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‘Why Harvest Efficiency Appears to Fall Over Time in the Production
I‘!mctmns of Fisheries | : ,

I, B, Wailace, R.K, Lindner, and D.D. Dole *

Abstmct
' Haryest efficiency n the production functions of fisheries should in“cr‘c‘a‘;é over time with
the introduction of new technology and with mere‘mng knowkdgu of the bmlugy and
hehwiour nf the target species. This implic;"; that the vs*im‘ated catchability cc;e.ﬁﬂcmntsv of
, C}ordon - Schaefer or Fox muedels ahmﬂd also increase aver ime. We estimated poth
ouelv. usm;, annual cateh and effort dato tﬁ* imix‘ lobster mmnes and cnmparnd ihe
regression r&xulzs mr diffiznt “ime periods, We 'ﬂa estimuated moditxcd fj‘orms af the
models with a time trend 14 the harv. equation, Both ap,..:a.mhes show zlmt the estimates
of the catchability coetficients have dacrersed “zbn mntz; over time in all four fxshenes
We suggcst that one important saurce of ts anomaly is the use nf annual aggrégat‘* cmn
and effort data, To test this hvpothcmm we exaimined trcnds in the dmtrlbuttou of ef fort
over the season, and thmr effect on annual cateh pw unit cffnn The results show that -
s | methods baged on angregme annual catch and effort data cun mtroducé spurious mmds in ’,
annual catch per unit effort, and hence in catchability estimates, Estimation qf production
functions for bioeconamic modellmg should use catch and effort d’xta that i i

disaggregated bath temporally and spatially.

Keywords: Fisheries : production functions : biocconomic models ; catchability
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1. Introduction

In this research we have used time series data for fohc lobster fisheies to examine the
empirical performance o!’prddua.ti.on funciinns of the surplus yield type. We looked at thc
Schacfer and Fox models, and a mmber of extensions to mcsc models, Our intention was
to assess whether the models incerporate adeguate biological x‘tlauonshxpﬁ, andare
sufficiently tractable to permit rigorous cmpmcal Analvsxs within a bioeconomic
framework. An unexpected result of this uu«xlvsm was (hat the csum'ucd e ‘l‘lblllW
coefticient, and by imphcauon the harvest efficiency, appears to be falling over time jn all

four fisheries.

Surplus yield niodels meorporate the stock externality into biaeconomic analysis by
including dynamic biological relationships in the pmducuon function. Section 2 deacribes |
the most comnionly used forms, namely the Gordon/Schaefer (Gordon 1954; Schacfer
1954; Schaeter 19571 and Fox ( 1970) mcvdelx. The Gordon/Schacler model uses a logisnc
growth equaticn, while the Fox model uses a Gompertz growth cquation. Secuon 2also
describes a technique mnoduecd by Schnute (1977) which simplifies empirical analgsm
using both the Schaefer and Fox models. ‘1"1us technique requires only catch and effort
data. and has been used extensively by hoth ceonomists and biologists. More recently,
hiotogists and fishery managers have largely abandoned the use of surplus yield models
for the reasons given in section 2,6, However, ¢cm16mists still use them to ipvestigate the

determinants of sustainable cqnilibrium conditions in {isheries.

Section 3 gives a brief description of four invertebrate fisheries, and presents and
discusses the annual catch and effort data for the fisheries, In Seetion 4 we introduce the
monthly catch and effort data for the Westein Rock Lobster fishery. During the history of
the fishery there has been a marked change in the distribution of effort over the season.
Section 5 presents the results from cmpmcnl analysis of the models presented, u%mg data

for the example fishieries. The results, including the anomalous negative trend in
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catchability, are discussed in seetion 6. We present a partial explanation using the

monthly data,

2. The Surplus Yield Model

2.1 The Gordon-Schaefer Model
Equations (1) to {3 show the structure of the produgtion Tunction in the Gordon -
Schacefer model tGordon 1954; Schacler 1954; Schaeler 1957), The stochastic term s

omuitted.

N Xy =X, =r X, ‘[l‘“ ‘{Z}" H,
() H,=q E, N,

) R =
&by

=4 X,

The variable X, is total biomass w year (, H, is the level of harvests or sutches by weight,
and £, is the Jevel of ﬁﬁhin’g effort applied (eg pot lifis). The first term in equation (1) -
represents natural growth in biomass as a logistic function of the l‘aggcd stock, This
implies that natural mortality, growth and reproduction are density dependent. The
parametcr & is the average stock size that would ocear in the absence of fishing, and is
sometimes known as the eeiling stock size. The parameter ris the intrinsic natural growth
rate. The second term in equation (13 1s annual [ shw}:, mortality. defi ned in equation (2)

as a linear function of current biomass and tbe Ievel of fishing effort ;lpplled The
coefficient g is u fixed coefficient of catchabil ity. Ideatity (3) defines the term “catch pér
unit effort™, CPUE or R, which is a proxy for biomass. This xdcnmy is included because

population bioniass X, is not ahsnrv.xhlc *md is usually very difficult to estimatc.
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In the absence of fishing, the population biomass of the target s‘p’cciczs% would vary
stachastically about an average stock size k. In the event of  single shock, the biomass
would approach k asymptotieally. The effect of ﬁshing af a constant sustainable level is to

progressively reduce the average biomass w an equilibrium level lower than &,

Schnute (1977) proposed w method for estimating this model using only cateh and effors
Jdata. This method involves substituting equation (3) into equation (1 to obtain either of
the reduced forms in equations {41 ar (5).

(4) Ry =B =rR~ [;m R -q H,
gk

() wm:,.{.:m,wWR wq B
R, gk

Annual biomass and ‘harvmts will vary stochastically about average sustainable levels,
Equation (6) shows the relationship between the level of effort and average sustainable
vield tASYY. Differentiating equation (6) with respect to ;zﬂbrt and setling the result equal
(o 7ero gives he level of effort mqui’be.d 1o retiten “;!ie maximum sustaimable yield (M$Y).
Equations (73 and (8) show the resulfing relationships. Assuming that the sale price (p)
and marginal factor cost (¢) are both sonviant, equations (93 to 11y show the estimates for
marginal sustainable revenue (Mlm. optimal effort ;I{i’h and makiwmm sustainable

economic rent {11).

(6) A.‘?Yﬂq-k,[;,[]mq £

F
(7) YA m“*“"""""‘
Mﬂ 2. q

(8) MSY= %ﬁ
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(9) MR =p qk {l w;wtf‘“ﬂ“]

el BT ). :
(10) 1:* U,(.zq)“i o ‘/"*))
an M=pghkd h ‘1.;!3}”.,,;

Note from equations (71 and (101 th, 1t the marginal eost1s not zero, the econontic
optimum level of elfort iy unambiguously lc':ss than the etfort level that g,encratt:ﬁ
maximum sustamable v eld. The economie npnnmm average yield is also less than
maximum ststamable yield. The estent to which B 1 Tess thiun Hli‘lc"; with the ratio

of marginal fiactor cost ta price,
2.2 The Fox Gompertz Model

In this model, the Gompertz funetion in equation ¢ 12) seplaces the logistie growth
component in equation (11. The reduced f’urm of this model is'r:q‘mitirm t13). The
relationships for average sustainable yield, maximum sustainable yield and the
corresponding el um level are derived as for the Schacfer model, and the resulting
equations are {14) to (16). Similarly, equ.m()m {17) and (18) show lhe marginal
sustainable ezonomic yield and maximum sustainable cconomic rent functions.
12) X=X =r X -(Lnk=LnX,)=H,

R“‘{ R, k= e Lt k) =1 Ln(l;)wﬂi

t

a4y asy=qok-Eeonp{ 5]

. L rF
(‘5) f:‘MS}’ ﬁ*;;
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(16) M‘S}"'w-k-z:xp(ﬂﬂ

qI

(17 MR, ezp q-k- Mp[mww [
(18) [T=pgk E cxp[ q 'f]«m(nffi

The level of effort that returns the maximum sustaimable economic yield is the solution

for £ 1 equatien (19).

£

w e lg Y
{1 9) 4+ Wm?mw . pr{‘ ‘amem g o
ryg ok roloq

The left hand side of equation (19) is greater than or equal to " since all parameters are
posutive. Therefore the optimal effort (7Y 1 unambiguously less than that which yields

the maximum sustainable yield, as m the Gordon - Schaefer model.

2.3 Comparison of the Gordon » Schacfer and Fox Models

For both models, the time path of ﬂdjusumnt after a sm;,lu shoeh to the biomass is
asymptotic. Figure 2 3.1 shows the response to a sustained disturbance, such as the

introduction of fishing.
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Figure 2.3,1 Schacfer (logistic) versus Fox (Gompertz), Time path of harvest aner the intraduction of
fishing at various levels of effort.

The sustainable yield funetion for the Fox model (equation 14) s not symmetﬁb, butis ;
skewed to the right. Figure 2.3.2 compares the sustainable yield functions for logxsuc and
Gompertz growih models with parameter values similar to thm estimtmad for the
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Western Rock Lobster, At high levels of effort, the levef of harvest remains high in the
case of the Gompertz production function, This implies that the level of sustainable

harvest is much more robust to high effort levels thar in the Jogistic ease.

? .

Qoirpbls |

v R EAN e e T e e S
[ B b L] a
Bt

Figure 2.3.2 Comparison of the sustained yield functions for the Logistie and Gompertz models.
i v

The skewed sustamed yield function for the Gompertz (Fox* model is more realistie for
many fisheries. All of the lobster species discussed in seetion 3 have high fecundity,
Therefore the population biomass should exhibit considerable resilience in the face of

fishing pressure and we would expect o skewed yield function.

2.4 Criticisms Of Surplus Yield Models

Fishery scientists cite evidence that the natural rates of growth, mortality, reproduction,
and vuilnerability to fishing gear vary significantly hy nge, They argue that growth and
harvest functions based on total population biomuss are ’tmr'c:.iiﬁblﬂ. When appropriate data
is available, scientists prefer growth and harvest functions Dased on the number of
individuals of various ages or size cohorts in the population (Sehnute 1987; Hall 1994),
These may be incorporated in simulation models using formightly or monthly time
intervals and small geogmphic areas (Walters, Hall et al, 1993, M}:C}mvéfy et al. 1996).
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Furthermore, multiple regmsxon models that include current effort and lagged indicators
ol the environment (or juvenile abundance) often give reliable forccasts of harvests, These
models exclude the lagged impacts of past fi shing imortality on the bueedmz, a.mck {Orach-
Meza and Saila 1978: Phillips, Cruz et al. 1994; Caputi, Chubb et al. 1995).

For all four of the lohster species mvestigated in this paper, the tine lags from spawning
(o hoth reerugtment and reproductive matarity far exceeds one year. Therefore modelling
changes in current bromass as 4 fancuion of blomzss in the previous year only is unlikely

to fully capture the hiological effects of fishing.

Early results using Gordon - Schaefer piodels for some fisheries sugpasted a degree of
success in using the models ta prediet optimal levels of either effort or harvest as Largets
for fishery managers. 1t has proved to be more difficult 1o obtain reliable cstimates of the
individual paraneters of the models. Uhler (1980} examined the estimation technique
described in seetion 2.1 using both theoretical analysis and Monte Carlo techniques,
Under the Schaef‘ek assumptions, and with the additional ‘assumptiony of a stochastic
harvest equation, Uhler showed that the technigue yields heavily biased estimators for the
catchability and intrinsic growth rawe paramesers. However, the estimators of optimal
effort and harvest have a much less severe bias. Towssend (19861 examined the use of
surplus yield models in the American Lobster fishery and demonstrated that the models

failed to identify the downward stoping section of the yield on effort curve,

3, The Fisherics and the Data

We first upplied the annual analysis deseribed in this paper to the fishery for the Westerti
Rock Lobster (Panulirus cygnus) in Westeen Australia, Other fisheries that we examined
are the Tasmuanian Rock Lobster, the New Zealand Rock Lnbstcr and the Amen‘cun‘
Lobsier, Except for the Amca jcan Lobster, ull of these species are closely related and !mw

oimilar life histories, The American Lobster is o clawed lobsier, which lives in a diffcrent
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type of habitat, but like the Panulirs species, is highly fecund, has extended and complex
larval stages, and is relatively long-lived, All four species take several years w attain

minimum legal size in the fisheries, and even longer to reach reproductive matarity.

The regulatory tstories of the four fisheries Lixffcr Limited entry was introduced into the
Western Rock lobster fishery in 1963 (Meany 1979), Prior to this date, entry to the fishery
had been unrestricted, with regﬁlzu’idn limited to issues such as minimum size (since the
19th century) and measures to protect breeding lobsters. There has heen a series of
regulatory changes since the 1‘—)(1()*5« including reductions in the number of licensed pots.
The Tasmantan Jobster fishery has asimilar history with the pumber of vessels being
restricted in 1967 and the number of pots in 1972 (Campbell 1989). By contrast, tﬁc main
management measures used in the 1S component of the American Lobster fishery were
shorter fishing seasons, minimum and maxtmum sizes, with few x:omrcils on enfry (Miller
1995). The New Zealand Lobster fishery expertenced a mpid; growth in the pumber of
participants and the level of fishing effort after World War IT. The fishery management
retained open aceess conditions until the J9R0/81 season when they introduced individual

tradeable quotas (ITQs). (Bootls and Breen 1994).

Figures 3.1 ta 3.4 show the data for cateh and effort in the four fisheries. In the Western
Rock Lobster fishery, pots (traps) are ustially liffed each day, and the effort figures are the
number of potlifts. Catchies are mensured in kilograms and eateh per unit effort (CPUE) is

defined as cateh in ilograms divided by the number of potlifts.
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Figure 3,1 Western Roak Lobster (Data; Dr N. Caputi, Fisheries Dapmnunt of Westerm AuSlml i}
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The graph of offort and eatelom the i*:x’hcry (figure 3.10) xlmm rapid growth in both
measures until the ey 1960s, ‘I"lmrén (ter the effort series has continued to grow, but
more slowly. This growth bas been possible because licence holders have beer able to
substitute other mputs stieh s fuster boats, and o incrense (he level of effort generated by
a tixed number of pot licences. The cateh level graph displays a secular teend and large
variance. The trend resulted from the wereased nommal level of effort and improved
harvest efficiency, while the variance reflects highly vaviable environmental conditions,
Figure 3 1h shows a downward trend i catch per unit effort, especially during the early

vears of the dati.

The graphs tor the Tasmanian Rock Jobster (figure 3.2) show v&:ry s‘xmilar‘mtmnu ‘}3y
contrast, the graphs for the New Zeatand Lobster and the American Lobster show
different lustores. In New Zesdand., the tughest coarches were achieved in the 19505, and
catches have noi returned to that level despite esealating cffhﬂ: levels during the Inst three
decades Ater the introduction of individual rdeable quotas in 1980/81, ¢ffort continued -
to rise, but has sinee fallen. s his the size of the annual caich. The CPUE was highly
vartable early i the serres and has Gallen steadily since. We have i shorter history for the
Amencan fobster, but this shoses almest constant cateh I«m:lx with constantly rising effort

and m consequence the CPUT as consistently Fallen.

, #
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(1) Catehs snd effort, (b) Catchi per unit effort,

Figure 3.2 Tasmanian Rock Laobster Data: (Campiel! and Hall 19883 and Professor Campbell,
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The scatter charts in figures 3.5u 10 3.5 depict movenients in the level of cateh gc!mix@ o
offort. These graphs show yicid plotted on effort, as in the production functions * 1 ore
seeking. We have plotted some estintates of possible production functions on the graphs
and these will be discussed it section 3, ‘ |

4. Spatial and Temporal Distribution of Cateh snd Effort
We have shown in a reeent paper, that changes in the distribution of effort over the season

can introduee trends in annual CPUL These trends are independent of chan 124 1 slock

levels or harvest elficiency (Wallice, Lindner and Dole 1996h). This aceuts beeause the
ch per unit effort varies substantilly between months in the season, IF there is an
acrease in the proportion of effort allocated (o months with Jow CPUL, then the aonual

CPUL (which I a weighted average of (he CPUE by monthy will Fall, ceteris paribus.
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Figure 4,1 Western Rock Lubster Cuteh and Fffort Statisties, Relative trends for early season
(Nove mber 1o January) compired o the Jate season ( February to June) for Catch, Effort and
Cateh per Unit Effort. : ‘ '

In the case of the Southern Zone of the Western Rock Lobster fishery, graphical analysis

(Figure 4.1) «.ows Lhat effort s inereased for the months of Februgry to June, CPUE Is
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~ very much lowér‘ during this periéd tb:m; it is between November and January. Tﬁe CYUE
has &cen higher, und more variuble, during the carly months of the seasons relative to
CPUL m the later months, while showing no trend in each period, These characteristics of
the data are more evident in graphs of (he monthly data shown in Wallace, Lindner and
Dole (1996b). The fourth graph in Figure 4.1 shows the annual data. This groph shows

the small positive wend in effort, und the small negative trend in CPUE.

5. Results

51 ‘.=iimualy Analysis

Tables 5.1 and 5.2 show the results of linear regressions on Sehacfer and Fox nuidé‘;s for
the four fisheries. The results are Yor ordinary least squares ghless a L,ag,rnugt’ Muitiplier
{est suggested significant residual serial correlation. ¢ serial correlation was detested, the
appropriate first or second order serial gurrelation was fitted using thc exact AR Newton«

' Rap‘hscm‘ iterative method. Vlc\'vcd § mphstmally, the results appemf .ayausfactory joralf of
the fisheries except the American Lobster. The coefficient values are comparable and
accmd with prior assumptions regardmf, signs und magnitudes, the I statistics suppom the
existence of the models, and the t-statistics suggest that all coefficients are st xtlbllCdlly
Qigniﬁcam Furthermore, the resulting estimates of the sustainable yield‘ functions appear
1o map the actual dam well, as can he seen in the figures 3. 510 3.5¢. Rwent cateh and

effort data are in closz proximity (o the estimated maximurn sustainable yield, especially
for the Gompertz model. The low R values were anticipated because of the known

. impacts of environmental v: xrmbnlity

V7101097 B2



Table 5.1 Regression results for the standard Schaefer logistic model (equation 8) 21sing all
the available data. OLS or exact AR Newtor.-Raphson iterative method is used depcndmg
upon results of LM test for autoregressive processes.

Fishery ' Western  Tasmanion  New  American
Rock Rock Zealand Lobster
Lobster Lebster Lobster ,
Method AR(2) OLS AR(D OLS
Estimated  Int. TINO000) 5970200 3IN06T)  -031(918)
coelt,s R -A240000)  -I340005)  -080(102)  -000(.947)
(p values) E 0310000y -3550.087)  ~070(.037) 015(.903)
Parameters  # 32 597 Ay =031
of model 7 031 355 070 =015
k 563 1256 595 54204
Test R . 270 279 010
Statistics R? 274 2227 2% 066
Festat S 8530000 6.290.005) 5.28(.004) 14(.873)

DW 19 229 203 181

Table 5.2 Regression results for the Fox Gompertz Model (equation 16) usine all
available data, OLS or exuct AR Newton-Rapson iterative method used depending
upon results of LM test for autoregrescive processes,

Fishery ~ Western  Tasmanian New  American
Rock Rock  Zealand  Lobster
~ Lobster Lobster Lobster
Method OLS OLS AR(1) OLS
Estimated  Int. 2580001)  .796(.021)  .327(,062)  .764(.486)

coeff.s LoR  -442(,000) -.509(.008) -.196(.098) -.194(.457)

(p values) £ -026(.001)  -466(.068) -.087(.039)  -.142(.528)
Parameters r 442 509 196 194
of model ¢ 026 466 087 42
ko 68.1 10,25 60.9 364.8
Test R 250 251 282 031
Svatistics R? , 217 206 230 043
F-stat  7.65(.001)  568(. 007) 5.37(003)  42(.661)
DW 16 aa7 205 L&

In the case of the American lobster, both models perform very pootly, The coefficient

estimates are not significantly different from zero according to t-tests, and in the case of
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the Schacfisr motel the estimated coefficients are negative for both catchability and
intrinsic growth rate. The results for the utoreptessive Fox modai, in figure 4 ure hetter,
although the ¥-statistic is not significant even at the 90% confidence level, It was not
possible to ealculate a sustainable yield function from the logistic model, but figure 3,5d

shows the Gompertz sustainable yield function,

We showed that the apparently good results for the first three fisherics in table 2 are
illusory by repeating the regressions for shm‘tcr lime infervals. In all cases, Chow est
statistics for structural change ( l'{m*vey‘ 1990) are significant for some point in the
observed data. In the case of the Western Rock Labster, tliis apparent sttuctﬁm’t change
oceurs in the late 1960°s, shortly after the introduction of limited entry licensing in k
1963/64. Chow tests applied to either the Schaefer or Fox models xuggést that the break
occurs {rom 1968/69. The Western Australian D«:pénrtmgm of Fisheries advise that
effective enforcement of the limited entry regulations was achieved from about the
1968/69 season. The selection of the yeu: *r the structural break in tie other fisheries was
more arbitrary, and was based on visual analysis of the data and confirmed with Chow

tests.

[n all four fisheries, the estimute of the x:aich.nbility coefficient is lower for the period after
the structural break. For the Western Australian and Tasmanian fisherivs, the estimated
coefficient after the broak is negative. This is éainﬁrmcd by runining separate regressions
for the periods before and after the presumed break, Table 5.3 shows the results for the
Western Rock Lobster, with auto-regressive processes estimated when signi,fieant, The
regression resulis for the other three fisheries also resulted in much lower values for the

catchabitity coefficient. See Wallace, Li ndrier and Dole (1996a) for details.
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Table 5,3, Western Rock Lobster - Gompertz model results for selected time
periods, OLS or exact AR NowmmRaphsml iterative method used dcpendmg upon
results of LM lest for autoregeessive processes,

Time Period 1945/6-67/8  1968/9-93/4  194/6 - 93/4
Method : OLS AR(2) OLS
Estimated Intereept 402 1.000) -.275 (.068) 258 (001
coefficients LoR 082 1.000) -465 (.006) -442 (.000)
(pvalues) B 03800 02LCHT)Y =026 (001)
Parameters  r 082 465 442
of model o 38 -021 026
y 474 =204 68.1
Test R 02 590 .50
Statistics R® 41 a2 217
Fostal 968000 .550.000) 7.65 (.001)
dof. 2.2 4.2 2460
DW 203 o lea 163

An alternate view of this ph.ckmmcmm is that the catchability coefficient is changing
systematically over time. 1t is possible to wdentify a number of individual technological
mnovations that have increased efficieney in focating and harvesting the lobster stocks,
Some innovations that have been introduced are Sonar. “Hobal Positioning Satellite,
improved hull designs, more effective pot dcsﬁgns, and engine improvements. Skippers
have progressively taken up each of these innovations {)V&J‘ several years, Furthermore, the
accumulated knowledge gained from fishing experience and biojogical research has
increased harvest efficiency. Therefre, the eatchability coeflicient should have ineseased
over the observed time interval in all four fisheries. We car test this hypothesis by
modiflying the harvest equation to include g trend in eatchability s in equation (20), The

resulting structural equations, (21) for Sehaeler and (22) for Fos, are highly complex.

(20) H,=q-Q+g-TV £ X,

o Ry =R - [ o
2 i IR (N H L
20 R M 2 I’ Hira T 1[1” T gk T ,M,,y«)z - L’]
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Under our hypothesis that havvest efficiency increnses aver titne, the additinnal parameter
g in equations (213 and (22) should be positive. Table 5.4 shows that the ton-linear least
squares estimates for pummeter g in equation (22) were negative for the Western
Australian, Tasmanian, and American Lobster fisheries, The t-statistics for the ¢ and k
parameters for the Tasmuntan fishery, and the Durbin-Watson statistie for the American

fishery are poor.

Table 5.4 Fox Model Result of non-lineir least squares estimation for equation (22).

Western Tasmanian Newy American
Rock Rock Zealend Lobster
Lobster  Lobster Lobster
Parameter :
r 64 L681(.02) 39061y 2.62(.00)
q 02 CARLL 38 L160,08)Y  2.07(,00)
k 69 174, 32) 30¢(,32) C41(.00)
g -, GO% 013,000 -.013(,00) - B2 1,00)
R4 6 .34 15 .32
o | .28 24
o N/id : GL84.00) 2, 70(.08) 3.88(,02)
d.0.f, 3,33 3,25
bw__ : RO L O DR 22

Estimation of the Schagfer model using equation (21) yielded results very similar to those

tor the Fox model. The estimates of tie g parameter were negative for all of the fisheries.

The common feature of the above results is that the catchabﬂity caefficient has fallzn over
time 1 ull four fisheries studied, While many of the individual resulis provide rather weak
evidence independently, the combined weight of the evidence is strong, We have shiown
that cmchability as defined in the surplus yield model has fallen over time in these |

fisheries,
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5.2 Analysis of Monthly Data ,
in a recent unpublished paper, we showed that chanpes in the distribution of effort over

the season can influence trends annual CPUE (Wallace, Lindner and Dol 1996b). This
effect ogenrs because annual CPUE s weighted average of the CPUE by month, with
the weights huing the proportion ol anual effort applied in that month, There are strong
weasonal variations tm cachabiity and stock mm‘s, 1 1he seasmnm distribution of effort
changes, then annual CPUE must also change, celens paribus. For the same rc.nsim,
changes 1t (he spatial distnbution of effort will have similar effects. Figure 4 1
demonstrates these «:hungﬁs,ram} further esidence ean be obtained from the regressions in
the previous paper. The table in the appendix shows the results of the final regression
from that paper. These demonsirate that monthly CPUE exhibits strong seasonal effects
(the terms Sxo 10 Siun are seasonal dummies). It also shows that the effect ‘mf‘ new
recruitment varies h;am'em different one degree geographical blocks. PSIy and PSIi4 are
measures of regruitment derived from anindex ol settlement of the pueruius larvae,
Because annual CPUE is o weighted averuge mverbﬁth time and space for the season, its
value will be changed by any changes in the temporal or spatial distribution of effort, The
annual CPUE for different years are not direetly comparable unless the temporal and

spatial distributions of effort are identical for the different yeurs.

6. Discussion

The apparent negative trend in catchability is the most significant outcome of this

analysis. The evidence presented in section 5 strongly suggests that this has oceurred in all
four fisherics studied, and this is zause for concern for cconomists who use surplus yield
production funetions in bioccmmmié models, In most industries, productive efficiency hus
increased markedly over time. For the reusons outlined in section 5, there s ample

evidence to suggest that this is also the case in Iobster fisheries, Therefore falling
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catchability is an anomaly, and it is necessary to seek an explanation ¢lsewhere for o
solution. [f we wish to continue to use surplus yield models in bioesonomic anulysis, this

matter assuties some considerahle importance,

An addrtional finding is that the C‘imnpcm model is preferred to the standard Schaefer
madet. First, the effort vield relationship takes w more realistic shape for species with high
fecundity. Second, the empirical results perforn better in dingnostic tests, espeeially in
cases like tie New Zealand and Ameriean fisheries where catehes hiuve deetined over

some portion of the time series.
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'APPENDIX

Regressions of CPUE by wonth in the Western Rock Lobster Fishery (rom 1972/73 to
1993/94, using an ARCL2,3,8) process. (p values in brackets)

e | T T [T e T T

Ston LTS ) S 1 S 23 RS U I W T4 G 5 20 -1
Siree AT LRy IR onLaly TR (L2100 -aABl (L10)
Stan RER {08 G1d L) ALt Gely o L518 (.01)
Sret NI R LA m’m LT (.’06) L5699 (,60)
Snta R pAYLEI .60 w99 (0 LB4E (.00)
Sap 44n 1 Ay A5 {041 692 (.00 741 (.00)
Satay CERAR AR 1L 00) SHAL 1L 597 1.0
Shun AR e e 3 4T 1.00)
LatPSl gsSpe, 3o et Led ol LeLe 1 L7 1,02)
LaPSL xSy oot .
LoPSh usSae 70 ke

L0t PST,.4)%Shoy BB 5505 ;;iy Cibu k’,‘!‘}m Al Ly L] L.MJ
Lt PST 1125 pe CAgho oy VRN R ,_%ﬁm 1.0 L3298 (.0
LPSL a1 #S i SO S s .00) L 1D4 1.02)
R-bar? AR RO 730 (RS0
Fotatistie 387 €000 4n.KS L0y 31.13 .00 54,37 (.00)
DWW PR 1.98 1.9t "
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