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\Vby liarvcst Efficiency Appears to Fan Over Thne in the Production 
Fun.ctions of Fbberies 

L P. \Vailace. R .. K. Lindnct\ and· D.O. Dole~ 

Abstract 

HttrVt'~t efficiency m the production functions ()f i1.sl~eries should increase over time with 

the itlltoduction of new tr."'cht1olngy nnd with inc tensing knO\\'ledge of the biolt.)gy and 

hebnviour of the target specn~s. This implit:'S thut the es~imnted cntchability coefficients of 

models u~ing annual \!.ttcb !1nd effort dnw frvt ftmr l<lb~tet fisht;!ries and compared Lhe 

regress10n results fl>r drff~i ~nt · ~P'lc period!t-. \Ve ~tts\~ cstnmttcd modified forms nf the 

\Ve suggest that one important sourc~ Qt thts anomaly is the use l1f nrtntull nggr(!gate c;'t~n 

and effort data. To test this hypothesis~ we exnmined trends in the distribution or effort 

twer the season~ and their eff'ect on annunl cn:tcl" per unit cffmt. The te~ults show that 

methods bnse.d on aggregate annual. catch and effort data Ci.l.tl introduce spurious ttcr1ds in, 

annual catch per unit effort~ und hence in cutchubility csthnntes. 'Estimation of production 

functions for bioeconomic modelling should use catch and effort data that b 

disnggregated both temporally m1d spatially. 

Key·words: Fisherjes ~ production functions ~ blocconomic models t cntchnbitity 

~ AH nutho~ or Agricultural und Resource Ecormmics~ The! University t>r\Vestem Austrnlia* 
~edlnnds. W A 6907 
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1. Introduction 

In tlm~ research we have used time series dn.tn ftw four lohster fishet·ics to examine the 

cmptrtcal performance of producti.on t\mcti(1i1S of the sutplus yield type. We looked at the 

Schaefer and Fnx models, and a i'ltH1iber of extcnsiom; tt) these .models. Our intention was 

to a!\sc~s whether the model~ incm'[)orate ~tch:quntc biological rdationshipst and are 

suftidcntly tntctable to penuit .rignmus cmpincal nnal.ysis within a hiocconomic 

fnuncv.:ork. An unexpected result of this analysis w,\~ that the estimated .Ctk ··,ability 

coefticknt. nttd hy imphcntii.)Jl the har\'cst efficiency, nppcnrs to he falUng over titnc in an 

tour fisheries. 

Surplus yield models mcoq)oratc the stock c:xtcm~llity into bi<.1ecom1111ic analysis by 

mcludmg dynamic binlogtcal rclation'lhip~ in the prnductto11 function. SccliOt1 2 d~.;cribes 

the most. commonly used form~~ namely the Gordon/Schaefer ((Jordon 1954; Schaefer 

1954~ Schncfcr l957l und Fox { 1970) models. The Gt)rdon/Schaefcr m<)dcl u~es a logistic 

growth cquu.twn, whlle the Fnx model uses n Gompettz gl'OWth equation. Section 2 also 

dcscnbes a technique hnroduced by Schnute ( 1977) which simpli11cs empirical analysis 

using both the Schue fer and Fox models.111is technique t•cquircs ot1ly catch and effort 

data. and hn~ been used extensively by hoth ceonottlists nnd biologists. ·More recently, 

h1ologists and tisht!ty managers have largely abandoned the usc of surplus yield models 

for the reasons given h1 section 2.6. However, econmt1ists still usc them to irvcsdgate the 

determinants of sustnit1abJe equilibrium cond.itions in tislmrics. 

Section 3 gives ~1 brief descripUm1 of four invertebrate fi()hedes, and presents and 

discusses the tmnunl catch nnd effort duta for the fisheries. In Section 4 WC! introduce the 

monthly catch and effort. dnta fot· the \Vestctn Rock Lobster fishery. Outing the history of 

the fisherv there has been a marked change in the distribution of effort over the season. 

Section 5 presents the results from empidcnl nnalysjs of the models ptestmtcdt using data 

for the example fisheries~ The results, including thi! nnOilii1lous 11egative Uend in 
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cutchabiHty, ore discussed in section 6. \Vc ptuscnt n pa•·Uul ex.plnnntioit using the 

monthly dahl. 

2. The Surtllus Yield 1\lodcl 

Equauons t t 1 tn r:il shu\V the structun: nf the production function il\ the Oordt)n .. 

Schacfc.t· modcltGordon lll54; Schnci'er 19!'4; Sdlucrer 1957). The stocha~tic term is 

The vanahle Xt i~ total himlla!,~ m yc~w t. ll, h the level of harvests or ~:utches by Wl!ight. 

and H, i~ the level of fl~hinp; effort applied (CJ! pot Iift!1). 'the first: terntitl eqUation.( l) 

reprc~cnts muumt growth i.n hinnmss a~ u logistic function of the lagged sfl>ck. Thi\ 

tmphc~ tlm~ natural mortality .. gmw·th m1d rcptnduction m·c density dependent. The 

parametc.r k Is the avcrJ.gc stock ~ize that wnufd occur in the. abscm::c· of .fishing, m1d Is 

"omcumcs known as the ccHing stuck size. 'the parmnctct ~~is the intrinsic uatut•al growth 

rote. The secmtd tctm in equation c llt<~ mmunJ fishing mortality~ defined in ec.tutHior\ Cl} 

a\ a Hncur functitm of current bimnuss nnd the level of t1shhlg cff~wt nppHed. 'the 

c.:ocfficicnt q lS n fixed cnefflcicnt of cutchubllity. ld~r:ttity (J) dcl1ncs the term hcutch per 

unit cffmt'\ CPUE or u~~ which is tt proxy t"or biomnss, This idc!1Uly is htcludcd becuuse 

population hiomnss ir, Is not obsurvnblc u11d is usunHy very dilllcult m esthtlnt~~ 
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In the ah'icncc \)f J'Ishrng~ the l"~t)pulntmn biomass ofth" tnrgct s~cies would vnry 

\loclmsucnHy about. nn nvcrugc stock size k. ln the event of n: single shock, the biomn~s 

would approach J.,; n~ynlptoU\:nlly. The t!ffccL <lf fishh1g at ~l consU\tlt sustnh1"blc level is to 

propxc.,stv~~l>' rcdu~:t~ the ovcmg¢ himl1a\s to on cqutlibrium levcllt)WC:r ttmn k. 

Sdmutc < 1977l111:npn~l~d ~t method ll1r e'timntmg this model using mlly catch nnd effort 

data. 'rlu~ methnd lnvnlvcs substttull.ng cqtmtwn c:ll intn cqmltinn. ( n to ()htnitl either of 

the reduced form' m equnttons t4l <1r t$). 

( 4) /?~,. 1 ~"' /?., t: r · R, ..... ,. . · Rf - q N, 
q k 

c.) R.+·l -!?. r 
( .-l ... ~;~{'.;;:j!lto ~ r ~....-

R,. t1 

Annual hioma~' and hmvc~t\. '";Ill \ary .-..ttlchaMi~aHy obmtt nvcrngc sustninublc levels. 

Equuuon t 6) show"" tho relationship l~l\vccn the level of cffnrt and nvcrugc sustainable 

to lcrn gtves the level of cffbrt tcquitcd H1 rctmn the rnnximmn sustnmnblc yield CMS*Y). 

Equatmn.,. (7l und <8l.,how the t·c~ulting rclntion~~tlnt;s, As~uming thnt the sale price (J>) 

and margmal htcmr cost tel nrc both f:otllliHnt. cquatmns t9l tn ( ll) show rllc' estimates fct 

margmal ~u"tail1tlbh.} revenue (/v//~t'l. optimal effort ( u*lt und maximum sustninnble 

economic rent f l1). 
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(I o) r;fl ! r.l )· I l r/ ). 
:. e \ / (l t{) · V - ,>' {p (/ · k) 

1 ) l't j I' f 1 q [.' ( I , . . ~ p q 11. : t . · ·~''" ,. 
\ r 

('• .h' 

Note tnnn cquntmns t1l nml1 tell that. rt the nult'gtnnl ct'lsll\i not .zero. thQ ccotmmic 

uptunum level of eflbrt: ,.,. umunh•g.umt,ly lc~s tlum the effort levt,•lthnt gencmtcs 

max.mnun "'ustamuhle: ~· .,~llL The ecmmm1c uptinmm nVQtnge yield Is al~.!<lle~s ttnm 

nmxinmm Ml\tamahlc Yl!..1ld. The extent to \\lm .. ·h l·(' t\ JQ'lS than li»,m- vades with thl! m\io 

2.2 The f(}.-..~ c;amperlt. Altulel 

component nl equntiot\' f ll. The reduced fnnn n[' thic, mcH1el is (!quntion tl3}. 1~hc 

(;orre~pondhlg effort level ate den.vcd m~ tor tht! Schaefi~r model. mtd the resulting 

equations nrc { 14} to (I()}. Similarly~ CtjlHltiOtlS ( rn and ( un ~how tho tmn·ginul 

'ustainablc ecmmmh.~ yi.chl und nmxurmm sustuitmbl~ economic rent functlnns. 

(12) X,...1 -X, =r Xt ·(/~nk-Ln X,)-U1 

( 13) ~.~t•·'· ... :. U,, -- r·· . k (1 .. ) .• /)tfq · · l...,. r · I.n , ~~ · - q · 1:... 
1~, 
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(16) A1Sl"=r·k··~X)1(-l) 

(17) A1R, e: p q,k cxp[._!l:J£].·[1-!l:Ji] 
• . r , . r 

The level nf cfJlwt that n~turns t.hc maximum ~ustamnblc ecnnmnic ~~ietld is the solution 

for E' m rquattNl ( 19), 

The left hand si.dc nr cquutmn < 19l h greater tlmn <W equnl ltllt since nil pnrumeters nr<! 

po~ttivc. Therefore: the opttmal effort t /(') 1~ un~mbiguously lcs\1 thilt1 that which yields 

the rnuximum susruinnblc yieldt w; m th11 Gm·dnn • Schueler model. 

For both models, the time path ol adjustment after n single: ~hock ttl the biomass is 

u~ymptotic. Figute 2 3.1 shows the n~stmnsc ton sustnined disturba~cc •. such ns the 

introduction of fisbmg. 

o a 4 ~ .a 10 u ~ 4 o a 1o 
hlll.ortlltl~ Tirrn tWnt!il 1b1 m~•tlffll 1'llili* (Y!f~l 

FiRurc i.,J,l Sch;~(!f~r .(lC)gi~;Hc) \'ct:iUS F*tlX (<J(,nlt»crt7.l• 'J'ime pttth ofhntvest tlfler th¢ irlttOdt.tcUon {)( 
lhllirtg nt vtu-inuslcvels of effott. 

The sustainoble yield f'unctloil for the J:lox model (equation 14) 1R not ~ymmetric, but is. 

skewed to the right. Figure ~t3.2 cmnpar<!s the sushtinubJc yleJd rur.ctitm~~ for logistic and 

Oompertz growth models with p:wnmctervnlucs similar to thos¢ cstitl.lated furtb(} 

17/01/97 



Western Rnck Lobst.cr. At high levels uf effort. th~ lcveJ oflmrvost: remnh1s hjgh in the 

cusc of the Gmupcrtz rn·oduction function.1~h!s implies thnt, the level of sustuittuble 

harvest is nmch mort! rohust to high effmt levels thatt in the logistic P'•se . 

.....,..,!l~tti 

!'lulll>lit'l 

Figure 2.3.2 Cmnpnrison nf the SU!itaiucd yield ruu~:tiOrl!\ fnt· the Lugi.stic tU1d Oompertz models. 

The !-!kcwcd sustumcd yield functiorl for the Onmpcrt~ <Fox' nmdeJ is more realistic for 

muny nsherh!!i. All of the lobster flpccics discussed in SCGthlll 3 lmve high fccundlty. 

Therefore the population biomass should exhibit conr;idcmblP tc~ilience in the face of 

fishing pressure and we W()uld expect n skewed yt.cld function. 

2.4 Criticisms O/SttrJ1(us l1ield Models 

Fishery s~!iehtists cite evidt1rtce that the tl(ttUrt~l~ rutcs of growth, mortnlity. reproduction. 

and vulnernbUity to 11shh1g gcur vnty signiticantly by nge, They nrgue th~~t gt·owth and 

harvest functions bused on total. populntion himuuss arf.:! unreliuble. When tlf.lpropriate data 

is available, scientists m·crcr growth und hnrvcst nmctlons b~lsed oil .the number of 

individuals of various ages ()l' bl7.e cohorts in th~ popuhttiOJl (Scht1Ute 1987; Halt 1994), 

These mny be htcorporuted in simulutiorl mmtels using fortnightly or monthly time 

intervals und small geogrnphir. urcns (Walters. Hull at aL 1993, McOru-vey et ul. 1996). 
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Furthermore, multiple r"grcssit:JU models that include current effort ttnd lag~ed indicators 

ot the cn\·1xonmcnt cor juvenile ubmtdnncc) often give t'Clinblt' forccn$Vi. of harvests~ These 

modeb ext·lud~ the lagged impncts of 11nsL fishiltlt tnm1nlHy on the brcedhtg stock (Ql'nch .. 

Meza nnd s~,un l97R; Phillips~ Cruz ct nl. 1994; Cnrmt1, Chubb et ;ll. 1995}. 

For nll four of ~he Inh~tcr !-tf1CCICS UlVCMlgiltCd in this pnpOl\ the lim~ hlSS rmm Spi\Wilhlg 

to hnth rccruttm~~nl and reproductive mmurit,y hlf' exceeds nn.e yenr. Thcref()r¢ modelling 

chunge\ tn current htmnoss ns n nmctwn or binm:~:~s in lhe previous year only is unlikely 

IO fully captUtC lhC hiOlUgiCtJl effeCt!\ Of f1~hing. 

Early result~ using <Jmtlnn Schncfct· models for \omc fiflhcrie~ sugf.t1!Sl.cd a degree of 

'ucccs' in U\cHlf! the mode~ I, tn predict nptimnllevels ur either effort or hnrvcst ns mrgcts 

for thhery nmnngcr~.lt hil!-J proved to he mon,~ diJf1cu1t to obtain relinble csf.imutes of the 

mdt vidual rmramct.~rs ofthc models. t'hlcr tl980l c.xnntincd th~ estimation technique 

Jescrtbcd m section 2.1 U<ii.tl1g both thcorcncnl unaly~is nnd Monte Cu.rlo t4~<:hniques~ 

l. rnder the Schaefer n~sumptions. nnd. with the nddilimml nssunsption or n stoch~\stic 

harvest cqualioH, l *hlcr t;howcd that the technique yields hct.wil.y biased esUmutJ>rs f<lr the 

cntchnbility and intrinsic growth nne p;.munaters. l-lnwcvct-, the eMhnntors of opthmd 

c:ffort and tmrvc~t hnvc a much Jcs!) :-,e:vere bias. Tow~iM!ltd ( 19861 exnmin.ed th~ use of: 

"'urplus yield model!) ht tb(! American Lobster tll-thcry and dcmonstruted thAt tht~ models 

failed to idclltify the dnwnwut·d sl.oping section nf the yield on cff()Jt curve. 

3. The Fjshcrics fUtd the Ontn 

We first upplied th!! mmual umdysis dcscl'ibcd in this pnpcr to the nshcry for the Westertt 

Rork Lobster cPmwlirus cygnus> ht West em Austrulht. Other llshedcs that we exnminc,t 

are the Tasmanian Rock l .. obster, th~ New Z~ahmd R~)ck Lt:>bster uncJ the Americun 

Lobster; Except for the Amci·ic~m Lobster. nH orthese. species nrc closely related and have 

~imilur life histories. ~l'he Amerlcm\ Lobster is t\ cluwed lobster, which Jives inn different 
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type of hnbitut. but like the Ptmulirtls species, is highly fecund. hns ¢X tended and complex. 

larval stages, mHl is relatively long·livcd. All four species tnk~ seveml years lO nt.tahi 

minimum legul size in the fisht~ries, and even longer t:n rcnch ,·aproductive nmtuclty. 

The rcgulntory htstnries of the four fisheries uiffcJ'. t.imitcd entry was introduced into the 

\\'estern Rock lobster fishery in 1963 cMcany lWJ9). Ptiot to this dntc~ cntty to the fishery 

had hc(!n unrestricted. \vith n~~g1Jlnt.iun limited to issucll such ns mininnm\ size Cnincc: Uw 

19th century l nnd mcu~m·t~~ tn pmlcct breeding lobsters. Thure has hccn tt series of 

rcg.ulatnl'y ctumgc~ ~ince the l96o·~; including reductions h1 th~~ number ()f' licensed pots. 

I'hc Tu~nu1nian lohstet· fishct·y hav.; n l.iU\lilar hi".tory \'r'Hh the- number of vessels h~;ing 

rcstrh:tcd in 1967 u.nd the mm1htlr of pot~ in 1972 cCnmpbdl 1989). By comrast:, th~ main 

management measure"' used in the t 'S cnmpm1cnt {lf the Amcricuu L<)bster fhhcry were 

"hortet fhh.\ng ~aas<m~. minimum nnd nmxunmn ~i7c.s. with few controls on entry (Miller 

1995 ). The Ne\v Zcnhmd Lobe;tcr fishery ~~xpencnced a rapid grnwth in the JHtmbcr of 

paructpants .md the level nr fhhing cffoft after \Vnrld \Vur H. Tht! Cishcry management 

retuincd open nccC,',S conditions unut the I t>fU)/H 1. ~euMU1 when they intrmJuccd lttdividuul 

tradeable quutas cJTQ\), [llooth nmf Breen 1994). 

Figures .1.1 t.n 3.4 ~how the data Jbr catch ond elTot'l in the nmr fisher-ies. ln the Westcm 

l~ock Lobster fi!<,hery. t10th ctrap'l} nrc usually lifh!d ct\ch duy; nnd the effort f1gurc.s are the 

number of pntlift«t. Cntchc"i ure menhttrCd in kJlngrnms uud '~uwh pol~ l.Uli.t, afforf. (CPtJE) is 

defined as catch itt kllogr.·;m1s divided hy the number of pntlifts, 

f) l • " •. '., *' ' ~ 
A!i to ·'it> ~o ce ro tti 

~!l-~ori 

catch~ 
€1fgrJ: 

)' "'f'«<'""";>''i! * ''""·"""*~·+::C."'' '\-.:~11\' ~~·~ ~.jt.•lt.'\1ir--f',7~ ~ ..... ~~·i~~#"'*"li'" 

~ ft S D W g N d M 
~lie .Cit 

H•> C~tch ~md t!l~f,rt. . ... · .. . . . .. Cb} Cntch p~r tmit ¢ff()rt; 
Figure 3;f \Vc,tet·ra Jlock l~obstcr Cl)nm: l>r N. ';ttpYih Pish~riQs 0ai7nttment of Western Austruli~l 
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The graph nf cnhr't nnd ~:ntch in the thhory (figm-u 3.ln) shows .rnpid gt·owth in b()th 

mc.~n~urcs unm the early 1960s. Thcrt'nftcr the effort sc1ie& hus C\'lntinucd to grow, but 

m..:m! ~h1wly. This growth h:m been po~hlblc hecnusc ticcm:e holders hove beer1 able to 

'uhstttute nther ll\(mts MH:h nl\ fit\ltl;.!r bnats~ and ~(1 inctcnsl.~ the level nfcfft1tt. gct;cnlted by, 

a nxc.'d number nt p,)t lit:cuccs. The cutd1lcvcl pruJ1h d!st~lnys n sc.1cufnr tt'lmd nnd n large 

\ ariancc, Tht." lt't.~nd resulted from tht~ utr..'rca~cd nmmnall~vt~l of eHhtt nnd imtwoved 

har\'c~t t~fl1clcncy~ wluk~ the \;m~mc~;,• r~·ne(.·ts lughlv \lH'Ulhle cnvimnmcrltnl condlti()t1s. 

Frgun: :~ 1 h slm\\1\ a downward tnmd m l.\lh.:h per unit effort, c<,pecmlly during the enrly 

rhc gr~\Ph' tot the: 'I\t\JlMilHltl H.tld;. lnh,t~.*r (figure .tll "thnw, it vm.y ~m1ilnr pattern. By 

~.·ontnv~t. the p:raph' fnr the New Zt~1\lund Lnh,tcr· md tin~ Annnlcan L.uhMt:l~ ;~o,hmv 

dtftl~rcnt ht~;tm·.tc~. ln New Zc~ilnnd.thc lu~hc~o..t tatchc\i \~\~r'~ achieved to the Jt)SOs. nnd 

r,\tclw~ havt' nm returned hl that level dc,prh.• <.•~.;t:alutmg \ftTort leV{~l~ during the lost three 

decade<. Aft~·r th"• tntroductmn ~ll mdtndlml tradeable qmHH\ in '1 'JRO/& l, t~ffot1. c<>nth1UI!d 

torts<.~. hut llil\ \JnC(! ndlcn. ~t\ ha' thcr !i,JZc nt the annual catdt Th'! CPUE '-\<'as highly 

\ armhl~! tMrlv tnthQ ~cnc"' and lms full<.'n Ml~ttdHy llJncc. \Ve have u shorter histmy fc)l' the 

Amencan fnh,tcr. hut thl\ shU\\~ altnn\t cml,tmn t•ntdl levels wnh 4'nnMnntly rising effort: 

~md tn l~on~,cqu~m:c r·he < 'Pl ~n lM~ cml!lt\Hmtly fallen. 

. I]. '"~ , ... ,..,.,., '''*"' 

~ ~~ ti. fA· r~ ~· r ~ ~" !i 
~-·MI 

"At t~~l !.r r,~ 111 1~ 11 e2 at i1~ 

Gll~f<W 

Utl CMch uud ctrfwt. 
Fit~urc ~.z 't_nsnmnhm Rock J.nhster 

(b) CtUc;h p~t Utdt gftort, 
U;un: tCampbt.•ll ~nd HuH W88) mtd PrMc$Sor Cnltlph~ll. 
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The scatter· dmns in figures :t5u w J.Sd depict tnovemunts ht the lcv~l orcntch rchtUve to 

effort. These graphs shnw yield plotted on effort, ns iu the )1roducthm furtction!i ~ te f\l'P 

~,ccking. \Vc have plotted smnt! t~~timutcs t>f pns~ihlc t1wductlon runctionn m1 the. grnphs 

and these will he discussed in M~clinn 5. 

\Vc have "lmwn in u recent pitpcr, that clumgc" in the disttihulion of effmt over the senscm 

.,ch pel' unn effort vanes !\Uh~t.mtinH~· ht~twccn numtht, in the sen~on. tr there ls m~ 

.. tcr~"~e m thl..' prnt'lOt'l.ion of. cffmt nllm:atcd .tn tnonth!-1 with low CPHE. lh~n the nlltlUHI 

~·peL cwhtch h a weighted uv"rug~ nf the CPUH hy tnnnthl will fallt ceteris paribus. 

+ f +- 1t ~ • .._, .!( -· .... -1.' f;: ' + -a lt- ·- ,f...""' -· 'lr -,f. 0 .•• , .. -t ., . ~ 
w (II ,, ~,, •1 41, J'J ill! n11 ~ 

··~~~~ 
• -'It ... t • -·-· " ...... ~ i'".t .... •· f ·.;·. ~- ft +· •. , ~•··"* f .. 
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Figure 4, f \Vcstcru J{«)CI~ Lufum~r Cut,:h imd JUfot\. Sh1dsU«!.~. nelnU ve trends for cntfy seaE>Ofi 
I Novt· mbcr W Jnnuuryl !:ompurcd tn the late season n:~~bnmty to June) Cot Cntch. tU'fort nnd 
Catch per Unit Hffort. 

In the case nf the Southern Zone or lhe Wustcrn Rock Lobster t1shery, graphical anatys.is 

cFigura 4.1 J ,;: ,ows thut ~ffort lms lncrcnsad f<>t the m.onths of J1~brmtt·y tl) June. CPUE ls 
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very much low~r during this peri()d than it is between November nnd Junuury. 'rhe CPUE 

hns been highct·, nnd mor~ vndublc, during the curly months of the scusons rclnt\u~ to 

CPUL Hl the later mmnhs. while showing no trcl1d in cuch period~ frhese chuructetistics of 

the dutn arc mot·,~ cvidcnl m gruphs of the monthly dt1tt~ shown in Wnllttce, Lindner and 

l)olc < l996b). The founh grnph itt Figure 4.1 shows the unuuul untn. This greph shows 

the Slll!lll positive mmd in eff<nt tUld t.he small negative trend in CPUE. 

5" R.csults 

Tables 5.1 nod 5.2 shcl\V the rc5ults of linear rcgrcss.itltlS on Schaefer and fiox modots tor 

the rom· fishedes. The rcsuhs urc f"r ordinary lca~l squares unless u Lagn:tilg'~ Muttiplier 

test' suggcstcdsignit1cm1t r<!sidunl serhd correlation. tf scriul cot'l'elution wa~ dctct;ted, the 

appropriate first or second mJc1· serial c,;orrelation \VUS fitted using the exact AR Newton-. 

Raphsun itt~.rative meth()d. Viewed shnplisUcnlly~ the results appear satisfactory •or' C)li of 

the fisheries except t.h~ American Lobster. ~"f'he coeffichmt values are comparable and 

ac:cord with prior assumptions tl:!gurding signs Rnd magnitudes, the t? stutistlcs s~tpport the. 

existence of the models. and ihc H;Lrttislics sugge~t that nll coefficients are statistically 

signit1cuut. Furthermore, the resulting estifiH\tcs or t.he sustainable yi~ld functions appear 

to mnp the actual da.ta well. us can be scett h1 the figures 3.5u m 3Sc. Recent c:n~h nnd· 

effort: duht arc iu clos·~ proximity to the ~stimated rnaximt~tn. sustainable yield. especially 

for the Oompertz model. The l0W R2 vrtlues were nnticiputcd bccnuse ofthe knowi\ 

impacts of environmental Vttriability. 
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Table 5.1 Regression results for the stnndatdSchuefet logistic model (equation 8) ";ISing all 
the uvailublc. dntu. OLS or exact AR Newtot.·Raphson iterutive method is used depending 
upon results of Lf\.1 test fQr autoregressive processes. 

Mt~thod 

Estimated Int. ,732(.0{)()) 
coeff.s R -.424(.000) 
(p vulu«!s) H ... ()31(.000) 

Parameters r .732 
of model (I , .031. 

k 56:\ 

Test Rz .334 

Statistks JI2 .'274 
J:." .. ~Ult 5.53(.001} 
d,,{).f 4.44 
DVl 1.90 

.597(.020) 
... 134(.005) 
... 355(.087) 

.597 
,:'155 

12.58 

.270 

.227 
6.29{ ,(}()5) 

:!,34 
2.29 

New 
Ze;lllllld 
Lobster 
AR(l1 

.331(.067) 
... 080(. 104) 
... 070(.037) 

.337 

.070 
59~5 

.279 

.226 
5.28(.004) 

3Al 
2.03 

Arracrican 
Lobster 

OLS 

... 03(( • .918) 

... ()(}()(.947) 
.CH5{.903) 

•.031 
... ()15 

5420.4 

.010 
.... ()66 

.14(.813) 
2,26 
un 

Table 5.2 Regres~ion results for the Fox Oornpertz !vtodel Cequutior. 16) usin~ all 
available data. OLS or exact AR Newton ... RapJ~son iterative method used. dep~!nding 
upon results of l,.,M test for autorcg1·c,:civ~ processes. 
Fishery . We..,tern Tasn1anian 

Rock J(ock 
LQbStcr Lobster 

1\fethod OLS OI .. .S 

Estimated Int. .258( .oo l) .796(.021) 
coeff.s LnR .. .442{.000} ... 509(.008) 
(p values) B ... ()26(.001) "'.466(.068) 

Parameters I' .442 .509 
of model q .026 .466 

k 68.1 10.25 

Test R~ .250 .251 
Statistics f{Z .217 .206 

F .. stat 7. 65( .oo .1) 5.68(.007} 
<to .f. 2,46 2,34 
DW L63 2.li 

New 
Zeahmd 
Lobster 
AR(l) 

.327(.062) 
"• 196(.098) 
.... ()87(.039) 

.196 

.087 
60.9 

.282 

.230 
5.37(.003) 

3Al 
2.05 

Americ~n 
Lobster 

OLS 

.764(.:486) 
... f94(A57) 
... 142(.528) 

.194 

.142 
364.8 

f03l 
·043 

.42(.660 
2,26 
L62 

In the cuse of the Americun lobster, both models perform very poorly,. The coe(ficient 

estimates ate not significantly different from zero u~corditlg to t.-tc~sts. and htth¢ case Qf 
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the Schacfc!r model the cslimmcd coefficients ~ttc negative fot' both ctttchnbHity anu 
intrinsic growth rate. The results fot' the ut:torcgn~ssivc Fox model in figure 4 are better, 

although the F .. statisti~ is not significttnt even tU the 90% confidence level.lt was not 

possible to culculutc n su.,tninable yieltl functiml from the logisdc model; but t1gur~ 3.5cl 

shows the Gmupcrtz; sustninnble yield function. 

We showed thm the uppateJUl~· good rcsul.t.s for the first three 11shedcs in table 2 nte 

illusory by repenting the regressions for· shorter time intervals. In nH cnscsf Chow test 

statistics for structunll change ( Jhu·vey 1990) are siguHicnnt for some point in the 

observed data. In the case of the Western Rock Lobster* thit; upptU'Cflt stmctutal change 

occurs in the lute I.960's. sho11ly afte.t the inumluctlon ofHntitcd entry Ucetlsihg in 

1963/64. Chow tests applied tn citllct· the Schaefer m·r:ox l\1t)dels suggest that the brenk 

occurs from 1968!69. The \Vcstcm Austmlinn l)t!pnrtmcnt uf 1..-.ishcries udvisc that 

effective enforcement nf t.he limH!ed entry regulations \vns achieved from ttbQUt the 

1968/69 'ieuson. the selecti<Ul of the ye~.t: ~hr the stt·uctural. break in the other fisheries was 

more arbitrary, mtd was bused on visual nnulysi~ of the datn and ccmflrmcd. with Chow 

tests. 

rn all fnur fishcties. the estlrnule of the cntchnbility coefficient is lower for the pcriot~ after 

the structural break. r:ot the \Vestctn Australian ttnd Tasmanian f!sheril!St the estimated 

coefficient after the break is ucgutlvc:. 'rtll.s .is conOtm(!d by running scpuratl! regressions 

for the periods before und nft.er the presumed brenk. table 5.3 hhows the results for the 

\Vestern Rock t.obster, with nuto-.regressive processes esthnuted when signi.Ocnnt. The 

regres'iiotl results fm·the other three fisheri<!s nlso resulted lomuclllower vnlues f<)t the 

cut.chabittty cuefficient:. See Wallace* Lindner and Oolc c 1996tt) for dctuHs. 
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Table 5.3. \\'~stern Rock tohste•·- dompcrtz. model. results tor selected thne 
periods. (JLS or exact AR N~~wton .. Rnphstltl it~1taUvc method used depending .upot1 
rcsult.s of LM. tc&t fcwuutorestcssivc llrQccsscs •. -~~...,....... .............. ........,.........,.~~...,.,.....,.~ ........... _, 
Thnt! Period · · l94S/6 •6718 1968/9 .. 93/4 1945/6 "' 93/4 
i\'lethod OLS ARC2l ClLS 

Estimnted tntct't.!Cpt AOZ: r .0(}()) --.415 (.068) .258 (.00 1} 
coellichmts L.nR ·.682 (.()(){)) «.46.5 (.006) ... 442. (.(}()()) 
(p \'Uiues} H ·• OJ8 C.OO I) JU l C.l17) .. J)26 ( .00 l) 

Purmu~ters r .682 .465 .442 
of mod(!l 'l Jl3& ... ()2. 1 .026 

k 47A ,.26A 68.l 

Te~t Rz .492 590 .250 
Stntistks R~ .441 .5J2 .217 

£i .. !tfat t},£18 (.no I J 7.55 ( .()(} l) 7.65 coot> 
d.o.f. ~,~0 4.21 2A6 
l:l\V 4.03 LS4 1.63 

,.·~~~~~-

An altcrnatl! VJCW nf this phenomenon i" that lbc ~iJl'cllUbiHty COI.!fl1cicnt .is changing 

~yMernaticnliy 0\'cr time. Jt i~ possible tn td.Cilt.lf)1 U rmtnbcr nf lntli\'tUUttl tCChnoJog.it;tlJ 

mnovatit'ms thnt have hu:rcn~ed uft1cicncy in lmmtmg ,:,~.nd har\feMing the Jnbstcr stc>cks. 

Some innovutions that have been introduced ttre Sntmr. "ilobal PosHimthig SoteUHcl 

improved hull designs. more cffcct1 vc pm dcs#gns,. uno cngtnc improvcJU¢t:lls .. Skl.mrers 

have progrCSSlVCJy tUkCtl Up e.,.~h or lhCSC H1t10'11Ultoi1S :OVCr ~CVernl }'<!nrs. r:urt.h(!ttnOl'Ct the 

accumulated knowl.cdge: gained frnm fishing cX11ed.encc ~utd. binlogicul tl}senrch h~\s 

mcrcascd hurvest e(f1ciency. 'fhercnuc. the: cntchabHity cocffich.nlt &hould hnve incn;us(:d 

over the. obse.rvcd time interval in all four t1sherie~ .. We cnn test this hypothesis by 

modifying the harvest cquutkm to includ(! n trend in c;Jtchubility ns i.n equation t20). The 

resulting structural cqunUmls. (2 I l for Scl~'~efct und (22) t'ot Fox,. uru highly C(lfnJ)Je:(. 
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(22) 

l 1ndcr· our hypothesis thm luwvc~t effich.n1cy incrcnses nver time, the nddilimull pltrtunctcr 

~ tr\ ~quutious (21 l nud t2Zl ~hould be pnl\itlV<!. Tnbl~ .5.4 shows thnt the nmr~Httefv·lct,st 

"quare~ cstittwtes f<W pnnUll(!ter t! il\ l~quntim1 ca:t.) Were negative nw lhc.! Western 

Australmn. ·rasmanhm, nud Attlel'k"tm Luhslt!t' fisheries. 'rhc t .. stntistics fnr the q und k 

pnrnmctcts rm the l'n!lttll\ntiltl n~hcry. nod the lJurhin .. Wutson Sl.ntisUc f'ol' the Amcrimm 

Tublc 5.~)~~nx ~toth!l.Rcsqll~L~Lst <;H4!U:~nusqnuttint1 fqt•cguntion (22) •.. 
\V~stcrn Tnsnunthm New An•ericsm 

Rock ltocJ( Ze~•hmd Lobst~r 
Lobshw tnhsh~r I~ob:;tcr 

Pm•tuuetcr 
r • ()4 .riA( .02.} .l!.H Ul l 2(62(.00) 

q • rl2 .:HH.::un .16(.05} 2.07(.00) 
k 69 l'7Li2) ,30(.32) 41 {..0()) 

g ., • (HPi ~, . tl13 ( • OPl ~. 013 (. 00} ... ~o:r~oo) 

·~.l • ~=(J • :34 *15 .32 
Rz .28 .24 
F NiA lj. 6 ( • f)()) ~L 10 L CH5) :a. sa (. 02) 
d.o.r. 3,31 3,2$ 
DW ;~ • (lB 1.~34 

II( :14 

E~timution ,,r the Schucf~r nmdet using cquution c2t) yicld(!d t·csults very sirnlJnt to those 

tor the t·nx modeL ·r·he cstuuatcCJ r1f lhc .q rmrumctct were ncgnttvc for nU of th~ Osh¢tics. 

The c.on.lm()n rcututa of the abcwc t<~'iults is that the cutchubHUy coefficictlt ht\S fulM!u ov(!r 

time m .tl! fmtr fisheries Htudicd. \Vhilc many nrthc: i»dlvfdunl results provide mther weak 

cvttlonce independently. the cumbhH!d weight oftht.t evidence is su·oug, \Vc have sttuwn 

thnt catchubility as defined in the sutplus yield model hn~ r~ncn uvcr Umc in these 

fisheries. 
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5.2 1\ttalysis tif Afantlrly /:}ata 
ln a recent unpublished paper. we showc,d thut chm1ges in the distribution of effort ovei" 

the &cason cml tnOuence trends Jn nnnunl CPtlH tWt(tUuce, ("'indnetnnd Doh~ l996b). this 

the wetghts hemp; the pn)portinn of unmml cf.fmt upp,Ucd in that mmuh. There .urc: strong 

\ChM>nill vnrialiOn~ Ul \!ntCimhthty omJ SlOL"K levels. lf the· ~eusmml <listribUlttm of ~ffort. 

the prevwus paper .. The table m the upperuhx ~b,lW~ the results of the final regression 

rccntitment vur1e~ between dJffcrent one degree ge(lgraphicnl blocks. PSl1.1 und PSlt·4 art: 

rnett,ures of recruitment derived frnm un i!'ldex. nr s~ttlement of the pueru1us larvae. 

Because annual CPUE ~~ tt wetght.ed nveruge over hnth titnc and space for the sensorh its 

value wtll he changed by nny chnngcs in the t.emporal C>r spatial distribulioti of eJfortt The 

annual CPUE for different ycurs ure nClt directly compnrabJe unless the te rnporal and 

spatial distributions of effort urc id~nticul for the different y<!urs. 

6. Iliscussion 
The ;.tpparcnt negnuve .trend ln cntchnbilit.Y is the most stgnificat1t ()UtcO.tn¢ of this 

analysis. The evidence presented in section S strongly suggests thtlt this ht1s oc¢utred in all 

rour fisheric!~ studied, und this is ~muse for concern for cconomists who use sutplus yield 

production functions irt biocconomic models, ln most industries. pt·oducdve efficiencY hus 

increased rmtrkcdly ()Vcr lime. Pot the tcnsons mnlincd in section th tbete is ~mple 
evidence to suggest that' this is ulso the cuse ht lobster fisheries~ Therefore falling 
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catchnbility is un nnomnly. nnd It i'i occessm·y to seck un explutmtiot~ elsewhere t"or n 

solution. [f WC Wish {() COJltiJll)C tO USC SUtplUS yield nltldClS lll biOC';OtlotniC nJlUl}'SiS. thlS 

matter nssumtts some cnns.idcruble importnncc. 

An adthUnnal finding is thnt the Onmpcrt.z model is prel\!rred to the standard Schuefcr 

mode~. First. the cfTnrt yteltl rclattcHt.'ihip wkcs a mnre rculistic shnpe for speuies with high 

fecundity. S\!COUd .. the etnph·tcnl fC'-Uit'l p~.!rlbtm hettt'l' .in. dinguostic tests. csrwcinlly in 

case~ like the New Zculand and. At.ncrir:an fisheries where cutdtes lmve declined over 

some po.rtmn of the time series .. 
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