensitive to the precision of the pre-season .fo~ecast.
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Figure 26. Annual Benefits (Fishery Shortened by 2 week~,

i
Standa~dized Commercial C/f). Fishing season is shortened by 2

weeks ,and commercia~iShery

, . "-'

of nominalfishtng effort on q.

a. Total Benedts. Mean and standard'error (SE) of annual
6>

v~lue of catch for PRE, COMM, and TEST scenarios.
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~ b~ asnefits of Improved Information. For each scenario,
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'~~benefit is calculated by subtracting the mean annual value of (

the cafch~from that of the next best alternative, i.e. the ~ext
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AltDough TESTmaoa.gernent s t i U i sbes t
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,ofth,eannu.al ca.~:ch (F' i gu r e 29) is unchang-ed with TEST ($10. 16ln)
- . . 4

") COMM(S9.91m} '> PRE ($9.76). The mean value of the catch for

"TEST~11'anagement is $180,000 to $250,000 greater than that of the
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~ean6 and standard deviations (SD) are calculated for

lHlST). Prediction error of pre-season forecast is reduced by

"'.
'.' ':

sCenrios, 1?RE,COMM, and TEST, compared with historical data

Figure 27. Annual Results ( Improved Pre-season Forecast,
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<r./2). Annual results 0fsimulations for the three management
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Prediction error of pre-season forecast is reduced by
(

Figure 28 .
.. 2 .. 0: /2).

Annual Benefits (Improved Pre-season Forecast,

.' . ; ~

.)"
.',..-..

50 %-•

a. Total Benefits. Mean and standard error (SE) of annual

value of catch for PRE, COMM, and TEST scenarios.
\.

b. Benefits of Improved Information. For each scenario,

'.' .•.. '

...... -.

t·-·

L:~:'" .

benefit is calculated by subtracting the mean annual value oe'

the catch from that of the next best alternative, i.e. the next

highest.
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Fi9ure 29. Annual Benefits (Improved Pre-season Forecast,

a2/2, sta~dardi~ed Commercial C/f). Prediction error of 'pre-

'. ,
season forecast is reduced by 50% and commercial fishery Clf is

standardized for the effect of nominal fishing effort on q.

...-, . a. Total Benefits. Mean and standard error (SE) of annual

value of catch for PRE, COMM, and TEST scenarios~

b. Benefits of Improved Information. For each scenario,

. , benefl.t is c?,lculated by subtracting the mean annual vCllue of
. I . •

the catch from that of the ~ext best alternative, i.e. the next

highest.
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Figure 30. Annual Benefits (Improved Pre-season Forecast,

0 2/4). Prediction error of pre-season forecast is reduced ~y

75%.

a. Total ..Benefit.s.
~'-.

Mea'nand s tandar d err 0 r (S E'j-l 0 fan nua 1

, 'and TEST scenarios.

,-.":.

val\.\te of catch for PRE"

b. Benefits, of Improved Inf rmation. For each 'sc~nario,

"

.. ',":

benefit is calculated ,by su tracting the mean 'annual value of

the catch from that of the ext best alternative, i.e. the next

highest .
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Figure 31. Annual.,
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a 14, Standardized
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, ... •" .~.:. Of

CommerciA"l-:C/f) .

(
Pre-season Forecast,

Prediction error of pre-

:,';

":' .

season forecast is reduc~d by 75% and commercial fishery Clf is

standardized for the effect of nominal fishing effort on q.

a. Total Benefits. Mean and standard error (SE) of annual

valu~ of catch for PRE,COMM, and TEST scenarios.

,,'

b. Benefits of Improved Informatioh. For ~ach scenario,
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benefit is calculated by subtracting the mean annual value of

the catch from that of the next best alternativ~, i.e. the next

highe,st.'
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of $116, °°°.

with a 75% increase 'in the precision of the pre-season forecast,

the benefit of TEST management is equal to or less ~an its cost

'. , .

..

.:,:.: ...~~: .' .0·,00 ......",:. '.:'"
, ":"0

•~;; •• 0

, ....

'.:.
'.'.~ '.

Perfect Information

. To estab~ish an upper limit on the benefit of return forecast

'.': ~

.;.

.;.0..

.:'.

r< ° •

information and harvest control systems, I ran the simulation

"with (1) perfect knowledge of the abundance of annual returns

but imperfect harvest control (PFOR), and (2) perfect knowledge
',:

.l . of abundance of annual returns and perfect harvest control to

take the annual allo~able catch (PERF). The mean value of the

.}- ."

-'

catGh·for PFOR is $10,470,000 and for ,PERF is $10,670,000
,

( Figu r e 32 ) . Per f e c tr: con t r 0 I 0 f ha r vest inc rea sestheme a n

value of catch by only $200,000. These values are respectively

$870,000 and '$1,070,000 greater than the mean value of the.- catch·

i.··.;.
'~: .~

"
~;. . .

;. ....

t••••

: o~·, 0 •

','

'.', .

i,>· :

for TEST management without commercial fishery Clf'

"
standardization, and $490,000'and $690,00Q greater than that for

TEST,management with commercial fishe~ Clf s~~ridardization

(Figure 33). These differences represent the~benefit of perfect

forecas~s of ~eturns and the benefit oi perfect fishery

management to the simulated Area 4 sockeye fishery. They are

also the maximum ann~al amounts that could be spent for improved
~

forecasts of return abundance or improved fishery cpntrol and

have the benefit exceed the cost of informa~ion acquisition.

The mean net present value of the- cat~ (NPV} for PFOR is

..

$113,OOO~OOO and ~or PERF"is $115,000,000. The NPV of PERF.

.:-' ...

. '~.'

':'.' .'.: ~., .... f:'/" :0

manage~ent is $4,000,000 ~reater tha~ that for TEST management

';
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Figure 32. Annual ~enefits (Perfect~Infdrmation). Annual

benefits of perfect knowledge of the abundance of annual

returns but imperfect harvest control (PFOR) and benefits of

perfect knowledge of the abundance of annual returns and
..:! .

perfect harvest control to take the annual allowable catch

\

( PBRF) •

"'-',-',. -.

a '. \0,t c:\: Bene fit s . Meanand s tandar d err 0 r (S E) 0 fan nua 1

val~"~f cat1h for ~RE, C~MM'''TEST, PFOR, and PERF scenarios.

b. B~nefits1f Improved Information. For each scenario,

benefit is calculated by subtrac~ing the mean annual value of

the catch from that of the next best alternative, i.e. the next

highest .
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.~pundahceofannual returns but imperfect harvest control
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(1)FOR)'8'nd benefits of ~erfect knowledge of the abundance' of'

. ' . ,.~::,

F6r each scenario,

R~sults are comp~red with PRE, COMM~

Mean and standard e.rrer (SE) of allnt.:al

annual returns and perfect harvest control to take the annual

and 'tEST simulations with standardized commercial fishery C/f.

ai, Total Bene fi·ts .

be.net-it is calcuiated by subtracting the mean value 'of the

c(ltch frOm that of the next best alter,native,i.e.tbe next

·······b;·aen~f1 ta of Improved 'Information.
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wi~hout commercial fishery Cjf standardization and $2,000,000

greater than that for TEST management with commercial fishery

Clf standardization. The NPV of PFOR management is $2,000,000

,greater than that for TEST management without commercial fishery

Clf st~ndardization and approximately equal to th~t for TEST

I;:· ,.'

'" ,

,- :

,
'management with commercial fishery Clf standardization. These

amounts repre~ent the ~ixi~um that discounted costs of a project

could be to improve forecasts of return abundance or improve

fishery control and still have the project be economically

efficient (benefit> cost).

Discussion

'>
The present test fishery on the Skeena River is economically

e·fficie.,nt and thus wor<fh retaining. The cost of operating the

test fishery is less than the increase in th~ mean value of the

catch due to management based on test fishery catch per effort

(C/f) data over that of management based on commercial fishery

Clf data, the,next best alternative. Curtailing the fishing
,

season to allow for management of the fishery for pink salmon
: ~ ..

reduces-tthe benefit of test fishery information but the net
.

benefit remains ~ositive. Only when the precision of the pre-

season forecast is improved by 75%, is the benefit at the test

fishery less than the cost of its operation.

.:.:'

...- . "." .
~ .. ~

This benefit results from the continuous operation of the

test fi.shery throughout the s3\mon run and from the increased

precision of the return forec~ in the latter part of the •
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season. Management of the sockeye fishery ba~ed on
'. . , . :.
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commercial fishery C/f· is the next best alte.rnative to

management bas~d on test fishery C/f. However, if returns were

late and th~ commercial fishery closed, it ~ould not reopen
- - .

because the in-season forecast would not be updated~ Due to the ~-

hig~ mortality rate of fish caused by the commercial fishery,
• i'

leaving it ppen to proyide return information would endanger the

escapement 9bjetti~e. In contrast, the low m~rtality rate

caused by the test fishery does not present this conservation
-

problem. Thus, the return forecast would be updated with more

precise estimates as the season progressed and the commercial

fish~ry cOuld reopen if returns improved. A ~est fishery thus

reduces the frequency of overescapement, decreases deviations

from optimum escapement, increases stock productivity, and

increases the value of the catch. Lor~ (1976) also found that

inclfased precision of in-season forecasts of stock abundance

decreased deviations from the escapement objective and increased

mean catch.

AS expected from the theoreti~al model relating benefits to
, .'

precision of information (f'igure,;~}~, although total benefit

increases with increasing precision of forecasts and control of

the fishery (Figures 32, 33), the amount of additional benefit

gained by going to each next more precise method declines. The

cOst of perfect forecasts· is li~ely high~r than their bene~it,

$490,000. Inthls case, since the net benefit of test fishery

info'[rnation is positive and the net benefit of the next more

pr~cfse optio~is likely negative,TEST management is the
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economic optimum among the' options presented here. Mathews

(1971) ~ontended that th~ cost of moving from a moderately. ...

accurate pre-season forecast (+/- 50% error) to an accur~te

for e cas t (+/. . 10% err 0 r) was li kely g rea t e r t han its be ne fit .

walters and Buckingham (1975) also found that perfect pre-season

t~recasts resulted in little improvement in control of

exploit~tion rates in their model of the Area 4 salmon fishery,

\ but they did not do an economic analysis.
\

Although the test fishery provides an economically

significant benefit, the impr6vement in mean catch is'relatively

small and would be extremely difficult to detect in a given set

of data on two systems (one with test fishery data and one

without) due to the high variance of annual catch. This is no

surprise given the small chan4e (7%) in the mean 'ann~al catch

relative to the variance of the annual catch. For example, the

difference in mean annual ~tCh between TEST and COMM scenarios

in the ~aseline simulations is 45,000 fish. The standard

deviation of the annual catch from the historical data is

307,000 fish. To statistically,detect the difference in the two

jeans w:,uld require an un~easonably lo~g period of assessment,

more than 700 years. However, although the increase in catch is

statistically difficult to detect, it is economically

significarit~ The net annual benefit of having a test fishery is

between $234,000 and $544,000, i.e. the increase in catch is

that much more than the cost of the test fish~ry. Even with

·perfectmanagement, comprised of exact knowledge of return

abundance and perfect control of the fishery to harvest the

123
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allowable catch, the increase in mean catch over COMM management

is 'relatively small (19%) and substantia) year-to.-year variation

. remains.' Assessments based on short ·time series thus would not

detect the benefits of improved forecasting and fishery.contJol

. sys terns.

statistical evaluation of bistorical data from fisheries

management systems will have low power to detect economically

significant results, given levels of natural variability in

stock-recruitment similar to that of the Area 4 sockeye stock.

Htgh background variability will produce Type II statistical'

errors, the acceptance of the nul~ hypothesis or no difference

when in fact a difference exists. Others have shown that low

s~atistic~l power may mask declines in fish'populations .

Peterman and Bradford (1987) showed that low statistical power,

resulting from natural variation in population processes and

errors in stock assessment methods, reduced the probability of

detecting time trends in fish populations which could lead to

population collapse. I s~ow ,here tha~ it may also mask

increases in fish catches and tha~ it may result in the

termination of fishery management or stock development

initiativ~s that are economi,cally efficient (benefit> cost).

" 'y

One wCJ.y o~ incre.asing the power of the test is to fncrease

the sample size, i.e. increase the duration of the evaluation

period. Howeve~, given the level of variability of returns of

Area 4sock.ye, the evaluation period would str~tch well beyond
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the career o~-the assessment biologist and certainly beyond any

reasonable funding horizon.

Thus, simulation"or analytic models are a necessary first

step in the process of evaluating benefits (rom changes in ..

... ,

: . .
, <'.

........

, .,.'

':::.

;, ...

.. _,'.' ..4!"'_'~O::
.. "~'t

.: ....
~:.: ;.. ,

.... -..~ .'

'" .

f~shery management oecause of the difficulty in directly

measuring their effects in the field. Simulation models are

-power"ful tools for testing stock assessment an'd management

techniques ,against "known" ,systems (Hilborn and Walters 1988)

and can be used to estimate the magnitude of mean change in

benefits and its"variability. This information can then be used

to determine the feasibility of an experiment to direct\y

measure the change and to control expectations of likely

outcomes by providing information on the statistical power of

the design (Peterman and Bradford 1987).

It
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Appendix A. Simulated Effect. on Harvest Rate of. Sockeye Pooling

in Area 4 .

In my analys,is of the componen'ts of _~he catch equation for

the commercial gillnet fishery in Area 4, I assume that sockeye

do not pool, i.e. th~y ara vulnerable to the fishery for only

one wee~. If sockeye pool in the commercial fishing area,

simply adding weekly' catch to weekly escapement will

unperestimate fish abundance an~~us inflate the harvest rate ..

To .illustrate this bias, I arbitrarily selected the return

timing data from 197~ and used, these data in a simple model th,"

simulated fis~ pooling in the commercial fishing area for 2

weeks before heading upriver. I assumed a run size of 2.0Xl0 6

fish and a harvest rate of 0.4. Basicaily, the model calculated
~

ih~ catch from the 2 weeks of fish vulnerable to the fishery,

cal cula ted the e scapemell t only f rom the group p f fish t.ha thad

bee n i n the f ishe r y for 2 wee ks, and the n e s ti matedthe
'""

abundance offish in the fishing area (catch plus escapement)
(

and the -apparent harvest rate.

The apparent weekly harvest rates are greater than the actual

harvest rate used in the simulation (Figure Al), reflecting the
,

downward bias in the estimate of fish abundance in the fi~hing

- area. This estimate of fish abundance is composed only of fish
Q

in the catch and the escapement and does not include pool~d

area. This pool of fish is subject to another fishery the next

fishi- those that were. not harvested but remained in th~ fishing
.~.:.:...

.::.

., - - '. :.,~•••,' '. 'J'
... :- .': : :
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Week 1 is week 6-4, the last week in
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Figure Ai. Simulated effec~ oct harvesi rate of fish pooling for

2 w~eks,'on the fishing grounds. Arrows indicate time sequence

of weekly harvest rates.
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The

abundaAce, the denomi na to r in the

tends to be highest early in the season.

rate, inflates the harvest rate.

theprQPortion of actual fish abundance not

in the estimate of fish abundance is largest early

season, weekly returns to the fishery increase with

~~lculation

week befo.re migr 'ing out of the fishing grounds. The down'..'ard

bias in the estimat

t i me~ s:uch

f magni tu~e 0

" Early in ehe

, '.

i n' t h sea $ 0 h. , Afte r week 1y r e tu r ns to the f i she r y peak , the

propor, 10n of fish notaccQunted for in the estimate of fish

abundance is lower ~ndthe m~gnitude of bias is reduced.

.. If fishpool~ then estimates of the catchability coefficient.
(q) early in the season will be biased upward relative'to those

"-.
later in th~ season..: '.. If fishing effort is constant, harvest

rate is proportional to q. If an analysis of the functional

".. 'fesponse used data only from weeks prior io the week Qf peak

abundance, q associated with low stock abundance could be biased

upward relative to that asso~iated with high stock abundance.

"":.-.

,.'.,

I~ figur~ AI, ha[~est rate or q decreases with increasing

apparent stock abuhdance foi the second through sixth weeks.

This would r~sult in a positive interce~t for a linear model fit
"

to these data and in apparent density dependence for a po~er

model. If data were from weeks throughout the season~ mean q

~ould not de~~ease with increafied stock abundance. In figure

..... AI,;' there 16no relationship between harvest· rate or qand

,datafromwee·ks througho~t the run I do not expect that my
.'
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finding of appa~ent density-dependent q is the result of fish

pooling. The results from the simulations should be unbiased

because the- functions in the submodels are internally

consistent. __ The functiqns in_ the sockeye dynal'Rics, fishing

fleet dy~amics/and management ~ubmcdels all assume no pooling.

(j
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AppencUx. B. Determination of sock~yeMigration Lag from Area 4

to Test Fishery.

There should be no migration }ag for sockeye travelling from

the tommercial fishing area to the test fishery site because the

test fishery is located immediately upstrt.~am f'rom the commercial

fishing boundary. TO test this, I calculated coefficients of

. ,

.. ~,

':.:.: '

determination for both line~r and asymptotic' nonlinear

applied to the weekly commercial gillnet and seine func

responses. I fo~nd that the strongest relationship

per unit ~ffort and stock abundan~e occurred when the escapement

d~ta are (not lagged.
II

,
-------- Gillnet ------- --------- Seine --------

Lag
C/f-a*Nb C/f-a*Nb

(d ) n C/J-a+bN n C/f-a+bN
0 65 0.909 0.791 10 0.919 0.907
1 62 0.664 0.787 10 0.906 0.895
2 62 0.870 0.790 10 0.906 0.096
3 61 0.854 0.784 10 0.905 0;889
4 60 0.877 0.780 10 0.901 0.876
5 57 0.882 0.788 10 0.892 0.858

~'.'.; '"

• -'.j"

'. _....... '~. :r

..
.: ~

, .. '-." . .'. :.- .:' ~ '.. '. :~. ': :.. - .:.'. ;'. '~. '.

135

' .."

,'r· '.'
,~ ..

._. :; ..\

.....

: '; -.:' .. . . '. ',:.

~:. '.' ,. ,., /. :.... '. .,..... ..' . . .
• . '.: 0, ~ -:: •.', ,._

'.:"..

": .

. .' ."~.'

..'.~..:> . ~ . , :.:. ' .' ,:'

". '.,

Io-. ...:..c.~...~~~~'--.....':"'-':"'~--c--~'--'-'--'--...,.'--..--'---'-'-----'-----+l·---'----'----"'----_ ..- - - - - . \- .'

"oS :'



" ':::..,',; ......: ...... :. " '/- .~..
.. • '. . ~'. ':0 "".'

..:.'. ~ . ..'; .

" ..

Appendix C. Correction for Measurement Error of Parameters and

Variances Estimated by Linear Regression.

The measurement error variance is used to correct the

downward bias in the positive slope of the weekly functional

response as follows (Peterman et al. 1985). Let
'.j

( 1 ) y ..

2where 0 .. variance of the observed independent variate (weeklyx
2abundance of sockeye) and CJ e .. variance of the measurement

error of the independent variate. Then the corrected slope, B,
. I

is

( 2 )

•
where b a estimated slope from least squares regression, with

standard error

. :.:;:

( 3 ) s •B
/(CJ2 / 2 ). yx s xx

-.,'

with

. ( 4)

( 5)
2

'0 yx

( 2
... CJ x

2
- 0 y

1 )

2w'he-re 0 y - variance of the dependent variate, 2
CJ Yx ,. estimated

vari~nce pf the regr~ssion, ~nd n - number of points.

'I c~lculate the tru~ inter~dpt, A,' a~

A. ybar - B if xbar

',> '. '.
" ,"

. .::........ ,;,,">.,.......

.-.;;

(6)



.............
'l_"

where ybar - mean of the dependent variate a~d xbar a mean of

the independent variate, with standard err~r

':-.

.-::. -'

. :.,.

/
'.~ .. -: .

",

.... ~ ."

;-. -' :.'~.

( 7 )

/,

2
sA - I( ~ yx ( 1

2 2+ xbar I s
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.- , Appendix D. Analysis of Covariance for Differences in

Functional Response of Gillnet Fleet by Opening Length.

.,

Hypothesis 1 : Are slopes equal?

y = bO.+ b1x1 + b2x2 -+ b 3x 3 + b4x4 + b 5x5 + b6 x1x2 + b7x1x 3 +
bax1x 4 + b9x1xS + b10 x6

where y .. In(C/f)
Xl ,. In Csockeye abt,mdance)
x 2 ....1 if 1 day opening, Q otherwise
,x 3

... 1 if 2 day opening, 0 otherwise
x 4

.. 1 if 3 day opening, 0 otherwise
Xs "" 1 if 4· day opening, a otherwise
x6

..- 1 if'- 5 day opening, 0 otherwise

, HO b6 .. b = 0 ""
~~

... 0
H1 b6

<> ~ <>a b b - <> 07 a 9

~F4,SS "" 1.369 P > 0.05 Accept HO

Hypothesis 2 : Are intercepts equal?

y= b 0 + b:Lx 1 + b2x 2 + b 3x3 + b4x 4 + b5x5

HO b 2
,. b ,. b4 ""

~~ "" 0
H1 b2 <> ~3 <> b4 b 5 <> 0

F = 2.635 p < 0.05 Reject H
O

_
p~fl~20) .: O.03qa

··'r

.... -

Hypothesis 3 Is the intercept for the 4 day opening functional
response different from that for the combined
1,2,3 and 5 day opening functional response?

y .. bO + b1x1 + b4x 4

HO _: b4 .. 0
H1 -: ~ <> 0

P ( b 4" Q)- O. 1.3_

.,;..

.1
iI-, 138

... if!.

Conclu6ion~_ The functional ~e6ponse of the gillriet fleet as (
"estimated- ~sing the asymptotic Ilonlinear 'model is not
sigo"ificantly different between openings of diffe-rent lengths .

'.~. ~ - - .
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Table E1. 'Baseline Weekly Results. Weekly results of 100

simulations of 50 yr duration with baseline conditions for the

three !TIanagement'scenarios, PRE, COMM, and TEST, compared with

historical data for Area 4, 1966-80. Means and standard

deviations (SO) of number of gillnet vessels and number of days

open are calculated with values from all weeks; those of catch

and Clf are ~alculated only with val~es from weeks in which the

fishery was open.,

. .....,

Wk

7-2

7-3

7-4

Variable

# Gillnets
O'ays open

3Catch (10 )
Clf

# Gillnets
Days open

3Catch (10 )
Clf

# Gillnets
Days open

3Catch (10 )
Clf

Historical
Mean SO

356 148
'2.5 0.5

59 36
68 24

477 116
3.5 1.2
156 95

88 24

527 137
3.3 1.4
168 106

97 36

PRE
Mean SO

359 146
2.7 0.4

55 62
56 5"0

445 189
3.2 1.9
117 113
105 116

456 184
3.1 2.1
120 104
116 131

COMM
Mean SO

376 147
2.8 0.1

68 67
65 50

481 191
2.5 2,.4
180 158
144 124

493 184
3.4 2.6·
197 145
104 90

TEST
Mean SO

378 147
2.6 0.4

67 64
70 53

484 189
2.8 2.5
189 160
134 113

497' 182
3.8 2.2
179 137
115 97

7 -,5 It Gi 11 net s
Days open 3Catch (10 )
Clf

562 108
3.1 1.6
173 113

88 31

443 182
3.1 2.4
99· 84

106 134

477 181
3 . 1 2 . 5
176 140
107 95

481 179
3.2 . 2.4
178 145
116 93

,;' - ..
. . .. ~.';. ..

,
8-1 .

8-2

it Gillnets
Days open
Catch (10 3 )
·C/f

# Gillnets .
Oaysopen

3Ca tch (10 )
Clf

539
2.7
122

70

452
2.1

63
47

114
1.6

75
32

144
1.3

77
39

401
3.2

68
73

335
3.7

28
26

140 .

166
2.8

62
103

142
. 3 . 3

39
53 .

4 i7
3.2
122

85

347
4 . 5

53
26

1G8
2 . .,
108

95

146
3.1

75
38

430
2.7
125
107

348
2; 3

77
5~

167
. 2.6

108
108

146
2.9

92
81

~\ .
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Table E2. Baseline Annual Results. Annual results from 100

. : ..:;:::-" ••.. , -:- .. ? ••..••. ' ..•... - --f' .:-- .. :.. ' .. "

.:.
simulations of SOy duration for the three maQagement scenarios,

PRE, COMM, and TEST, compared with histori~a1 data for Area 4,

1966-80. Oue ~o fishery strikes in 1973 and 1975, these years

were omitted from statisti,cs on annual catch, escapement, and,
number of days open. Means and standard deviations (SO) are

. I

cal cula ted fa r annual .abundance of re tu rns (Re t), ca tch (Ca t) ,

escapement (EsC) and'number of days open. Numher of days open

is for weeks 6-1 through 8-4 only. Means and standard errors

(SE) are calculated for annual value of catch and net present

': .. discounted value (NPDV!, dis~ounted at 10~ per year. For each

scenario, marginal. value of catch and marginal net present

discounted value are calculated by subtracting the mean value of

th~(catch and the mean net present discounted value from those

• ' 0 f the next be s. tal t erna t i ve, i. e. the next h i 9 hest .

;.'" .

C~tch value ($10 6 )'
Margin~l value ($10 6 )

NPDV ($10 6 l.
Marginal:Senefit ($10 6 )

, .
voriabl~
Ret (10 3 )
cat (10)
Esc (10 3 )

'Days. open
.~

Historical
Mean SO
1561 481

754 ~07

684 207
24 5

PRE COMM TEST
Mean SO Mean SO Mean SO
1149 772 1393 732 1420 707

430 248 60& 527 653 493
624 613 685' 386 667 296

19 11 2O. 11 17 8
..

Mean SE Mean ~:' SE Mean SE
6.32 0.05 8.94 0.11 9.60 0.10

- \ 2.6-2 0.66

90 2.2 105 3. 3 111 3.2
15 6
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Table EJ. , weekly Results (Standardized Commercial'C/f). , Weekly

'results of '100 simulations of 50 y~. duration with baseline
.~ ..
'" conditions for the ~hree management .cenarios, PRE, COMM, and

T,EST, compar.ed with historical data for Area 4,1966-80.

Simulations are run with standardization of the commercial

fishery elf 'for effect of nominal fishing effort on q (See 1n-

season Forecast of Annual Abundance of Returns for details).

Statistics are as in Table E1.

Historical PRE eOMM TES..T
Wk Variable Mean SO 'Mean SO Mean SO Mean . SO

. '

7-2 #.Gillnets 356 148 359 146 380 148 381 147
Days open 3 2.5 0.5 2.7 o. 4 2.9 o. 3 2.7 0.4

" Catch (10 ) 59 36 55 '62 72 69 70 65
Clf 68 24 56 50 66 50 71 53

7-3 # 'Gillnets 477 116 445 '189 489 193 491 191
Days open 3 3.5 1.·2 3.2 1.9 2.9 2.6 2.9 2 ~. 6
Catch (10 ) 156 95 117 113 193 167 198 167

~ r:/f . 88 24 105 116 134 112 136 116

7-4 # Gillnets 527 137 456 184 502 184 504 183
• Days open3 3.3 1.4 3.1 2.1 3.1 2.7 3.5 2.4,

Ca tch (10 ) 168 106 120 104 200 157 182 146
elf 97 36 116 131 120 110 129 114

7!....5 # Gillnet:s 562 108 443 182 485 181 487 180
Days open 3 3.1 1.6 3.1 2 . 4 2.9 2.6 3.1 2.6
Catch (10 ) 173 113 99 84 193 162 191 158
Clf 88 31 106 134 1'19 103 120 96

Gillnets
I

8-1 # 539 114 401 166 433 169 435 )68
" Days open 2.7 1.6 3.2 2.8 3.0 2.7 2.9 2.7
.,; . Catch (10 3 ) 122 75 68 62 136 129 144 132

~.' >"
CI:' 70 3.1 73 103 83 76 98 87

, " 8.:..2 # Gillnets 452 144 335 142 350 147 351 117
, '

" Days open 3 2.1 1.3 3.7 ' 3.3 3.8 3 . 3 2.4 3.0
" ' Ca t c h (1 0 ' ) 63 77 28 ' 39 -'57 83 85 101-.

...... - elf I 47 39 26 53 30 52 50' 5S
, ,
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results from 100 simulations of 50 yr duration for the three

historical data for Area 4, 1966-80. Simulations are run with

management scenarios, PRE, COMM, and TEST,~compared with

. ; --.:
;~ .' .~.: •• '...., •• ~ .'. "::.:.... - . 'o," .' ".." " •••.•.•

,
Table E4. Annual Results (Stand~rdized Commercial C/f). Annual

standardization of the commercial fishery Clf for effect of
,,-:;..'< .

nominal fishing effort on q (See In-season Forecast of Annual

Abundance. of Returns for details). Sta~istics are as in Table

E2.
~.; :

,
".--'

" .

..~
",

. ..
. :.;':., '< :....(:;: .. ,'. ., .

'. : ~..'.,' ....

"
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Co~ercial Fishery Clf Standardized

Historical PRE COMM TEST
variabl~ Mean SD Mean SD Mean SD Mean. SD
Ret (10 3 ) 1561 481 1149 772 1452 726 1465 709
Ca t (10 3 ) 754 307 430 248 634 610 679 567
Esc (10 ) 684 207 624 613 718 346 686 235
Days open 24 5 19 11 19 12. 17 10

.. , 6 Mean SE Mean SE Mean SE
Catch Value ·~10)· 6.3i 0.05 9.32 0.13 9.98 0.12
Marginal va1ue ($10 6 ) 3.00 0.66

NPDV .( $10 6 )
($10 6 )

90 2.2 107 3.6 113 3.5
Marginal Benefit 17 6

': ':-.
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by one and two weeks so that fishery ends by week 8-1 and week

Fis~eryShortened by 1 Week
Historical PRE COMfit TEST

variabl~ Mean SO Mean SO Mean SO Mean SO
Ret (19 3 ) 1561 ," 481 1193 758 1440 742 1450 719
cat (10 3 ) 754 307 453 249 599 497 643 4]3
Esc (10) 684 207 643 597 741 426 706 332
Days open 24 " 5 17 9 16 8 16 "7

Catch Value ($10 6 ) 6
Mean SE Mean SE Mean SE
6.66 0.05 8.81 0.10 9.45 0.10

Marginal Value (~10 ) 2.15 0.64

NPDV ($19 6 )
($10 6 )

92 2.3 101 3.1 108 3.2
Marginal Benefit 9 7

7-5, respectively.

Tabl~ E5.Shortened Fish~ng Season. Annual results of 100
,

. simula ti ons of, 50 yr dura ti on wi th the' fish i ng se,ason sho r tened

'"
r' ."
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...• .' T,able E6. Shor tened Fi s,hing Season (Standa rdi zed Comme rc i al

C/f). "Annual results of 100 si'mulations of 50y duration with

the fishing season short~ned by one and two weeks so that

...... :
", .-:.- ..... '.

COMM, TEST
Mean SO Mean SO
1541 753 1544 748

595 506 619 473
845 430 825 392

15 8 IS ' 7

Mean SE Mean BE
8. 7 S- 0.11 9.10 0.101)-
l. 46 0.35

97 3.0 101 2.9
7 4

"

, , 145

90 2.3

Mean SE
7.29 0,05

PRE
, '-'ean SO

1364 758
496 240
768 596

16 6

Weeks

Week
PRE COMM TEST'

Mean SO Mean SO Mean SO
1193 758 1463 729 1485 719

453 249 624 583 666 541
643 597 739 375 720 282 ......

17 9 17 10 16 8

Mean SE Mean SE Mean SE
6.66 0.05 9.18 0.12 9.79 0.11

2.52 0.61

92 2.3 104 3.4 110 3.4
12 6

Shortened by 1
Historical

Mean SO
1561 481

754 307
684 207

24 5

. ."
.. ,,:

.~ .. ,:'. ~., .... .. . .... :.. ::'. '.' .

: .' '.:: .. ' .~....

Fishery Shortened by 2
HIsto'rlcal

Mean SO
1561481

754" 307
664 207

2il 5

p'ishery

,Varlabl,.
Ret (10 )
Cat 00 3 )
Esc (10 3 )
Days open

Catch Value ($10 6 )
Marginal Value ($10 6 )

, 6
,NPOV ($10')
Ma~9ina~Benef! t ($10 6 )

, Cat~h'Value ($10 6 )
.Ma,r9~nal Va-ltie' ($10 6

)

,NPDV'( $10 6 )
Ma r9 inalBene tit (' $'1 06 )

..:variabl" '
Ret (10 3 )
Cat (10 3 )
Esc (10 )
Days open

fi~hery ~n~s by we~k 8-1 ~nd' week 7-5, respectively.

Simulations are ruo with standardization of the commercial

fi she r y CIff0 ref f e c t 0 f nom ina 1 f i S\hi ng e f for ton q.
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commercial' fishery C/f. for effect of nominal fi&htng effort on

· Table E7 .. Improved Pre-season l'or,ecast (0 2 ;2)'~ Annu~l t'f'sul,'t,s

\ of 100 'simulations of 50 .yr duration with precislo,n of the pr:e­

!;leason forecast of abundance of returns increased by fac;tor of

-2 • S i mu1 a t i o.n s are r Unw i t h and wi tho u t 5 ~a ~dar d i zaJi on d f the,'" .

···Commercial Fish~ryC/fNot Standardized

". -';'.": -.-

£atch Valu~ ($1~6)
~Mar~ln~lV~lue($106)

· NPDV (~106).
· Marginal Be~efit ($10 6 )

,~. "', ..

...... :

"." ~ .: . .' '.
. ,7,.

....... ". Viltiabl, ..
Re ..... (10 3 }

. Cat (1.0 3 ) •
.Esc, (10 )
bays' open

Ilrs~orical '
Mean so
1561 481

754 307
~4 207

24 5

P~E

Mean SO
1544 728

664 634
780 269

16 13

Mean SE
9.76 0.13
0.19 .

107 3.6

,CO"K
Mean SO
1423 711
651554.
673 291

19 11

Mean SE
9.57 0.12

111 3.4
4

TEST
Mean SO
1467 704

676 . 5S7
691 244

17 9

Mean SE
9.94 0.12
0.18'

113 3.4
2

PRE COM" TEST
Mean SO Mean SO Mean SO
1544 7'28 1495 714 . 1505 704

664 634 675 650 692 622
780 269 720 248 714 201

16- 13 .. 18 13 17 12

Mean SE Mean SE. Mean SE
9.76 0.13 9.91 0.14 10.16 0.13

'0.15. I O.2S

10; 3.6 Ill· 3.7 113 3.6
4 2

· COlDlllercial Fishery C/f'Standardized

Hi8to~ical

Mea:n SD
1661 4tH

754 307
'·684,207

24 5

.'1.:'.. '.

'." . "ca~Ch Value: ($10 6 ) 6'
M23rginalvalu.e($10 )

...... '. '~PD~($Y06) .
'. " .. ·l1arglna.~Benef~ t ($106 )

:.': '.':.....

.....

.' :

i'"

.J :.,

Variabl,
Ret (10 j)
Cat (10 3) .

. ESC ( 10 .. )
'... ' ,'>, " :. . ,pays ope n

."-:~"': <.

- . -:.' ~'."

.'. ;" . ~. .
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.'. 4. Si~ulation& are run with and without st~ndardizatf6n.of the

-'-.:" ..... ;-

\.

. 2
T~ble.E8~ImprQved Pre-Season Forecast(a /4). Annual result~

of l&O~imulations o~ SOy duration. with preci~ion of th~ pre- ' .

"'season focrecast of abundance. of~ returns increased by {actor of
-' 'f?

co~merci~l fishery Clf for effect of ~ominal fishing effort on

q,

. ,

COaUnercial Fishery Clf Not Standardized

6Catch value ($10 ) 6
Marginal Value ($10 )

NPDV ($10 6 )
Marginal B~nefit ($10 6 )

. : ~ -".

variabl,
Ret.(10 3 )
Cat (10 3 )

· Esc .( 10· )
Days open

Historical
Mean SD
1561 481

754 307
684 207

24 5

PRE
Mean SO
1561 '123

683 634
779 227

15 _ 12

Mean SE
10.04 0.13

0.03

109 3.6

COMM TEST
Mean SO Mean SO
1434 703 1459 698

668 555 681 557
667 252 678 227

18 10 16 9

Mean SE Mean SE
9.82 0.12 10.01 0.12.

0.19

113 3. 4 114 3.4
4 1

PRE COMM '" TEST
Mean SD Mean SO Mean SO
1561 723 1499 705 1512 700

683 634- 687 637 696 623
779 227 712 213 716 189

15 12 17 13 16 12

Mean SE Mean SE Plean SE
10\04 0.13 10.10 0.13 10.23 0.1.3

0.06 .0.13

109 3.6 113 3.6 114 .3.6
4 1

v.ariabl,
He t (10

3
)

Cat (10
3

)
Esc (10 )
Oays open

Commercial' Fishery Clf standardized

. Historical
Mean SO
1561 481

754 307
684 . 207

24 . 5

· C·atch value ($10 6 ) 6JJ

Marginal Value ($10 )

. NPbV (S'106 )
· Marginal,Benefit(S10 6 )

",' :. ",- ', .
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Tabl~ £9. peEfect Management. Annual r,sults fro~ 100

abunqance of returns is~~nown and catch in excess of escapement ..

.. '" . ,,:.. : '. ~. '..' . ,.:'

..•...
...... ;

SOy "u[<.\tion .where abundance of r~turns~known

cocntrolled as in TE-S'i'scenarJo (PFOR) and w~re'

·r
. :. ....

.,',' .' \
'..

. .

.simula>ti.orls of

but fishe ry is'_.:,::'

.; :" .

.'.-~'......~. ,.'

(;

. r~quj.rements il:! taken exactly (PERF):. Statis'tics are calculated

a~ 1n T~bles t2and E3.

Catch Value (~ln6)'
M~rginal Value ($10 6 )

. NPOV ($10 6 ) ,
MlHqlnal Benefi t ($10 6 )

.r.·

:...,.

' ..../

.;":'--Vil trabl~'
Ret (10 3 )
Cat .(10 3 )
El)c (10 )
Days <:>pen

. III stori cal
Plean so
1561 481

754 307
684 207

24 5

PFOR PERF
Mean SO .Mean .SD
1585 718 1601 718

712 633 " 726 695
772 147 775 66

14 11
,0

Mean SE Mean· SE
10.47 0.13 10.67 0.14-

, - 0.20

113 3.6 115 3.9
2

-
,
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