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- L * ABSTBACT L S
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i; The prawn fishery in South Australia hds;.since its

- 1nception in the late 1960%'s, been subject to linited 3ﬁtry

101tation

-

regulation. It has, as a resuf@, av01de5/the over-em

the economically most eff1c1ent levels and nfthods
‘//l .

exploitation of the pravn stocks{ In addltion, the wealth and

oo B Soeo oo mmmme— Tt

efflclency 1mp11catlons of the current practice of allowing

@ -

operators to retain all resourqe rents have not been fully :
i . ? = e , . :

considered. This thesis at{empﬁs‘to shed some light on each of

these m&ttersl:,

Bionomic models for each stock in the fishery were =~ = -

constructed based on, the f1tt1ng cf surplus yleld producticn,mmillii;l

functions to obeerved catch and effort levels. This included
development of uethods to standardise effort for changes in
fishing unit characterlstlcs and seasonal patterns of fishing.
Analyszs suggests that adjustuent of "the current,nulber of
licenced operatorsfin each region is uplikely to significantly.
increase levels of.;economic rent, but that operator~efficiency

and the rent leveld in the Gulf st. Vincent region would be

. EE- o :
mincreased”by*therreloval‘of‘the“tﬂtrent'ban in the’region on use

-of doubleigfgj4¥he'¥ery—high—levels cf ‘rent retai

operators at’ present appear to have an adverse effect on

iii
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The economic theory of" the exploitation of common property

Fa

fishery resources has becone Hidely known 51nce the subject vas

4

first elaborated in seminal articles by;Gordon (195“), 5cott

. (1955 and Crutchfield (1956). It is mow gemerally accepted that

rn~order to*obtarn*resourcerrents from a fishery, ACCess to the

stock must be carefully regulated.

‘Most of the fisheries of +he worid have traditionally beenrr

: 0pen entry, hence discusszon to date has centred largely on ways

to achieve effective management ccntrold The move of countries
to a two hundred mile Exclusive Economic Zone (EEZ) has placed
rost fisheries within the jurisdiction of single countries,

providing the mechanism for rational management.2: However, there -

o - ) .
hd )

_are a large number of socio-pclitical dif ficulties in ’ _

L ¥

implementing limited entry programs and reducing effort leveis

in historically‘unreguiated fisheries; Few such fisheries have

yet reached. the position of yielding significant resource rents.
In a fishery vhich has been traditicnallyfopen entrg*ml

fishing effort is normally greater'then that which would

maximise its economic surplus. For such a fishery,the desirable

25ee  Copes (1977) and Andérson (1977a) for a discussion of
impiicateenseeé—the—untiatefa%—dec%arat1on4ofsthertvo‘hun&marr"‘*‘*
mile EEZ. ‘ _
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i - ~

fron the fact that entr 3 i_heen unrestrlcted Policy

1nitratives in this area can therefore precede detedled . :L .W" -
: con31deratlon of the pecullarltles of the spec1fic flshery. Peu
estlnates of the relatlonship betueen resource rent and fishlng

effort for partlcular flsheries have been . ﬂade. | v; . %;,;

‘fw*“f‘*“‘r**““rittle‘atfentron has been g1ven to thende51rable
distrlbutlon of the resource rents generated by an effective

management progfam and how 1t cculd he achieved in practrce.

)

Thls 15 con=1dered a question which can be angdéched after thé
goal of effort reduction has been realized. Evenuthen;;t nay be’
of-iittle consequence~if the?possible rents are sna1i<relative :
t% the costsrof exp101tatlon. Where rents have been generated,

they have been retained by fishernen in the absence of any L o

»b»

_ definrte,cons;deratlon,ofrthe,pcssrhleralternatixes

The prawn fishery of South Australia did not folléw the

N \ ualy pattern &f deyelopﬁéntirefered;to above. Although: yearly

} ' fishi@g effort has increased continuously since the late 1960's,
R 4 - . .

: when exnloitaticn‘connenced, entry of vessels to the fishery has
» T . ~been restricted at all times. The characteristics of each vessel

- ) A i » : . .
have also been strictly regulated. As a result, fishing effort
’ ) / . - .‘.

il S

lArlarge amount of researth has been concerned with the nature ’ 3
_ of of the yleld-effort relationship for particular fisheries, Ta
— ~ however this is only ome of a number of inputs into a total :

-§  ———economic model. Major contributions inm this area include
Beverton and Holt (1957) Ricker (1975) , and Schaefer (1954) . :

—\,, /\ _ . . S



nanagement/of the—resouroé”has'been superior to that”of’all'but

a few of the fishér%;i of the world. Byrne and Hatding (1976;',

A K]

50),alsorsuggest that considerable resource rents§§§e¢%urrently
being earned by 1ndiv1dual operators in the fishery. This

results from 'low capture costs relative to the high unit value

of the specres beinq exploxted.

Sy

It follovs that estimation of the relationship betmgen

v(effort and resource rent and consrderation of hov the benefits

T S

of the limited entry Pprogram should be distributed have nuch

greater 1mmed1ate relevance than usual Unlike the case of-a

vell established open fishery,-the assessment of the effect on’

overall rents of increases or decreases in aggregate effort

3

depends on a knowledge of the relationship between” effort and

resource rent for this particular fisheryQ The size of‘the . J

profits currently ‘being earned by operators also suggests that

dlrect consrderation of the justification for and - 1uplications

Lo T O

of full rent retention by fishernen and the alternativev

'allocation possibilities is necessary.

’

As }et, none of these matters has been directly considered

by the Socuth Australia'n Government, which is responsihl‘e ’}Gr

current regulations. This study will attempt to shed'sone light

onrtheserareas,andlsolsnggestlfnrtherlinproxementsltoenhateis

‘already a relatlvely advanced nanagenent progranm.
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E The prawn sﬁecies which is exgloited in ,the fishery has
,"* three character sthcs vwhich make the study of partlcular

~ interest., Firstly, betause it is ext 1y fecund it is
considered to be non-self-regulatirg in that”the level of

4

_ regeneration from a given spauning seaSonvis largely'independent

©of the size of the parent stock. Secondly, 1ts shortiggult life

fﬁ““*r*"**‘spanrleads*tc“tte“expicitation“cf“chiefly“aASIngIeAyear class at

n results

a time., Thirdly, 1ts very seascnal regenerat;cn pat

in a narked seasonal abundance cycle.

The study beglns with ba51c basic backgrou infOrmAticn on
the South Austral;an,prawn g;.hery. This inclMdes descriptions
of the historic pattern of development and the reéulationelwhich
Rall _ ‘have been imposed by fhe South AuStraliaq Government, tqg nature

cﬁ the fishing operation and the biology of the exploited:

=

_,,hm;fgﬁ;spec;esl -
The nethods applled in previous studies to estimate the
econonic yield fron a fishery are then reviewed and ‘their
applicébility to a - prawn fishery, assessed.buethcds of
adjustment toifake account of‘caanges in the seasonal effort

pattern and the heterogeneous nature of the prawn fleet are also

»

developed. Suitably mocdified models are then used to draw broad

conclusigns concerning what appear to be desirable adjuetnents

| in the level and manner of explcitation for each stock in_tﬁe
—~ ' .

F‘“‘;““‘fisheIYT‘VGIY‘Ivugg;estilﬁtGS‘Of‘thE‘IEthiVé‘ECUHUIiC‘IEHtS

vhich exploitation of each stock is‘generating and possible rent

A



&

T T | |
. increases are also made. . R : ' . .

. , o
This is followed by a discussion of the efficiency and
‘wealtp implications of various possible met}ods of"distributing
access"rightg'énd,ecoxﬂmic‘rents ip a limited entry fishery and

‘tHeir releya&ée to the fishery under consideration. An outline

of whaf_f§§¢onsidered‘to be a viable scheme for distributing

access rights and re§3urce'rents for the South tralian_ prawn

fishery ccncludes the study.
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worthvhlle.

I. THE JUS IPICAIIOH FOR REGULATIOI OF FISHEBIES

Beffire considering the major features of ‘the South
i

Australian prawn fishery and its managenent, a very brief review

of the justificaticn for public management of fisheries is

A slgnlflcant feature of almost all fisheries:is the ccmuon
property nature of’rhe resource. A fisherman cannot excluge ahy
other operaters—erfohtafn~compensationcfcr*any*reductrcnrrn‘the“"*
benefits he recelves as a ‘result of- other operators' act1v1t1es.';
It follows that an 1nd1u1dua1 cperatoz iIs™ unable to fully
capture the benefits whlch may result from any bnhancement or

conservation measures which he undertakes. There is therefpge no

inceﬁtive-for»him to indulge in such activities even‘though

;W:thelr value nay 51gnif1cantly exceed their COSt from the T

v1ew901nt of the flshery as a whole. By 51lllar reasonlng he 1s
_ ,,}_
unllkely to take into account any of the unde51rab1e

consequences for ot her partleipantc cf hls OND 0peratlons;f ***** e e
thlst not exhaustlve, the fcllowlng lllustrate‘the»typesm4j
of negative externalities which the iishing;qperations of a

B

o . . . - ’ i
. 0777777"77777777747 . r ’ \

e . _ . 5

PRy = 2 - - ' )

13 reasonably complete dlscussion of the conventional argument :
tagether—itthfancextenptve~htbirographyrisrgiveurin‘tnﬁerseﬁ““‘”‘*
(1977b)., : 7 7 .
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giVen’unit_may generate.1

1.'Its fishing reduces. the siz;‘of the fish'stock. This may
reduce the rate of reproductlon of the stock and hence the size
©0f the future flsh stock and therefore the catch rate from

explo;tatlon of thls latter stodk.

| 2. Its flshlng reduces the size of the flsh stock and hence the

catch rate from~ explortatlon of this residual stock.

3., Its*use of partli}&ar types of gear or fishing methods” may

' reduce the size of ,éari:.cularﬁsegments of- . the- stockrandf e

+herefore the catch rates from explortatlon of these segments.

4, Its presence 1n a partlcular area may, because of the uneven

i

dlstrlbutlon of the stock, reduce the catch rate of concurrently

operatlng unlts. ,/1'"*'

In an. open entry flshery, each flshlng unit wiill 1ncrease

1ts level of flShlng untll it is earnlng a normal rate of return
at the margin. But because of negatlve externalitles such as
those above, its marglnal unlt of flshlng effort/rs generatlng a
negative sctral return.- - “,*' ’ : l\\, )
: public management of the fishery is able to brlng about an

allocatlon of resources Hhich takes. 1nto account these negatlve

externalities.vIt can, as a result, srgnlflcantly 1nprove the

a

soc1al wel fare contributlon of ‘the frshery.

lSome of these are discussed 1n Pontecorvo et al. (4917) or
5m1th (1969). . -



 in March 1968 the Government of South Australia closed entry and

II. DEVELOPMENT OF THE PISHERY AND ITS REGULATION

There is no one generally accep%ed:definition of what

constitutes a flshery. The scope of any study is based on an

arbltrarlly drawn- boundary. This thesﬁs will focus on the .

,;primarx”secxorrofniheASouihcﬁmstralrauwprevnﬂﬁish?‘yssﬂosprimaryumueé

fishing enterprises in South Australia ere perm tg%d to carry

out proceSSing of their catch,l hence~the abcve oundary means

that only aspects of the ‘actual flshlng operatlon w1ll be o

considered. Z >
Coumercial exploitation of praun st s of the coast of .-
- § :

’south Aust?%lla commenced in late 1967 after a nunber of ' L

g
previous unsuccessful attempts 2 Inltlally, trawllng was

conflned to Spencer Gulf, but grounds were ‘soon dlscovered in ,J

S — N /

,Gulf §t7“1§ncent and on *he west_COast. In~1975, new grounds

began to bhe fished in Investigator Streit. Ali ;heserareaslare

shoun”iniFigure ST

In order to achieve controlled deve;opmenriof‘the"resource,

allowed only those operators issued with praun travling permits

1As at 1977, ore prawn flsherman was process;ng on board his , '
vesse1*fhutrtherprohlbiilonghasfoiheru;sesbeenueﬁieet%vef/See—’————fs—
SAFIC (Aug. 1977, 30) . . . .

2The early history: ls descrlbed in Olsen (1975 234-35) and Klng
(1978, 4%-42). . _
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N “to bafticipate in the fishery. Since the introdgctiog,of:ﬁthe»

. . .
Py . B B
s . r ! - .
Y- i . N
. . 2
W -
- v - N . N s

Preservation of Prawn Resources Regulations"™ in Apriil 1969, the
" Government has issued more frpermpanent prdun trawling

" authorities.t In addition, smail nuhbersfog £emporary
Ministerial Permi%s have continued to be issued at various
‘times, o?}en to explo;éupqssible new.areas. )

[

- S . N/ '
Wf”f“““““”*”“ﬂg**Givtﬁ;fﬁé“iﬁﬁéfféﬁéégot 11cenc1ngéfrangemengxzjifhe .

cverall_mgﬁagemeptfof the.fishery,,it‘is ﬁéfthwhile o el)borate‘

v

, on sdie of theffé;tufes‘of a prawp[t:auling authority or pernit: .

‘-Finfagégdri£§;ig'héld;in p;rpetuiffkiy an operator, subject to
__— 7lk'thélpafﬁen£;;f~afﬂémina12 licence fee”and acceptancefof-ény

| .‘condit;bgé?imposed by theianaéément authority.3;Permits afé
. ' temﬁéf;iy,'being issued fof onfg six monthly périods at a time,
aﬁﬁrhaving no autétatic right of renewal, but 6theriise carry

,W»thew§§m§,aggeggmrighﬁéh@sﬂgu;hgritiasLWAlthoughﬂihefanfhoriiymdrﬁmkgfﬂ

permit is assigned to an,indiyi@ual or partnership, the holder
"must also nominate and have,aufhoriéed,fthe,yessel to be used

for pravn trawling.

12;} ggrﬁ"'aut 6rity' is equivalent to the more conventional
'lécence'. The terms will be used interchangeably throughout the
- study. > : g ' ' :

»  2In September (\1;)8 a move towards substantial licence fees was
'””'Eﬁdé“by the Soyth Australian Government. The position on this
issue is curreptly under discussion.’

3These will be elaborated on below.

n
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Officially, access rights are nonéfransferable; with the

~

government being free to reassign discontinued licences as it : 3

wishes.! ‘However in practice this poiicy has been

°

ineffective
becausé the deernnent has automatically reassignedlauthorities
'to the purchasers of authorised vessels. Up until 1973 this was -

- B ) ) .
done via the transfer of the existing authority tc the vessel

‘ Eﬁfgﬁase;, but,. followingrarguments askisAgﬁemiégality of this

practice,2 the current procedure of issuing a new authority to

_the buyer of the authorised vessel was adopted.3 Both methods
effeqtivei&fattach the authority to the vessel ratiér than +the
individual.

. . : . E . o , ' _
A potentially crucial requirement governing sales of

i~
i)

authorised vessels is that the‘pricé must be considered by the

Gove?nmeng to be the fair markgt value‘cf_thé_véssel and its
“**f””*;ﬂequipment”vithout*an"associated*authority;*ﬂoweverffagfyetﬁnoff:f"iﬁﬂ*?*;

prices subﬁitted for approval have be;n disalloyed. In addition,

there is no guarantee that the official and actual p;ices {  7 v; -

correspond.* Ug@ééfthe-fable éayménti above the official price

would be véry diff;étlt to detect and are aigé rafiqnal fronm L, (A

fbdth a buyer's and seller's viewpoint.

1See Copes (1978, 123) and Byrhe and Harding (1976, 6]).

25ee Olsen (1975, 237-38) s

_ 35ee gzgge and Harding (1976, 67).

: ‘ 4The currentf"unofficial" values of authorities are rumoured to T
. be $100,000 to $200,000. : ' ! _




N VA

e D

13

To~this date, no anthgrities;hale;heén voluntarily
P gy

'surrendered wlthout/the holder alsc ach1ev1nq a transfer V1a the'

sale of hlS authorised vessel.
'The procedure for allocation cf new authorities or

(GO

re-allocatlon of those authorltles that have 1nvoluntar11y

;5%p§’§)has changed c&p51derably since 1969. Initial authorltles

were granted to all ccmpetent appllcants who possessed a vessel

e

’sultable for prawn trawllng. However, as the profitability of

_the flshery became establlshed,%ratlonrng dev;ces soon becane v
necessary. New authorities'uereigrantedvto»apyiiean%sewheﬂhestsisslis;;
met a large'number of criteria such as length of service as a |
fisherman, .elther as crev on an exlstlng prawn essel or skipper

of a vessel in a less profltable flshery, suitability of the

nominated vessel ror pravn traullng, locatlon of home port and

famlly 1nvolvement in the flshlng 1ndustry. : *:

s e

The allocatlonlgiiisdon vas 1n1t1ally nade’ by the

) ,
the Prawn Industry AdV1sory Comnittee.

Government and later
Slnce t he dlsbandment of ;\15 Commlttee in late 1976, new
allocatlons have been based on randon.selectlons from a large

nymber of appllcants who met very general crlterla such as

-

- nomination of -a suitable vessel and possession of a Class A

X ) b

3
w

kh*iarge*number*of*SpecrfIC‘factorf*vhich‘vouid*be cons*aered
were detailed in 1974 when the Prawn Industry Advisory Committee
uas_establlshedT—Ehese—are—%&sted—in—ﬁyfneeand—ﬁafdiﬁg—f%Q%&——f————’——*
67-68) . .

“a

- \
\
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*‘*T*W*“mgenérai—fishinq—}ieence.! : - - R7

The regulations imposed by the South Australian Government

in conjunction with the limited entry schemé have been of three

main types:2 o \ : "

y

1

. Restriction of the types of entities which may hold an

aythority or permit.

a

> ' fiSh. ! -

3. Res%riction of the type of figping unit which may be used.

Anowner-operatorpoliéyhaézfeensfrictiyéuforcedsince._
'the~e5tébli$ﬁhént of tﬁe prawn‘fishery. The authority ho}der , '}
-must bi/sn boaré\:hq<§uthorised vessel during all trawling | . ::Y
opera?yohs, and may not hold an authority in any other limited -

- entry ‘\fishery. The motive for this policy h pr@®sumnably been a
_ fist ot y> pLAs

kS

~ desiré Eﬁ’the Government!s part to ehsure that’working'fisherman e

rather than other groups receive thg;benefifs of the limited

/entry,programmé.

In the yeérs 1968 to—1970 several authérity hoé%grs for the
~ . West Coast and Spencer Gulf continued to fish for tuna duriﬁg , 'bf

its short season from February to May, then undertook prawn.
............... r— kadl . .

3The criteria which must be met to hold a Class A general.

- fi§ping licence are listed in Bxﬁgg&and Harding (1976, 61-65).
, "In-summary a person must be a coffpetent full time professional-
fisherman. : :

v - 2 - -

27he administrative policies for managed fisheries in South
Australia are summarised in Byrne and Harding (1976, 66-71) and
" King (1978, 44-usB).

SERRS




trawling for the remainder of the year.! after 1970, authority

holders uere,notlpermitted’to take other speciesiand all becanme
full time prawn fishermen.?
To avoid an excessive'concentration of fishing on the‘pest

grounds, each operator has normally been conflned to only a part

of the total flshery. Fishermern were'ﬂnltlally authorlsed to

frsh~Infone*ofsthree*regionsronlyr”on the‘west Coast, the
Spencer Gulf or the Gulf-St. Vincent. In 1971 the lelSlODl

¢
between the Hest Coast and Spencer Gulf wvas removed, creatlng

two separate gleets. A thlrd fleet has developed recently with

the ekploitation of the new Investlgator Strait grounds. These

areas are shown in Figure 1. dv . vé," -
Table I.lists the number of operators in each fl&et on a

yearly basis and the numpber of authorlty transfers whlch have

o

) 959!15,:?d,,,!i,@,,,,?il@é of authorlsed,,vessels, u;anJLseen that -

-the number of part1c1pants has 1ncre%sed steadily in both main
fleets ‘with the Spencer Gulf fleet being routhy three tlmes as - .,

large as_that of Gulf St. Vlncent The numbers of transfers have

‘been approxlmatel proportlonal to the numbers of authorlties

issue in- each flee .‘As yet, only ministerial permits have b'en

issued for Investigator Strait.

1 See Australia,»Fishe i Division; Australian Department of’
- ~Primary Industry (1974). — R '

ZThEFsalesof.aec1dental—h7-catch4taken4durInq‘trawiin‘*f‘/““"“’*
however pernltted to a limited extent.

e T 15 .
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TABLE 1 iy
NUMBER OF AUTHORITIES AND PERMITS ON ISSUE AND f
NUHBER OF SALES OF AUTRORISED VESSELS BY FLEBT :
FOR YEARS 1968 T0 1977 ‘ ;
West Coast . Gulf-St, . Investigator .. - . S
- Year and Spencer Gulf Vincent © Strait ~ Total . Iy,
No. qnl  No. of "No. on No. of . No. on No. of No. on No. of - i
Issue Sales Issue Sales Issue Sales. Issue Sales % e
oue ' . _ , e
196822 = 3 ez 75— % s
| c e ;
1969 28 1 4" - - 2 1 !
1970 30 - 8 - - 3; e
1971135 1 10 - - 45 1
1972 36 2 10 - - 4 2
1973 36 3 10 - - 46 3
1974 40 3 12 2 - 54 3. -
1975 40 4 12 -5 - 57 6
7777777 1976 42 4 14 5 - 61 - 6
1977 42 2 14 5 - 61 ~ °2
Source: Files of Department of Agriculture and l?isheries, South Australian o o
1 The maximum number of concurrently ‘1ssued authorities and permits during ,
~ v each year was used, to avoid double counting of reissued authorities or -
permits. ~ . 5
1\ £
;34;4
16
ijfé
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To protect prawns of a ncn-ccmmercial size from capture,

,all waters of less than ten metres dgpth are closed to trawllng,
whilst certaln other:areas also 1nhab1ted by small prawns are
. .~ subject to either seasonal or totat closure. For similar
reasons¢ a minimum mesh size for frewl nets is also specified.t
Restrictions on vessel size?and type and size of rig heve

also been gradually introduced to restrlct the fishing effort of

Y individual vessels. Ve ssels@pe r&t.xng;n Gulf St. Vinc ent. have

been generally conflned to s;ngle rig! and a naxlnun length of

=

7 Tu»metres. In July 1974 a 17 metre vessel length restrictlon was

- “also 1npdséa'fbf replacement vessels in the Hest'Coast-Spencer
Gulf fleet. - d/rL
In addition, a maximum net headline length, based on boat

length, was introduced, for all regions, in order to limit the
effort which could be exerted ky a specific vessel. The formula

is

H = 17 + .882L

where-
H = Maximum headline length in metres j\\ h
L é'Vessel length in metres

In December of the same year the lengths of replacement
vessels were further constrained by requirinq that, in addition

to the above absolute limits, they be no greater than those of

1 DGBblé—HH&S—&HMd—ﬁG{—&—bI—L@LpGI—IOd—L&AQJ#—tM%,—bMi

" was not adopted by any vessels.

17 : .




the vessels they replaced. The hﬁll of the existing vesselgalsoA

had to be in a.condition such that'it,would ke scrapped on the

replacement vessel coming into operation.

Some elaboration is also necessary ccncerning jurisdiction

over the fishery. In August 1976 it was decided that in fact a
Yai {enl

spall part of the Investlgator Strait fishing reglon was within

Conmonuealth of Australia rather than State waters.! This area

vas then declared a managed flshery by tpe Commonwealth

Government. It has authorised- a nunber of vessels, 1nclud1ng all

ff——r:-mihose previously operating in the_ area, to. tranleln,these N
vaters. Discussions aimed at jcint management, in this area are
currently under way.2 The major part of the fishery is still,

however, under State Government jurisdiction.

1Decision of the High court of Austfalia August 1976.

See SAPIC (Nov. 1976, 8, Aug. 1977, 4-5, Nov. 1977, 47-48 and

2
Aug. 1978, 2.}

18
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- —-—Rounsefell (1974, 346-49) . The hiology

III. BIOLOGY OF THE SPECIES

The South Australian prawn fishery is based on e;ploitatioh

of adult stocks of a single species of penaeid prawns (Penaeus
latisulcatus) commonly known as the We tern:Kiﬁq Prawn.?!
Biological reseatqh on South’Australian/ ocks is by no means

complete, HoueverAtheqr\llfe\cyclemappea:suic%behyenx_sigllar to

that of the same species which is fished in Shark Bay, Western

Australia. It is likely to follow the typical penaeid shrimp

-L;;f . e

pattern, which suggests the fbiib;fﬁdriifguaiéféfih“”;::"&

Spauning occurs chiefly in early summer, from November to’,

¥

January, with each mature female releasihg extremely large
numbers of fertilized eqggs directly'into areas occupied by the

adult ‘prawps. They remain there in a planktonic form for two to

7three weeks then mOve 1nto =hallow= and estuarles as juveniles.

Tw

After feedlpg and'grow1ng 1n»these nursery areas for up to
twvelve months the ycung adults gradually re-enter deeper waters
in December to Fe%ruéry. Females ﬁay first-spaﬁnrséonbafter |
leaving the nufseries, and spawniﬁg is repeated on a yearly

basis until death.

1See Olsen (1975).
(}
2For a detailed outllne of the biclogy of penaeid shrlnp see 7
of the Western Kinc

in Western Australia and South Australia is described in Walker

g Prawn

~ _(1975) ard King (1978) respectively.

<




N

"'pre-recrultment ‘mortality is verj"e S1ty depehdéﬁtgvfﬁégiEVEL’:;>

The—prauns—becone—vulﬂefable:%o—eapture1—uSuali?s£9£er£§d

to as the pcint of recruitment, soon after re-enfering deeper

waters. The average lifespan of individuals will depe™ on the |

level of fishing. At moderate effort levels such as those'in_

South Australia, it is considered that the majority of prawns

1

are either captured or die from other causes within a year of

_leaving the nursery areas, although survival for over two years

has been observed in some cases

Because of their extrenely hlgh feeundlty and the fact that

of recruitnent for most prawn stdcks is generally con51dered to

be 1ndepende‘~kof the parent stock™size at.pGrmal levels of
explortat:l.on.2 King (1978, 100) argues that this is’ also ‘the

case for the South Australlan prawn stocks. The level of

"recrultment is instead influenced by various env1ronmental

factors.3 There are con51derable randon fluctuatlons in the

yearly recrultnent levels caused by varlatlons in these latter

{

factors. ) . R b o
Since érawns are subject to capture for a period of less

than oneliear on average, and recruitment is concentrated in a
lThe levels of natural and fishing mortality are discussed at
length in Klng (1978 115-130) . :

2See “for exanple Anderson (1977b, 23§and 103), Griffln et al.
- (1976,247), Neal (1975, 3-“), Rounsefell c497u, 261-263) and"f

B ?W”‘pspi;dfmn.l. eyt e

Walker (1975) .

sl

b

”%’“\\

35ee King (1978, 100).
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‘small.part of the year, largefj‘a siuglé year class of recr\'

is exploited at a time, R '_ ] : 4 .
7*~ As a result, there is llttle relatlonshlp betveen the 1evel
of fishing in one year and-the stock levels in subsequent years»v
The high rate of mortality in the perlod after the annual ' N

entrance of recruits to the fishiug gréunds also Beans that’ ~ L

In South Australla, adult’ prauns are abundant in certain

areas on the Hest Coast, Spencer Gulf, Gulf St. Vincent'and

Investlgator Stralt, as shovn 1n Flgure 17 The major juvenlle

areas are the northern\parts of both gulfs and Venus Bay on the

\

Hest Coast.

21



essentlally cons;sts of towlng a synthetlc net (or nets). over

o

‘, IV. THE PISII]G OPERATIOH AID STRUCTURB oF !HB FLBB!

0 Fishing is undertaken u=1ng the otter trawlstechnlque ‘as’

B

perfected in ‘the Gulf of ﬂexlcc =hr1mp flshery.l This

[}

,”the-sea bottom'behlnd’the vessel. -Trawllng 1c.genera11y

’

ufidertaken at: nlght and extends for up to eleven. hours, with

)

'each shot " taklng from thlrty m1nutes to tvwo hours. After each

'shct‘*he catchwis*emptie&ffron;the;netsuonto*%he:&eekswand;the::>;4;;=;

\ ;

I~prauns are’ separated'from the rest of the catch They are then

‘ stored in 1arge bullt in refrlgerated brlne farks or in : ¢

1t

freezers. At the conclusion of each flshlng trlp, the catch is

_ off-loaded at sultable ports adjacent to the grounds and

transported by road*to _processing factorles in 1ce-chllled

bzns.z Hajor home ports are. Pt. Lincoln and Pt. Adelaide.:

) /_//f"

There is considerable variation in the type of vessel

'operatlng in the flshéry.‘uany of the initial vessels were .

conVerted tuna or rock lobster vessels. Later entrants have .
largely been de=1gned espec1ally for prawn. trawllng, elther
belng built for the SOuth hustralian flshery cr coming from the

large Gulf of Carpenterla praun fleet. Hulls are constructed of

*®

1This is described in detail in Knake et al.‘(1958).

ZTE fishgnﬁ‘c"efaficn‘tS‘descrIhed‘In‘nuch‘greater*detail—in—————*
’Klng (1978) .
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Vidependlng on the catch rate‘.l, R B

either timber or steel. Vessels usually have the Qheelhouéege?d;

¥

accommodation forward leaving a clear working deck‘fer SOItingv'Lﬁ

1

of the catch, which is then srored below deck..
7&'-Catch'storage facilities are of two basic types,$
refrigerated brine tanks'énd dry freezers. As discussea by '

Ruello (1975, 192 201), prauns stored in refrigerated tanks.

S S ORI P

suffer serious deterioratica in quality after two to three day

L

due to both phySical and ;een1cal changes. Frozen pravns,

however, keep- 1nde£initely uithoui,Significant gualiiy decllne,ﬁ,;;

érine tanks are used by almost all the smaller and’ post cf the
intermediatezsized'vessels and linif fishing'tripgite eneeorrtwo
nighis; Freezing facilities are available on the largest and a
qumber of intermediate sized vesseis; which—alloeeitheir tripe

to extend until a full load is taken, up to feur or five nights,

e .

L U

Yessels operate independently, and all are equipped with

echo-sounders to as&ist in the location of suitable. trawling

areas.

<.
-

There has always been a large range in the lengths of

vessels operafinézin Spencer Gulf, with extremes of twelve and
twenty-nine metres..A,length frequendy‘diEtribution for each of

the periods 1969—71, 1972- 74 and 1975-77 is qiven in Figure 2.

There has been a gradual standardlzation over the last feu years

- [ S~

/
but this,has been hanpered by the restrictions on size of.;;:

¥

.replacement vessels outlined in Section B.II. In’ Gulf St.

23
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RELATIVE FREQUENCY DISTRIBUTIONS OF VESSEL LENGTH . - .
. FOR WEST-COAST SPENCER.GULF FLEET c .
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.halt metres. Average vessel lengths for ,all fleets for -each year

a JE S

- vvlncent on the otherwhand vessel~= have alwayc been very unlform

in s1ze, almost all being in the twelve to- fcurteen metre range.

‘Average lengths'of v<-:~ss'el~= have remainedlrelatively stahle B

vover time, with the West Coast- Speng@igsnlf fleet having a”mean

Cy

of about seventeen metres whllst the Gulf St. Vlncent boatsi§g:e-
an

-’

'been con51derahly smaller with an average ‘of about twelve

=

are given in.Table II. : ,

A

.Both 51ngle and double r1gs are used 1n the flshery. Double

—

or twln rig consists ¢f a palr of. matched nets 51de by s1de,

——

whilst single rig con51sts of a single- larger net. Inltlally

/\/

double rig was used only by the larger vessels, but 1t has by

now been adopted,by all but a few of the smallest boatshin the

Spencer Gulf fleet. Although the restrlctlon to 51ngle rig in =~

_Gulf St.. V1ncent yasmllfted,hetjeen,1974land,1376,Wdouhleorlgllllll,r

_'f
has never been adopted by any of the vecsels operating in thls

reglon. The percentage of vessels u51ng ‘"double rig ‘by year and
s ‘ .

reglon 1s given in Table II.

Brake Horse, Péwer (BHP)~of engines of ‘vessels have been

‘closely related to- vessel lengths in any given year. However;

the average horsepovwers for qiven vessel lengths have'increased

substantrally over the last ten years. This is reflected in the

's1gp1f1cant yearly increases in average engine powers for both-

miin fleets‘desprte‘relatIVE‘stabilIty*of‘average‘vessel

lengths. The smaller (under fourteen metre) single rig-vessels

é“, .

1Y ) <

25



: - o ' 3
5 - — -
B — — TABLE II )
o " AVERAGE VESSEL LENGTH AND BHP AND PERCENTAGE OF vzssF.s A
USING DOUBLE RIG BY FLEET FOR YEARS 1968 to 1977
\ ' : ‘ - Y - - N
West Coast/Spencer Gulf|Gulf St.-Vincent Investigator Strait T
' L(n) BHP D..Rig(Z) |L(m) BHP D. Rig(X){ L(m) BHP 2 i g(x] .
.| 1968 7.0 166 24,1 {1253 103 0 fm -
1969 | 18.0 183 30.0 127 91 0 - - -
1970 |18.1 181 43.8 |12 6 100 0 - e - -LL
1971 |-18.0 194  43.0 iz w20 o | - - -
1972 | 18.1 228 ' 44.4 12.4 132 O - - -
,1973° | 18.0 231 52.8 12.5 141 0 - - -
1974 | 17.3 253 58.5 12,9 148 0 - =i
1975 | 16.4 248  79.0 .. 12.5 163 0 . - - - >
| 1976 - | 16,0 245 83.3._ .  |12.4 163 O 14.4 171 50 -
1977 | 16.4 253  90.0 12.5 159 -0 14.4" 166 . 50
c E - . N M '
Source: F:I.les of Depart-ent of A;r:l.culture and” F:I.sher:leo. South N
Australain Government .
: J."Exciudea vessels which were a"uthoriaed for only part Vof a year,:
. : . . o - ’
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V-n Spencer Gulf in general have had sllghtly less powerful

\

N englnes than the Gulf St. Vlncenx’;essels whlch are of a sinllar

_Table’ II. ﬁa‘ o . o *3,;: . ) \\=

"V The nunbéa’of crew is also closely related:to boat size, ‘\\‘

and varies from two to six persons. - - ] o ) \

The usual measure of the level of participation by a vessel:

over a given period is the nunber cf hours spent actually

',travling. In all years there have been large dlfferences 1n

tours trawled among vessels, espe01ally wlthln the Spencer Gulf

fleet,’although the relatlvevnumber-of hours travled by specific

vessels has been relatlvely stable.,In other v0rds if a vessel

rrawled much less. than -average 1n cne year it usually also

o trawled less than average in other years. Frequency

Eiad

L

N

\\\

3

5

A

W

drstrrbutrons of,yearly hours trawled by_vescels 1n,eagh oflibe,

two major fleets for 1971- <73, 1970-75, and 1976-77 ‘are shovn in

2 . &
wlen
R

Figures 3 and 4.1

PosSible explanations“for fhe observed;Spencer Gulf spread
1nclude dlfferences 1n vessel and =k1pper effic1encesy physical

llmlts«on the perlods of fishlng of some vessels or varlatlons

£ P

1n the vork-lelsure preferences of owner-sklppers and creus.

Slnce there is a marked seasonal abundance Gﬂcle,

e

_---,-_-.,_--_----- e

_1The. years 1968 to 1 ZD were excluded because a nunber of

vesselS'vere*op
perlod for reasons




- FIGURE 3
. v 1
RELATIVE FREQUENCY DISTRIBUTIONS OF HOURS TRAWLED
Q\Y VESSELS IN WEST COAST-SPENCER GULF FLEET
Frequen’cy ;,ﬁ'/r . : N
R o 1971-73
. \ ¥ ' '
- i 1 ﬂ P H ] ¥ e | B S
“
202 » 1975.—-75 | .
1
102 | — . : 7 o
4 - hn
‘ ' ' /
5 1 c 1976-77
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N PTIGURE
RELATIVE FREQuEngY DISTRIBUTION OF HOURS TRAWLED
BY vzssnps IN GULF ST. VINCENT FLEET

Frequency ' , 1971-73

]
307 -

200 | - I B o ;

S 108 | ‘ - ] . . .
. - a] | 1 i i
aone

. n -
1974-75 ~
30% r ’ @
Taox | y
Tt ’19 T .’ ’"7'7""7’%'7"”7 "\“ B ] 7""’ B D B . 7’7”
307" - ' . B o
, 1976-77 —
200 |- :
107 | .
r—l : ) ﬂ . Hours Trawled
- - 0-2 -4 46 (-8 f-10 10-12 12-14 ('00 hours)
;\ ’ . ’ :
\ \\
,,,\Ki,ki -
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check if vessels ceased fishing only when the abundance level:

_dropped below this, Unfortunately the necessary,ﬁetailedécost

for each of the years 1974 to 1977. The equation estlnated was ' o

TH = a + b PH

unit of cost) could result in a different length fishlng season
for each vessel if each ceased operations when the catch rate
dropped below its break-even point. Ideally one would like_tO"

calcuk¥ate the break eveﬁ;catch rate for each vessel and then . 7 =

data is not available so it was necessary to resort to less

& /

obvigus checks.

:’;jf”iagicbﬁéiaéféd_iﬁat irtfﬁeiﬁﬁbfi:FyﬁﬁfﬁégiﬁlifoC§fr€c'?'W”%'W"
vessels operatihg for only’sﬁail'numbers of hours over a year
should fish largely ouring the peak season, ihilst those fishing:
for longer periods should exhibit a more,balanced effort
distribution. In other vords, a uniform within-year distribution

a

of fzshlng for all vessels should ke unlikely. -

~To test this, the number of heours travled by each messel
during the hrgh catch ratafzenths cf February to Hay
regressed agalnst the hours trauled in the remainder éi th Youar L:

wvhere: 0 - %

PH = hours trawled by each vessel durlng the peak-abundance

v';‘v,u‘ﬁ\,,;y&,i;‘w;&wmwun-‘r “‘*“ o

— Pebruary.to May period . - ] ‘ r

TH = hours trawled by each vessel in the renalnder éi\the year.

A
kv i B S R R e



with the PH coefficient being significant atéthe%99% confidence.

level in tgree of the four years. It was thefefefe concluded
that efficiency,differences wvere not the major cause of the
. =
observed participation level differences.
An a}ternatiye possibility is that smaller vessels fish

less because their less sophisticatedvstefage facilities reduce

e o oo 7ﬁ07 e A

4

the length of each trip or because they require more favourable

~weather cond1t10n= for safe operatlon. However a regression of

'Iedsperfyearsagatnstsvesselafengthsfatiedmto4support~—*

this hypotheszstvln only cne of the six years from 1971 to 1977

vas the. vessel length coeff1c1ent positively significant at the

By

95%7conf1dence level, and even then the explanatory power of the

97_.,

total equatioh was extrenely low.

A final reason for the observed variances could be

. differences in the target incomes of 1nd1v1dual owner- skippers.
and crews.t! Although this could not ke tested directly, it was
Aqwgtdu:e;efextent supported 1nd1rectly by the fact that those
Avesseis which had previously been traded con51stently operated
‘for lopger periods than the rest of the fleet. Purchasers .
ﬁoinously desire higher incomes because of the need to meet the'
.cost of the official purchase price and the likely unofficial

.1Note that the requirement that the authority holder must be on

the vessel during all trawling orerations prevents him from. -
hiring a relief skipper tc increase his income whilst holding

his hours spent at sea constant,




’ rﬁiéiéé”;;;;;;;;:Vihe averages were as follows:
Previously traded . thérs ’
(hrs.) :w (hrs.j-’
1973 | ' ‘ 1419 o . 956 ES
1974 - - 1294 . 868
1975 . 11€0 ; : ‘1091
T 3976 123t 1036
1977 - ' - 1153 ' 930

The average yearly number of hours trawled by vessels in

 both major fleets has steqdi1y>increased, as shoiE\Qn Tablerillg
Note the loweg average'}evelg in Gulf St. .Vindent. éiien the '
lack of any obSerwed rei&ticnship fetween iessei size and heurs
trawled ﬁitﬁinﬁSpencer;Guif énn the fac?hthat ﬁrawns ére

considered more abundant in Gulf St. Vincent, the between gulfs

”‘f”WW”ﬁﬂﬂifference*is~un1ite&y~te;belexplainedmbymeithéxﬁiheAobsersed

smaller vessel lengths or a shorter season in Gulf St. Vincent.

Again it'wouldrappea;fthat operators deliberately refraid
' from trawling, even though it could be anéértaken profitébly;
They claim that theyfrestrict the tota;{éffort so as to avoid

overexploitaiion of the stock.

Whilst the analysis so far has implied that operators in

both gulfs do not always ’ttplftitc¥maxinize_ngﬁiig_ig‘g‘giyen'

period, it is useful to'takE‘E”Eoneuﬂat broader view of their .

behaviour., By;delibergtely'holding down their profit levels,

Ay

. they are probably reducing the likelihood of further mew

32



TABLE II1 o
AVERAGE HOURS TRAWLED PER VESSEL FQR S
EACH FLEET IN YEARS 1971 to 1977 ’
0 ® West Coast- » Gulf St. : Inventi'gator - o
‘ Spencer Gulf Vincent - Strait -
(hours) - ' (houra) - (hours)
-197F - I 77— 511 S . —
1972 o 853 . o _818T‘ 5w
1973 856 804 <
1 17 | 859 D _
| 975 | - e
1976 1102 - 840 . 869 .
1977 . we7 124 - 802
' .
_Sou;:):g: Files of Departnent of Agriculture and l'isher:lea, -
South Australian Govemlent. v @
]‘Excludes vessels authorised for only part of a yeat' '
. 7 ; h
i
.‘ -
¥ *
- - »
33
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licences being issued,lyan event which could adVerSely affect
thelr long run pIOflts. Hence they may in fact be attemptlng to

X max1mlze long run proflts after ally via adoPtlon of entry

-

5forestalllng behavior akin to .the widely observed monopoly
V°prlc1 g model.

‘ It 1s coﬁtluded that there are consrderable dlfferences

”
A VU :._nun, [

betué%n the characterlstlcs of individual. ve=sels operatlng in

\;any one year, and srgniflcant changes in the vessel mix have

[

;”?"{*“occurred*over”tine=sitmfollews:t%atsiteﬂeli;he;necessaey;tn S
express the flshing levels of 1nd1vidual vessels in- standard
f S

units before neanlngful aggregat1ons and . comparlsons of flshlng _ :

’ effort 1evels can be made.

— - e TS A - —_

a
"

- ° 3The factors affectlng the nubber of llCéﬁCéS‘Issuéﬁ‘Hre‘*
- developed more fully in a later section, but it is clear that
“‘*““therstrongerrtherpressure—fof\nﬁre\lieeneesT—thesgreaterethe
likelihood they will be issued, and this pressure 1argely
depends on. the proflt 1eve1= of current operators.

S



. sp@un! OF THE PISHERY

One of the interesting aspects of prawn fisheries is the

‘interaction of the patterns of abundance and fishing effort
throughout the year. ' ‘ L,

y -For. an unexp101ted flsh stock the number of mature -

o~

\exp101table prawns in a glven area is greates+ soon after the ™
& A

seasonal 1nflux of ‘new members from the nursery areas.,The

A

average - size of prawns will move. 1n the opposite d1rection,,g,ﬁ, -

being lowest at thls tlme and 1ncreasrng over the remainder of/

the adult-cygle. Because of hlgh ‘natural mortallty, in most

cases'density is greatest scon after the seasonal 1ncrement and

declines thereafter.! It has alsé Leen noted that young adults}jﬂ

typically'migrate slowly over a number of months‘away from the |

”nufs”‘?ﬁ’reas from whefce tﬁey“came,'hence“tnefrnfiux cccurs at

a later date 1n areas more distant from them.2 |
For a given level of fisning, the average size'of prawns

caught, tge degree of variaticn in abundance over the year and

the timing of the peak'abundance point will all be affected by

the seasonal effort pattern and the'areas being fished. If

. fishing is undertaken in the areas adjacent to the nurseries and

' 1Rking (1978, 132-33) imates that the yield per recruit is
»w—fAﬁWW~——~egreatest—%ﬁ—pravns—are captured at— a—srze—slrghtly belou—that—at—f——f
which they leave the nursery areas. i

 25ee King (1978, 68). ’ [ ' .

35 -
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exlt rate peak, the seasonal abundance fluctuatlons wvill be ' CL

-

reduced, put the average size of prawns caugbt'vlll be small. On

the other hand,'if'fishing c0ncentratesjcn=tbe'areas'more

¥

P

distant from tbe nursery'areas inhabited by the:larg%r more

mature prawns and is more uniform throughout the year} the

.

— cycilcaiechangesAaneden51tyernetheﬁe areas._ ulllrberlessrr?rgnrr‘rrr;;rrw;;

affected, the average size of prawns caught 1ncreased and the

time of maximum abundance wlll occur later in the year. The v

s

abundance levels in the latter areas, however,'ulll be lower on . T

average, because of the greater lo=s fronm natural mortallty and‘

“the greater dlsper51on of the surv1v1ng individuals before they

@

reach such areas from the nurseries.’

€ o * .-k

To examine theX{itbrn-year effort and abundance cycles

PR

-could be constructed by div1d1ng the average monthly effort or
abundance level within a year into the effort or abundance

levels for individual months. That ;E;lﬁ

Ii ‘:b_ Mi / M L . | o (B.V. 1) -
wherer‘ ' : S o . o ) )
Ii = Index for month i o - : ' _ .

Effort or abundance - level for month 1

3

Mi 3
"""”*f*‘u E ﬁefigrumtmemﬁﬁbw&me%emmmmﬂ
r;:year‘contaaning—nentb\if——\ : : , . - |

The average level ?ver the calender year containingrmonthni is

\ £
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referable to the average level over the twelve months centered

-

on month i because of the large random fluctuations in the
- .strength of thevyearly regeneratior and the correspondence

betvween the natural abundanc¢e cycle and the calendar\year.-The
difficulty‘isito find 'realistic neasures of monthly effort and

-

L abundance levels.

°

THe wlthin—year erfort disfribution”of a'single*vesselrin*arr“
glven region can be calculated fron its’ hours of operation in ’;

1ndiv1dual months. However, glven the heterogenous nature of the

various vessels frshlng 1n each region, one should 1deally take

into account the dlfferencesvbetween_vessels‘before aggregating
. to provide estimates of the totalleffort level per month in each |

region. Uﬁfortunately,vonly~simple aggregates.of the hours B

trawled by all vessels operating in'each region'were available

,, S g[— monthly basis in a. readlly,,usable ;ﬁorn. R
Within-year comparisons of these latter totals uill,“

however, give similar results to the correctly weighted sums
~ 4» DQ
provided that the vessel mix 1s stable for all months of%the

a
s

year. “In other words it’ 1s necessary for the effort patterns iof
all vesselS'in each region to be reasonably similar. This has
~already been shown to be the case for all vessels in ‘the Spencgr
Gulf—ﬁest Coast fleet., It wculd appear. that this is true on a

o B : B W .
~ o regional basis also. King (1978, 16 and 21) Jemonstrates that

- o ”'_this is the case in Spencex‘Gulf‘vhtlstran‘examinationrof*therr—4—*

catch effort patterns of the small numbers of vessels in'other

+
¥
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regions revealed that this was generally the case elsewhere as’

1)

well., As a result, the 51mple sam of the hours trawled by all
vessels oaer each month was - used to neasure the Hlthln year

relative monthly effort levels in each region. : ﬁ - i
7, -

Assuming prawns are equally vulnerable to trawling in all

months of the year1 variations in monthly catch rates of a
s ‘
vessel or nniform mix of vessels will ‘be, prOportional to changes

in the ahundance levels of the exp101ted stacks.‘Aggregate ‘

monthly catch rates, that is. total catches divided by the total

4irr»hours,trawledmby &1141QSSEIS— can. th;refore be. used,to _measure ;ff

the within-year relative monthly atundance levels in each o \\ o ii

w
A
\

region. T . L ' A
The monthly effort and abundance 1nd1ces for all regions on\
a yearly ha51s were derived by subetituting the above meaSures

of monthly effort and abundance into equation.(B.v.l). e,x,,' Hrs,(

Note that since calculation of the monthly abundance ,
indices makes use of actual'monthly catch'rates; theyrcould not'r
be calCulated for years igﬁuhich fishing was not undertaken“in
one or nore months.'rhiséprecluded their calculation in the
followingwinstances;v ) - ;

’ Hest Coast: 1968, 1969, 1971, 1972, and 1973,

Gulf St, Vincent: 1968, .

—s————~—1¥he—validit¥4o£4thiseassnnptionljilllhgldiscuslgd belo'.
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TABLE IV

nburanx KBUNDANCE’INDICES BY REGION FOR YEARS
1968 TO 1977 (AVERAGE MONTHLY ABUNDANCE IN FACH YEAR = 100)
. I . . )

. West Coast

Jan. Feb. Mar. April May June

July Aug. Sept. Oct. Nov. Dec.

1968 O 0 0 0 140 257 23 19 182 84 93 402
199 25 14 0 0 0 O 18175 195 201 322 251
1970 9% 73 76 92 152 91°119 73 105 119 103 99

1971 . "S54 94 19 4 0 75 255153 115 108 242 81
1972 152 46 0 - 3 110 147 106 201 191 114 29 101
1975 0 20 27 12 173 163 220 136 83 120 109 137
1974 109 63 64 58 43 i‘ﬁ:igkzng:110;,,,,,,,,,,ﬂ;_,;&q,,,g,é;, s
1975 114 22 30 38 112 248 189 156 65 70 94 63
1976  102- 70 81 158 182 184 104 79 34 86 45 74
1977. 121 96 99 72 13 133 240 131 82 72 121 55
‘Spencer Gulf -
Jan. Feb. Mar. April May Jume Ju}f Aug. Sept; Oct. Nov. Dec.
1968 22 33 45 16 65 15612495 139 180 179 147 -
1969 73 50 - 49 116 110 126 141 83 78 133 143 96
1970 87 121 13 149 145 107" 121 45 52 86 110 44
“1971 62 67 107 210 254 155 59 39 50 50 69 79
1972 107 127 107 168 167 109 33 31 31 64 172 83
1973 . 92 127 132 122 139 71 49 77 69 124 132 - 66
1974 81 113 121 118 157 112 38 48 - 62 112' 151 - 87
1975 93 148 129 161 124 74 53 58 .74 85 138 63
1976 101 143 17 136 118 79 68 61 63 80 95 79
1977 107 127 188 172 129 82 45 25 58 89 106 71
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TABLE IV continued

Gulf St. Vincent :

Jan. ;Feb Mar. Aptil Hay June July Aug. Sept. Oct. Nov. Dec.

1968

1969
1970"’

) ,,,1911,
1972 -

1973

1974
1975 T

1976

1977 - -

0 0 0 D 23 149 1% 74" 181 " 317" 262 0
48 48 50 - 36 35 72 124 149 203 183 71 180
95 120 116 - 125 173 68 26 20. 58 116 154 130
83 104 422 7’141 .148- 68° 8L 51 87 109 92 114

88 126 105 101 149 139 16 44 ~ 101 96 139 96
81 128- 106 91 120 105~ 75 90 59 119 119 107

66 80 142 142 166116 48 51 61 115 121 92
79 100 88 162 84 144 64 88 1161321946 T8 —

82 100 151 117 124 . 96 95 67 61 109 123 77
56 61 140 210 69 - 94 57 21 53 154 165 124

Es

Investigator Strait
Jan. Feb. Mar. April May June'July Aug. Sept. Oct. Nov. Dec.

1975
-~ 1976

1977

0 ,,,07,,,@7, ﬁf(L»Jfﬁ L 0,, 0 253 208 444 296

56 79 111 106 110 155 101’*122 79 .8'_8 93 101

114 65 110 160 68 179 6s‘i26 106 92 91 &2




CraBEV

West Coast

N HONTELY EFFORT INDICES BY REGION POR YEARS
i 1968 TO 1977 (AVERAGE MONTHLY ‘EFFORT IN EACH YEAR & 100) .

13

\

kiJanv.h Feb Mar.. Apr:ll May June July Aug. Segt oct.. Noi. Dec.
1968 n.a.

" 1969 - n.a. o - T
‘1970 .. 137 84 99 126 115.a;13 122101 8 ‘71 79 70
1971 n.a. . C v o . : '

1972 n.a. T
. . 173 na Lk = SO
1974 g6 121 213 185 107 73 70 SO ~74 .45 71 " 96
1975 138 102 70 100 143 128 103 85 % . 80 97 81
1976 155 152 82 81 86 88 83 78 61 83 128 122
1977 149 139 350 43 82 48 41 63 68 72 97 47
£ » |
Spencer Gulf A A
e ... .. Jan, Feb. Mar. Api:'il May June July Aug.. Sept; Oct. Nov, Dec.
1968 67 61 130 178 1720 96 73 74 99 69 108 73
1969 97 86 92 137 130 81 128 84 106 86 93. 83
1970 95 89 188 188 124. 125 60 52 56 65 76 84
1971 79 143 177 126 108 84 56 62 66 79 116 106
1972 - 105,147 152 . 142 97 86 92 80 57 74 97 71
1973 88 156 145 127 104 - 77 , 66 74 90. 102 98 75
1974 66 196 201 178 105 62 8 B0 .83 71 92 67
1975 130 132 178 150 108 82 67 61 65 .63 :92 73
1976 100 124 159 128 107 83 66 77 67 87 111 93
—74%u41911—44wm7120441144,ZQlfAglssggllﬁf44814445044554474444441544104 87
- N
S~
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L TABLE V continued o S ' -
Gulf St. Vincent - ‘
Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec. i
© 1968 na. | | , |
1969. 131 110 100 102 113 121 79 66 107 115 71 85
1970 © 109 94 109 126 163 169 50 49 46 91 104 89
1971 115- 103 100 107 102 101 87 81 81 117 99 109
1972 - 121 99 86 96 105 109 ' 84 69 74 111 154 9%
' '1973 73 77 81 109 92 103 76 75 92 140 167 114 .
' 1974 74 79 92 102 102 101 115 8 83 85 130 152
1975 831000 96~ —127 °115 - 117 =55 66— 6771245159 o oo
1976 - 97 78 113 114 112 104 75 60 76 102 155 114/ S
1977 85 115 119 114 120 126 69 82 81 84 108 97
VInveetigator Strait ' |
‘Jan. -F?—.—m:.\April May June July Aug. Sept. Oct. Nov. Dec.
1975 mt}(' S
1976 90 w9¥107 143 146 134 114 63 55 55 81 123°
1977 113 142 97 93 130 93 76 95 91 95 114 61
P & “
: 7

LY
&
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Investigator Strait: 1975. n
It can be seen that the}effort'patter in Spencer Gulf
changed considerablyvafter 1970, with a more even diStrihutibn
in tye 1968 to 1970 period thar in latér yeérsQ This was
probably partly due to thevpractice—ofrsome operators of

switching to tuma’ £fishing during the tuna seasoﬁ,lwhich:runs

from January to May, during the ea y»yeérs ctf the&prawn‘
fishery. .The dual fishefy operations wer disallowed after 1970,

as outlined in Section B.II. For the West Coast, Gulf St.

vinceht and questigatpr‘strait regions %ittlg}trendeas
appareht. In addition, cohsidéfable randonm fluctﬁation fér
vindividual months was observed betweenVYears for all regions
especialiy the West Coast. The greater_variability for this last

region was due to the small numbers of vessels normally -

operating there and the ability of vessels from the large

3

Spencer Gulf fleet to switch to it when catch rates in the

latter region weré unsatisfactory;

) ﬁgThé average monthly effort TQE? vlevgls over the xears 1971
t§m1977, when all operators‘havejbeen full-time, are shown in
Figure 5. It can be seen that in both Spencer Gulf and Gulf St.

Vincent, fishing is heavier in the months immediately following .

the exit of juveniles from the nﬂrsery areas énd'tbwards the end

of th€ year. The two peaks are somevhat more equal for Gulf St.

Vincent than for Spencer Gulf, with the poSt-recruitment-peak

# \,:‘ t
) ) &
being more dominant in the latter case. -
- ’{ o : - '
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. FIGURE 5
— AVERAGE MONTHLY EFFORT INDEX LEVELS ¥
Zof * BY REGION OVER YEARS-1971 TO 1977 f’
Average : . ;
200z :

3 . . L - ¢ i - g
J—— 2 \" T -
o Pa) s Z.' .
= Z West Coast . -
— — — . Spencer Gulf
.. Gulf St. Vincent
........ Investigator St. .
 ' N - . , Month
J F M A M J 3 A s ) N D
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'effcrt is'highest several months .after the exit of prawns fron>

£

- the nursery areas. The very doninant Best Coast peak is due to

tthe ability of Spencer Gulf vessels to suitch to it during the ii_

calner winter months after the catch rate has declined in the

najor Spencer Gulf fishery.

Befa;eidiscnssing_theiahnndanceuestinates,miiushonldubeeewmwmmeee

noted that during the winter nonth~= fronm June to Septemher wvater

tenperature declines and this has the effect of reducing the

1Wnobility of prawns and hence their vulnerability to capture.!

This, ggther than a decline in ‘the ‘pravn bionass, is considered

to be the cause of the catch rate decline over thiskperiod.

FProm Table V it can be,seenvthat the within-year abundance

cycles in all regioqs have shown little-trend, despite changes

in effogt patterns. The abundance levels for particnlar ‘months

}nxaxer7—vaty—cﬁnsid"rably betveen regions, as shown B7*the--~—

average nonthly le§e1s over the 1971~ 77 period 1n Pigure 6.~" ,

The greatest average within-year variation occnrs in
Spencer Gulf, where the peak'uarchrcatch rate 1s.over two and a-
half times the;niniluu rate.,In,thEJcther,regionsithe peakicatch’
rate occurs iatervin;the'year;and tne'cycle isrconsiderahiy:iess”

pronounced. .. . - L T

- -‘---------- -m-

1The factors affectinq the catchabilieleQiip




= X of , ' FIGURE 6 — — R
Average o - :
-~ e i : . / , -
, 20 . - : C
02 BY REGION OVER YEARS 1971 to EWL T \L B
i T

50% } .

- ' West Coast
- | == — — = Spencer Gulf y !
7 .1 —eececwuw Gulf St. Vincent

M e ; Investigator St.

. "Month
- - i . 2 . ' . a - L ry 'y & g —— ok _k ——
~ 3 Fr M A M I 1 a4 8 o»_u ,'.’
1 For regions in which index was mot cvaﬂable £or all yc:n, averagas
. aver tvaihble years were used.
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N ;Lheldlfferentscatch.rateeeﬁeles—eanepfohably—best*

- . -are exploste&'rnfthe:tvo:major;regtonsi“spencer‘sulr anerulf

expla;ned in terms of the the stock segments being exploited in

s b

the different reglons, The’sgencer gulf'and West Coast operators

concentrate on areas‘adjacent'to ‘the nursery areas, resulting in

a najor catch- rate peak at the time of entry of new recruits to

the flshery. Operators 1n Gulf St. V1ncent on the>other'hand,

-

B

leads to & peak catch rate later in the year. Both Olsen (1975,

237) and King (1978, 53 su) suggest that dlfferent age groups

,St: Vincent.

The explanatldn for the observed Investlgator Strait
abundancereycle~1s slightly pore ccmplex. The stocks exploited
<in this regzon come largely from nursery areas in Gulf St.

’

V1ncent. These do not reach the mouth of the gulf until scme

“months after their exit from the hurserles. The fishing groundsv

a/catchrateﬁeaf‘inaBBufH?Y’at,§£%‘tile‘ofarrlualnof’the N

seaeonal inflovw. | | ( ‘
The greater witnin-year variations in abundahce in Spencéij

Gulf and theliest Coast, despite e;fort being concentrated.in -

the pariod of nax1:un~abundance, uay be due to heav;er

exploltatlon of the stocks in these regions, Hea,igrlfishinglll_llllll

leads to a smaller resrdual stock at the time of entrance of new

in the strait are largely adjacent to, the gulf,ehenCesleading to

‘recruits, and hence a larger catch rate jump when this inflow

t ——
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The weight and size compositicn of'the 6atch~¢aken.in a

\ﬁ\\\fegion'cver a year with a=given'levelfof fishiﬁg will’thérefbre

. depend on the seasonal distributlon of fishing effort and the‘

segments of the stock thCh are being exploitéﬁ .

\.

occurs. = . , : : S
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VI. THE INPORTANCE OF THE PISHERY

. In 1976-77 the prawn fisﬁery became the most valuable in

~South Australia in terms'of’value cf aggregate preduction, due

mainly to dramatic increases in prawn prices. Catch has been

feasonably stable in :ecent'years. Yearly catch and revenue

‘levels are given in Table VI.

It is somewhat uiSleadiﬁg to consider the‘fishery as a

. one :eglon to another, and that the fishing operatlon has

‘dszerent characterlstlcs ﬁn eacLA;eglon. Yearly catch levels

for each‘fleetlare given in Table VII. It can be Seen that by

\

far the largest catch is taken by the West Ccast-Spencer Gulf

fleet, followed by the Gulf St. Vlncent fleet and lastly by the

' Investlgator Stralt fleet. Catches have decllned somewhat in

;ecentryears in Spencer‘Gulf but have 1ncreased steadlly in Gulf

St Vincemt.

Unfortunately there is little informaticn available on the

‘prawn prices received by operators in each region. As a result,

exact calculation of the value of the production of each region
o a yearly basis was not possible. The overall yearly prices

and regional catches can, theve:, be combined with estimates of

the nornal:priée differentials betwveen regfbne to give rough

approximations of the above prices. Based on limited evidence it



,\\ |
\\
e - . .
\
\
C | - TABLE VI\ -
\ CATCH, REVENUE AND PRICES FOR THE SOUTH AUSTRALIAN : . L
' PRAWN FISHERY FOR YEARS 1969-70 10 1976-77 ' e
}‘\ , - Ca.t):ch . ' Rfeveliue . Price/Kg.
\ | (tonnes) v ($r000). ($)
U HGthJBOMM o 16370 . 1,26
1970-71 1213 1551 - 1.28 L , ,
1971-72 1524 2285 1s0 .
1972=73 1789 , ©2997 . 1.68 | o
T1973-74 2921 317 130 I

1974-75 . 2530 L 379 150 - - . -
1975-76 . 2679 7761 L 2,90 o
11976-77 2644 .° <9000 340 1

. Source: Australian Bureau of Statistics (197_7).

i o
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TABLE VII

ESTIMATED TOTAL VALUE OF CATCH AND VALUE OF AVERAGE CATCH PER
OPERATOR BY FLEET FOR YEARS 1969-70 TO 1976-77. - |
West Coast - Spencer Gulf- ‘
" Year Catch Price’/&gi - Value No. of Opetators. Revenue/Opera/tot
(tonnes) ($) ($ 000) ' o ($ 000) -
'1969-70 1158.2  1.22 1413.0 28 50,5
1970-71 1059.8  1.23 1303.6 o3 45.1
T 1971-72 1276.7 1.42 T 1812.9 735 | 51.8
1972-73 1486.4  1.59  _ 2363.4. 36 S 65.6
B . 1973-74 2548.6  .1.24 ,  3160.3 36 | 87.8
L .01974-75'2230.6- 142 . 3167.4 - o k0792 ...
" 1975-76 2058.3  2.76 - 5680.9 40 142.0 '
3.22 6720.1 42 ’ . 160.0
\\ . _2.87 4770.0 42 o 113.6
St.)ViqcenQ\Gulf_ ' ~
* Price/Kg. Value " No. of bp,etatofl Revenue/Operator
$) ($ 000) , ($ 000)
I .71 1731 . - 4 T 433
1970-71 127,1  1.72 218.6 .8 - 27.3
} 1571-72 210.8 1.99 4195 w0 4z,bw
1972-73 229.4  2.23 - 51L.6 10 512
©1973-74 354.2  1.74 616.3 . 10  6L6 .
'1974-75 342.2  1.99 681.0 12 » 56.7
1975-76 450.8 .  3.86 190.1 .12 . 145.0 -
1976-77 502.4 4.35 2185.4 14 : 156.1
1977-78 378.4  4.02 1521.2 1. 108.7
.
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TABLE-VII continued

Investigator Strait

Year Catch = Price/Kg. Value No. of Operators Revenue/Operator

(tonnes) (%) ($'000)
1975-76 146.5 - 3,31 484.9
1976-77 143.0 8.86 552.0
1977-78 185.2 = 3.44

637.1 5

($ 000)
97.0
110.4
1g7.?.

Source: Australian Bureau of Statistics”(1977) and information supplied
' by the Department of Agriculture and Fisheries, South Australian

Government.

e B e

1

\ +

\
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is considered that prices in Gulf st. Vincent have on,average
been approxlmately uo% higher than those in Spencer Gulf and the
Hest ‘Coast.?® Prices in Investlgator Strait a;pear to be
approximately mid-way between the "two, hence a 201 markqu above

"Spencer Gulf was assumed for this region.'The yearly prices for

each region were then estlmated as follows H

Ps = (p' Y) / (Ys + 1.2 Yi + 1.4 Yv) SR (B.VI. 1)
Pi.= 1.2 - : N L (B.VIL2) \
Pv = .85 *”'ﬁ;""”j'”f"f;f"TB?VI??j;“**;“%f;;4L:
‘where:' : ’ | ‘ , : - : \{
. P = Average overall pricevpet kilog;eg_forlgear \
Y = total overall catch, in kilogfams for year

. . \

PV, Pi, Pv = average price per kilcgram for year in Spencer Gulf

and the Hevt Ccast, Investigator Stralt and Gulf St.AV1pcent

1pata collected by the Department of Agrlculture and Flsheries

from a few processors indicated that. the price differential of
-Gulf st. vincent operators had been u7%, 34% and 44% in 1973#74,,m”
1976- 77 and 1977-78 respectively. o

‘ zG:Lveﬂ that the bulk c¢f the pravns-cau ht in Investigator Stralt
J/ have elready passed through Gulf St. Vgncent, it would appear .
that prices in the former shouldiibe at least as bigh as in the
latter and so the 20% markup i& ¥oc low. There are, however,‘
three main reasons why this is not the case:
1. A signlflcant component of the Investigator Strait catch
orlglnates in nursery areas off the north-east coast of. Kangaroo
+ Island.’ Prawns from these areas are caught socn after 7
. tecrultment and are hence fairly small. -
- - 2. Effort ir—Gulf St. Vincent is concentrated more towards the
. end of the year when prawns arfe especially large.

L ”_34_ﬁnltsst+41;nceat,e?efatefs~ha¥e—better4access*tosthe’iijor
~ local market in Adelaide and therefore facé a slightly higher

prlce scale. - oo _ $
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Ys; Yi, Yv = total catch, in kilograiéﬁfor year iﬁ,Spéﬁéer Gulf
and the Wgsf Coast, Investigator Strait and Gulf St.>Vincent.
‘The estimated regional prices and reSultant'?egional revenues
‘are ‘given in Table VII. | oo

Byedividing the value of the catch for each fleet by the

nunber of vessels in it, average revenue per licence can be

'/VSbtained. Ihéée averages are also given in Table VII.

As estimates of costs of operators are not directly

" available, no comments can be made regarding actual profit

levels without further analysis. Hcwever, it is clear that

profitabilitythas increased markedly in the‘laéi three years
. T & -
because of the escalation of world prawn prices.
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C. THEORETICAL ASPECTS OF THE ESTINATION OF ECOHOMIC SURPLUS  OF

" A FISHERY
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1. THE CONCEPT OF ECONOMIC SURPLUS

co > The economic surplus derived from a fishery in a peri&g:

&

;equals the value of production less the 0pportun1ty cost of the-

‘Tesources used up in produc;ng 1t. It is a functlon of the size

of the catch, the effective demand for each unit of catch, the

levei ofieffort requlred to take it and the opportunlty cost of

- ¢

- . e = X
- - Rt = & pit - Z 0jt
: k:l . Js— - )
where: ' )

Rt = economic surplus from
" Dit = the price buyers ate

catch in t

»

N

B —each—un&t—e£>ef£e£t1Aéﬁt{ﬂa@era%:term5~vw:f~~~ﬂ*w*~f*:'

(C.I.1)

the fishery in-period t

willing to pay for the ith unit of

|

\

ojt,;ithe opportunity cost

: jth unit of fishing effort

of the resources used to produce the . .

in t,

Yt-= total catch level in t,

.

Xt total effort level in

reflect‘hcv it is distributed,

: v
consuner surplus =

\f

. resource rent = _t§'P1t -

t.

. S Thevsurpius can be brokensdown into three components to

-

namely

€
(Dlt - Pit),

Z oijt,

‘and producer surplus =

¢
=,(Cjt - 0it)

_wheére:
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equal to zero, that 1 that

Pit = the éf{Eé actually paid for the ith unit of catch‘iﬁrt,
Cjt = the actual ocutlays required or receipts foyegone to |
produce the jth unit of effort in t.1 |

In practice, because Dit -and cjt-are-nOt difectiy
observabie and must therefdre be estimatéd uéiﬁg proxy priceé\

it is often assumed that consumer and producer surpluses are

Dit = Pit

cjt = 0jt. . | . /\ B )

This means that (C I.1) reduces to?

X¢ ~ ' .
RE=- 3 Pit = £ Ccit - (C.I.2)
i=? le B o
or - -
Rt = Yt Pt = Xt Ct ) (C.I.3)
_where: W;mb,ﬁﬁgmgth;, - I &>
T v \ ‘ ,
Pt = Z Pit/ ¥t ’ /
Xe ‘ '
Ct = jZ' Cit s/ Xt. - ) S o

“The preEént value of the perpetual strean of economic
) ' 7
surpluses equals the the sumrof their values aftq;\tgey have
been discounted by the social rate of tlme preference. ‘That is

R = Z Rt (141)*(-t) | ) | (C.T.4)2

\

1The components are those identified in Copes (1972). e

2t%' gignifies 'to the power of'.
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[ K

Z pit - J§'10jt) (T + 1) *(-t) - (C.I.4)

N where:

-

T = the social rate of time preference between periods.
From an economic viewpcint, the resource is . being explosted
most efficiently when the present value of this,perpetual stream_

of surpluses is maximised. '*v'“fq\;/ﬂ”

‘u“*““*“*“‘“The*crlyrinﬁepen&eﬁt“variableris*the“level“of*frsning
effort. It follows that the economic surplus from a. single

period will be uaxlmrsed uhen the value of the catch obtained

o s I

st imomio=os == =

from a furthefheffort increase, houever produced, is less “than

X .- - ‘i\’/,,:ﬁ

the cost of ﬁ%e inputs used to producerlt, that is when
dRt ¢, Xt = (dYt / dXt) Dit - Ojt = 0
uhere'

i = the marginal unit of catch.in period t

e j,,,l,ihe,,,marginali um.j: gﬁeiiox;t Mermd;t;,

The present value of the perpetual stream of econonic

a,surpluses is maximised. uhen the discounted value of “the rent ,:7j;3¥; o

incrementfig\any perxod from a further efﬁort 1ncrea=e in that

-

period §§\ggha1 to the present value of the cost of produc1ng ,_~1

e

it. This cost is nade up of bdth the value of the inputs’ ueeéedf
to produce the effort increas¢ and the reduction it causes in

the econolic,surpluégs in lafter periods via the reductions in




catch levels at the glven 12!&15 of effort.t In !A;hggiiignl,ff,ff,f

s

terss,jg 1s,naxinised uhen o o T e
ﬂR / dIk = <(dlk / ka) pik - Cjk) (1 + :)*(-t)

[
S - = (dxt / 4Xk) (1 + r)* (-t =0
S . ‘ttk'ﬂ

' A cen51derab1e llterature has heen burlt up in recent years N

;lexploring'the ilplzcatlons for the optxnrsxng dlstribution of

L

effortfover»t1ne of various rates cf time preference andfdegreeS'

“to- the perlod in which ‘the surplus is receiveﬂ, “that is
of the effort levels in all previous per1ods, that is

' 1The reasons for these catch rednctlons are related to the;"
nature cf the production functions for renewable resources such
~as fish stocks. This aspect will be developed further later in

;,W,of between-perlod,yleld:efforr;in;erdependencerreln;geser¢£~~ S

h;gper therraterof tlne preference and the grearer the degreerof-,f

~ between period inter¥dependenoe the higher-the optimum effort

levels in more immediate periods and thefloitr-the optlnul‘;

o

effort levels in periods fnrther 1nto the fnture. , yj N !

. Maximisation of the: econo:ic surplus in each period. v111

‘ieaﬁ“fo laxlnlsatlon of the present value og the perpetual

streanm of’econo-lc surpluses only 1f soc1ety is rndifferent as

r'--o, or if the catch in each per;od 15~colp1etely lndependent

axt / ka = 0 for all t > k.

- D P D D

e ul-h-w v : -
‘ N . -

;‘+he/s£ué}1

: %see4forfexalplerclarkeand—!nnro 1975)



this lattei: -requirement is cornsidered to bé"larqe'ly fn'l‘,fill'ed'.rz o
As a reSuit, ,p‘i:ovided' the econcmic su:plué from the exploitation ,
of eéch stock in each period is lax‘ili‘SQd so is the present e
value of the ,prerpetu‘al stre.a‘n of such syrpluses. o

¥ » - } . {’ R @

-

§
E
:
i
|
: .
!
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II. THE YIELD FUNCTION R e e
'a - R

. The above discussion hlghlights the ilportance of the .
yield-effo:t rglationship in determining/ the size of thewi B
economic surplus from a fishery. Because the analysis is

concérnedrvith exploitation ofrlivingrozganisns,rthisi

e g G om st e

i relationship is essentially biologically based. As a result,

yield functions for each fish stock, defined,as those'nenhérs}of

”a given. sbecies vhich inhabit the same area and interact

biologically, are norlally considered separately.

Formulation of the yield fun¢tion for a given fish stock is
a task of cons;derable conplexity, ‘and popﬂlationidynalicists'
have been exploring the field for a considerable period of tile.

In order to "simplify the analysis, attention is normally focused

T Ton sust: ai’xra;br € 7Yif€ lds, that i ’S‘fﬁbfef 7Yiiefd;§fférf'€ﬁhf natic Gﬁ,?% S
. - . Y 7

>

St+1

which are in steady ~-state equilibriua. “‘*+““‘~f~s~;i

The usable stock of a renewable resource- such ‘as a,fishery o
is in a continuous state ‘of adjustment. It is increased by

growth and recruitnent and depleted by natural lortality and

fishing. This can be represented graphically as shown in Figure

7 or algekraically by the equation

St + Rt + Gt - gt;— 1 LI IR A (C,;QQ&)_

L TR

where: -

St = the average size of the stock at the beginning of ﬁériddrtf'
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|

|
;

"

the level of Tecruitment tc the stock during period t

Gt the Ievél of growth of existing [enbérs of the stock &ﬁtihg'?'

period t

¥

.Mt = the level of natural nortallty of exlstlng nenbers of the

O

stock durlng perlod t. -

Y i

v T - In a steady state 51tnation,

o e 4R‘w5tﬁuﬂwr¢m~";,.,. e S
and therefore

§

(C II 2)

]
(=
-
-‘A
-
.
.
L

. Yt = Rt + Gt - mt, for t

{fff;; Tﬂorcdd 77777 (Rt + 6t -ut) 1s nornally referred té as the sustainable

. natural surplus.:
But yleld 1n each - period is itselﬂ a: functlon of the effort

level and, the .size of the usable stock to vhich it is aﬁ@fied‘.

‘That is B L co : 3‘ - | | |
o x=sE@m o Iy
where: ,} ' o ;‘; : ' B ;~.§
- £(X) = the proportion of s oaptured”ﬁith X nnlts of effort.“v )
Qdie that effort is nordolly reasured %nrunitS'of fishing , .
i ' ] u mortality; that:is éaC§/unit ofefforf*ﬁenovés‘on oqual‘ﬂjq ‘ T
: proportlon of the totaI‘fish stock T o K v

In &ddit:on the levels -of recruitnent,_qrowth and natural

nortallty are also affected by the 51ze of” the usahle stock~ .

.3 N .
X

e ***)*"Tﬁ&tﬁ.sf" ’T - ' IR

-----q--— - e -

lThecqnestioa~o£ﬁhosvthis~is—es%itate&~in@,d
in detail in a later section. ' ‘
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= R(S) ‘_ \S \\ (C.II. 4)

R =
G = G(S) . (CIIS)
M= N(S) | o | _ - (C.II.6)

Equationé4(c,11,2) to (C.II.6) constitute a systen in dynamic =
e equlllbriun. R o

- Por a flshery Hlth no ceasonal recr01tuent, growth or

natural lortality patterns, the choice of the tlme_perlod.ls.v

‘largely arbitrary. Hovever, most fish stocks are subject to a

»

;%::;:r;ﬁ%mbﬂh&&mmlﬂﬂmﬂﬁﬂw&dqmleFi&m%:ﬂﬁihk%&ﬁﬂ&%%£e*“JwaWWWWf

horaallj*usedf

'Tiobdifferenteapproaches have been taken inkattemprs to
measure tﬂeivarieu@ po§sible'equi1ibrium.positions for
indiiiduai%fisheries: X | i

- 1. The djnanic pool model of Ricker,(1975) and Beverton and Holt

- (1957),

w

2. The surplue yield model of Schaefer (1954) and more recently,

CPox (1970)y.F o ;
The,d21111549£ the- &Ytaiiﬁ‘POOImiOdel are extremely

complex, but in simple terns it entalls estilation of the

1ndividua1 fnnctlons relatlng R, G and | to s and I to X for

each level of,S.z,Conputer rinulatlon thenvallovs calculation o£_ 

R g he*tIOeapprnache54arefc01pare&—tn45chaefer*anﬂ‘ﬂevertonVW
- (1963). SR

'ZGulland (1969) outllnes the procedures which can be used whils®
- Ricker (1975) and Beverton and Holt (1957) give very deta1led '
,-expositlons.; « . ;

» . : .
- g R ks
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the_equiiibrium stock and hence catch levels for each effort

level. ..

‘o

A key dete:minant of.the yield-effort function appearsdto

-

e . o - - , L
be the relationship between stock size and recruitment.? In

general, recruitment may be: : !

1. 9051t1vely related to stock density, ' '\\\;

2. Unaffected by stock density,

—

3. Negatively related to stock density.2

,,Ihese;gize;rise;te;yieLd;c&sxesénhien:afe:dened7:as¥nptetie:&nd:::::

increasing witheut.limit reépeqtively, as illustrated in Pign;e.
8.3 The eventuai yield cunye shape will of course also be’
affected byrthe felationships'hetven‘density’and gnowth amd‘r
natunaldyortalit&. o ‘ g

The dynamic pool model incorporates separately each of many

“factors affecting the natural surplus, which helps to refine the -

estimation of yield-effort positions of the fish stock. However,

it5re§uir€s eXiIEIély’detailed”infbfmatidn'cOnCérhingrihé“"w”"f~~"

biological characterlstlcs of the stock/1and this prevented its

- use in the present study. ' ’,

L / '
B UK T ) i N i &

';s"ép..n%land (1974, 92-94).  ° : o

-ZObV1ously'relatlonshlps 2. and 3. cannot hold at all stock - =~ '

levels. 'Hovever, they may apply over those levels which are

,;eaiisttC4in*tern340f%tthfIshery‘being‘sufficientiy“féfit‘ﬁf““‘*

to be continued. .; IR

3Ricker (1975, 280-296) gives a very detailed exposition of the

>mathenat1ca1 forms of the varlous alternatives.
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.TﬁéﬁgurpluS:zield pcdél makes the strong simplifying
' assunpticn‘that the ;elatioqship bctupedv(ﬁ‘f G -,H);aﬁdrs'can o
be fepresénted py'acsimpfc function. That is: , |
F (S) =13'(5) g G(S) - M(S). (C.II.7)
Butbin equilibtium . -

F‘(S)=Y=Sf(X).._ o o "(cne)*

slnce S is not dlrectly observable, 1t is nornally replaced by

the catch rate, to whlch it is by definition froportional.

/

,Equatlon (C II. 8) therefore. heccnes O S

(Y/x) f (x) . ‘ : B 7 o T - ‘ — ‘C-II ™ 9)
or simply ~ » ‘ '
Y= £(@. . . ' | . (C.II.10) .

" Equation (C.II.10) is then estimated from‘obServed values of Y

and X using suitable statistical techniques,?

f"“m*ﬁf”"‘**““”“iHiIéthhé”advaﬁfaQé’cf‘f%e techpique is the minimal data

- ‘ : ) ° . . ' . .
requirement, it has two majcr weaknesses:
'1{;The'observed'yield-effort levels may not represent

sustainable posigions. ‘

2. The correct form of‘f(i)fié unknown.
If the level of fishing effo:t variés1lrcn pcriod to

béfiod,'uﬁless thcﬁnatufa% surplgs‘invode period is independent

. of the yields of previcggﬂgg;ipdsr~ebserédfj}eld;qffort

2,7 h 7c6351hations.uill not be’ .sistainable. In such cases it is

0

1The normal method is to app¢y dinary least squares regre551on
to adjusted yield-effort: data. Sﬁ% Fox (1975). -

6768 - - N
.
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,necessary‘to deduce the'Sustainable'catchnleyelefindirectly;~a~¥

sonewhat hazardous task1 Fortunately, as dischSed in“Section ,7,7;

«n..

B.III, there is llttﬁe between-year yleld-effort interdependance
1n the fishery under con51derat10n, hence th;s is not.likely to
be a source of dlfflculty in this study.ﬂ .
The forn of f(x) should ideally bensluple but prov1de a

’good approxinatlon to the true yleld function. The problem is

form is,'apart from statistical explanatory pewer.

" Wwwwﬁiuost research to date has teen undertaken on. stocks uhere

that there are no objective_crlterza forydeC1d1ng what the‘best'

catch initiallxrgncrgased, then decllned as effort 1ncreased

suggestlng ‘a bell or/}ome shaped yield. curve. ‘The two most . -~

"COmMOn forns of y;eld equation have therefore been,a parabo_la2

and an exponential3, that is

ey Rt e, o A e
h .

T=aXx-bix#2 Lo , L '1'_(¢.1,1.,'11)
e o o
'Y =X e%(a - b X) B o . (c.iI.QZ)

1A large .number of 1agg1ng, averaging and subjective adjustnent
methods have been advocated, ncne c¢f which are entirely - o
"satisfactory. See for exanple Copes (1978, 36-38), Gulland
(1969, 120-121 and 1974, 73-74), Ricker (1975, 280 296) and
Schaefer (1954, 32- 33).~ : . i

zThls form vas initially developed by Grahanm (1939) but is
usually associated with Schaefer (1954) who applied it to the'

o e gt il f;{.;-«.wp:nw P

,frrr,4rﬁacific_ha11hut4£ishery.

3See Fox (1971!..

S,
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————v———%——a7b~=—eenstaats.

The uncertainty as to the correct form

function can,’

however,

b@’exaggerated.

E ven

cf the yield

Hhere 1nsuff101ent‘

data are’available to apply the conplete dynanic pool nodel, :

sone knouledge of the blology of the stock may be' avallahle, and

this will often glve'a general,ldea'of~the type of" yleld cqrye

to be'expected. This is the case fcr the praun'stocks'upder o

consideration.

It was concluded in- Section B. IIinhat for~western?King;'

Prawns, the level of recruitmen

”astﬁﬁmmﬁmfcftmrﬂieor

the parent stock. It is therefore considered that the yield

curve for stocks of this spec1es is of. the general shape given

by the broken llne curve in Flgure 8

general properties'

L3

Thls curve had three

1. Itthad’a posit{ze but cont1nuou=ly decllnlng slope,

2. It approached a p051t1ve aSynptcte,‘_

3. It passed through the orlgln.

i A simple productlon functzon Hlth all

s

.Y = & (1°- b¥x)

_-wheres-
'a,'b = constantsr

-

of these properties ST

: ,(c.r1.1a}/rifﬂy, .

" The larger is b-the nore/rapldly the yield approaches the

;'asynptote~a. This form_of yleld equation has already been

-
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-~Another possible form which meets only two of4théwsuggested

-réqu@renents is -

Y =aXx*h : B R s 1™
 where:7 | |
a,)bﬁ='constanné

0 <b<1

~0only (C.II.14) can be expressed in linear form, namely

log ¥ = a + b log X o (C.1I.15)

:’iﬁﬁé*aiibiing*EEEmdlfééf”éé{iiéiién”dffiﬂévﬁéfiﬁéiéiél’EBGéGéi;
-(C I1.13) can be estimated by itlneration by estlnatlng b for
dlfferent values of a and b and chc051ng those values whlch ;
maximise thevexplanatory pover of the equation.yIt is convenient
to express (C.II.13) in log fornm nanely

log (1 -~ Y/a) =B X o (€.I1.16)

wneré: .
B = log (b). before estimating fhe péraneter vélues.n
‘Estimation of both forms uill therefore be attempted for
each of the soutn Australian prawn stocks. : "'*;rw .
. : ' J ' P

- 35ee Griffin et al. (1976).
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I. A HODEL OF VESSEL FISHING POWER

\\ As/butllned 1n Sectlon C.II, Hhen calculatlng the yield
\ function, -effort is nornally neasured in units of fishing : u;nrnu
mortality that 1s,'eébh unit of’fichlng effort reduces the stock
',@’ level by an ‘egual percentage. The effort data available from a
, : fishery, however, is typically available in terms of periods dhd
== aeeas‘ofmopenatien:oi41nﬂ;11ﬂnal;jnshing:uni;si:;;;;sethe;gfcrefms,mh;ﬁ
"necessary to express the latter data in tenns -of units of
fishlng nortality before estlnatlon of the yleld curve and hence
economic surpluses can be unde*}aken. o
"_’,_ As outlined by Anderson (1977h, 22 and 155), the share ‘of
,nff\ the available4year1y stock taken by a;flshigqenn;twper,ugitﬁgixet}—;;;'
operatlng time, will depend. cn.,,," — A ’ o NS
”’1. The relative density of those snbsect;ous of the stock which o
“the unit exploits, r;i*”*f”*’“"ff?"°i ﬁ*"‘“”ﬁ?ﬁ"ﬂf"*iV??’f"?",“f :é
2. The shares”of'thése,subsections uhich‘afefcaétured.r o ' )
/ ® 'L ' ER -
<N . N
(; | 72 ’ . S



A-
units.—

;

":52;aj;73i5ﬁ; The usual procedure 1s tc,adopt as the nnit of effort thef _f,;i

: rate of fish;ng nortality induced by the operatlon of %

; part;cular standard fish1ng unit per nnit of’trie, uhen

To 51npli£1 the analysls, assuae that 1dent1cal subsections

“;Qiff ﬁgfof the stock are explozted by all unlts. In thls case the effort' L
= level of a given unit over a year equals the product of its
’ frasp;ng pover relative to the standard unlt and the aaonnt,of

- time it spends fishing. Aggregate effort equals the sum of the

e Ne ' - . ’ - SR
It = ZFPi Tit | : ‘ (p.1.1)

aiherea mrmﬁ,;Wer,rwrrr_i_rﬂ;rrrﬁiww,r;,m$ra:fff;:;fequrrrr_mpﬁm;;frr,
- ;,xt the effort in period t in standard fishing unit tile units
VAPPl = the flshlng power of unlt i relative to the standard unlt ,,vrd
: Tﬂ: rhe perlod of cperation of unit i in perlod t R J

R = - “----‘----“--“- -

1See—for example Klng (1978) and ihlte (1975).,, ’
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o Provided conparatire catch rates for. theAstandard nnit and

all other units are available, the fishing pcvers of the. fcrler
in teras of the—lattsr can be calculated as follovs. _

FPi = !!/T)i / /s - m.x 2
vhere: - ‘

(r/mi = the catch rate of unit i per umit of tile

(Y/T)s = the catch rate of the standard unit per unit of tile.

It is frequently simpler, however, to use the relayiye

- -

etrer catcutese
a relaticnship betueen catch rate and iariousrfishinginnit» \
charactetistzcs and then use the values of thesé charaéteristics

for all units to estllate ‘their relative flshlng povers. Ini o
algebraic teras »

and therefore

PPi = f(C1i., CZi, I;O), | 7‘ . ] o 1“ (D‘.‘I-u)_

vhere

&

C1i, C€2i, ... = the values of characteristics ¢1,€2, ... for

-

anit i

Cis, C25, ... the values of characteristics C1,C2, ... for the

standard unit.

Theglattgxglnjlzggtgpxgggdure elininates the need for the

standard unit to in fact be one of the actual nnits. It~&isbr

allows estlhation of’the fishlng pcvers of potential new -

T4



R R R e
entrants, which Ray. be very useful for uanagenent pnrposes. It
' uas therefore the procedure adopt;d in the present stu&}. 73*fj¥irsg;;
| Equation {D.I.3) can be generalised to- cover the case of .
nultzple ahundance levels by the 1nc1astea‘o£ the\ahgpdance,* %j;f{{ii
level as an additional variable. It therefore becone;hiif\\firix;;é\;
(/mi = £@i, €14, €26, .. @IS o o
e yEEEET RPN et A
Ai = the abundance of the stock'being fished by unir i;:ft.r
- u&/;?o types of re}orlonshlpe4HHnb%HﬁEF1mqgestedwfcr~f1tfm-*-x~“
S hiCll, c2i, ...). The lost conuon forlt has,been a Iogarlthlic C
function, - S ' B *";X‘\ s
(/i = %M\ R B
_ 4=t e e D e
or - T
" . S . LT s e
‘log (/T iv= log LN 7;5}33 log (c34)  ~  (D.I.6) ° -
o _ where: : ;1—;r~f~_r,‘nif;;vff — ’ - |

n = the number of;fishihg'ﬁnit'charaC£erisricsz-—r S

B1, B2, ... = ;CQn;St,antS,-;;;— G 7,_,,,:,4 . L

This form implies a'proportional'reiétfcnship betuéen
flshlng power and the values of unit characteristlcs since

Ca/mi s acji = (Bi/cii) ;T'ni (c11733\ R

and therefore

@(I/mi / (1/mi> / (aciisciiy =B, . . /r?;)"'>

This property. Seems intuitively sens:Lble, since one. ﬁouwpecﬁ

iSee for example Beverton and Holt {1957, 1l£-lb), Griffln ét
i&5(1911), Gulland (1956) and Robson (1966).°

-
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the catch rate increase from a given absoclute change in the
level of a single characteristic t¢ depend on the existing level
of all characteristics, including the adjusted one.

A linear relationship,
{I/T)i ='Ai + JZ::L' Bj Cii (D.1.7)
ﬁas also been used in several studies.! Here
dk (Y/T)i s dcji = Bj
and is therefore independent of the current unit characteristics
and the abundance level.

Since both equations (D.I.6) and (D.I.7) are linear they
can be estimated usihg multiple regression techniques, a dummy

iériable being introduced for each abundance level.

D D P G D R - -

1gee for éxample‘Beverton and Holt (1957, 172-76), Griffin et
al. (1977) and Sluczancwski (1978).
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 II. PISHING. ﬂHIT lHD ABU‘DIICB VIRIABLES

The catch rate’ per unit of tine normally used in’ analyels
of the South Australlan pravn flshery is kllograms‘taken per f”,‘,f

hour spent actually trawllng.,Thls is an excellent measure of

catch per unltrof product1ve~t1ne and was therefore adopted faor ;*7

LI o - S - - .
o - . c, ’

use in the regre551on.

\

ihen ch0051ng the flshlng “uni t characterlstlcs for- T

1nclu51on in the>nodel, there are cbv1ous pract;cal ,ﬂ' -

e ~

extrenely dlfflcult to quantlfy vh1lst nany others, although
2

quantifiable, are not readily avarlable.;It follbws that ‘the

> - ~

variables used are often far from'ideal. Co o
' The major prev1ous study of fishlng pover in shrlmp

flsherles, undertaken-ln the Gulf of HGXICO flsheryi found that

the 51gn1f4cant characteristlcs vere BHP of unlts and the length '

v

of the footrope, a measure of net .size., - Characteristics'which

' 'were found to he 1n51gn1f1cant'vere gross tonnage, length and

- '5

age of un;t. Because of data linltatlons, the above. study vas
forced to make the strong assulption:that 1ndividual unlts vereé
not nodified 1n any vay over the" survey period of 10 years.

In the present study, values of only a 1inited nunber of

a .

_unit characterlstlcs vere availahle, nanely unit 1enqth. BHP and ,'52’

-----—-----“4’---- - .

lSee Griffin et al.-{1977).~




a yearli basis, hence allouance could be nade for lodlfications

carrledfout to specrflc units over the 1968—76 perlod being

s L . o
. .

o - ' imt;iﬂ__l,;,#l;%fr—’

S ;f=con51dered.,

-} . ,'7 Ideallyrlone—wouid'liie to segment nbservatlons in such a

o

fof exactly equal ahundance and so standardise«cg#pletely for -'_‘

way that all units- operatlng in each group are exp101t1ng stocks{

The results wlll, houever, be unbiased‘provided there 1s no

bundance drfferences. Thls ls obviously inpossible in practlce.'

. D E,,,',.,,,)v . . )
enfunff%characteristrcs'and abundance withln

I .
B3

the strata aétually adopted. . ’ S - vwg‘ra/)i

-»

B . . As dlscussed aboiavffrawn abundance varles w;th tlne, area
]

it

and depth of traullng. For the South Austrllan f1=heryJ however,v

L/r

catch rate data for each flshlng unit were readlly avallable

"*only by calendar year and region (ﬂest Coast, Spencer Gulf, Gulf

TS

St. V1ncent and Investigator Stralt) In vieu of the unlfornlty

of the: seasonal effort patterns for unlts withln each year and

,wreglon,l 1t was cons1dered llttle dlstortron wouldrbe 1ntroduced

. by the use of annual catch rates, desplte the narked withineyear ;

‘o

abundance cycles. ‘The use of annual rates also fac1litates the

L

ellalnatlon of randon elenents in nonthly catch rates. . ;l

g
-

It was alsd consadhred that because of the well established

.

nature of the iest ceast, 5pencer Gulf anﬂ ﬁulf;StlaIincent

------q—----‘----- ) ) 'I LI - BV

o

et e S . 7 F [, .

. ER . . L. . i *
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{

'grounds v1rtually all of the operators had a: good knowledge ofv*

[ 2 " . . !

"the areas of naximum abundance. It follows that differences

L-

,between the abundances of the stock seguents exploited by * -

»

‘indiv1dual opera§9£s>1n a region at a certaln point in time were

S

'probably largely due to chance factors.

&
flcant rélatlonshlp between any unit cHaracheristics and

R ;gIt was therefore concluded that there vas unlikely to be a
'3

: abundance of exploited stock segnents for upits within each~ )

=

reglon-year strata for the three established regions.

4

5

Af;possess,superior.knoiledge and,hence con51stently e;ploit afeas

IS

However, the Investigator Straitmgrounds,areAstill,in:;hefeeﬂe;:

L

development stage, hav1ng only been opened up in 1975. It is (\v *F‘

7

therefore possible that sone operators 1n this reglon may

~
oI .

of superior abundance. To avoid'the bias'this latter»effect»

>

' could introduce, only observations from,the three other regions

'Y

. ‘ ‘o )
. : . L /.

xereAIncludedstn'the*regress1on. T . 7 o ;;}t:wff

&S

Lastly, a few units fished for only very short’ perlods 1n

2 L
particular region-time strata, ‘and, presunably because of their“”*'ff

1 =

o o
unﬁamirlarity with the grounds, recgrded much lover than average

catch rates. To take this into account, a; "learn" dunny variable‘

.

uas 1ntroduced to segregate catch rates of those units operatlng. - w'

less than 100 hours in a given reglon tine strata frou the-sest 'f?fﬁ

.

of the observations.rg o >A“*<_l\'

-

i.The data set therefore consisted of catch per hour on a e
" A, R

~

reglon year bas;s for almost all %essels operating in each of 7
B . > * o ' '

. - - - \ .
: B ~ 7 . .
s X - E ~
S N
>

- S -




length, BHP, 'ri—'g‘r'an:d hqaﬁ-'. trawled of each rvgs‘,s,e'i. There vere -
- 504 observations altogether, with the-~'n;imh’e;l of observations :
- - within each r‘egidh-—yearﬁstéataA'_va:ying from under ten 'to over.
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AIII, STliDARDIZATION Of EFFORT FOR PISﬁING POIBR'CHLHGB&
All of the varlab&@s included in ‘the nodel were found to be
51gn1f1cant at the 95% level for equatlon (D I. 6), but forvb‘

;}. equatlon (D”I 7) the BHP coeff1c1ent vas 1n51gnlricant!,The

'coeff1c1ent values and t statlstlcs for each o the

characterlstlcs and the correlatlon coeff1c1ents for the total

equatlons are shown in Table VIII.

*?57::1>;*;:¥>—~in~view Of‘thé‘intﬁItIVé‘ﬁppEET‘Ufi%ﬁé‘log llnear ‘model, ES I
| was used to.estlmaterrelatlve flshlng powers, there belng llttle
difference betveen the equations 1n terns of explanatory power.
It 1mp11es that 1% increases in veesel 1ength and BHP lead to
.su% and .18% increases in' fishing power respectlvely, that

swltchlng from 51ngle to double rig Hlll increase fishlng power"'

by 30% and that unlts trawllng for less than 100 hours 1a?a

v R S

par 1cular reglon-tlme stﬁﬁta have a,30% lower_fish;ng pover
an other units., I

" The results for vessel length and BHP -are not particularly;

3

SurprISlngJ since vessel lQBé;h is c;oSelY linked to the length :

of footrope and hence the width of ocean floor the net or nets

~

. sueep wvhilst BHP affects the speed with which it can be towed.

g ) ) ' 1 ‘\\‘
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o

“The substantial 1nprovenent caused by the adOption of
- double rig is somewhat larger than expected The supposed

. ,advantagesl of this type of gear are that it increases the

7 feaSible footrope length, 1nprove= trauling stahility and ease
H'of handling of the catch and adds to the versatility of the

S “1 gear. It may, however, 1ead to 1nstab111ty, especially for snall

»vessels, if one of the nets is snagged during trawling.~.’

';¥:§‘ . <To test the,stability of the estimated~coeffi01ents,,the )

. log linear equation was rerun on a. regional a o

basis, The 95% confidence 1nterval= for each of the coefficients

in these segmented groupings were then compared with those

i

»,estimated u51ng all the data s1nu1taneouely. The results ‘are

-
»

illustrated in Figures 9, 10, 11 and 12 2 -
7 Ideally, the 1ntervals for the subgroups should encompass 7
7 ,,,',7f, B ,,those,,deriledmanguallﬂserlatiensﬁwnilstAhi%was%H&lr _—

true for the double rig coeff101ent 1t ‘was not the case for the

COéfflcients of the. length BHP or learn variables.lmhe ”Qﬂwmiir,lia

1nstability in thenlearn coéffic1ent was probably due to the - -
small nunberstof obseruations within each strata. Por length and

, BHP it was cons1dered to be due to the high degree of

I3

correlaticn between thé’two variables resulting in substantial

- multicollinearity. The variaticns vere therefore largely : ;»“

\

- b -

15ee Sluczanowski - (1978, 18-20) .

zTﬁis test was suggested in Griffin et al. (1977, 20-28)
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~offsetting and hence had little effect on the relative fishing .

power estimates.

- The vessel characteristice adopted for the "stapdard"

vessel are somewhat arbitrary, but for realise and to assist in
-laté; cost estimaticn, some correspondence with the actual

vessels used in a region was'considered sensible. The fcllowing.

riq,
Gulf St. Vincent and Investigator/Strait fleets - 13 metre, 160

»

BHP and single rigq.
The fishing power of the West Coast and Spencer Gulf standard
vessel was 58% gredter than that of the Gulf St Vincent and .

Investigator'sirait standard vessel.

T T S B _ Y
of the above varied from .61 tc 1.46 in the West Coast and

As at;1§77;ifishing'powers of indiiidual_%essels-in terms.

B

Spéncer Gulf, from .86 to 1.10 in Gulf St. Vincent and from 1.08 .

.to 1.61 in Iniestigator-Strait. This indicates the relative

e .

homogenéity of; the<Gulf St. Vincenf’fleet and the great

heterogeneity of the West Coést-Spencer Gulf fleet.

Using egnrfion {D.I.1), aggregate Yearly effort levels fbr

each region in stiyndard vessel hours were calculated. They are

hdur~trawled for both m&in fleets. From 1968 to 1977 th

-
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increases totalled 19.9% and 30.5% respectively for the SPencér~

Gulf and Gulf St. Vincent fleets, and‘occurredrdespite the .

attempts to curtail vessel capacity outlined in Secticon B.II. ¥
* It is likely, however, that the above adjustments still
Y overest imate relative effort in eariy years because of the

\. inability to take account of inproveélskippei and crew skill and

/ technological developments in gear and equipment.?

15ee King (1978, 51-52).
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IV. STANDARDIZATION OF EFFORT FOR INTRA-YEAR DISTRIBUTIONAL

CHANGES | | A .

T So far it has been assumed that\igﬁggical patterns of

exploitation occurred in all years with respect to seasonai_

)

_variation in abundance. This is in Eractice unlikely to be the

case. There have in fact been obvicus changes in‘the within-year
vdistributionsrof effort within each reqgion. What are needed are
- the standard effort patrern equivalents of the observed yearly

effont levels, that is those yearly\effort levels required to
takezgae observed annual catches with a standard within-year
effort distribution.

The most realistic standard effort pattern to assume for a

region is one based on actual practices. The a(erage Seasonal

”'effort'patterds for each region have already been derived in
Section B.v. The problem is how to deduce the yields which would
have been taken with these standard effort patterns fromrthev
yields taken with the effort patterns actually adopted.

' Prawn stocks exhibit very strong natural mortality cycles,
hence suggesting that the major part of the Hithin-year‘ ‘ﬁﬁ
abundance cycle is due to natural factors. This is supported b

the estimatggvgadg%gxiginq (1978, 126) ofsthe;natural and

fishing mortality»rates”for»the Spencer Gulf stock and'theb

90 : . :
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observed stabrlrty of the,§£€§2nal abundapce‘cycle in Spencer

Gulf desplte 51gn1f1cant changes in the seascnal effort

pattern.l It was therefore considered reallstlc to assume that ~
observed‘ﬁonthlf catch rates would be unaffected by
redistribution of effort to ‘meet the standa&d patterns.
It follows: tha+ standard effort pattern equlvalents of the
—actual- yte%d—1evels¢fermeacheregzemrand per:;cdeceuld~bef:1 |

calculated from. ) A ‘J |
(I/X)t = Jz ujf (1/X) 3t © (D.IV.T)
that is ‘ ; ' | o 7 7 o

S B . .
Xt =1t / (2 MJ (I/X)3t) | " S .
where: ! - \
Yt = the actual catch level in yearvt .

Xt = the effor level requlred to take Yt assuming a T R

_ standardised effort pattern s e
Mj = the.standard effort share in month j of~ahy year |
(I/X)jt = the actual catch rate in month j of year t.

Because the procedure made use of actual ronthly catch ratés it
could only be applied in years when observations were availakle

.for all montﬁs. This precluded its use for the West Coast in
1968, 1969, 5571, 1972, and 1973, Gulf St. Vincent in 1968 and

Investlgator Strait in 1975.

The adjusted effortuieveiS*by*year“and*regton—&refshownfrﬁ

- - - R

1See Section B.V. 7 x
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-Table IX. The major impact was in Spencer Gulf where effort has. -

gradually become more concentrated in the period’ of maximum  °

prawn abundance. : : A .
i ' < .

. ° . r ) . ) )
= The other. factors determining the abundance cf the . =
exploited-stocks_vithin a given region and year are the anéag.,r
and depth;ihére;trawling is updertaken. Since Only }ottomf

fishery, no adjustment for °
. o . ,

e

érééiing'héé”bééh"hﬁdéétaggn;ig the
changeé in this factor is'negessary.Houeye;‘it i§ likely that
there have been changes,betﬁeen years”ini;he,ii;hig:;ggiggf;7 |
19cations'of téawling. Unfoétunatelyviittle‘infoﬁnation on_such

—

changes is available. It has béen suggested that operators %Pfgf
Gulf St, Vincent have increased their effort in }ccatééns clcsef

to the nursgrylareas where'prauﬁb are smaller but more'

abundant.! This is consistent with therbgserved deéline in fhe‘

- pgice‘diffefentiaf‘fﬁf;E%&;QSMfrom*this*reﬁfon:2“Unf6rtunatéiy7f‘”f”
however, no quantitative adjustment for this fécto: vas

possible.-f

- The affect of this trenad voula‘be to increése-fhé rate of

3

fishing mortality, and hence effective effort, for a given
number of hours fishing. It is therefore likely that relative
effort levels in Gulf St. Vincent in early years uereiSomevhat

less than estimated.

1This opinion was expréssed by cne of the operators during
discussion with the author.

25ee Section B.VI.
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- FISHING EFFORT QTANDARDISED FOR CHANGES
IN VESSEL ?ISHING POWER AND SEASONAL
DISTRIBUTION OF FISHIRG BY REGION FOR YEARS

Y

SR w93

1968 TO 1977
West Coast |
Year Actual hours ' Standard vessel Standard vessel
" trawled + hours trawled standard distribution
B hours trawled

1968 257 oy n.a.
1969 2800 2620 ‘n.a.
1970 9987 8738 .- 8380 ’
1971 8345 6717 n.a. o
1972 8907 8176 n.a. ]
1973 9276 9043 n.a. |
1974 5306 4834 5021
1975 6081 6299 6438

11976 3562 2539 2511
1977 1393 . 887 - 1050

' ) Spencer Gulf : : ; )
Year ~ Actual hours Standard vessel Scandard vessel f" o .
trawled " “hours trawled standard distribution C .
O S hours trawled L :

1968 6795 5911 4918 - - -
1969 12409 11205 11149
1970 15342 14620 14343 .
1971 17681 16814 16478
1972 21807 20651 20795 |
1973 25145 24667 24494
1974 28625 © 29598 28295

1975 Wﬁssyup~W~A~bﬁf74——asyﬂ;—;47——ﬁhfﬁ———4uu1&
1976 42726 44947 ' . 45262°
1977 40901 42659 44963 ‘

i
-
i
3
¥




. - ) @ S
R ;?"( ' ’TA3EE”IX”cont1nhed T ~ﬁ:‘ f 
. : 3 h _ ) : N -
~ Gulf St. Vincent o ' >
- Year  Actual hours - Standard vessel ~Standard vegsel - T
~ trawled " - hours trawled = - &tandard distribution
i o - - hours trawled ; .
1968 3n 280 . n.a.
1969 - - 1215 . 1063 - 1016 .
1970 . . 2813 —— 2453 ERRRE 1 X ¥ A e -
1971 . 5750 - s213 . 5295 B
1972 <8179 - 7778 .7 7929
| 1973 . 8037 7687 . 7745
- 1974 7982 . 7594 7687
1975 . - 10360 : 10177 10232
1976 11758 . 12388 | 12398
1977 10137 : © 9966 . 10031
In;estigator Strait . §>
Year “Actual_hours Standard vessel Standard vessel -~ -
,,,,,,, trawled  _  hours trawled . - standard distribution — ————
' hours trawled C
1976 . 4333 5143 5215
1977 4011 <4797 , ©- 4821
,
¢
_ 7', - f Iy

94



[

A Y 1
. [
- B ¢
- .
¥
. .
. (
v -
.
.
¢ 8
P .
>~ A
—
L
’
e
4
L4
.
-
Lo
o . R ¥
. .
'Y o \‘ -
L*‘*.’?, -
95 R
. .
‘o
-t



0

I. INTRODUCTORY COMNENTS ' .
As concludedfin Section c.I, the South.Australisn étaun
stocks are being exgloited in a most efficient manner when the
economic surplus”generatedefrom,each%sigckeis;maximisedsinseachuess;
pefiod, this surplus consisting of consumer and pggdﬁcer
surglhses and resource rents. | |
To calculate these eptiidﬁ'positiohs; it .is necessary tc
estimate, for each period, . ff
1. The demand funct?on for the yield derived from the ..
exploitation of each stock, ‘. : . ]
2. The cbst'function for fishing effort applied to each jisck,

3. The yleld functlon for each stock. T

=
However, as the future is unknown, these estimates must be based

on observations of present and past condltlons only, and so are
at bes; somevhat approxlmate. It follows that concluszons based
ogusuch estimates must also be considered tentative. Henagement
should therefore always be ready to alter policies to take
account of imprcved knowledge as to the nature of/;heh
functions and also of changes in the functlon= qhemselves.

‘As- dlse&sseémia—Seetxea—e—IT—aest—eeenen&e—aede&s—of
flsherles,explo;iailnnfhaxeghighlighiedgxesgnxcegrentsgqn11+4h14444f

‘.

assum;ng perfectly elastic deﬁ/;d and cost functlons. This
. s A
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apprdach will be initally fecllowed in this study also. Howewer,
qualitative estimates of the directicn of bias introduced by

ignering the other comﬁonents of.the'total economic surplus will

v

also be made. . ’ . o
Rather than try-to predict ihé future, the analysis will

B N R 3
concentrate on estimates of current fevenue and cost fupckions

for the fishery. ComnenféWuili”tﬁé;'ﬁémiéééméaﬂéerning e type

of adjustment necessary to take account of changes in the

relative rates of increase of revenue and cost levels.

-
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‘II, YIELD CURVE ESTINATES

" stock in‘a,fisﬁery. Although there-are four fishing regioms in

- areas. This 15'supportedxby the fact that in both 1976 and 1977

~after the exlt _of juveniles frcm the nursery. areasaaihls, ; <]

. Vincent. Only if the latter is constant, which it has not been,

’comb inatio 'E”iﬁﬁfﬁe_laffer‘reglon before thé.development of the

‘As discussed in Section C.I1I, from a biological vievpoint

individual‘yield_curﬁes should be estimated for each Separaie

o ; ;
the South Australian prawn fishery, the West Coast, Spencer

Gnif;”Gnlfmst:*Vincent”an&‘Invéstigatdrfsirai‘i”ﬁf”iSMIIférf‘
that there is interaction between the populations inhabiting
Gulf St. vincent and Investlgator Stralt.

Based on the generally observed southerly movement of

prawns in Gulf st. vlnceut, 1t is considered that a large share

of the catch in Investigator Strait orlglnates 1n more northerly

the Investigator Strait c%tch,rate peaked in May, several‘months

suggests that the‘catch rate in the stralt is dependent not pnly
on the efﬁq;t_level there, but alsc the effort level in Gulf St.
. . e
can a separate yield curve for the former be estimated frcm
observed catch and effort levels;
similariy, if there is also significant~nd§elent of prauns

from_InVestigator Strait into Gulf St. Vincent, the catch-effort

Iﬁvestigator~Strait“fisherygviii*nct—be4ﬁirect1yfcbnparab1€*witﬁ4“‘*‘
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those in -more recent years hecause of the effect on Gulf ésﬁx%§1e~

-alevels of the dramatic expansion - of catch in the Strait. If sdch

N

_are comparable with the more recent combinatioms.

movement did occur, one would expect a marked decline in Gulf
St. Vincent cdtch rates in 1976 and 1977 The absence of such a
s

decline provides strong evidence that St. Tincent‘stock levels,

are independent of-effort levels in Investigator Strait. It

follous that Gulf St. Vincent catch-effort combinations for the

¢

period qgfore the development cf the Investigator_Strait‘grounds_‘

The estimated yearly yield-effort combinations for each'of"' ;

West -Coast, Spencer Gulf, Gulf St. »vincent and Investigator

Strait are listed in‘Table‘x. Because of the exploratory nature

of the 1968 operations chn {i;\west Coast and in Gulf St. .

*

Vincent, the observa}}ons for this year in these regions were

-~~~ vsexcluded when estimating the yield curves for these regions. In-

14 1 P
14 and 15. )

.addition, because the extremely high 1974 catch rate in Spencer

Gulf was consideredfto be duertovahnornally,favourable,f

‘environmertal factors, and was therefore unsustainahle, it was -

also omitted from further analysis. The relaining observations

for each of {ne established»regions are plotted in‘rigures 13,

The yield eqnations derived theoretically in Section C. II,

namely eqnations (C.II. 15) and (C 11.16), were applied to- the

1ipisregard the right hand axis at this stage, its Significance
will be explained at a later stage. _
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© TABLE x s

g cArcn ' EFFORT AND CATCH PER UNIT OF EFFORT 4

R JF REGION FOR YEARS 1968 10 1977
h v ‘West Coasc Spencet Gulf :
. Year  Catch  Effort C/E Catch  Effort ~ C/E
T (ke (hrsl) (kg.)  (hrs.)
' 1968 - 8,000 130 - 55.6 384,000 4,920 78.0
< 1969* 99,000 2,620 3L 8*”**“357‘600 11,150, 49.9
1970 237,000 8,620 27.5 816,000 14,340 56.8
»o 1971 273,000 6,720  40.7 - 936,000 16,480 56.8
1972 214,000  8.180  26.1 1,076,000 20,780 _ 51.7. . . ..

1973 290,000 - 9,050 32.0 1,485,000 24,490 60.3

1974 205,000 . 4,950  41.4 2,521,000 28,300 89.0

1975 157,000 - 6,640  23.5 1,736,000 38,190 45.5 _
51 2,50  20.0 2,130,000 45,260 47.0

1976
1977 12,4 7 1,936,000 44,960 43.0
F | : : le St. Vincent  Investigator St.
——— -~ Year ™ Catch Effort  C/E Catch  Effort - GJE
’ S (kg.) (hrs.) (kg.) (hrs.)
198 5,000 280 18.8 .

1969 © 41,000 1,010  40.9
1970  106,000° 2,540  41.7

1971 162,000 5,300  30.6 R
1972 - 244,000 7,930  30.7

1973 276,000 7,750 . 35.6

1974 370,000 7,690  48.0

1975 . 341,000 10,230  33.2

. 1976 511,000 12,400  41.2 146,000 5,220 28.0
1977 387,000 - 10,030 38.5 143,000 _4,820 296
= = o 100 -
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FIGURE 13
° YIELD, REVENUE AND COST CURVES FOR-
~ ’ ‘ WEST COAST REGION
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" FIGURE 14 )
7 -~ _YIELD, REVENUE AND COST CURVES FOR SPENCER .
~ GULF REGION.
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FIGURE 15

YIELD, REVENUE AND COST CURVES FOR GULF
’ ST. VINCENT REGION

Revenue

Catch ($m.)

(m.kg.) .

L
»
'''''
3

. ".
o

A . - <A Y e
s :

K4 '

"". s, . 7'
RV S0
»° U
Rl :
'.-"/‘ s " [ JO 5

Efforf (hfff)

- i 4 A ) A

10,600 12,000

_ Bffort (hrs.)

103



plotted yigldfgjgggtwcbmbinétions. Thg_rgﬁnligga:e,givenrin‘
Table XI. Because of tﬁe very limited ‘number of obsgrvations for
Investigator Strait ard jts 'nté;—depéndénce with Gulf St.
Vipcent, estimation of its yield curve was not attenpted;

The hypothesised eéuations both providad an’exfremely good
fit for Spencer Gulf, In addition, all of the coefficientsvﬁeref

in the required ranges. In fact the two equations led to almost:

identical yield curves over the.ohseIVGd effcrt range.

‘tFor Gulf St. Vincent, the douktle log eqﬁation again
explained almost all of the ébsexved‘yieid-effcft”vari&tion' S
yhilst the.fitiprovided by thé asymptoté equation was also-
adequate. ihe estimated coefficients also had accepfabie va;ues.
The curves impliéd by both equations had more gradual rétes of
decline in their slopes than did those for Spencer Gulf, and

were not significantly different from straight lines through the

U T - - . N

origin. _

Although the docuble log model had slightlf greater
explanatory power for both gulfs, the asymptcte based equafionér
were adopted for further study because of their greater
theoreticél correctness, The estimated yield equations, in their
.original form were: ‘ f
1. For Spencer/Gulf

Y = 3800000 (1 - .999983%Xs) - (E.II. 1)

2. For Gulf St. Vincent , »
Y = 85000000000 (1 - ,99999999996%* 3v). _ (EaII.Z) .
104
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i o
’ TABLE X1
ESTIMATED REGIONAL YIELD CURVES
Equation _(c.‘11;16)= log (1 - Y/a)‘i B X )
| | o )
Region a B t stat, R
'w._f Coaﬁt ‘n.a. n.a.
Spencer 3,800,000 - -,0000170 33.10 SR | & .
St. Vincent 85,000,000,000 -.000000000441 21.36 .919
Equation (C.II,15): log Y=a + b log X
Region™ ‘a .t stat. b t stat. R2
W. Coast 0.62 0.5 1.319 8.2 .907
Spencer 6.04 11.9 .792 15.5 .972
St. Vincent 3.98 6.5 .959 13.7 .964
']
1
|
! -
- ;
«
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-

where: .

is = Effort lével in Spencei Gulf in West Gulf and Spencer Gulf
standard vessel units:‘ ' o f

Xv = Effort level in Gulf St. Vincent in Gulf St Vincent and
Investigator Stralt standard vessel units.

The correspcndlng yield cArves are shown in Figqures 14 and 15

respectively.
Note that relative effort levels in early years were

probably less than estimated, because cf imperfect. I

- standardisation fbr,changes in fishing power and relative’

abundance of the exploited subsections of the available stocks.?

The error is likely to be greatest in Gulf St. Vincent because

'h>of the recent move tcwards greater exploitation in areas of

~-

-

maximum stock den51ty. When ccmblned with the general 1ncrea<es

,,,,,

reducing the apparent catch rate decline at higher effort
levels.‘The.goséible position of the true yield curve #or Gulf'
St. Vincent is indicated by the broken line in Figure-15.
Because of this under4adjustnent, it was considered'that only
the Spéﬁher Gulf equation gave a reasonable'estimaté of the true
yield curve.

For the Hest Ccast the fit of the double log equation was

1nfer10r to that given for the gulfs, but more 1mportantly, the

1See Sections D.IV and D.V.
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‘ , . o . o . C .
value of b was greater ,than one, implying an increasing rather
' than~decreasing.§iope, a result which s biologi
impossible. The optimunm asymptote 1n he asym ote equatlon was

undefined, with the explanatory power of the equation imncreasing

continuously with increases in a.

Thelunnsualrshapemof_the,estiﬂatedwﬂest,Coastrxield curve
suggests that the observed annhal catch-effort combinations on
whlch it wvas based do not represent sustainable positions. This
appears to conflict with the fact that prawns are considered an
anﬁual Crop. However; the annual crop concept is to some extent
"an over-simplication. Depending on therlevel of fishing, adult
prawns may live for up toathree.years. The greater the level of .

exploitation the loier the average age of pravns in the stock.

It would appear that the observed Hest Coast comblnatlons lie on

two separate short-run yield curves,t The first covers the
period up until 1973 during whlch effort was expandlng. Here
catch rates Wwere above sustainable levels due to the presence of

large numbers of Q;Lder and larger prawns not captured durlag

Srian

earlier years, when’

the region was flshed less 1nten51vely.
After 1973, because of the prior high levels of‘exploitation,

not much more than one yearlclass of prawns was present and this

- had the effect of significantly reducing the catch rate, even

"~ though effort Lad also declined considerably. An alternative

- - = - - WP s - -

1The relationshlp between short-run and long-run yield curves is
outlined in Copes (1978, 25-27)
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explanation is that the effor 4%as—su£iicientlyehighein;eeeeeef
the early 1970's to reduce the parent stock below tnat‘required |
to maintain the previous recruitment levels, despite the very
highvfertility of the species. Both explanations suggest tnat
the sustainable yield curve is'somewhere uetueen the 1969:7ufand

1975 77 yield-effort paths. A possible sustainable yieldycurve i

is shown in Figure A3 -

The above reduction in average age of. prawﬁs caught has, of
course, also occurred in other regions to some extent /ﬁowever,
it has been largely taken into account, éspetiaiky“at high'*mw¥**4¥#>

effort levels, by the- maintenance of effcrtgﬁt;these-levels forf e

‘a number of years.r nd

' Note that the estimated yield curves are at best
approximate. In addition, they represent average positions only.

As discussed 1n Section B. III, the annual rate of rege;eration,

and hence the yield at a given erfcrt level for each stock is
subject to significant random variation. |

It is, therefore, perhaps more realistic to think in terms
of a yield band rather than a single curve for each stock. Such
bands are‘indicated'by the dotted lines cn either;side of the
estimated‘yield curves in Figures 13 to 15. Feor illustrative
purroses a 5% variation on either side of the es{?i%ted yield

levels has been used..

‘\
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' III. COST AND REVENUE CURVE ESTIMATES

- Note fhat Pt is affected by the average size of prawns caught,

N

TRt = Pt Yt ' (E.III.1)

vhere: _ .

Vvirtually all of the prawn catch is purchased by local
procqssing conpanies, with a sméli group takKing the bulk of the

o e . . ) _
catch. These processors in turn sell largely to the world

7

market, to which Scuth Aﬁétralia is but a very small sﬁpp1ier.

Competition between the préceSsors is such that they cperate on
essentially a kup basis. | .

AsS a re?ult~o£rtheserfactors1 fishexme£;é0£maily face an
extremely elastic demand curve for their catch, with the price
being dependent on world demand and suppiy conditions. The
annual revenue fanction for each region is therefore accurately

reflected by a function of the form

TRt = the totad revenue in yeaf t

Pt =;§£esaverage price per unit of catch.

, v . %
with larger gzéhns,conmanding significant price premiums. As

iscussed in Section B.V, average prawn size in turn depends on

the areas and times of fishing. Given that the estimated yield

curves have dl:eady been baséa on thernormal'fishing practices

in each region, for consistency, price estimates were based on

normal size compositions of catch also.
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Estimates of average yearly prices in each region are shown N

in Table V. Note the variability of prices inm all regions caused
by random fluctuations in world demand and supply.
In order to balance cut scme of the random fluctuationms in L

.prices, they were averaged over the three most recent financial

~ years, 1975-76 tc 1977-178, leadng to the following aﬁerage

price estimates oVér’fﬁié“ﬁéfiédf
West Coast - $2.95 per kg.
Spencer Gﬁlf - $2.95 per kgqg.

Gulf St. Vincent - $4,07 per kgqg.

Investigator Strait - $3.54 per kg.

¢ Id

The total revenue equations based on these prices are:

TRW = 2.95 Yw ) (E.III.2)

TRs = 2.95 Ys | : ' (E.III.3)

TRV = 4.07 y,v,-,,,,,,,,,,_,,,,,,,,T,,,,,,,,i,,,,f,,,,,,,, S (E:LII,L-,Q,L; T
TRi = 3.54 Yi : : o (E.III.S) ’ 1‘:;
where:

TRw, TRs, TRv and TRi = total revenue in the West Coast, Spencer.

Gulf, Gulf sSt. Vincent afid Investigator Strait :espectively.vib
Since total revenue is propcrtional to yield, the yield-

bands in Figures 13, 14 and 15 can also be used to represent the

possible total revenue positions in each regicn. The monetary

scale is indicated on the right hand vertical axis in each

figure.
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.3. Fixed costs such as licence and other fees, depreciation and

cost of capital.

25ee Crutchfleld and Zellner (1962). i Q\\\N/‘~”\ﬁr

TﬁéCUStSUfafiSﬁiﬁgfeﬂterpriseAeaﬁbedi&idedfiatethreeee\.r
major segments: ‘ | '
1. Operatinq'coste, which are a function of the rime spent
fishing, for example expenditure on fuel, repairs and -
maintenance and provisions. A |

\J-

2. Labour costs, which are normally expressed as a percentage of

gross revenue.,
AN

It is traditional in fishing operations for hired skippers —~
. » s'.&j\ -
and crews to be paid on a share-of-revenue basis,! and thieg‘

i T

practice is normal in the South Australlan prawn flshery.

&

Possible advantages are that it improves eofficiency, and that 1t
enables risk to be shared between .cwner and,Crew.Z'Griffin‘et

al. (1976) have, therefore, argued that labour costs shOuld ‘be -

— S LT _ S ,,,/;, -

regarded as a functlon of grosc revenue rather than time spent - o

fishing.

This iine of reasoning,‘however; ignores the factors
determining the share percentages. Whilst in the:short rup‘these
shares are fixed, their valﬂes will beAeuch that expected crew
payments the long term are dependant on their wages in |
alternatire enployment., It follows in that labour costs "are

lsee Zoetewelj (1957).

i [
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hing~éést5wcan therefore be conveniently div;de%,into
fixed‘énd va le ccmponents, with variébie.cdstsAbeing a -
functioﬂ of the period’of time spent fishing over a 7e§rf”That
v is: | b
TC = VC + FC

and YC,=VC(T),

where:

TC = totall vessel costs for year
vC = totallvariable costs for ‘year
-FC = fixed . costs for year

-——

T = operating time of vessel fcor year.!

¢ The cost per unit of fishing effort is given' by

-

AC = (TC/T) rP.

\} : :
If it is assumed that each fleet is composed of homogeneous

fighiﬂd”uhité; each operating in an identical manner, the cost
6f each unit of fishing effort is thelsame. That is

TC = X Cs o o |  (E.III.6)
where: |

Cs = the cost per unit of effort.

1Assuning a stable within-year effort distribution and area of

fishing. : L B
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'Coact-Spencer Gulf fleet.?

—their cost estimates.

v

Thegﬁply 1ndependent estimates of vessel operating costs in the

,South Australian fishery were based on the period 1967-68 to i -
1969-70t and are now very outdated. Recent data are confinmed to 7
R = ) ,

- . } . ) : X .
that”prnffded in various submissicns or presentations made to

the South Australian Government on a voluntary ba51s by

1nd1v1duals or groups of prawn cperators from the Hest

“e
5

These subm1551ons make use of subjectlve estlmates of <

vessel values and of the alternatlve 1ncomes cf crevs and

= S B = ey

sklppers. Given the desire of operators fb palnt as gloomy a
picture as p0551ble of their financial pésiticn in order to

reduce the likelyhood of neu‘authorities,being issued or licence

PRI

fees being increased, they are likely‘to overestimate these and . B

possibly other items, hence introducing an upward bias into .

e

% . }

The estimates can, however, be used to illustrate how the

o T by ¢ e i1

J : 3 .
economic model can be completed and may give-a very broad . - =~

~indication of the directions of adjustment oﬁ'effortg;evels

which should be considered in each region and the relative

resource rent levels of the different regioms. K

L e e

P P L L ET LY T . _ " : . i

1See Fisheries Division; Australian Department of Primary

) zThe two major subaissions are Hestern Prawn Boat Owners

Industry (1974).

ssociation (1975T‘aﬁa‘iesferK‘Prawn‘Boat‘ﬁwnerS‘isso *‘4%%*
1978) . | - A
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‘)The,above snbnissions ciaim that costs per unit of effort
_forrthe standard»spencereGulfFVesselrjnoreased rrom'$85 in
1974-75 to $137 in 1$77-78.1 Assuming unifora rates of cost
increases over thfs periodV'theﬁcorrespondinq average cost per
standard vessel hour over the 1975-76 to 1977-78 period is $118.

leen tha{'the fishing power of the West Coast-Spencer Gulf

urrwrrerss,erstandardeﬂesselkasesssﬁgrea%erethansthax~ofAthesGu%fA5t**¥ineent

and Invesrlgator Strait standard vessel, thls flgure is

egu*valent to $7ﬁ pe; hour trawled for the latter standard

vessel 2
. : : The resultan¢ftotal cost egnations'are:
| TCw = 118 Xw / , ) - (E.TI1.7)
TCs = 118 Xs X : ~ {E.IIL.8)
TCv = 75 Xv (E.I11.9)
 tci‘= 75 xi | . (E.III.10)
where: v,a » a . . ,

TCH,,ICs, TCv and TCi = total costs in %he Hest Coast, Spencer

Gulf, Gulf st. Vincent and Investigator Strait respectively
1 . .
Xw, Is = Effort in the West Coast and- Spencer Gulf in West Coast

@

and Spencer Gulﬁ standard vessel hcurs

* Xv, Xi = Effort in 6ulf St Vincent and Investigator Strait in

1The cost estimates were standardlsed by assuming uniform

— ——depreetatxonfrates—and—returns4on4capItai*of*?*S%“and‘17‘5$*of
' . replacenent cost of wvessels respectively.

r

2The comparability of cost levels in.the various regions will be
discussed below.’ ' ‘ A
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Gulf St. Vincent and Investigator. Strait standard vessel units.
~Since total cost is directly proportional to effort,,fhe
above eqdations #ill be represented by straight lines through

the origin as shown in Figures 13,14 and 15{

e k]
)
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IV. ESTIMATION OF BESOQRCE RENT
By éoibining the yield, revenue and cost equations for a
region, 6ne can estimate the resource‘rent generated per period
at each possible effort level, as oﬁtlinéd in -Section C.I.
Thé'technique'can be illustrated usin§ théﬂestimatedAyieid§¢**
~and revenue functions and hypothetical cost function for Spencer
G;if,‘we have ‘ \
Y = 3,8@0,000 (1 - .999983*%s)

TR 2.95 Y

TC 118 Xs

and therefore - o

R = TR - TC

= 11,200,000 (1 ~ .999983*Xs) - 118 Xs,

and : .

dR / dXs = 190 (.999983*Xs) - 118,

where: ; |

R = the annual economic surplus in dollars.
The surplus will be maximised when

dR 7/ d¥s = 0

thét is when

1 970 (o 7973797S737317x§)7**=*ff178,,,7 .

)

This reduces to SR e

Xs = 32,000.
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Substituting into the yiéld and-revenue equﬁﬁions this gives

Y = 1,600,000 :

and |

R‘=r$940,000. .

It is interesting to compare the above results with the

currentJren¥s~levels¢impliedmby;the~same\setreiﬁeguationsf}Given;;;Aﬂgﬂg
- the current effort level of‘approximately 45,000 standard hours,

current catch would be 2,030,000 kg., and resource rents

$680,000, an average of over $17,000 pef vessel authorised. to

irawl in Spencer Gulf.
The yield curve band résource rent ranges corresponding to

the above oétimum and current positions are shewn in‘Table‘XII; \\

Note the extrenme senéitivity of the rent eStimates to changes in

_the yield curve position., The results are similarly very

sensitive to changes in price or unit cost lévels. A variation
in yield of only 5% atrcurrenﬁ effort levels alters thé reso:;ce
rent per kilogram of catch by'$.1u, half the estimated current
level of $.28. | -

Based on these estimates, it ﬁoald appear that effoft
levels in Spencer Gulf are currently past the level ﬁhich would

maximise resource rents. The optimum effort level, however, is

'7iIEG“VéTY;SéﬁSitTVé*tb‘chénQGSAin“thE‘p' iti f the yield
CﬂrveT‘Itheiieis—tha%A%he\ex%ent\to—uhich—eiioztglelels in 1975 il

~to 1977 have been past the resource rent optinum'alSofdepends
very much on the position of the yield curve in each parti&ular»

-
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TABLE XII -

HYPOTHETICAL RANGES FOR CURRENT AND OPTIMAL RESOURCE

RENT LEVELS FOR SPENCER GULF

At loﬁer bound- At upper bound
Estimated yfeld at hypothetical ' ,
optimm effort of 32,000 hours 1,520,000 1,680,000
Ckg)e
Corresponding total revenue ($) 4,480,000 4,960,000
Corresponding total cost ($) 3,780,000 3,780,000
Implied resourcé rent ($) = 700,000 1,180,000
Estimated yield at current effort
of 45,000 hours 1,920,000 2,130,000
(kg) ' _
Corresponding total revenue ($) 5,660,000 6,280,000
Corresponding total cost ($) , 5,310,000 5,310,000
970,000

Implied resource rent $) 350,000
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year. The alternative rent levels are shown by the vertical
diétances between the total revenue and total cost curves in
figure 14,

Because of the subjective nature of the estimated West
Coast and Gulf St. Vincent revenue curves and the additioral
uicertainty of cost levels in the latter region, estimates of
the rent levels and hence optimum effort levels for these stocks
are very rough, Some very tentative conclusions can however Le
drawn from the subjective revenue and hypothetical cost curves
shown in Figures 13 and 15.

It would appear that the Gulf St. Vincent stock is
currently being much less heavily fished than the Spencer Gulf
stock and that resource rents are likely to increase with
increased effort. Using the hypothetical cost levels described
above and the suggested yield curve band, current resource rent
levels are between $680,000 and $830,000. This represents an
average of $49,000 tc $59,000 for the fourteen authorised
vessels, or $1.80 toc $2.20 per kg. of catch. Note that these
vessels are smaller and hence represent much lower capital
investments than those in Spencer Gulf, yet achieve much higher
average resource rent levels cn a per unit basis.

A further interesting result can be deduced from a
comparison of the resource rent range for vessels operating in
tﬁe two major regions. In Spencer Gulf, where the resource rent

represents a much smaller part of the total revenue, it is much
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more sensitive £6 CAAnges in the underlying variables than 1n
Gulf St vlncent aEE hence operators in the former region face
n51derab1r~hlgher profit variations. |
It would appear that the West Coast stock is relatlvely

small and cannot withstand continuous exploitation at the—high

effort levels of the early 1970's. Even at a much lower effort

level of say‘2;000 fo 3;000"hodfs,ri£ isriﬂiiiéi}wfo genaratq
‘significant’re$ource‘;ents.. |
Resburce rents in Investigator Strait, given the current .
ca;ch of 145,00 kg; in 5,000 standard hours trawling and the
hypothetical cost lévelé outlined above would aﬁpear to be
between $70,000 and $120,000, distrihuted between five permit
holders. This Tepresents $.U8 to $.83 per kg. of catch. ¥o .

suggestions as to how effort should be adjusted can be made for

~this 'regionﬂr”"*w’“*' T ) S B ] o

i
1.

thefm%jor conclusions from the above analysis are:tl

1. Resource rents in Spencer Gulf could péssibly be incfeaSed by

©

‘

scme effort reducticn.
2. Resource rents in Gulf St. Vimncent could almost cerfﬁinly be
increased by an increase in fishing effort.

3. A largs reductién in fishing effort from the levels achieved

in the early 1970's is warranted on the West Coast.

4. The relatlve rent levels per unit of catch at current effcrt

................. x5
1Note that these conclusions are tentative, and dare considerably
modified in Sectiorn E. V. .
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~levels are highest in Gulf St. Vincent, considerably lower in
A o . . a:-‘ . .

R

. Inves'igatg; Strait and somewhat lower still in Spencer Gulf.
5. The relativé;rent‘levels on a per vessel basis at current ==
effort‘levels,are again highest in Gulf St. Vincent but are

higher in Spencer Gulf than Investigator Strait. In addition the

@iffg;gpces be;yeen':gnions‘igngRSiﬂgrably”less;ihanﬁinﬂihe
rent per unit of catch coﬁparison.

6. The'level bf resourée rent per unit of catch from a region is
extremely sensitive idrchéﬁgés in the position of the yield
cu;ve agd-prices and unit effort’costs; | |

7. The opéimum effort position for a region is also very

sensitive to changes in the pcsition of tha yield curve or in

price or unit effort cost levels.

|
E
=l
i
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VY. QUALIFYING CONSIPERATL

The above results afsumed that vessels opgggééggﬁin all

regions had identical cogts per unit of fishing effort. It is

- | »
considered that in»fact vessels had higher costs per unit of

effort in Gulf St. Vincent than in Spencer Gulf for'the

following reaséns:

1. Vessels in Gulf St. Vincent are confined to use of single

rig, despite the accepted supefiority of double rig. -

2. Vessels in-Gulf St. Vincent fish for shorter periods per year

-

.and hence must spread fixed costs over a smaller number of

hours. .
) . Py ks 3 . )
The high tosts in Gulf St. Vincent were agcompanied by high

revenue derived from each unit of effort. Of course, the high

. CO§f§'ad'rédﬁCéftﬁéfﬁﬁtéﬁfiﬁlwféﬁf“féf”éfgiﬁéﬁmfiEHiﬁ§Wéff6ffmﬁf

keeping costs higher than necessary in relaticn to tevenue.
However, it is considered that the best strategy for this

region is not to base policy on existing inefficient methods of

operations but rather to encourage adoption of superior fishing

techniques. There is little doubt that resource rents from the

region would be iﬁ‘;eased by efficiency improvements in eaCh‘of

‘the above areas, even if they were accompanied by some increase

-~ - —_——————— - ——= F:— N . -
in effort, since current effort in this region is far from

excessive,
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v The West Coast fishery is primarily based on part-t:Lme\\i

- exploitation by Spencer Gulf operators during periods of low
catch rates in the gulf. They are'primarily»concerhed'with
c&Vering their variable costs, fixed costs having been met
during the main seasén'in the latter region. Since variable

éosts represeht only about twe thirds of total costs, the

relevent cost Cirve for the WeSt Coast when fished in this v
manner ié considerably loweivthén that derived abéve, which
assumed full-fime’bpération. >
If fished on a part-time basis, effort levels of about ‘ ;
rh,OOO to 6,000 hdufs may be justifiable:fér the:regionQ some
‘}ents may also be generated ;n‘such a,sitnation,'aitﬁ;ugh thex
are likely to be fairly sQali. R o U
The analysis so far qéé also nptﬁfakepainto account the
_size ofwthgﬁconsume:ﬁandmpnbduc;;;Surplusesﬁgenérated_aimgagh,fmdfﬁgwg;,
level of qxploita}ion. | R .
Consumer surplus eqqéls the difference between what buyers
are willing to payland the market price. It accrues to the final
cbnsumers.of a good. Since ébout 90% of the Scuth Australiarn
prawn catch is exportéd, most of the consumer surplus'asscciated‘

with it accrues to individuals outside the state cf origin.

Assuming that the aim of rescurce mahagement is to maximise the’

benefits derived from the fishery in South Australia alone, the

consumer surplus gainé&"EY‘Uthér‘qrbups*canbe‘ignUred.
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The p;ice in the domestic ga;ket dépends almost solely oh
export prices, and hence is unlﬁkéﬁx;tp‘bé éffected by changes
in effort and hence catch ié%éﬂé: %ny local cégsumer surplus is
therefore also indepenaent-cf the é?tch ievel.

It is therefore concluded that>taking account of consumer

surplus has po impact at all on the analysis.
f‘ -

It has already been arqued that the estimates of outlays
‘made and receipts- foregone provided voluntarily by fisherman
protably contain biased information;tlﬁ thégfare based on the
operations of the least efficieﬁt participants they will also
overfesfimatg the market costs of all more efficient operators.
In view of the>heteroqenecus naturé of f@? vessels within the
Spencer Gulf fleet énd the variation.in numbér of hours worked,

the distortion introduced by this effect could be quite ket

[

—-considerable, ——
In addition, as discussed in Ande:SOn (1978), because of

the rather unique hatqre of the fishing activity itself, it is -

considered that participants derive some psychic income from.it

abcve their market remuneration, hence use of wages+foregone as

«

a measure of labour costs overstates true cost levelé.
To the'qxteﬁt that the‘hypothetical cost levels used in the

anralysis overstateéd the ‘actual costs per unit of effort, the

as
5

~ o

Sen
,
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estimates of desirable effort levels will be biased dounuarés.l
- If'costs per unit- of effort decrease relative to the price
of the catch, that is if relative costs decline, then the
;optimum leﬁel of exploitation for a given stock will incregse.
‘Hence if it is considered that over time ;elative costs cf prawvwn

fishing will decrease, a gradual expansion of the level of

effort»wiii”be”varranteﬁi;evenwif~cﬂrfentveffort~ievelsﬂappear
to be satisfactory.

It is difficult to predlct the relative rates of increase
of prices and unlt effort costs in the prawn flshery. However,
to the extent that fishing technology is contlnuously improving
and the world is becoming more affluent and so increasing its'v

demand for luxury foods such as prawns, it would appearrthat an

increase in relative prawn prices is péobably likely in the

_future.
Taking.thesé factors into account, it would appear that
there is probably little to be gained by reducing Spencer Gulf
effort at this time but that there is considerable social
,beneflt from expansion of eiﬁort and catch in Gulf St. Vincent,.
espec1ally if unit cost lev&ls are also reduced. The desirable
V»effort Ievel on the West Coast will be somewhat larger if

vessels switch to 1t on a part-time basis frcm Spencer Gulf,

~rather than operate there omn a full=tiwe basis. However even in

S - -

ISee Copes (1972).
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the latter case, it iéulé'aﬁﬁeétithat effort levels of the early

1970's were excessive.
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VI. BEGULATION OF PRAWN CAPTURE SIZE

e

The discussicn so far has taken the»mahner'of exploitation -
) .

of the stocks and hence the average size of prawns caught in

‘each regiomn as given, althoughathe differences betveen regions

" have been taken into account. Différent revelnue and ¢ost curves

result from each possible pattern of-exploiﬁaxiOn.\In theorj an

ideal regulation =trategy for each region based on the

characteristics of each particular stock could be developed It

vould need to take into account the numerous factors affecting

the YIG}d revenue and cost functicns. 4 . , , :
O . A » e

The benefits cf any particular reqgulation will depend on:

1. The costs of enfcrcement and its effectiveness.

e~»eewe~m2Tmiheeratesmofegroutheandenaturaligprtaliiyiofrpra!ns,over the

A

season. - \ ‘ ~

3.  The relative prices of prawns of various size classes.

4, The rates at which* prawns disperse after leaving the nursery
areas and hence-the rates aof change in capture costs as average
size increases. : , , ' ’ ' - . )

o m% ' .
5. The extent to ‘which fishing costs are fixed and hence to

which average costs per unit of fishing effort increase as the

period of vessel usage in the year declines, -

~ King (1978, 1371- 33) suggests that at ieasf‘for‘Spencer‘Gqif“rrrrf

the weight of prawns is naxinised if they are taken at a size

Y



o~ -

x

7h slightly smaller than that at which they leave the nursery .
. areas. However, because of the sigpificant price differential

which exists for larger prawns and their rapid'rate of growth

s

durine;?he summer donths, it Hould'appear likely that the value

*

- of the catch will be greater if'capture occurs perhaps two or

three months later.! This lends support to scme type of seasonal

— irre»eclosnreiear lyA Hpthewseaseﬁ e

On the other hand a shorter fishing season will decrease

the period over which vessels vill be utilised, assuming the - ,7

current reguirement that operators hot participate in other
fisheries continues to apply.‘This wiil increasepaverage fixedr
costs per unit of tinme spent fishing over the remainder cf the
year. |

In addition, the general dispe%sion of prawns after they

#€xit frem thernurserygareas shculd decrease catch rates, further

increasiﬁh the cost of°taking'each unit of catch., '
The combining of the above factors into a total econpmicrrrwm
nodel, even if all the necessary data were available, is a
- complex problen and will not be attempted here.2, Some very
'general ccnnents.about'the simplest form of seasonal reguiation,
the setting of opening dates for the fishing seasons in |

-

D b A TS 2 R P PR

1Based on very rough unpublished estimates by King. .

SO 2Formulation of a much Sllplified “model, ‘igncringfdispersion,agdmﬁm

_price differential £ aS—been—atteapted—byeBrad%ey
(1969 1. - '
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part of Speneer Gulf from mid-January to Pi§25§£¢§145”§§;<€595l

partlcular regions, can however be made.
Rhatever type of sehsonil closurevis attempted, individual

fishermen may benefit by cheating. Such cheating reduces the

‘possible benefits from regqulation and also encourages other"

operators, who initially abided by the closure, to also cheat, -

which further reduces the potential overall benefits; The

practlcallty of the closure is therefore a very relevant

consideration. For thls reason the curreat closure of only a

ideal because ‘the difficulfy‘cf monitoring'where vessels are

actually fishing leads to frequent v1olat10n 1 A much siupler -

'pollcy ls total closure cf all areas., This cculd be policed much

more ea51ly, by ensuring that no prawn vessels are in operation
, ) A

during the closure period.

s Neal (1975, 5)suggests that useful-evidence as to the

-
possible benefit of a seasonal closure may be provided by
comparisons of:

1. The profitability of exploitation of a given stock in

different years when the patterns of expoitation have been

-

different,

2. The profitability of exploitaticn of two differeut,stucks

where the patterns of exploitation differ,

3. The profitability of exploitation of a-given stock under

1See SAFIC (Aug. 1977, 38)
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mf~preventieﬂwof>travlingfinhareasWaﬂjacent“towthe*nurseries.,

varylng forms of regulatlor.

The most useful sugeestlon for South Au=tra11a is probably
2. Gulf St. Vincent operators earn much hlgher‘rates of return
than do operators in Spencer Gulf. Aithough this is due partly
to the less'intensive/exploitatien and hence higher cetch rete
in Gulf st. vincert, it is also contributed to by the large

o

price differential for catch taken in this region. As discussed

in Sectioﬁ'B.v, this‘is'largely‘hecause'of'the larger average

size of prawns caught in this regiqn,,w@ieh_iswgn:tgrg,QQeﬁggjaﬂ o

=

more bdlapced.ii;hii-year~effort distribution and the fact that
operatorsffish {ﬁagreas well avway from the nurseries.

QﬁThe abovenznalygis%sgéﬁests that management shbﬁfﬁ attempt

- to achieve this manner of explcitation in Spencer Gulf also.

This would entail limiting effort early in the season and

Unfortunately, the latter type of restriction has already proved
to be 1argely unworkable, Conplete closure of the whole region
for the two or three months durlng and immediately after the
period  of peak recruitment would be easier to implement and
would avoid the taking of large nunbers of snall pravns,ibut it
vould 51gn1f1cantly shorten the flshxng ‘season and hence lead to

a marked decllne ES the efflclencyﬂbf usage cf the available

e — . B it

vessels.

A System of intermittent total closures is perhaps the best

compromise solufion. A short total closure early in the season,

!
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from say 15 Janﬁéry to 15 reﬂpary could be fcllowed'byrarsystem
of closéd andbopén days or groups of days for perhaps the néxt‘
six weeks. The ratio of 6pen to closéd days could be gradually
‘increased to achieve stepped increases in‘effort as thé.season

pfogresses.»TOHards the end of the season controls could be

removed altogether, so as to naxihisghggg,catch of the large,
higher priced prawns.

This system, because it is based on total closures, would

bé’éagi”téwiﬁliéé’éﬁa:ioﬁlﬁféf6i3£§féé§§iﬁé“éff6ff’gafijwlﬁmthé‘”‘m'"'"
season whilst allowing some fishing_during almost all months‘of;_(,”,.w;
the year. The rate of transition through the three stages cqﬁi%,

df course bevmodified:on a yearly basis in the light of | ‘o
biological information deri;ed}fron either sample trawling in or
‘gear the‘ﬁuzsery areas pr_éxad?ngtion of the composition of the

catches taken during initial weeks of fishing. For example if

‘the time of recruitment ﬁasvlater than usuai-or'if the 1eye1 6f_
récruitiént appeéred to:be faifl;.iow, iherrate af‘which thé 7
qlosures are relaxed ébuld,be slowed dovwn. | (
T#é benefit of the schené} in termsvof total rent from . 7 | ;
Spencer Gulf, is'very difficult tc eétinate; Slightly lover
effort and catch levels are likely, however, since'effo:t is if
- ,,,,,,,7,,an,yjhinlslighilLQm1he,,apiim,;thist > i i

Catch rates later in the year should increaSe, although the

overall catch rate for the year will gllost‘certainly‘be r{g§§edlv 1

because of reduced effort during thefpéak abundance months. This



should be more than compensated for by the increase im the =

average price received for each upit of catch. It is the
 author's guess that the overall result would be a smail, but not

insignificant, total rent increase.
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F. ALLOCATION OF ACCESS RIGHTS AND DISTRIBUTION QF RESOQURCE

RENTS

— A
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I. THE CHOICE OF THE ACCESS RIGHT UElT
The level of exploitation of a fish stock can be defined in
terms of either catch or effort, since they are directly related

through the yie1d~£§nction. In £erms of trying to achieve a

~particular level of e€xploitation by the application of a limited
entry scheme, however, the results may be significantly effected

by whether the access rights of individual participanfs are

!~*specified in catch or éffort terms.
| In attempting to achieve the.desired,level of exploitation
of a fish stock,'management can follow either of two basic |

/st£atagiés. It can limi£ the catch of each'participant difectly,

by means of catch quotas, or indirect%{’?ia the use of effort

”vmrestriqtinnsﬁoF”quoias,”Asﬁdiscusssdﬁinﬁsectionﬁn1f114the
,fishing‘effort of a rarticipant depends on the ﬁumber of fishing
units he uses, théir fishingvpouers,,how much they are used and
dhdihich stock segments thef are used, hence ali schemes based

on l;miting_the fishing effort of each participant entail ‘
restriction of one or more.of these parameters. | |

In a limited entry fishery, assuming that some Tresource

rents are being generated, at the margin the fiShery is still

- yielding a positive private surplus. It follcws that

participanis hrave an incentive to try to increase their fishing
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efforts and héhce catches. Assuming that total effort is at or
past the optimum,isuch-increases vould reduce tkhe rents»being
generated by the fishery. In)addition, since they'allow-
indivigual operators to capture additional resource rents,

s although it is at the expense of other operators, they may be
undertaken even;ifrthey increase their costs per unit of effort.

Such unit cost increases would also reduce the rent generated by

L

the fishery. Increases in fishing effort tend to occqr because

. .. _of the difficulty of achieving perfectfcohtrclﬂofrthe effcrt. or ;,;
catch levels of individual operators. | |
Consider the case where each operator is given an effort
1quota in terms of a vessel-year, that is, he is permitted to,USe
a sihgle vessel, but can otherwise fish as he wishes. He is

iikely to atteampt to iofreaSe his effective effort per unit of

nominal or controIlea‘effoft‘by aajusting “his ’“ﬁ”co*trolled

- inputs such as vessel size, number of crew; - type of ‘gear, time )

spent fishing and areas fished; To the'extent that*suchmchanges' - —1—§

alter his input mix for the fishing_operation from the most '

3

efficient one, they will increase his ccsts of achieving a given
effort level.i |
The usual strateqgy adopted by management to prevent

effective effort increases is to specify the effort quota in

— e -

1- This effect is widely known and is discussed in numerous

4m4i444iistndies:Qf;limiteﬁ4entr14schengsifseefforfexamplefhndfrson
(1976) , Christie (1973, 34- 5), Copes (1978, 10-11 and 80-81) and
Sinclair (1978 1024) .

»
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terms of more than one parameter. For example the fishing power
of vessels may be restricted by regulating its size or the type.
of gear it can use. In theory this could be doneée in such a way

that all participants would be permitted to adopt most efficient

- fishing techniques but be unable tc increase their effective

effort levels. In practice, many adjustments undertaken by

operators both increase effective ‘fishing effort and decrease
cost per unit of effort, so that it is freguently difficult to

determine the overall impact on economic rents for the fishery

as a whole. For ease of administrative cOntrol, management often
finds it convenient to apply blanket restrictions onvcertain
types of modifications to fishing units.'Such a policy 1s likely
to achieve reasonable control of the effort cf each operatcr,
and hence prevent, or at least minimise, the extent of

over-exploitatronf~ﬂowever,‘because 1t iSwaisoflikeiy*to~prevent—* —

) the introduction cf mcre effiCient.fishing technigues, it may

increase costs per unit of effort.,! The overall impact on - -
resource rents from the fishery oﬁisuch restrictions is -
therefore unclear.

If the access right is speCified\in teras of a catch quota,
operators ray be tempted to cheat on their allocated catches. |

Such over-quota catches would have to be disposed of in a "black

market" To the extent that the operators face additional Unit

., -
Y eaeeraar e as eh G an Gp Wn G @ W W @ -

" 1See Christie (1977, 152-53)
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 costs 1n dlsp051ng of catches in th1s way - these costs may in
fact take the form of lower unit prices - the cost of taking a

given catch will alsc be increased.

One efficiency anantage'of a catch=-quota scheme is that it

is'not necessary to restrict in any way the fiShing’methods used

4

by participants, 51nce their effort levels are requlated already 3;

In terms of- thetrrailowabie*catﬂheSW'TheAlnefficrent input

;

dlstortions which occur under effort-quota systems because of

~attempts by operators to ﬂncrease their effective effort levels |

and because of management attempts to prevent such 1ncreasesrare”>
therefore avoided. The cost of taking the quota may still be
ﬁbove the minimum, however, because of the restrlctlon which is
placad on each operatorfs scale of operation. Only if quotas =
were saleable could unit costs be conpletely ninimised.

~In summary, under any limited entry scheme there is a

tendency for a gradual erosion of resource rents to occur via

increases in the level of effort and concomitant increases in

-

IR PR

costs per unit of effort. If the'nunber of participants could be
readily adjusted, the first trend could be neutralisedrbj é
graduallyvreducing the number of'participants.'However, for
reasons which will be developed below, such reductions are

usually difficult to achieve.

*afﬂ"@*”‘““”*rﬁercholce of the nest‘access‘rigﬁt‘unit‘in‘ﬁ;PartiCU1af“““““%f
*ﬂj”*4-fishery—nust—teigh—the—possih&e—lesses—frem—beth—an—inﬁerier—————————é—fv

c , . £
level of exploitation and adoption of inefficient fishing
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tecnnioues: dnerpariicular aspect which‘may‘beiespecialiy 2
relevent is the ability of tne scheme to provide the flexibility )
necessary to adjust quickly to changes in the desired level of |
exploitation. - T

In the South Australian prawn fishery, access rights are

currently,speCified in the form of vessel-years, however several -

vessel characteristics are also regulated. iithough the

effective fishing effort level per vessel, in each fleet, has

A

increased conSiderably 51nce the clOSlng of entry to the o

~
»

fishery, as shown in Table XIII, it wohld appear that the scope
for further such effort increases 1s limited Most of the
possible strategies have already been folloned. In terms of
their .ability to control the level of exploitation in each

region, therefore, the current regulations are probably

f~generally adequate, espe01aiiy*srnce —some— fnrther‘effort

6

increase can probatly be accommodated in most regions ‘'without an
excessive reduction ir economic surplus. S A\
There is one obvious exception to the above~conclu=ion,

however, the West Coast. It Has concluded in Ssection E. VI that

= t

the stock in. this region is’ relatively small and was subject to

excess1ve explOitation during the early 1970‘5. These high

» T t

fishing levels were possible because of the ability of operators

0

to switch between 1t and Spencer Gulf. This potential for

over-exp101tation should be avoided by terminating this
’ 3]

interchange right and introducing Specific control of the number

v
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. \
'TABLE XIII 0
AVERAGE ANNUAL EFFORT LEVEL PER OPERATOR IN EACH
FISHING FLEET'FOR YEARS 1968 TO 1977 7 /
.ikv - . ' ) ) . , .
co o~ West Coast="""""""Gulf-St-——— -Investigator —=
Year Spencer Gulf Vincent Strait -
(hrs.) (hrs.) (hrs.)
1968 230 ’ _’ " 93 : .
1969 - 492 - I
1970 765 .317 :
1971 603 530
1972 805 793
1973 932 1. |
1974 - 831 .6kl o
1975 1,119 853 | - .
1976 . 1,138 . 886 1,043
1977 © ' 1,096 o 964
\ |
N .
\\
A\

Because operatorﬁ*are free to .operate in both thé West Coasi and

Spencer Gulf, the effort levels of operators in each region were combided

to give a single overall figure.
. \

s
- . .
. . .
“ . .
\ ) . . ea o
o - *
. .
.
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of vessels permltted to operate in the West Coast region.

There are three possible ways to exploit the West Coast

‘stocks:

1. Grant a small number of llcences spec1f1cally for the ‘region,
and allow only the holders of these llcences to flsh there.

2. Allow ‘a linited number of Spencer GUlf operators to fish

there on a part;tiﬁe’BasIS"aurIﬁg”part"of”the year only.
3. Have a mixture of some full-time licencees and'some part-time

operators from Spencer Gulf

£

The advantage of full-time operations is that it ensures

that a substantial part of tthe avallable stock is taken

thfoughout’the year. However, because of the need to cover total‘

costs, it is unllkely to lead to any resource rents. Part-time

‘operatlon, on the other hand, vould mean +hat operators would

f~only~have4to¢¢oyermmarganalecostswandwjouldfhefflshlng

previously unexploited stocks and hence achieving improvedrcatch
rates, both of which should significantly improve returns from
West Coast operations.‘In addition this strategy would decrease

the pressure on the Spencer Gulf stock during the period of

‘lowest catch rates, thus imprcving the catch rates of those

- ’
i

operators still fishing in this region.

Whilst the available data are inadequate to allow a

s

§¥finite conclusion as to the best stratagy to be reached, a.

-
<

comBIhatiEﬁﬁof‘perhaps two full-time licencees and a small’ré

nuaber of about three to six part-time operators fromTSpe§%$r
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- Gulf St. Vincent is the confinemernt of all vessels to single— -~ -

Gulf mayrbe a—reasonable comprcmisehstratagy. It would allow
sone of the benefits cf bothvfull-time-and'part—time ! |
exploitation to be achieved. - . - - :;;
It is dlffzcult to assess the inefficiencies vhlch have
been introduced by the current regulatlons with respect to

vessel length and net size since the relative’ effic1enc1es of A,

'varlous input combinations are largely Wnknown.

It is likely that one'advantage’of a larger vessel vwould be

to port for unloading. This advantage nould Le greater when the

qroundS'are*nore q;stant from the ‘home ports or unloading ports.

Given that the Spencer Gulf grounds are more distant from such

ports than are those in Gulf St. Vin ent, the current sualler

allowable vessel size in the latter region has some eff1c1ency

e g st

e B e A o R

?*justlflcatlon.

One restriction which is clearly,hamperﬁaﬁfeffﬁciency in

riq. It has been estimated that double rig increases vessel

s ~

Catch rates by approximately 30%, yet it“entails a much smaller
increase in vessel operatlng costs, hence it is clearly a more
efflcient type of gear than 51ngle riqg. In view of the fact thatﬁ//

effort is probablx)under the rent-maximising level in this

reglon anyway, the adoptlon of double rig is an ideal way to

both 1ncrease fishing effort and decrease costs per unit of

effort.
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permitted and encouraged, if rent is-.to be maximised. The

'necéssary*incentive conlg,be provided ﬁy the threat to increase -
- effort by issuing additional licences if current participants'
farl to 1ncrease therr effort levels by novrng to double rrg.

At present there is no requlation cf the hours travled by

ipdividual vessels. Thls Beans that»operators have the

flex1bllity to adjust their effort levels on a short tern basis.

Whilst operators, acting lndependently, obvrcusly will not

>
p

"aﬁjhst“réQEonalmeffort to the rent-ma11nrsrng "level in each
' period, prov1ded they attempt to maximise prlvate proflts,! the
drrectlon*of adjustnent will at least be correct,

A p0551hle alternative to the ‘current systen would be the

h‘allocation of catch quotas to individual flshernen. Because cf

*

- the snall nulber of processors, their 1ndependence from the

flshermen and the e‘entual sale of the bulk cf the catch on
'overseas markets, it is consrdered that the governnent, by
nonitoring processorrconpany;pnrchases, would be ahle to
accurately check cperator catches, Thefe‘vould be little scope
for over-quota catChesfbecanse;of,the absence~of,a suitable
narket. ‘It 1s therefore concluded that frol a control aspect the

use of catch quotas is fea51b1e.‘

Onershonld,rho1e1erfralsnrconsiﬁerrtherxearl;recononic

T This aspect urll be,dlscu=sed further in a later section.

[

~
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rents achleved under such a quota system. Prawn stocks are

subject to con51derable*fluctuatlons in abundance over the years

-and also exhibit a marked within-year abundance cycle.. The total

:deSirable catch will.éherefore vary significgqntly anong'years,
and the size of each quota should ke adjusted accordlngly. In

addition, as dlscussed 1n Sectlon E.VI, there may also be galnS’

~very high.

7 from regulating the within year dletrlbutlon “ef! the catch.fPor

example it may be'desirable to hold down the catch early in the

_year when prawns are small and fetch a low prlce. There 1s,

however, little tc be gained by regulatlng the catch at the end-

of the season when prawns are large and natural nortality is

7

'The'ideal catch1éuota scheme should therefore encompass

variahle catch quotas for part of the year hut allow unlinited

**frshtng~tovar&sfthe~en&fofathe—year tofaﬂﬂaﬂrfas~nuchﬂas—possahle~w~;f~;

of the res:dual stock to be taken. For this type of schele to be
successfully implemented it is necessary to predlct,at the very ..

beginning of the season the strength of the recruitment and

hence the 1deal total catch and catch distributlon for the year.

' Unfortunately the biologlcal data necessary for this type of

flne tunlng is pot currently available, and hence precludes use

of a catch-quota scheme at this time. Bven if the regulred data

vere available, it would be difficult to prevent operators with

freezing capacity from using it to disguise when catches were
actually taken, so as to cheat on their allocated quota for the
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eerlyipert of the season. Hence the scheme wculd still be
dlfficult to 1uplement. ‘

eIt is concluded that the current‘system>of allocating
access rights in terms of vessei-years should'be reteioed;-”
subject to three provisions: |

1. The practice of allowlng ve=sels to 1nterchange freely

betveen Spencer Gulf and the west Coast should be discontinued. .
Instead, access should be restricted to a very small number of

full- tlne operators and a few Spencer- Gulf opera%osseoa~a~:m>;;;:;;*
.part-tlne basis. 2. The ban on use of double rig in Gulf St. ﬁ
Vincent should be discontinued.

3. Effort in Spencer Gulf should be delayed by the use of

S

1ntern1ttent total closure

- uk



- II. CLAINANTS TO THE RESOURCE RENTS
There are two obvious claimants to the resource rehts'
gederatedabj a limited entry_program, the actual participaptsfinne

the fishery and the general publio, vho are normally corsidered

T "to be the primary owners of the resource, Whilst the question of -
rent distribution is largely ccncerned with equity and is

therefore more polltlcal than economlc, 1t 1s uorthwhlle to

clarlfy at least some of the issues 1nvclved The rent
'dlstrlbutlonvnay also have some economlc.lmpllcations.

"

The major economic argument advanced 1n support of rent 7 e
retention by flsherman is that 1t provides an 1ncent1ve for

greater efficiency and 1nnovatlon.1 It is true that if all

operators,1n”aﬁflsheryaredncerthelrrccstsrperannlt,of_effortﬁhyaaaaaf
adoption of a more efficient method of flshipg thie will
'increase»reséuFCE,rente at a given level of effort and if some
rents are retained by fishermen it will as a result increase
operator profits.{For this to act ae an incentive to operators'
to make such changes, however, it is also necessary that
operators attempt to maximise their finahciai surplus.

In many fisheries, operators trade off fishing income

- against leisure time. s income per unit of fishing time
1see Copes (1976, 80) and Evans a7, w0

145



ST *”"'fxféﬁ?fﬁtf&ﬁdéc—feaﬂﬁfﬁe time they ”s-'pend fishing. Assuhing
leach.operator hés his own fishing unit, a reduction in fishing

time per operaicr-redﬁcesvthe raté of capital usage and hence

7\77f-;;;reases the cost of achie;ing a given éffoft level. Here rght

getention may reduce rather than increase efficiency.! The net

effect of rent retention on operator efficiency can only be

B dednced,Jithk:efgirgnce#ioﬁgxplaitationmofga%specificgfish
stock. ) k ' |

On equity grounds, allowing rents to be retained by .

fishermen is frequently supported because of concern for what
}arefconsidered a poor and disadqantaged‘group.'Thére is no doubt
‘that the major argument advanced for thelintfoductipn cfllimiteé
entry schemes in traditiénal?open ehtry fiéheries if their

ability to improve the welfare of the fishing ccmmunities>

mrinvolvéd._»“' . " : -

If assistance to fishermen is considered necessary on

equity grounds, allowing them tc retain resource rents has

"several advantages over the altérnatives. Since the rent is
generated by the Zisherman himself, it does not have the stigma
a'.

associated with untied government handout and therefore leads

to a superior feeling of well being or additional psychic income

above the actual monetary value of thevassistance. It also ha§

[4

1The issues involved are very similar tc those considered in
attempting to assess the effect of varying tax rates on work

P A ——————————————————m——

incentiveir a familiar public finance question.
N
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v

4 the advantage over direct subsidisation of parficular aspects of

the fishing:cperation of not providing an lncentivé’toidistort’
resource allocations in order to maximise prlvate;geturns. Por
example a special tax allowance for capltal expenditure on
flshlng equlpment is llkely to lead to excessive expendlture on
snch equlpment in terms of soc1al'as opposed*to private costs :

and benefits.

One should, houever,'also'considef critically the equity of

uch a551stance. Flshermen's earnlngs are a function of thelr

alternative employment oppo:tunitites, not the economic state of
the‘fishéry. If fishenmen'are’poor'it is not because the fishery.
"is unprofitable but because there is little work available
. eléewhere for them. If it is nnwise in terms of enéouraging
resource reallocations to attempt to compensate all groupsvvhoée
4"WAﬁ*W””*services—are*in~low~demand{—uhy~singlemontmfisherlen—£or—speeial;f—4ﬂ4f
consideration? |
‘In addition, fishérmen may not in fact, all be as'badly“off
as they appear at first glance. In most fisherlos, a broad
spectrum of earnings preVailsfl duelfo differences in operator
- efficiencies. The benefits cf rent retention accrue to all
b ' 4

participants regardless of their actual earnings. Fishermen's’

incomes also frequently include a large psychic component in B

addition to their monetary remuneration, hence use of the ‘latter

1See Copes (1972).
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Vllmlted entry fishery. Whilst the issue of whether a particﬁlar R

wlll deflate thelr true overall income levels.

"Evans (1977, 10) arques that "Resource rents are earned in
other industries and seldcm are puklic attempts made to effect
its disposition", He cites the‘example of an agriculﬁuralist
with rich land close to an urban market. The exceptions,

however, for example royalty payments made for the ﬁight'to

exploit mireral and forestry resources on public lands, appear

to be in situations which closely parallel the position in a

property should be con51dered as part of the publlc or priva;e
domain cannot be unambiquously resolved,. fisheries would almost
certainly appear to be towards the public \end of the spectrum.

Note that the equitf arguments advanded in support of rent

retention by fishermen lose much of their force when the size of

—the fishing enterprise is such that participants are companies——

rather than owner-operators since the benefits then largely

~accrue . to individuals unassociated with the actual fishing

opefatlons.lin addition, the higher the resource rents generated
by eacg operator the more difficult it is to Justify full-
retention of theee rents by tﬁen in terms of their need for
welfare aesistaace.

"Evaluation of all the above efficiency and equity arguments

Wlnvolves complex value judgements and will not be attempted

ﬁere. It would appear however that for the South Australian
prawn -fishery a strong case on both efficiency and equity

)
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grounds for removal oflat least part of the resource,rents'from
the actual operators can be magde. | »
"As discussed in Sectiom C.IV, there‘is'evidence of short
periods of operation and hence inefficient carital usage by, many
vessels in Spencer Gulf and e=pec1ally Gulf St vincent. This 1s

probably prlmarlly an attempt by operators to lover

" all operators to make correct use ¢f the effort flexibility

profltaballty and so reduce tke pressure for and hence

likellhood of further licences being assued or of sone rents

=fberng;extraeted:from;themf;But;i%;%s;aiseléentiibﬁ%9¢;t0;b¥;ih3;

very high incomes which can be ach;eved at relatively low effort

levels. Lack of proflt motive may also hamper the wllllngness of

provided by the non-restriction of vessel operating hours.

R@hoval of part of the available resource rent from operators

should reinforce the profit motive and hence lead to resource

rent increases via improved efficiency and exploitaticn

flexibility. -
Given the apparent very high average incomes of operators

in all fleets, the case on equity grounds for complete remt

‘retention by them would alsc appear to be very wveak.
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III. RENT CAPITALIZATION.

‘The value to a parti

~a limited entry fishery ]

A}

AND ACCESS RIGHT TRANSFERABILITY

=

cular éntity of the right of access to

i1l equal the discounted value of the

flow of aboyé-normal returns or economic rents wvhich the entity

could-obtainfby participating in that fishery. Ii’follows that

if such rights are transferable on the open market, the .

free-market price will eq

rights by a non-holder..

ual the highest value placed on such

The initial‘recipigéi of such rights is therefore able to

t\.

capture’all\qibthe ab¢ve-normal returns which the above

non-holder associates wit

h them by a market séle, the rents

being capitalised in the. transfer pride. Assuming the purchaéer

is realistic in his estimates of the future rents, he ﬁill, net

level of profits. Tullock

initial recipieg£§;>o cap
' i

»

with the entry restrictio
subsequent rights holders

On the other hand, 1

meﬁmtheﬁeestfo£woﬁtaininq—theﬂaecessarightT7earn~oniyma;noxmal—”f—f fffff

(1976) refers to this ability of .
ture'all'lonopol} pfofitsahssociated,
h as .the transitional gains trap,,éince

earn only normal prbfitﬁ; .

f the access right isvnon-traysferablerxuf%

.

the holder Uill'only be able'toAcapture rents by actdally

participating«in the fishery himSelf, and hence the'rents he

. will gain are limited to

those cver the length of time he is an

dctive fiéhernan.

-

A
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only normal returns.

- Several arguments‘are advanced in support of,reking access
rights or licences non-transferable. Firstly, it pre#enrs .7 B
‘initiai.holders ofvsuch rights frca capturing all of the future
rents available to»participants. This allogs?rents to be spread .

among successive generaticns of operators via the reqular

reissuing of expired licences.! This is considered more ' /-

~—_

- equrt&blee%haaeeempie%ekeapture~ﬁi‘ali reﬂt5mby~&nttta1~i1cencew*w4%*-4

holders. In addltlon it avoids the social problems vhich may - be

Fou ’

associated with all subsequent generatlons of fishermen earnlng

Secondly, if licences_are'non-transferable, all . z
perticipants are earning above;normal profits, hence regoval of

some economic surplus can be achieved2 without operators

suffering overall capital losses. For this reason, it is

suggestegwhy.Egéps (1977,113-u) as a useful imterim measure

'unril management decides its Yong . term rent allocation strategy.:

Thirdly, if licences are non;}ransferable, napagemenr is
able to adjust the level of exploitation of the fish Etock to

meet changing circumstances merely by altering the number of

-expired licences which are reissued.?® If licences are

transferable, no. licences will be surrendered, since they have a

-‘---—- ...........

1See.Copes (1976, 10). > g _ R

fffffff ~—2The methods b hICh‘sﬁCh‘reIUVH1‘CHn*hE‘ECﬁiEVEﬂ‘HfE‘ﬁiSCﬂESéﬂ

in more detail below.

35ee Copes (1978, 129-30).
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positive market value. If a reduction in théﬂnuﬁbér 6f licepces
is desirable because of excessive'effort, it will therefore N
require re-purchase of existiﬁg licences from current holdets; 
This procedure, usually Ieféred‘to as-a‘buy-back, has'yet'tdvbe
successfully 1mplemented because of the numerous adnlnlstratlve

and soc1o-pollt1cal dlfflcultles which 1t gives rise to. A

non-transférable system, by all&&;ng effort to be reduced,
therefore is likely to result in a superior level of

explo;tatlon if the stock is 1n1tially over-ex9101ted

Fourthly, if the‘capltal market is 1mperfect, 1nab111ty to
obtain the funds necessary to purchase a licence in a flshery

where large rents are retained by individual operators may

3

preclude some owner-operators from participation if licences are

freely transferable. For: both eqhity and efficiency reasons,

’ﬁW”f’””ﬁf*thiS”mayﬁbe”COnSiﬁeréﬂ4UHdéSiIHh1€714WW*M*W”’ -

\; Pifthly, unrealistic optimisnm by potentia} participanfs'may

N
™

fégult}in excessive prices being paid for transferred access
7«ri;§ts, leading to subééquent social problems in the fiéhery.
This is probably more likely where the individualifishing unit
is.smali znd uggophisticated, as here potential purchaéers may
bé less well informed as to the actual size of the ‘available

rents and *also because the existence of psychic income in such

situations increases their willingness to absorb low financii%'

.................. /

1See Cop*es\ (1976, 10-11). | -



-

returns. : : - —

Note tﬁat the akove  advantages rely on fishing being

‘undertaken by owner-operators. Company owned and managed fishing'}

~enterprises have an indefinite life hence do not need to

-transferrtheir access right'tc obtain  the full value of future

3

rents, and will never be forced to invcluntarily surrender their

'"t’t’f'ﬁff”féﬁéﬁébfifééﬁrﬁé =3

licences. There are few equity arguments favouring'

redistribution of wealth to suchientities. They are also likely

of a fishing licence~becauéerof a more professional approach to

évaluétion_agd concentration Onvfinancial rather than p;ybhic
returns.
It is likely, hLowever, that costs per unit of effort will

be adversely affected by the application of a noﬁ-trdnsferab;e

essment-of “the-true value —

1ife£1;e licenégrpolicy. Initial tecipientS’of such licences
will probably not be the most efficiént operators available.

However, as long as. they earn some rents from their fishing

" operations, they will not voluntarily relinquish their fishing -

rights. Sinclair (1978, 1026) argues that this leads to high

cost. "grandfather" fishing operatcrs who retard the adoption of
new technology'anq the entry of newv low-cost production units.

This may significantly reduce the level of resource rents

generéted at a given level og/fishing effort

The overall efféct on source rents o&:ifq?-transfer

policy will depend oh the exf#ent tc which effcrt(is past the
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6ptimum léVel and thg péssible.;ariation in coperator
‘efficiencies. Obviously if effort is well pas% the deéiraﬁle
level then 5 no-transfer policy, by achieving reductions in i
effort, will’probably‘iﬁcreasé fhe rent leQel even if it |
increases ﬁnit fishing costs. | |
Existing partidipants usually favour‘transferable licences

<

sfiéiglymgébausé they are then able fobcapturegggfure resoufce ,

—
J—
e T

o

- 13 : . i} - | ///i/ 1] » ’ -« \
rents. This is especially the case if a tradition of licence *© T~

transferability has been established ir the fishery since )

decisidns have alreadj been ﬁéde based on the aﬁility to.
capitalize future rents, even if actual capitalization ﬁas not
yet been achieved. ‘

When consideringﬂ;hg“§g§i;§bilitY'of emplojing a

ndn-trans ferability rule for prawn travling authorities in South

"”Anstraiiayjit”shvﬁrﬁmbe"initiaiiywemphésisedvthat:
1.Aﬁthorities have been effectively £ransferable at market
prices since the incertion of théflimited‘entry,scheme., P
Q.Forty'three percent of the cqrrent authority holderé»purchase&
their licences on the open narkét. '

As a result, it is certain th&t at least some rent .

‘capitalization has already occurred for a large number of

licences. The extent of this capitalization, however, is -

R

difficult to estimate. T

-~

Given that profit expectations and hence transfer prices of

licences are largely based on profit levels at the time of sale,
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lit is 1ike1y that only sales since/therdranatic pricefescalation -
//' of 1974-75 would have achieved an}thing like/full capitalizatiou
of 1976 to 1978 rent levels. |
In addition, given the extremely;high-prices vhich it is
- rumoured? haue been paid for vessels witu authorities attache&,

i $200,000 to $350 000, there may be relatively few potential

owner-operators in the market, leading to the’'possibility of

//. . ,purchasers being able to petain scse economic surplus for
. N P + ' . .

f?¥%~freetheuseives. e e - .
The Government has indicated for scme time that it plans’to )
take action to remove a substantial proportion of thetreuts'
currently retained by prawn operatcrs. Recent purchasers havevno 35

doubt reduced expected gain= accordingly in estimating the value

of authorities and hence the price5>they paid for them. -

£ It is con51dered that because of the substantial amount Bi

_ ﬂoney‘involved, and therefore the realism of -the associated

financial analySis, that no purchaser uould have paid.aorestkan
’ s .

.

o,

a realistic ant1c1pated value cf the licence purchased.
In summary it is considered that up to the present time o

, some rent capitalization has occurred for soneuhat less thau>50$ t'Q}’
of current authorities, but that onlyrforfauproxinateiz‘hgif ofh—'ij

~these has anything abproaching full capitalization been

achieved. Even for recent sales, couoleteucapitalii%tiu of all

' 1Exact figures are unknown because of the uncertainty of the
value of the under-the-table payment for the licence itself.
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1. Whether or not to continue to allow market trading of

, probaylf'ﬁnlikely;n,;: -

'The situation is in fact similar to that discuSSed by Evans

,(1977) in his analy=is of the Shark Bay prawn fishery 1n iestern,

Australia, the lajor policy issuygs heing

'flicéﬁces.'

Hhether or not to remove some (cr all) of the rents fron\».

”participants.

- "”Wtﬁr;&fw teh&rfferentaate ﬂfetween%cvmshoperatorsfff;'

(original licence recipients) and high cost operators (later
entrants) in any rent removal procedure.
Each of the above issues, since they involve the evaluation

of both eQuity‘and efficiency conSiderations, nust eventually be

resolved by theiproces"pf*political'response}*The following -

'of'anthorised vessels vere meapt tofexq}nde any component for

- t
factors are, houever; learly'relevant; -

1. The state Governlent has perlitted licence transfers to occnr

knowing that they were being aCCOIFanied by rent capitalization.rwuf

Although, according to thelregulations, prices paid on transfer

[N

licence value, this nas‘neen ignored by routimely re-issuing
discontinued licencés to.the purchasers of such vessels -

of
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regardlessAof the transfer price.?
2. Up to this time, full rent capitalization has cccn:ted for
very few licences. |

B /~" ) g - ’
3. The feasibility of a licencing scheme is considerably.

e

"erhanced if it is acceptable to those most closely 1nvolved,'

namely current licence holders. They are likely to favour fnll

wwumrent* rﬂmm&»ﬁceﬁcrtrmfmhﬁttrw“A?@‘%
4. Rent capitalization can cccur only‘to the extent that rent

are left in the hands of 1icence holders. The lover the deqree

,of retention the louer the potential for'capitalization.
5. The 51ze of resource rents in the fishery is very hlgh, hence
the‘value of a licence if full capitalization occurs is very

. large. | . |

6. .There is 1itt1e need at present to reduce the number of

pattiéipaqts in any regienioftthexfiShery.

7.'ﬁost7fishing’ﬁnits, althougt'thej'are tot company conttolled,
fiare reasonably sophisticated entities. They consist of a W;”
skipper, two or more crev and a vessel vorth between '$100, 000
and $300,QOO. They are certainly not Single man operations.-
.Ae writers such as Barlett (1973) and Bﬁeﬁanan an&'Tullockl
~(1972) have delonstrated,'governnent:ﬂecisiogs are,subetantielly

influenced by the4relative Fressures applied,hy the affected

~groups. Whilst ﬁfﬁzﬁbm*‘mTWmei of

1See Section B. II.
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' its distritution, the potential rents for individuals within the -

N\

two rival groups are likely to be tar’fron;egualtrlndiiihuals in-

. the gerieral community are probably not eien avare of their

extremely small shares of the possible gains from government Vvé-\,
rent coilectiop and even if they were, because of the high cost

. 2 ’ . .
of the organization necessary to bging effective pressure to

'bear, mWﬂGWWEMWﬂpt"YO sway“the“ﬂlocafioh in

their favour. Each flshernan on the other hand, is very auare of

hlS large 1nd1v1dna1 potential gains and, because of’thelr slall

nulber and common 1nterests, as a group they face much smaller:

rcosts in collectively lobbying for their own rnterests-!nghey

are therefore likely to push bard for the adcption of systems ~—__

sinilar tc those currently being applied. Givenkthat all public

1nterventlon is at least tc some extent polxtscally notlvated

W,Qog,beneflt to the regglatgdggroup 1sAprohablx,lnelltahle,s,4“rm4ﬁs4,

It is this author's opinion, that the most feasible overall
strategy is t,orral,lm, licences tc be opénlx,,i;ad,ed, but at the
same toytine takerinnediate measures to remove a substantialA
part cf economic surpluses from all operators. Special
consideration of recent purchasers is not warranted at the
present tinme, This woculd ensure that'licences are ﬁeld by the

nost effzcient operators, avoid full capltallzation of" Tents,

allow the pnblic to share in tthe frults of the regulatory policy

—w;—~—4$he—exis€eﬁee—of—fishertens4—association54greatiyffaciiitatSSr‘*“‘*

such.collective action.’
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ﬁand'give stre beﬁefits'to current participantstr

Since current effort levels are not excessrve, there is ‘no
significant welfare loss frcn the 1ncreased difficulty in
Aachiev1ng effort reductions. he ncderate frnanc1al

sophlsticatlon of the participants should make

\\\ -
AAMAMM#_\\verrcapltallzatlon of rents unllkely.,
\\; . . T o
S, . s = : e S
-
‘_—7-—/7’ .
] =
Y 7
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' ?,mr_llllltherefore,feasiblel

IV. REBQVAL OF RESOURCE RENTS
It is desirable that the method used to rene#e resource =
rents froafparticipants be equitable in that larger pajuents are

made by those earning larger rents. This suggests that the

rents per unit of effort.

payment be either in,the form of : énuetiortwhasgd;fee_cr;a;taxﬂgrl;ll

royalty on catch, and that separate scales of charges be

{
calculated for each fish stock, where the stoi??‘?leld different -

“Given that operators'alréady pay a noninalrfee per'iessel '
year, a rough measure of fishing effort, it would be

administratively simple to increase such fees to the levels at

which the desired amount of rent is captured by the Government.

It would prcbably be Horthuhile to scale the charges by taking

into account[gessel length-and BHP so as to prov;de an even

better measure of potentlal rent levels for 1nd1v;dual llcences{

The flshlng pouer calculaticn results in Sectlon D. IV could be
used for this purpose. - | o o -

"It has also been argued? that measurelent of the catch(ﬂf

each operator could be achieved H;th a nlnilal amount of ¥

-

dlfficulty. A tax cr royalty based on actual yearly catches is

1See Section F.I.
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4s discussed by Copes (1975, 149-56), ideally the rent
Sfollection«system_should: . |
1.'Be fleii$le, with the léfel of réﬂt-collected’frpn-a region
adjusting with the‘bvexall'rent,level., | | -

2. Be known in advance so that operators,&an incorporate it in

their decision-making process.

As outlined earlier, prawn yielas and’ hence total revenues

from each stock are extremely variable, and resourcﬁ;rents,

‘being a residual after subtraction of capture costs,‘exhibit ... ..

even greater variabilitf.,for exapple a 10% increase in total
revenue‘at a given effort level may increase’rents frén a regior
_ by perhaps S50%. In genera%: the prcfitability of a region alSoA
. ~ 5étlééts the profitability of bpgrators within that regicn, =
hénce the latter also experience large yariations'inkincqne.' o ; é

— ———— —The major-disadvantage of & collectign system based on

" licence fees set before each fishing season is its

inflexibility. Because such a fee represents a largely fixed — - -

cost to the operatot; it will result irn even greater variability ’
in his residual inconme.
A royalty on catch, however, adjusis‘with*the catch level

and hence operator profitability.‘This sensitivity of payaments

.to actual operating results could ke further increased by: - 4&
- 1. Making the royalty rate progressive, that is increasing it as  ?
. , . _ §

the regional catch .increases,

2. Belating the paymsent to revenue rather than catch levels,

i 1€1
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4‘heace also taking account of yearly price,variations;,
3 Indexlng the rate structure to take account Of changes 1n
yearly cost levels per unit of effort.
Under such a system,/the royalty paymeﬁts aaderby oferatorsv
would be related to'the'sire‘of<the rents captured and_hence, -

their@ability to pay. Fluctuations in their incones'vouldabe )

decreased rather than increased. Whilst Gowerhment receipts
vouldﬂbe subject torlarge‘fluctnations,:this‘is,not a problenm
S ,,ﬂsincefitsdoes;eot;eeedeieeaehieve:aéba%aﬁeeﬁebmkwme%ﬁreﬁyearlT*::::%;
vbasis. |
Eor:these reascns it is conSidered that this latter type of
system is the one which shoulerbe inplenented in South -
Rustralia. Based‘on the very rough_relative rent estimates made

in Section E.IV,_a hypothetical royalty rate scale for each

- region, based cn total yearly-regional revenue, is shown in <
Tahle XIV. 7 |
The royalty rate applied to the total receipts of each
operator inm a given region depends on the total value of the
catch in that region. For example if the totalrrevenue of all
operators in Spencer Gulf is between $5.5 m. and $6.5 B., the
royalty rate iould be 2.5%, so an operator,taking a catchruorth

$200,000 would make a royalty paynent cf $5, 000.

To give some idea of the size of operator payments whlch

vould be made if the above scale vere ilplenented, ‘the average

paynents per operator in each fleet in the years 1975-76 to

- L
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: © .Y TABLE XIV

" HYPOTHETICAL ROYALTY RATE SCALES FOR EACH - //f\ | |
'REGION AT 1977-78 COST AND:PRICE LEVELS A

West Coast - Spencer Gulf . Gulf St. Vincent ~ Invéstigator St. .

N T_Rl. Royalty TR " Royalty . TR , Royalty TR Royalty S b

- Rate , ' Rate ‘ “Rate . »Ra(te'r,\ T
x) o (2) o (%) ' B ¢ 5 B

»

s . B
ool

-all 0 0-5.5 0o 0-1.2 L 0-.4 N
S ) £ I [ A e e B A T e L i S
6.5-7.5 . 5 = 1.4-1.6 5 .5-.6 5

7.5-8.5 7.5 ' 1.6-1.8 7.5 6= < 1

- over 8.5 10.0  over 1.8 10.0 over .7 .10

1R 16 the total revenpe,fot- the region for the fre;a,r.ﬁ

\ » ~F
_ _ _ _ i i
¢
:
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i
.
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1977-78 would have ‘been as shown in Table XV.

In the absence‘of accurate data on cost'levels in the NS

»

1ndustry, thls scale could be indexed by a generally accepted
cost 1ndex. The gross domestic product deflatcr would seem to- be"
suitable'for this purpose. |

‘In a very sophisticated royalty scheme, the rates could

"also be varied during the year to match the rents associated

with catches taken during different parts of the season. For
, - , .

e o éi&mpiertﬁe‘fate;coﬁt&*beéreduteﬂifor;catches:takeﬂ:iate;iﬂ;theé;;;;;;

year when catch rates and rents-are lowest to encourage
operators to mop up the res1dual stock. This may 1nduce
operators to disqguise the time of taking of thelr catch.
hovever. It would also require detalled knowledge of the

“within-year changes in rent per unit of catch, and this is not

currently available. For these ‘reas 's, t sAdegree of
. sophistication is not feasikle at tﬁis time.

A final comment is'proﬁéﬁijmﬁarranted concerning the
constitutionality of a State Government levying a‘chargerbased
on operator revenue. In general, State Governments in_Australia
are not permitted to levy sales or income taxes. There is

A-therefore some doubt as tc whether the above scheme is legai.

—lw!t This issue has already been raised by Copes (1975, 151) when he

suggested a similar scheme for the Gulf of Carpentaria'praih

T

fishery. Whilst this issue ﬁould have to be clarified before the

scheme wvas implemented, it is considered that it should not

.
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TAB.LB bAS

AVERAGE ROYALTY PAquNTs HHICH WOULD HAVE

R ‘ 7 BEEN MADE UNDER THE HYPOTHETIGAL ROYALTY RATE

STRDCTURE BY OPERATORS IN EACE’FLEET IN THE
YEIRS 1975-76 TO 1977-78

—

Year TR Royalty rate Total %oynlty Rovalty '
R : - - i N \ per Oper-
' : : | ator
($'m) - (2) ¢ ' $
HEBt Coant-Spencer 1975-76 - 5.68 - 2.5 142,000 3,600
} Gulf ... 1976-77 6.72 =~ 5.0 - 336,000 = 8,000

1977-78 4.77 0 .0, 0

Gulf St. Vincent  1975-76 1.74 7.5 131,000 1b, 800
1976-77 2.19 '10.0 219,000  13/600

1977-78 1.52 5.0 76,000 - 5,400
Investigator 1975-76 .48 2.5 12,000 2,400
Strait - 1976-77 .55 . 5.0 . 27,500 5,500
7.5 48,000 9,600

1977-78 .64

1For convenience, in calculating the royalty rate it was aasuned all of
the catch was taken in Spencer Gulf. This leads to a slight over-estimate
of royalty payments for operators fishing in both regions. A
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preseﬁt a major problem. One form of*arréngement which could be
used is to relate the current licence fee to the previous year's
revenue, a system which has‘already'been shown to be

constitutionally valid. | o

-
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v. lLLOCl!IOl oF lCCBSS RIGBIS

[

At the present time, it uould appear that no adjustment in
‘the nuaber of operators 1m&any fleet is requ1red. Although'

carrent effort in Gulf St. Vincent is alngst certalnly beloy the

optimum level at present, this uill probably no longer be the

i e R (R S e AR <

case after all vessels adopt'double-rig and‘the‘two most. recent

lrcence rec1p1ents ccmmence fuli§time operations.
The question of how the number of operators in each region
can be adjusted therefore has~con51derably less relevance than

- R ,
usual. It is an issue which should not, however, be completely

Fl

_ ignored.

At preseat, as discussed in Section B.II, new licence

ki s RO SRT SR 1y e a0 s

fﬂW*v—~h01&ers—are~ehesea%aturaa&en~£reu—all—suitably—qualiiied7
applicants.'whilst having the advantage of not discriminatiug .

,.along,suchmapplicants,:this systemlhasﬁthe,diSadzantagelofethe

I
b Ry AT o
- i

necessarily resulting in the most efficient applicants receiv;ng

llcences. In addition, if llcences are transferable, it leads to

IENPER I T

the ‘initial recipients being able to capture all future rents v;f}
associated with them. e . ~§{"

If all licences are transferable,anyway, it may bé»

preferable for the government to offer new licences for sale in S

theé open market. This would lead to all rents being captured for

the generalﬁpublic and guarantee that the licences would be

s

167




-~ gained jby the most efficient non- holders, hence maximlsing ‘the

rent generated in the flshery. , iy
In a similar manner, if it were»considered that effort .

should be'reduced the government could purchase and retire one

Or more of the licences already on issue., Such re-purchases

could be financed out of»fees prev1ously collected,from,

partipants.

e

The other important aspect of current licence allocaticns a

VlS that proce551ng companies are precluded from holdlng pravn/:;;ﬁ

travllng authorities. Where licences are non-transferable and
there is a desire to distribute rents to successive generziions
of fishermen, the reasons for thls rule are;clear.'ls its
retention justified in a transferable licence scheme?

On efficiency grounds, it is considered that there‘arewno

processing companles by operatlng fleets of prawn trawlers. In,

- fact it is likely. thatrlndividual cwner-operators,uil% be -more -

eff1c1ent because they have a maxisum incentive to achieve the

best operatlng results froe the. vessels of which they have -

direct charge.

Processors argue that if they uerevgrantedraccess rights

then they would be able tc achieve greater security of supplydl’

f~siqnifieantéeeonomiesWof~scale—which—could—be~reaped—hy————————ff—f*f*

and so be less vulnerable to any mcnopolistic practices of other

Processors. This is undoubtedly true, but it would require

processors to control the bulk of the catchlng capac1ty ‘of the
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fleet,

/ i ,
o b e e e e b

In this latter situation, however, the unattached
operators, who az:e’ undoubtegily weaker,th‘ann.processors, rin te:ns L |
of narket pover .The maintenance of the present ovier-operator

' pol:.cyls likely to :ie7ad"tofa higfér degreé cf cdipetitibni‘iﬁ ‘
the narket, a generally des:.rahle sz.tuat:.on if nonopolistic

meiml aiinm_oiit WM¢LQE :Ldgd .

iy .




@ - - - Cs

The I?St s1gn1ficant featnre of the praun fishery of South

o 6. coacwsmls
Australian is that stocks are capahle of yielding extrenely hzgh
levels of resource rents wi thout large adjustlent of cnrrent .J :
levels of exploitatlon iz most cases. The lajcr consideratinn,is
~A—Am”uﬂ_m-mhouutomaainta;nmth;swxer;m£axonrahlewsi1natinn“anﬂuachisxg_nnmm
S equitable and acceptahle distrlbutlon of the resultant hanefits '

along current and fntnre fisherlen and the rest of societg.r

'W} The exlstlng -anageiént schele, being based on separate
regulation of each stock, is akle to tagkrinto account the; o

rrrdlfferent characterlstics of ‘the fishing operation and stock in
Veach reglon, an extrelely 1lportant property of ratlonal

~ resource use.

Jgjgaor cdhclusions Hlth respect to the lanner of .

iexploitatlon of 1ndividaal stocks are°'

e S L S

e "1. lccess to the {tocks should contlnne to he controlled by

.f means ofvvessel licences. The nulber of such licences shoald be

'held at current levels.
- V

- 2. The restrlctlons currently in force concerning the allowahle
characterlstlcs of such vessels should be lalntained,ruith the,

-

Vﬁrexceptlon of the single rig requlrenent ‘in Guif St. Vincent,

between Spencer Gulf and the West Coast should be discontinued.

L
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L3

iﬁEtea&; access should,he,restricte& to a very small hurber of
fﬁll-tile opera;ors and & few Spencer Gulf operatone'onte -
part-time basis. U ’ |

4, A system of interlittent total closnres should be rnplenented
in Spencer Gulf in oraer to reduce frshzng pressure early in the -

season, increase the averege size cf prevns caught and hence

increase the brice received for the catch taken in this Tegidi.

- With respect to dispositicn of'access rights and the

AfAz;§purce rents cnrrently qenerated in the fishery, the follouing L,

—emf*—\—m——ofuaereya&tf—haseé—en—their—tctel\4eeris,re!ennerriherrcgaltv

conclusions lay be reached“ -' i N .

1. A strong case can be nade fcr renoval of a substantzal part

of the available resource rents generated in the fishery for the

general conlnnity. civen the variabllity of the rent level

between years, operator pay-ents in a year should be in the forn

rate should be derived fronm the appllcatzon of a’ progressrve

‘rate schedule tc,the total,relenue generated in the region to‘ﬁ; L

which the licence applies.

2. In'orﬂer to ensure that llcencee are held by the most

efficrent operators, the practice of allcving transfers of

éanthcrisedlvessels at lerket prices should be officially -

~ sanctioned. The government should also adjust the nusber of

ﬁicences‘for each'region’byrepen iarket pufchase_or*sale‘aslit;;

oonsiders necessary.

3. The practice of excludlng process:ng coapanies fron the
s : ) . -
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holdings of authdrities should be continued in order to ensure.

fair competetion between processors and independent

ovner-operators.
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