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OPTIMAL KFFORT AND SUSTAINABLE RENT IN THE. PAPUA NEW GUINGA
SURFACE TUNA FISHERY | ~ : |

David Troedson
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INTRODUCTION

By world standards. most rslasd nations of the western Pacific are resource poor  In many of
these island states, fisheres 15 a driving force fo the econon v gencmny,, or at the very least, a
dining forge 10 the coastal regional cconomies  The most valuabie fishery resource in the
western Paeific is tuna, and the prneipal speeies are skipjack (Kalsuwonts pelamis) and
veltowdin (e afhicaresi, which together comprise about 90 percent of tuna harvests in-the

westera Pactlie

Historieally, sstand governments have sought to benetit from their tuna resources in threg

principal ways.

(11 the negotiation of mululateral and bilateral access agmemtmtg with Distant Water Fishing
Natrws (DWEN'S) operating within the excius«iw ceonomic zones (EEZs) of Pacific islnd
Nallons, J '
2y the development of domestic fleets, and |

(3 the establishment of tuna processing industries and transhipment facilities.

¢ particular relevance with respeet to 1) and 2) above is the estimation of the prg)yﬁtabil‘ity of

tuna fishing and the refationship between profitability and fishing effort

In this paper a simple static bic-conomie model is developed and applied to the PNG surface
wna fishery Controlling the level of f‘ishiixg effort in order to inaintain a kigh fevel of reny, ie.,
profitabil ty, 18 assumed to be the operative goal of mahagement. Section 1 contains a description
of the PNG tuna ﬁSher}a and introduces some issues of current relevance to PNG and the wider
western Pacific region. In section 2, a single species, single gear type yield model is developed,
hased on the model developed by Gulland (1969). The model is extended to include egonomic
por meters 5o as to enable the caleulation of fishety rent. In section 3, the single species, single
ger. . ~odeld is extended to Jescribe 2 multi species, multi gear type fishery. In scetivg 4, the
single sy ot model is appﬁce‘? fo the PNG pole-and-line skipjack fishery, and the resulis are
compared with empincal fishery statistics from the 1970 and carly 1980's, when the fishsry was



in operation  In section fise, the multt-species model is applied to the PNG purse-scine fishery.
Tn seetion 6. the hypothetical mteraction between a pole-and-line and purse seine fishery in PNG
15 analysed, based an the muth speces, multi gear type ym()d&[

L TIE PAPLS NEW GUINEA TUNA FISHERY

Papua New twnea 5 rich i fishenes resourees The PNG Fishing zone 15 some 2.3 million

square hilometres and mviudcx the richest tuma fishenes in the central wester Pacific Fstimates
by the South Pacific Conunisston (SPCT of PNG' surface tuma fishery suggest a skipjack
resource base of some 692,000 { and a vellowdin resource base of some 150,000 1 Annud
production levels for xkspmck and vellowfin are estimated fo be 200000 t and 60,000 ¢
resp{:ctxvcly‘ {Hampton 1994)

The central weremn Pacilie supplies about 40 pereent of the world eateh of tna and tuna-like
species. Althongh the cateh Ys been variable, up 1o 50 percent of this has been taken in the PNG
-~ region The development of this thery is deseribied in 4 number of places (sce Kuk 1994,
Doulman and Wright 1983, and Copes 1982)

Domestic Gperations

Between 1970 and 1981, up to four domestic companies operated using § m!@»nnd line \csseis“ in
- PNG Waters. Sktmm,kmm;msm o averags Y percent of the eatch. shile vellowtin comprsed
: appmmumml,y fen percent  The evistence of good supplies of badfish around Raboul and
Kavieag and abundam supplics of skipjack and yellowfin una in inshore walers was established
in the 1960's. The relatively labour intensive poli-and-ine v -+els were the ideal choice at the
time.

! "1 here are three types of vessels generally used in tuna operations. Pole-and-line vessels are
small, relatively labour intensive vessels that generally operate in inshore waters using li- 2 bait to
catch tuna, Purse-seiners are highly capital intensive. netting tuna by surreunding schools with
the net. The tuna is generally destined for canneries. Pole-and-line and purse seine vessels
harvest the surface tuna stocks that are the focus of this paper. Longline vessels are capital
intensive and use baited hooks and lings over anie kilometre in length. They generally catch
!zlrger tuna that schoal in deep water, and these are sold for wmm:i ‘



By 1981, the intraduction of pursesseine  technalogy and major upheavals m the infernational
tuna arket had made tona operations very competitive intcmatibnall&a. world tuna prices had
collapsed. much of the United States flest wore unprofitavle and consequently for sale on the
mieenational mathet, and there was an ovetssupply of twna. Only two companies remained in the
ndustry in PNGe Star KistPNG (part of the Heing f’ood group), and New Britain Fishing
Industnies (NBFT), and both compames operated small pole-and-line xfésseis suitable for inshore
fishing In 1980. NBFT aperated 1 pole-and-line vessels and one rarely used purse-seiner. Star
Kist operated 36 pole-and-line vessels and four mothershups.  The catch was exported frozen
from the mother ships or from shore handling Tacilities (Copes 1982) Howover, by 1983, both
NBFL and Stor Kist ceased operations. unable To compete 1 the very depressed infernational

market

The major problem for these companies w;xk the restriction of pole-and-tine vessels {o inshore
waters (they primarily operated around New Britain, northern New Irefand and New Hanover-
Massau) and the expenditure of large amounts ol effort in bait-fiching. The requirement for live
bait meant that the fishing range was limited by the need to remain 1n prosimity to bait-fish
grounds. This was further exacerbated by the . ',:iém of high-bait mortality”, and the bio‘}ngimi
and socio-political fimitation of available baot-fish grounds Purse-seine vessels were able to
take large schoals of skipjack (with associated juvenile vellowfiny in deeper waters far more

economtcally than could the pole-and-fine vessels

The Distant Water Fishery ; , ; .
The DWFN's operate purse seiners primarily in “ae waters of PNG, the Solomon Istands and
Micronesia. They target skipjack and yellowfin.

The purse-seine flect has had a rapid growth in the PNG region, altiough not without significant
conflict (Waugh 1989). United States vessels were first licensed to fish in 1982 and sontinue
under the multilateral treaty with the South Pacific Forum. Since the finplementation of the

Upto 50 mrcmt on capmrc and 100 percent with 24 hours (Wankowski 1980),
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multi-lateral treaty v June 1988, the American purse seine fleet hias had aceess 1o the Exelusive
Feonomie Zones (FEZ's of the 16 Pacific 1sland countrics party fo the treaty, which is worth

about $18 mulhon per vear to the reon. Curvently, 32 U8 vessels have access 10 PING waters.

Korean and Tanwanese parse-seiners began operations about the same time as US vessels, and
curremtly have 29 and 43 purse semne vessels fieensed to operats i PNG respectively.  The
Philippines eurrently have 10 ressels operating 1in PNG and there are 4 focally hased and

domestically licensed purse semers.

While the purse-seme cuteh 1s off-Joaded outside of PNG (mostly 10 Thatland* "he establishment
of a tuna cannery i Madang Provinee’ will result m a proportton of the catch being off-loaded in

PNCG tn the future

Recepts from hicense fees ate the principal gain to PNG from the distant water fishing. While
there 15 year to year varition, revenue from license fees s carrently about K13 million (Waugh |
19931 Other assistance of a technological nature is probably not of great importance (Waugh
1987) '

ihe duficulties of negotrating mutually sceeptable fishing agreements are at the heart of fhe
problem for all smalisland siates The very successful agreement with the United States was not
acheved without mnsidemtﬂc mternational turmoil. that ineluded the arrest and impounding of'a
number of United States purse~sc:iriv;:rs, trade embargoes, and Targe fines on vessel owners and
skippers  The developmen. of a domestic nu:l would circumvent these *-,';:rbblems, but raise other
development and econoriic ‘issﬁcs, especially in the light of e iatgc amount A :c,;a‘pitai‘ required,
capitai scarcity in PNG, the skills required and the Iﬁgh level of nisk ity an industry characterised
by significant {luctuations in international tuna. prices and Javge ﬂuctuaﬁcns in cateh rates in
diffevent areas and over time. e

" The cannery is currently under construction.



From an economie perspective, the dectsion whether to invest in domestic production or to sell
fishing sights. and the value of thos» ~tzshnng m,h;s needs to be nssessed m terms of possible rent*

Uhe level of mnt depends in part upon the fevel of ﬁshmg effort applied to the fishery. Current
methods of determining aceess feey in the western Pacific do not address. the relationship
between fishing effort and rent. and are based directly or indireetly on anticipated revenues”, and

hence fanl to adequately mcorporaie fishing cosls.
2. SINGLE GEAR, SINGLE SPECIES FISHERY MODEL

For 4 umt stock, ¢ xlculalmn of fishing vield can made m terms of thu: vield of a single period
class throughout its Tife  In the steady state, this will be equisalent to the vield in one period,

from all period elasses preseat m the fishery

Ivpically. the period of reference chosen 1= one yéar. although for species that breed regularly
throughout the vear. such as skipjack. a shorter penod 15 Jikely to be more appropriate  In each
penod. the number of fish alive. the number canght. fosses from nataral tnon-fishery) cavses. and
the number remaining ta the fishery at the begimning of the nest pcrmd can be calevlated. In
addition, the yield in weight can be caleulated as the product of the numbers caught and their
average weight (Gulland 1969}

In order to obtain insig!’xt into the influsnse of vanous parameters upon the harvest {zatch in

numbers), 1t is useful o express the yield in algebraic form. The relevant terms are defined as

follows *

4
Kl

* Rent in this usagc is dcnnc.d as revenues in excess of fishing costs,

In PNG licence fees are based mainly on a combination of (1) vessel type and sizg; (2 e
estimated catch rates; (3) duration of fishing trip atd time spent in PNG waters; (4) Japanese
(three month moving average) market prices adjusted for transport costs; and (5) estuznmed
species compositior of catch (Campbell and Nicholf 1994b).

" Note that we are cmsxdenng the vield from a single pf.nod class thmughout its l;fespan

b s A
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N, oumber of shipiack remaining tn the fishery at ime t,
numaer of reciuits 1 the number ahve at timet, e

R’ number remainmg in the fishery at time £, at which they become vulnerable to
the gearin use,

M instantaneous coefficient of natural attrition”,

F mstantaneous coefficient of fishing mortahy.

Thenw « &

5,

~MN
dt B

It follows that
N, © ReM'
and

R& o, R‘,‘Még %
For ¢ -1, when losses anse as & result of both fishery and natural causes

e

mgr “fF Mi‘ﬁ‘

and
YT RES AN TR
N, = Re ‘

OF

N A Riewi Mt et s

LA 1 L -
The number of {ish caught m the inferval (1, 1+dt) will be Fadl, and hence the total number
caught throughout the Iifespan of a period class, 1, will be aiven by the iniegral

H = ?FN (dt
% .

Assumed to be independent of population size. ‘
Including emigration and death from natural (non-fishery) causes,



where t, 18 the M .o . ¢ obtaned  Hence
;“ . . :
1‘1“ ’ j”{.e FLACH CTET IR S di
SR

or

I s simphfication ts assumed i the {nflovapg discussion

Thus. fishing takes a proportion of the total numbers reaching the age of Hirst caplure. ggee s he
ratto of fishing mortalits to tofl atntion  Pquation 2 represents both the total caich of a sigie
peniad class throughout 1ts Iifespan. and the tofal catch from the fishers (all period classest in a

angle perniod The erodel of Gulland 1s estended in the Tallowing way

It the catch 1s multiplied by the average weight of fish. W.an expression for yield, Y. in ferms of

recruting biomass, B, 1s derved.

| o T v ; o
Y oo RIW smesrine 7[R et 3
RWFQM B R | | (3)

where B R'W

Miree related measures that are often cited by fishery scientists are:



H I .
the catch per rzwmu‘ f{% , if%:ﬂ?\;i . {41
the cateh per unit effort iiv R - Hw: ) (5)
¥ oM
and siekd nmznﬂ"m" S 1z b e {ty
ane e ¥ il e : (9431
e M | ,

where t tishing eflort, g catchatabins coefficent” and gf |

The ratio of fishing numim 1 total mmmm fermad the cateh per recruit in equation 4. is ulsq
termed the hanvest faae Analest based on the Beverton-t jolt siehd per reerutt model (Kletber of

o 1983y sppgests Gt harvest rabos m the victnits of 05407 woulid provide the maximuin |
sustamnable vivid (MSY) m western Pacific shiprach fisheries  Assumung that ;uxé more
consenvative estimate of 4 S 1s correct, an equation for the level of effort that will provide the

MSY 1n the PNG fishers e, 1 can be dersed as Tollows

iR - ;.'F e (ﬁ
FooM gl + M
[ herefore
by - T ‘ ‘ (7)

the ratio of the instantaneons coefficient of natural attrition 1o the catchability coefficient,

When the fishery s exposed to a constant level of fishing effort, the size of the resource at
equilibrium, 1¢ , the equilibrium, fishable bromass. . can be derived.

The wuhabnlm cmff' ieient 15 the fraction of the standing stock harvesnc.d by ofie unit m
fishing effort (Tuna Progdmmé 1983).
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Eit

oM B

dt
. e -
voxquibibrom, <o henes

dt ‘
4 E :
i : h ‘ {81
’ oA o

Thus vield vequation 3+ a tunction of equilibrrum. fishable hiomass.
Yo ‘ )
In order to measure the rent penerated by she fishens . twe addsiona! parameters must be included

i the moded price per ot of bivmass P and cost per untt ox fishing effort, U More formally:

Romt - Kew enue - L “ast
PY <37t

.

TR
oo
Y o B
O e | : ¢ iy
gt - M G , ‘
“he fevel of effort that maximises rent can be obtained by differentiating vent with respect 1o
lort and seting to 2ero. Henee

diRents il + MtPRgy - I’Bigif;q% e
d Coagh o My '

T'he above expression simplifies to a quadratic i . and the solution fi, 15 grven by

”QM*,‘N“%%& ~4q nos iygﬁin ,
£ 3 e § 24 835

where | o s the Tevel of effort that mavimises rent



i

Assurming that the pammmrs . M and R are fised and known, the ratio between P and C will
determine the optimal fevel of effort 1 both cost and price increase/decrease by the same
proportion eaving the ratio unchangedt. nerther the optimal fevel of effort nor the rentrey %
will change  However. the absorae viTue of the lesel of rent \yill vary by the same propert on 48
cost and price The break-cven cost price ratio (CP breab-even ratio). e the ratio between cost

and price at wheeh rent is zero, 1s o function of the level of effort, and can be derived as fllows:

Reot - PY <V

When Remt @

Py Uy

Henew k '
VAL S LA Tield 1 ~runnéﬂhrt | (12
j’i;h ¢ i{‘ M e1g per C {12

Hence the vield per umt effor can aba be used o evaluate the cost price ratio al which the

fishery rent wilt be zero, for 2 gren feved of effont

It the prevaling costprice ratia 18 greater than the CP hreak-even fatwo for the given Jevel of
effort operating 1n the fishens, the model prediets that Tosses wall be made (e, tent will be
negatine’ and viee vera  For a pien Tevel of effort the percentae difference hetween the
market price and the break-even price ss equal fo the rent as a percentage of revenue {The break-
even price 1s equal 1o the cost per boat-day drvided by the C I breah-vven ratio)
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3 MULTLGEAR, MULTESPECIES FISHERY MODEL

Commaonly m tropreal fisheries, more than ene species is harvested by o single fishing gear iype,

In western Pacidie tuna fishenes, shipjack, Juvenile vellowfin and smaller proportions of other
spectes comprse siagle schools — Henee a single umt of fishmg effort (eg one boat-day. nne
purse-seine sel can result an & multi-specres harvest in addition. multi-species fisheres are often

Fanested by more than one tvpee of pear

The simple vield and rent models developed m Section 2 can be extended to accommondate a
multi-species. multi-gear type model under the followmg assumptions i there are 1 species and
0 gear tvpes, B L 18 x‘uﬁimmh Targe for all species concernnd. thus enabling equation 2 to be
used as the base viehi moded . 14 the stock of each species 15 vulnerable to every guar tvpe, and
IV APECIES HaCFACTION. 1 ne’fixuhixe

{sny the parameter svinbois defined ?.‘riéc(mn . the following vield terms can be exprc.&sed
algebrawalh, fety 1 mdenoiethe specesvpe.andlety 1. ndmme me: gedrixpe
Ihen equilibrium popularon of species i can be writien 2

pe (13)
where b, g1
The vield of species 1 harvested by pear § as
Y. By ’ﬁ,w i ; {14y
o

A reasonable assumption for tuna fisheries provided the unit of time measurement is monthly
or shorer. as is demonstrated in section 4.




The mtal vield of spevies 1 Ly all gear by pes gs

Phi totad yield by gear 1, atl speetes as

A ‘ " . y&u.‘ ‘S"‘ \-

S amd
i o W
L4 o : LI ER

The total vichl of all species by af! gear ppies s

Ul N ":5 o B
: oy RNy

* et b P 0

Sttty the vield et it effor and the harvest atr can be expressed nlpcbranutly

Toe viold of wpoctes yoer el ol vilon s gear iy
e, ‘\ I t |

»

ST

M, 0 e e
. ‘é:‘ : ¥ ’.\-‘}»‘ 3 N‘g»

N
Foeit " T
3

o gt s s

Cipuime: s ame

L

The total vield per vint ettt of pearvpe 1

YPUE, O RRLE, L and

1}

The barvest viro (1) for spewivs 1

i
Ty
{Z.;r L :
:
A S
S M,

Hemat - N

£ 4

¥
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US

(18)

(19

(20)

- With the inclusion of price and cost paramefers, the following revenue and rent ferms cat be

expressed:



L

The revenue aceruing to the owters of fishing pear § from the harvest of spocies |

Rev,  POY, KB -

ki

: L (,Qli'

e total fishery revenue (rom the harvest of species i by all gear types

» . : :
Revy, }_’; PY, . B | (2
- i : " - .

The totat rent aeeruing (o the owners of fishing gear 1

B, - Cf and =] e

T

b

Rent,

-
.y

Total fishery rent acermng 1o the mmem ofall gear fvpes

Rent - ZEI,,Y,, }_,s,f )

As in the simple rent case, the C P break-even ratro ean be related to the vield per unif effor.
Assummg that the price of each specics. Py 1 replaced by 1, a0 \\elg,hlcd average prwc lor gear
type 1", the (P break-exen ratio for pear tspe j can be writte as |

7{ < SYPUE, BT 1 N
A7 Te 1 ! :

Ihe construction of the mode} is remnably straight forward and can be done using spreadsheet
vware, The spreadsheet format is particularly useful since it provides a Nexible means of
examening the impact of changes in parameter values upor e model, Assuming that all effort

18 not umommﬂn f‘ar Juw.mk, yellowfin o remain undifferentiated from Sklpjdﬂk when
purse seine of pole-and-line harvests are oftioaded. It addition, the industry benchmark (4-
75 by ennery price lor purse seine luna in the Pacnr ic is the same for yellowfin and
skipjack.
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levels, with the exception of 1 (1, a single pear tvpe) e known and fixed, the spreadsheet can

alo be used to approximate the sy optimum level of £,

The wformation requirements of the model are ot extensive biological and fishing data can be
obtamned from publications of the South Pacific Commussion (SPCY', while economic data is

avarlacle from a number of agencres mefudmg the Forum Fisheries Apeney (FTFAY

While caution must be applicd m the use of the model due 10 the numerous simplifying
assumptions, 1t may nevertheless prmde @ usefid mstpht mto A range of 1ssues including the
relatonslup between s:ﬂ"ain and rent. the mpact of vﬁrmuﬁ fleet structeres and eflort levels upon
tuna stochs and upon the \»iahilm’ of the im,’mlty gchcmi‘iy“ teraction between fleets fishing the

same tuna stocks, and the impact of s e and cost changes upon fishery rents.

In the following sections, the simple and exterded frodess arz anplied to PNG's surface funa
fishenies  The apphications incfude tvo species. skipjack and vellowt®  and two gear types pole-
and-line and purse seme. However the vanation i gear 1ype nce:d not be restricted to dirterent
wpes of fiahing The equauonav could. for example e used to model a purse seine fishery
comprising a range of vessel classes. 500 GRT vessels. 750 GRT vessels, 1000 GRT vessels and

won This would require separate cost, price and catch cavacity dava for cach vessel class

The SPC is a regonal research agency located in Noumea, New Caledonia, Biological data
can be obtained from publications of the sgency's ‘Tuna and Bilifish Assessment Programme,
while fishing data is contained in the Tuna Fishenes Yearbook, :

The Forum Fisheries Agency 18 & regional orpanisation located in Hontara the Solomon
Islands. that was established to coordinate fisherics msanagement (principally for tuind in the
western Pacific ' : .
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4, PAPUA NEW GUINEA BOMESTIC POLE-AND-LINK *‘KI!“.!J;\(?’[(,;{FISIIER\‘

The following analysts 15 based on the stegle pedr, single species maodel o thined in Section 2,

and relates to the area that was fished commercially by 2NG's pole-and-line vessels in the 1970'

and carly 19805, althaugh the pammt.tcr values relate vpu.tl” cally to the arca that was fished

commercially m 1979 prmclmﬂx the eastern 13mn.mk Sea, St George's Channel, and New

Hanover-Massau ~ While sl\tmank compnsed approximately 90 pereent of the pole-and-line

harsest durimg 197081, 10w assumed to comprise 100 pereent of the harsest in this section The

elevant parameters, thuir assigied values and sourees are documented in Table |

Table L. PNG skima‘c‘k, vield model parameters and assigned values

P e e

o i

| Valua

Parameter Umt% Keference
R! Fish.month 3823529
B tmonth : 13000 Derived from Kleiber ctal. 1987
M l’ér month ()4323 Derived 'F;c:nr Klciber ctal. 1987
L Months | ‘ 8 Troedson and Waugh 1994
i ‘Mc)mhs | 60 Kearney 1989
q Per boat-day 0 00009 Kiéiber clal. 1987
f Boat-daysimonth 0to 3§78‘ |
W -t «()()(534

Troedson and Waugh 1994
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The analvsis was mitally conducted over a range of cffort levels, from 0 to 3,578 boat
davs momh (g 27 10 steps of 2000 At each Jevel, values for the various biveconomic meastires

dernved m Section 2 were ealeulated, and are documented sa Table 2 Each measure is discussed

bricfly 0 the folfowng paragraphs

The vield model 18 a statie, equilibrium model. Al each level of effort, there is an associated
equitbnum . fishabie population and hence tiomass (assuming constant average weight of fish).

As the level of effort rises from 0 to 3,578 boat vays'month. equilibrium bromass falls 50 percent,
from 40,373 10 20,186 ¢ ' |

fn therr anah sis of shipjach resources 1 the vestern Pacitic. Klether of al, {1987) estimate the
sanding stock of shipjack m the PNG pole-and-line fishery 10 be 35000 1, associated with an
effort level of 644 hoat-days mnmlitlv‘; 058 manth. g 000009 woat-dayi This is reasonably
consistent with the present model. that estimates the bromass associated with 600 bhoat-
davsmonth to be 34,574 t (Table 21 More prémscty‘ the model estimates the equilibﬁum:
hiomass associated with 634 boat-days month 1o be 34,214 ¢, a discrepancy of 2.2 percent.

The maximum obtamabie age, ; (60 months), 15 sufficiently Jarge relative to the age of first
capture, 1, (8 months), to salidate the use of equation 2 to model catch in numbers. Monthly
cateh rises curvilinearly with effort to a fevel of 1 911,824 individuals (6500 tonnes), when effort
15 3578 boat-davsmonth  This 1s 50 percent of monthiy recruitment, as is indicated by the
corresponding cateh per recrunt figure: ‘

Catch per unit effort and hence vield per umit effort decline with mcyrcasingeﬂbrt, while the catch
per recruit Hses with inereasing effort.  Lach individual is assumed to be 3.4 kilograms (the
average weight). and hence yield (tonnes/montit) is catch times 0,0034. '

e level of effort that will provide maximum sustainable yield (equation 7) is calculated 1o
be ap ror'mately 3,578 boat-daysmo™.  The maximom sustainable yield is thus 6,500
tonne-.mo™ {equation 3 ST ; e



Table 2. PNG skipjack yield model. selected output

i

Fishing Effort gq:;ihbnnm Catch Y thpermmt T uh pe:umt - ,Eﬁﬂ&W
g o dlishmonth)  (tmonth) (fractonofmonthly  (fishboatday)  (whoatday) |
recruitment caught ) ' oo

o o 4mn y 0 0600 o
200 38235 202422 688 | 0.053 1012 Losa |
40 36313 384489 1307 0101 ~ 961 o327 |
g 600 574 549124 1567 0144 o151 o3 |
8 3995 698716 2376 0183 | 297

A 31533 833237 2840 omg 835 | o284

200 3233 960328 3205 ' 0281 800 | 27
| 1406 29018 1173368 3656 0281 | 768 26i
16i} 27897 1181520 417 e 0.309 738 251
1506 2681 1279776 4351 0335 7 242
o 25896 137987 661 0359 , 685 233
A 2o 2300t 1455¥82 4950 0381 662 235
2460 24164 1535057 5219 0401 640 o217 |
; 26t 23381 1609183 5471 042! 619 o210 |
28106 22648 1678623 377 439 600 204

o

3, 298y 1743836 5929 1456 581 148
3200 ~13h 1805207 6138 0472 564 182

3400 0701 1863057 6334 0 487 £48 1 50
... 3578 Cdulne 1911824 6300 , S 0511 ¢ SOk | 18
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One means of determining the usefulness of the maodel 1s to compare it with empirical statistics
lable 3 documents relevant empineal statisties Tor the PNG domestic pole-and-line skipjac |
tishen tor the perwd 1970-81  Average monthly effort duning the period was 600 hpat«dztys,
while the average monthly vield was 1.990 € A comparson with Table 2 indicates that thes is
reasonably close to the madel preciietion: an efffort level of 600 bout-davsrmonth corresponds to a
tarvest of 1807 4, a discrepancy of 6 2 pereent |

fable 3 The PNG domestie pole-and-Tme shiprack Tishery. 197081 (L awvsesy 994,

e e s e i B o e e o TR o B "

Viessel Numbers  Fishing elion

Sk cateh Yield pee unit ‘
atfort
. i Coghoadayst ) iUbeardayy |
1970 5 st L LT "+ 61
197 kL) o0 g 415
972 45 4950 F1788 238
NT3 43 . 78673 27300 247
1974 47 udira ~ 40314 427
1975 48 a8 18628 R
1976 40 7901 2438 A%
1977 g 0736 20106 B (A
1978 48 9941 457608 4 nts
1979 45 8184 B A £
19801 50 9484 aonze A
19%) 4o 781 o pmm 346
Average 412 7194 5 23877 W
© Average 600 g
~monthly” '

Fesmcaimn s e - s s

" Assuming effort is distributed uni f‘nfmly throughout the year



Aserage vield per unit effort i the PNG fishers duting 1970-81 was 3 39 vhoat-day,
asaciated with an average oftert Joved of 608 boat-daysmonth - According to the model, an
efort level of 600 boat-dass manth 15 assoctated with a vieid per umt effort of 3 11 Uhoat-day

clable 2w diserepaney of R 3 pereent

A comparison between the moded estimates and empiieal statsties indreates thut. m terms of the
relationship between eaeh and offost. the model s not an unreisonabl: n:pzm'nimm of the
fishenv  Assuming that this (s so. 1t a8 perfiment © anglvse the conditions of aptimality, i . the
optimal Jesel of effort and wubsequent vield m the fishers  In terms of ceonomic t:fﬁmemfy; the
opamal level of efort s that which maximises tishers rent Iptmal eflort wili be mihsxdered
prncipaliy n terms of discrete boat voits. whese | boat umt 15 defined to be 14§ hoat-

dave month This value 1s derived from Table 3. where the average number of boats 15 41 3 and

the average monthiv effort 18 600 boar-days

¢ amphell and Nicholl 1 1994 estimate the cost of fishing effurt for Japanese, 50100 1on pole-
and-tine vesseb  operating feliaime durag the pened 197980 o TUER-8Y I‘)ufmg the penod. ‘
the cost per hoat-das ranged trom 3467 thousand to Y342 thousand with o reasonauly level teend,
the average heing Y524 7 thowsand At current exchange rates. this s approsimately US §

~ D4

[he magor seting ponts for Pacsfic skipack are e neries Jocated n Pacific Island nations and
Thatland and the Japanese fresh and frozen suna market. The !ﬁading lapanese ﬂ:mfmrgcfmarkfct
port for twna m terms of volume 15 Yaizu port Yaizo ex-vessel prices are considered 1o represent
a benchmark for world turs prices (Campbell and Nicholl 1994b). Tne 1989-93 average
monthly price for pole-and-line caugpht skipjack at Yaizu was ¥238 ! 2'kg which is approximately

* Most vessels operating in the fishery during 1970-85 were of this size (Wankowsk: 1980).

» Caleulation of cust per boat day involved usin,s the mefhiod Retum to Capital (A) which is
defined on page 42 of Campbell and Nicholl (1994). :

* An exchange rate of 100 Yen per 1S dollar is assumed in this paper.
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(S 23801 Assuming that skiprack caught in PNG 1 shipped by sea freight to Japan™, the net
effectnne price 1s approxsmately TS $2.0001 '

Given a fishing cost of IS $5.250 bhoat-day and a skipgack price of VS 52,0004, the optium
teved of effort s calvuliated 1 he 631 6 haat-davs month kwq_uatmn 12, or, rounding to discrete
baat units. 638 hoat-davs month (44 boats  This Tevel 1s close to the average level of effort
apphied 1o the fisheny durne 1970-81 At this level of effort, shipach vield 15 1967 vraonth
which 1s 30 percent of MSY, the YPL M? is approximately 3 084 { boat-day. and the rent 15 US
§584 243 month +18 $13.300 boat monthi. which s 14 87 percent of revenue

The C P bregh-cven matio 1~ approsimatels 3084 when effort s opttimal . and the break-cven
price s approxymstely § 5 S0 83 whach s 14 87 percent less than the market price. As noted
i section 2 the percentage differenee betwwen the breah-cven price and the market price 15 equal

fe the rent res %a

Sensitivity Analysis , , :

The tollowing paragraphs cxaming the zmpact of vanation in the pammelm of the model upon
monthly rent rent rey 2o and harvest ratio The level of effort 1s fixed at the base model optimum
of 638 hoat-davs month

Price and Cost: Table 4 documents the impact »:pon monthly rent and reptrey %o of changes in

equally 1 propottion and direction, the absolute value of the Jevel of rent varies by the same
pronortion, while the rent rev s remains unchanged |

Hoth cost and price 1mpact significantly upon the level of monthly rent and rentrev % A 20
percent deching 1h price causes ranthly tent 10 fall 1o US $-201,706, while a 20 percent increase

A small pole-and-fine industry targeting the Japancse market was recently established in
the Solomon Islands.
Freight costs are in the vicinsty of US $ 350/ to US § 400/ of fish.
A« noted, it 1s numerically equal to the YPUE, :



0 cost causes monthly rent o fall o [ 584657 If both price and cost are reduced by 20
percent. manthly rent falis o 1°S 871606 The fishery could not continue to operate under
such conditions 1 the fong eem Price mereases and vost decreases sigmificantly improve rent
and rent res Yo fn either case. the xar;aizmh i rent 1 sigmificantls preater than the vanation in

the prive and cost

Pable 4 Sensitsvits analvsis price and vost

L S S P S

£ A

RENT PER MONTH i

L Uhangempriee®s o

2 “Ht %y Ay SHE0, 200, é

25 K7 0ne IR K36S7 308817 702291 1

Changean < H% <S3nh8H RERIEN 251041 643767 1037241 |
Cost ¥y §ity ST 14y ThK SR5743 GI8717 33"«?2 191
~#h 9y 133044 EIRTLR MUY 1313667 1707141
200 4RIE ReleRRIDSSEEY AeaSRlT 2042091

KENE REV 20

o Whangempree®e L s

2% “Hi%g % : <lte 2% ;
2ty Bl 1% 560 R 713 . g7

Change tn S U LT kS o 114 f 16 (487 2197 |
Cast% 19 b4t q40 14 87 A3p] 29 06
«Hi e 4232 ME7 2% 3038 - 3ol6

ST " ORI < - ¥ A k 4325

2433 e AL 3808
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Recruiting Biomass ‘,m Natural Attrition (M) and € ‘ﬂielmbi!iiy {qn Table 8 documents the
impact upon menthly rent rent tey "o und harvest ratio of a fen prreent vanaton m B, M, and g

tach parametet wovawed relane to the base model  Rent and reatres Po vane dircetly with B
and g with vanation m the ange 44-67 pereent Reat and rentrey % vary inversels with M,
vananon being i the range 4967 percent - Henee, varation 1n the eeonomic variables 1= at least
four times greater than the sanation sn the biological and fishing pmmmem Harvest ratia vans
directhy with g and iversels with M Oversll sanation s sumilar for both tnine percent) and

levels remain sipsificanthy Tess thar those requared for MSY

fable S sensvats anahvas reeriting hromass: natural attetion and catchatnbts

Paramater hange m Rent Rent Rev®s  Hanest Rano ﬁ
Paripmieter 3
P Mg (e 555243 1487 0181 |
i
B Ity STBTIT z261 0151
LN 191768 542 0151
M 109 27HET 765 0139 |
119 Y5137 20 0.165
q s 10 % 914192 2144 0164
- 102 246184 6B 0138
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Age OF First Capture () and Maximum Age () The skiprack cateh (). as defined by
equation 2. s a simphdication of vquation 1, based en the assumption that the maximum age )
w sufficiently large refative to the age of first capture {44, fo render the term et Mt e equal to
sero This assumption holds true m the base model, where ;- oftand 1, - 8. The preater the
difference between t, and . the nearer the term approaches zero  Hence, aniv vanation that
reduces the gap between §; :mdi need be considered

Anancrease 1 the age of Iist capture by one sear o 20 months, or a deerease in the maximum
age by one vear to 48 months reduces monthh hanest by one kxingram (00008 percent) at the
optmum. which 1 not siptificant  Further ierease m the age of first capture is hkely to be
bevond tae scope of reasomable sanation A ..m fine i ﬁw maxinum age by Xrmonths reduces
monthiv hamvest by approssmately 14 kz!%mm (o2 percentt  In terms of the mpact upon

the economie vanables under consideration, this dectie @ vt sigmiicant

Henee. considerable samation m the maxmmum age of skipjach and m the age of first capture has
no agmficant mpact gpon the mi& and consequently no symiicant mpact upon the optimal
level of effort 1 the fishens or the fishers rent  Any reasonable error in the measurement of
mavtmum age or age ot first capture shouid have no impdet upon the results of the model
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5, PAPUA NEW GUINEA PURSE SEINE FISHERY

The following paragraphs document & two-species, "m;,lu gear mmM ot e PNG pursessf ne
iishery based on the model outhined in section 3. The purse-seiners are assumed fo be US vessels
ot about 1070-1200 GRT, and the species harvested are skipioek nnd vellowdin. 1t is assumed
that the maximum vellowlin age 15 sigm ficantly larger than the age of first capture to justify the
use of equation B to model harvest levels Riological parameters were provided by Jokin
Hampton, Principal Fisheries et SPC Noumea A weighted average wna price was
: dmmi by applyig the Ametean Tura Sales Assoctatons 1 4 7SAS) 199394 purse-seine tuna
prlu,x at Pago Page . to the prive :’x\-«:mgmpxm.aula; contained in Mcll‘gorm (1989:140) A
yearly axemge cost figwrre was denved fiam Ly punse seme cost data for the period 1979-89
contamed 1 USHTC 190795 ihe whengue of mwar regression was used (o extrapolate a
vearly average cost tor 1994 Cost per boat-dav was abtained by dividing the 1994 yearly
average cmt hv 210, 1¢ . one diserele boat uit 15 asstmed to be 210 tmbdaws per year or 17.5
hoat-davs per month - Cachability coefficients were dummncd by dividing 1989-93 nverage
US prrse sy YPUY twm«umd in Lawson (1994 63p h' the mndmg, stosh of each species™

Paranteter w!uc < fie dnummnlgd in lable s

Wil - cvent PNG aecess fees are based on Japanese (three muonth moving nverige) mar!m
- priees adjuad  Tor ansport costs, we consider it more appmpmuc to trage the rent ealoulrlion on
Pacifie eares s, prices, the main major destinatiors of US purse seinie cuught una, :
- Some variations {o the puhhshr:d sosts were made.  License fous sid ‘merest cosls were
exel ude sinee these ake not fiart of the cconomic cotts in a rent caleulaton, A five pereent réal
opparianity vost of eapital was included, which, based on & 19844"9 average US purse seape c':m
of 4.800,00¢. amounted to 240000 snnually '
“*Indusity sources indicate thai reasonable ommmw Iucl are i1 the range of 3030-240 Iasl‘ung,
days per year
* A noted. the catehability c()vi}amcnt is the pm;wmms of th smndmg ufogkmf? i\mmw& by
one unitof mhmg effort
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Tahle & PNG Pwrse Sene Model: parameter values for skipjack and yellowfin.

."xrut;‘lcléf’ T Uxut\# " mgk.apjack Yellowlin
, O 2y
s . s e e e T e e 4 TRy S i oo, AL s PG B, S B B R R R E A
B, tmonth C 202000 33000
M Per manth = 02 018l
J- Per hg«\t««dﬁﬁ | 0 000026 01){)6053
Lo LSS m’m’uz: , - ‘925 | 925
1SS boat-day ; 20000 20000

Lable 7 documents selected output For the PNG purse seine model. Unifs for each term ate as
defined 1n sectron 4 Fishing effort ranges from 175 boat-days:month (10 boats) to 1750 boat-
days month (100 boats) Skipjack and veflowfin comprise roughly 70 percent and 30 percent of
vield respectively, which 15 typical of western Pacific purse-seine fisheries. At each level of
effort. more than twice the proportion of yellmx{ﬁnz feeruits are héfrves%ed than skipjack recruits,
as ndreated by their respective harvest ratios. This indicates that yellowfin are more vulnerable
to over-fishing in this fishery than are skipjack  Total yield ereases from '54)54 tio 41,126 ¢,
while total YPUL declines from 28.88 thoat-day 10 23.5 thoat-day ‘

Ay effort Tevels increase from 175 boat-daysmionth 1o 1,750 boat-days/month, fishery feni per
month initially increases to a level off US $3.837433 when effort is | 225 boat-days/month, and
declines thereafier.  Although not documented in Table 7, rent per month is maximum when
fishing effort is 1,147 boat-days/month, or, rounding to diserete boat units, 1155 boat-days/month
(66 boats). At the discrefe optimum, monthly rent is Us $3,851,929 (US $58,363 per boat),
rentrev % is 1429, the C/P break-even ratio is 25,227, and harvest ratios for skipjack and



Téb¥€7_; PNG Purse Seine Model: selected output
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vellowtin ars O 104 and 00 10 res;xicti'\ ely. As noted above, a weighted average price is used for
shiprach and yellowtin The broakeeven price is approsimately US $79314 I sectinn 4, the
break even shapiack price for pole-and-lne vessels was appraximately US $1.700i Henee, (he
modets are consistent swth the faet that purse seine vessels are significantly more eflicien than

pole and-line vessels

Nensitivity Analysis
Following the procedurz in section 4, the sensitivity of rent per month, rentitey %o und harvest
ratio to changes in the model parameters 18 analysed i the following pargraphs. Tiffort is held

constant at the base modv! optimum of 1.155 boat-daysimonth for all sensitivity analysis.

Price and Cost: Tuble 8 documents the sensitivity of rent per month and rentrev % to changes
i prce and cost Clearly, the sanables i question and hence the model outeomes are highly
responsive 1o vatatiens i the price and cost paramcim As was the case for the pole-and-line |
fishery madel, a 20 percent reduction in price or a 200 perent merease 1n cost will result i losses
accrung to the owners of fishiag vessels This poses a significant problem ta vessel owners,
since over the past {i-15 years fishing costs have incressed steadily, while tuna prices have

remarned refatively stable™.

US purse seine cost trends are documented in USITC (1990:2-9). While there is reasorable
year to year vaniation in purse seine tuna prices, the long term wunds are relatively Jevel. ATSA
purse seine tuna prices at Pago Pago in the first half of 1994 were similar to prices in 1954 This
s not true however of skipjack and yellowfin (purse seine caught) prices at Yaizu, which have
dechined oves the past decade. , '



Lable 8 Sensitivity dnafvsi prce and cos
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RENT PER MONTH

CChangerpree®s

“10 %

1 200 -l0v 0% 120%
Chamze m « 20y 61584560 *34632(13 ~768071 1927122 4622315
L Cast % 00, R4RASE 11SRRR [$41920 4237122 6932315
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T RENTREV ‘
, _Change e price®s
A | 2200, 0% 019 0% 0%
! Change m oty oot Bl 42 -2 85 65 14.29
L Cost% TN 1788 478 sn 1429 2143 |
! (1% 2104 A7 4w 3208 28581
i A% 3S8 14 286 2988 M|
ST .7 1429 PER ! 31043 1767 4286

Recruiting Biomaiw (B). Natural Aterition (), and Catchability (): Table 9 documents the
sensitivity of rent per month, rentrey %o and Farvest ratio to cheages in the biolegical and fishing
parameters  As in section 4, each paramys o is varied in tun relative to the base model. As
would be expected the impact on rent and rentrey %o of variation in skipjack | )mmtm(l?n, My,
qu:) 18 significantly larger than the impact of variation in vellowfin parameters (3y, M, qz2). since
skipjack comprises m)pm\nmtcw 79 percent of the cateh. A ten pereent sariation in the ski pjaCl»
and vetlowfin parameters causes rent per month to vary iri the ranges 41-50 percent ¢ nd 14-16

perceat respectively.

Ten percent variatian in %k!pjack moriglty or <atchabitity rcsu‘ts in an ﬂlg,hi {o fers percent
variation in <t ipjack harvest ratio, while a tes pereent varistion in yellcmim mortality of
catchability results s a seven to cight peteent variation in yeilowtu* harvest ratio. If a harvest



an

ratio of 05 wauld provide the MSY for vellowfin tas 13 the case with skipjaek) harvest tatios ‘

remam at reasonably safe fnels for both speeies. wathmn the range of documented variation

However. 1t shauld be noted that vellow i s @ slow growing, long Tived speeies compared with

shiprach. and has a fower natural rate of attnten. and s therefore more vulnerable to overflishing

than s shiprack

lable 9 Sensttivtts analysis reeruting biomass, natural astation and catchaptlity

arameter  Chanpein

- Rent RentRev @ Tharvest Ratio |

e

: e

Harvest Ratio ¢

‘ . Paameter .. Skipjck __ Yellowfin |
O BLML 0%, 388199 1429 0,104 0249
a Bs, M. q: |
H
1 :
B, 0% 5786593 2003 0,104 0.249 |
BN 1917266 766 0104 0249 |
Be  J0% 4612459 1664 0104 0249 |
0% 3091400 11.80 0,104 0249 |
M, P00 2260269 891 0,095 0249
0% 5757004 1995 0114 0249 |
M, 00y 3320768 1257 0104 0232 |
0% 446933 1621 0.104 0.269
a  +10% 5508503 1942 0.113 0249 |
0% 2009437 833 0094 0.249
a 110% 4409090 1603 0.104 0267 |
-10.% 1239 02301

1266295
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6. PAPUA NEW GUINEA SURFACE TUNA FISHERY

In the followmng parasranhs, the potental mmmcunn hetween a domestie pole-and-line fleet and
o dictant water purse seine fleet 15 analvsed. based on the madel developed in section 3. The
economic feasthility of sueh an interacton and the tnpact upon the skipiack and vellowfin stocks

are analvsed

[t 15 assumed that bath fleets range throughout the PNG lishern, zone, and henee Ssh the sume
skipack and velfowtin stacks s yniplies an assuniption it the restrichions upon the sange of
pole-and-hne vessels that existed durmy the 70 and early 1980% no longer apply - Two
davelopments that would strengthen the sabidity of ths ESEEPHON ars 1) mproved teehnalogy
w bait eapture and handhing so as to sigmficantly teduice the morality of bzﬁmsh ufter capture,
and 1 the discorers of new baitlish grounds or the development of known grounds that were

previousiy unused or pradernsed ©

Fole-and-hne calchabi'ity coefficients were dctemnnml h}g dividing PNG pole-and-line YPUE
dats i the standing stock of each species  The remainimg purse seine and pole and line fect
charactenstes and selling arrangements are as defined 1n sections 4 and 5. with the additional
assumption that the pal&anddmc, flest is himited to 4 boats (the opti.oum determmed 1 séction
41 Table 10 documents the model parameters and their resmeetive values  Units are as

previously defined

* Socto-political prablems led to the closure of some baitfish grounds to the pole-and-line Neet
in latter half of the 1970's (Wankowsks 1980). , ,

While the number chosen is arbitrary, two justifications can be given for a limitation of
vessel numbers. First, there is likely to be some form of quantity restriction in the Japanese
~elling arrangements. Second, the resdlts in section 4 indivate that pole-und-line vessels could
not operate profitably in PNG i'a large proportion of the catch was sold fo eannerics.




wramesr Desenpion Vawe |
B Reeruiing Bomass shiprach 02060 *
i Re . iting Bromass \ﬂmwﬁn f’%zzimr
M Nattuead ,{utmmtx s-i;;mack {126
M Katural Atmton sellowfin R "?;
q Catchabihine shiprack. pole-and-ine & Gt
g Catchabilits shiprack. purse sl auon %
g Catchabitiny vellowtin. pole-and-firs HOuA3
S ;
g Catghabilite selfowdin. purse seie OS2
P Average Tuna Price pole-and-ine 200G
P mcmgc Tuna Price ‘purm sere m ;
¢ Costper bowday . pole-and-hne 521’5(?
o Cost per boataday purse st 0000 !
f i‘ﬁfcinngrii‘mm pole-and-tine H38

Table 10 PNG surface tuna fishery model parameters and assigned values.

i

table 11 documents selected output of the PG combined surface fishery model. Purse Seine
fishing effort ranges from 175 Yoat-days:month (10 boatsi to 1.750 b(:ateday&*zrxntw,th {160 boats},
As was the case 1n the PNG purse seine model, skipjack and yellowfin comprise approximately

proportions 30 western Pacific puise seme  fisheries

average of the PNG pole-and-fine fleet during 1970-81.

70 percent and 30 percent of the pure seine caich respectively, whick 1 iypieal of catch
Skipjack and yellowfin comprise
respectively about 90 percent and ten percent of the poleand! “ine cateh, which was frug on

32



Table 11. PNG surface tuna fishery model: selected output
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As purse seine effort mereases k‘my steps of 175 from 175 hoat-davemu th 10 1750 boat-
davs month ttal surface fishers rent and purse seine rent increase o & maximum when effort 15
1 05t hoat-davs mont. and subsequenthy dechne - However. i terms of diserete boat units, the
optimam levels of etfort in the combined surface fishers and the purse seie fishery are not the
wme  From the standpoint of the combuned surface fishery. the diserete optimum 15 1.032 §
hoat-davs month 159 bogisa At this Tevel of offort the monthly rept ‘ac:cmmg 10 the awmzrs of
purse sete vessels 15 1S S3 607 Ry while monthly total fichery rent 16 LIS 54 883,106 From the
standpont of the purse seme fisheny the discrete optimum 1 1.120 boat-davs mornith thd boals}

A thie hove! o effort the moathly rent avcriing to osners of purse semne vessels s 135 $3.624086,

while mu nthis et ishen font i3S 54 Sh1R3R

since bath fleets are compenmg far the same tuna stocks. pole-snd-lme vields are dependant in
part apon purse sei swehds  Thas nteraction stems from the stucture of the model as
determined by equation 14 Amy sassation 1n the instantancous voefficient of fishing mortality
from & single speuies. gear-tvpe imteraction 1, vwill mmx& effect the vield of that species by all
other geas-tupes Tt could resartt vither trom change. in hasvesting efficiency . changes in the
catchabibiny coetticient o, or chaszes i the lesed of effort apphied In gear type J. 1e. changes n

t he etlect of oth changes 1 dastrated m the following paragraphs

As s tlustzated in Table 11, an merease i purse seine eftort results in @ decreass in pole-and-hine
siclds for a paven Teved of pole-and-line etforts In consequence. ole-and-ing rent declines as
purse seine effort increases Fable 12 documents the impact of a change in harvest efficiency for
one gear-vpe ypon harvest and rent of hoth ,ge.ai* tvpes Tt 15 assumed that a change in harvest
etiictenay for one geartspe effects the catchabihity of shiprach and yellowdin for that gear-type
cquatls  As can be seen shanpes in pole-anding cachability impact inversely upon purse seine
harvests and vy wersa. although compared with mmf»yeld cffests the cross-steld effects are

st



3%

Table 12 Gear-tupe interaction through ehanges i harvest efficiency

Geat Parameter Change n Pole-and-l ine Prrse Seine
e © Pammeter  Yuild  Rent | Yl Rent
All g 1% 63 976017 W24 30T
doos '
P& oA FEFLN S kY B = [ LA R T ¢ 26004 3586013
ey, JU48 CA4TIER RAREY 628203
BN W ST 0 Y3ude 8474 5688178

e 280 o Joz2igs 23wl 14724300

Nate Pole-and-fine and purse seme effort fevels are held constant at the combimed surface fishery

optimum of 638 boat-davs month and 1632 5 boat-day s month respeetisely.



36

CONCLUSIONS

I rom an economie perspective. the leve! + access fees and the intensity of resource use need to
be assessed 1 terms of rent, angd the < ationship between rent and fishing effort  The model
deveioped m scetions 2 and 3 provides o means of assessing possible rents frony a range of fishery
structures, actual or hy;xathéuca}, and. under ceriam conditions, & means of defermining optimal

fevels of effort

When applied to the PNG surface duna fishery, the model results sugpest ihat domestic
imvolvement m pole-and-line fishing could be reestablished without significantly undermining
the size or profitability of the purse setne fishers Based on the area that was fished in 1979, the
results ndieate an optimum of 44 pole-and-line sessels  However, the ,ﬁruﬁtable operalion ov a
pole-and-hine fleet depends entically on aceess to a market that aflords price premiums for raw

tuni. such as the Japanese market of Yy

da " on the purse seme analysis, rents in the vieinity of 1 percent of revenue for US puré;u
seine vessels operating i the PG fishery are not unreasonable  Not surpnisingly however, the
aceurate estimation of rent is dependent upon accurate parameter estimation, which demonstrates
rat contnued bofogical research, the gathering of accurate fleet statistics and vessel costs, and
tuna marhet studies are eritical o good managenent '

Optimal purse seine effort 15 estimated (o be 66 vessels of 1000-1200 GRT Cugrently, 118 purse
seime vessels have aceess (o (the PNG fishing zone thlszyma;ny of these vessels may be smaller
than the standard size uved in the analysis. and may fish 1 the PNG zone for less than 210 days
per vear, the analysis suggests that there is a danger of geonomic overfishing given the current
potentral Tevel of effort in the fishery  There is also the potential for biologicai overfishing of
vellowfin stocks if effort levels contimue (o rise
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