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ABSTRACT

Data from two trap-fishing experiments carried ontthe east coast of South Africa targetingRiaelagoaeock lobster, along
with trawl-catch information for the years 1985-20Gre used to develop a population assessmerthifrspecies. The
assessment aims to investigate the extent, if@frtyjie recovery of the rock lobster between the pgdods of fishing, as well
as assess the current stock level and potentialefigustainable catch. The model is an age-stedttmodel and includes age-
to-length conversions in order to assess the tih@fmodel-predicted catches to length data aveifabm the trap experiments.
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INTRODUCTION

The rock lobsteP.delagoaeoccur on rocky substrata as well as trawlableesaftibstrata of mud or sand off the east
coast of South Africa and Mozambique. Pre 1994 sffexies was fished exclusively through trawlingrting in 1920
with exploratory trawling by the S.S “Pickle” onethiKZN coast. After the 1960s, lobster-directed tréighery
progressively diversified to catch other speciesofBeveld, 2000). An experimental survey was dante1994 to
investigate the potential of trap-fishing f8r delagoaen the rocky substrata off South Africa. This tesiiin a sharp
decline in catch rates and hence the experimentevagnated in 1997 (Groeneveld, 2000). A secorkeeErment was
run 10 years later from 2004-2007 to determindnéf stock had recovered and could sustain a trapriis(Boucher,
2007). Details of these two experiments are giverGroeneveld (2000), Boucher (2007) and the repafritthese
experiments.

This assessment aims to investigate the extetieafecovery of th®.delagoaeock lobster between the two periods of
experimental trap-fishing and to assess the custk levels as well as potential future sustdmalatch. The age-
structured model allows model-predicted catch-atle proportions to be computed and fit to the tbratata available
from the trap experiments.

DATA

Catch data

Catch numbers from both experimental trap fishesiesknown and have been provided by Fisheriesaibegent of
Agriculture, Forestry and Fisheries (DAFF). Exptorg trawling first started in 1920, but quantitiésken are
unknown. A trawl catch series for the years 1988009 has been provided by Fisheries, DAFF, batrimétion on the
catches oP. delagoaeand other crustaceans by the trawl fishery iscékefor the period 1961-1970 and completely
absent for the period between 1971 and 1984 (Guedthe2000).P.delagoaestraddles the border between South
Africa and Mozambique and is managed accordingviodcompletely separate management approaches. Kaowm
proportion of the catches reported for 1961-197@reated from outside South African waters, from rimd¢ional
waters off Mozambique (Berry, 1972). In this fimeliminary assessment, the pre-1985 catches hatvbegn taken
into account. The post-1985 catches are given bieThand the 1961-1970 catch series is given bieTa.

Trend information

Incomplete catch data for the first experiment pregd the running of an independent GLM. Howeveé ] &1 was run
on the data from the second experiment to obtatardardised CPUE series for the years 2004-20@7aa approach
was devised to produce a comparable CPUE serieshéoffirst experiment based on the GLM results give
Groeneveld (2000). The GLM approach is given inAppendix and the results are reported in Table 3.

Tag-recapture data
Tag-recapture data are available from the firsteexpent and these were used to verify the von Baerlly growth
curve parameters obtained from Groeneveld (2000).



Length data

Catch-at-length data are available from the trgpegrments for 1994-1997 and for the years 2004280F. These data
were incorporated in the model to inform selecjivithe reliability of these data is questionable tleey were taken
from excel files that did not give descriptions explanations of the data. Data for the years 20 2were not

provided.

Assumptions made
The following assumptions were made on parameteesand relations needed for the assessment:
Growth curve parameters; = 130mmg = 0.13,£ o = 1.5mm (growth curve is shown in Figure 12)

Weight-length relationw(a) = 0.0018¢%"’ (Boucher, 2007)

METHODS

Population Dynamics:
Note that difficulties arising from the use of #impler Pope equations in an initial assessmemnat led to the use of
the Baranov equations given below.

The population dynamics are given by:
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where
Ny'a is the number of rock lobsters of agat the start of yeayr,
M is the natural mortality foP. delagoagock lobster,
F is the instantaneous fishing mortality for ygar

R(B;’il) is the recruitment for yeay+1 given by the Beverton-Holt stock recruitment redaship (see

equation (6)),

B," is the spawning biomass at the start of the year
m is maximum age considered, and
S, is the selectivity function, assumed here to hegstic curve given by
1
Sa S g @as )
whereas ando are estimatable parameters.
Stock-recruitment Relationship
The spawning biomass in years given by:
m m
B)s/p = zwa+0.5faNy,a = zwa+0.5Ny,a (5)
a=1 a=a,

where

f is the proportion of lobsters of agethat are mature (assumed knife-edge ataggeaaken to be 5

years in this assessment), and

a

W,,05 IiSthe mass of a fish at age%, as catches are modelled as spread uniformlytbeeyear

The Beverton-Holt stock recruitment relationshifates the number of recruits at the start of yean the mature
population sector, and is given by:
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where
R, = K(l— e_M) is the recruitment at pristine population le¥ekin numbers),
K P is the pristine spawning biomass at pristinellevand
h is the steepness of the recruitment curve. thésratio of recruitment when the mature

population is 20% of its pristine level to that whé is pristine, and is taken in this
assessment to be 0.75.

The likelihood function

CPUE contribution

The model treats the CPUE estimates from the GLEputuas relative indices of abundance. It is assuthat the
observed relative abundance index is log-normasiriduted about its expected value:

l, =aN*®e® €)
where

I is the relative abundance (CPUE index) from théMGissessment for yegr

q is the catchability coefficient,
£y is fromN (O, 02), and
Ny® is the model estimate of observed exploitable faijmn size at the start of yegrgiven by:
Ng® =>'S.N, . (10)
a

The o parameter is the residual standard deviation wihdclestimated in the fitting procedure by its maxim
likelihood value:

ﬁ:\/llﬁ26nly ~Inq —InN)'fX")2 (11)
y

where

n is the number of data points in the CPUE serieg, a

q is the multiplicative bias, estimated by its maximlikelihood value:

Inqg :1/ﬁZ(InIy —Ian"”) (12)
y



Length data contribution

The model provides estimates of the catch—at—@)gao by number. These can be converted into propatafithe
catch of agex:

Pya = Cy,a /zcy,a’ (13)

Using the von Bertalanffy growth curve, these prtipas at age can be converted to proportionsragtke under the
assumption that the length-at-age distributionsaigroonstant over time:

py,,f = z py,aAa,é (14)

where A, , is the proportion of animals of agethat fall into length grougf . The A matrix has been calculated under

the assumption for each agethe length-at-age is normally distributed abdw& mean length given by the growth
curves. The standard deviation used for this nodisttibution is a function of age and proportiotathe mean length:

o, =0.01/, (15)

where?a is the mean length for ageobtained from the growth curve.

obs

To compute the likelihood contribution, supposeéary, Iy |

rock lobsters of lengthare caught. The model gives

p;f?d , the predicted proportion of the total catch tbatresponds to animals of lendthUnder the assumption that

obs
Yilo

obs

these proportions follow a multinomial distributjae probability tharle

catches are observed for lengthr

catches are observed for lenggth.. and ry"’?ns catches are observed for lengiths given by
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Fishing mortality
The catch of animals of agetaken in yeay is given by:

1- ~(M+S,F,)

Cy'a = SaFyNy'aM+—SaFy (17)

The total catch by weight is then given by

Cy =>Ww,.C,, (18)

a=0
Thus givens, N,,andM, an instantaneous fishing mortality has to be osuch that the right hand side of equation

14 equaIQ;’," from the catch history. In other words, the rodtthe equation

1 _ e—(M +SaFy)
F)=CY-»w.SFN, —M —— 19
g(Fy) =Cy ;aayy,aWSaFy (19)
have to be found.

TheF, values have been estimated by addE‘g(g(Fy ))? to the negative log likelihood
y

The final (penalised) negative log likelihood isishgiven by:
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The negative log likelihood is then converted iattikelihood value ), and both a simplex method and the built-in
ADMB minimiser were used to minimisdnL and therefore find the maximum likelihood estinsdiigr the estimatable
parameters.

RESULTS

Table 4 gives the model-estimated parameter vahred their approximate 95% confidence intervals. r€hr

population levels as fractions of the initial levedre also given. Figure 1 shows the trajectoryhef exploitable

population (in numbers), as well as the fit to @eUE trend data. Figure 2 shows the exploitablenb&s, and Figure 3
shows this same quantity as a fraction of initisntass. Figure 4 shows projections into the futungler the

assumption of different catch levels. Figures 5@ lushow the reported catch in tons and the mastehated numbers
caught. Figure 6 shows the estimated instantanéshi;mg mortality for each year. Figures 7 and I8sirate the

reported catch series from three different sourEagures 9 and 10 demonstrate the fit to lengtla,dand Figure 11
splits the 2004 catch-at-length data into the treggerimental regions. Lastly Figure 12 shows tbha Bertalanffy

growth curve that was assumed for this model.

DISCUSSION

A major issue in this assessment is the uncertabbut the catch data. Berry (1972) reports thptogatory trawling
started as early as 1920. Although quantities caaghunknown, it is mentioned that catches of @000 lobsters
were taken in a 1.5 hour drag, suggesting that#tehes were not insignificant. Berry (1972) gigetable of catches
for the years 1961-1970, but states that thesaumreliable as they include an unknown proportiorMaizambique
catches. This preliminary assessment does notpiak&985 catches into account and assumes thabfihdation was
at its pristine level in 1985, but this is cleamiyt the case. As such this is an issue which nieelds addressed in future
work. Figures 7 and 8 show reported catch ser@s frarious sources. There is a slight discrepamtyden the data
series provided by Fisheries, DAFF and that foumdsroeneveld (2000) for the overlapping years 19998 (see
Figure 7). While this should not have an appreeiaifipact on this assessment, it may be worth irgagstg. One last
concern regarding treatment of catches in thissassent is that trap and trawl catches have beatettedentically.
One would assume that the selectivity for animakemn by these two methods would not be the santethars future
assessments should possibly try to take this ictoumnt.

A concerted effort has been made to obtain a coabyarCPUE series for the two trap fishing experitagisee
Appendix). As a first attempt, a singlpvalue (the catchability coefficient, see equalt{®j) was computed for both
series. It was found, however, that a much beitdo fthe data was obtained when allowing a diffémg value to be
computed for each of the two series. A restrictweasrs imposed that thg,/q; should not be greater than 2. The
assessment seemed to favour a ratio of closedog@esting that the catchability of the lobsterslded from the first
experiment to the second. The feasibility of thésult still needs to be explored. There is someemnabout the
validity of the CPUE series. While best efforts ev@nade to obtain a comparable series, missingraoudriplete data
made this difficult, and as such the results shdnéldaken as preliminary. That said, the assessdua# indicate that
the lobster numbers did not increase substantiallthe 10 years between the two experimental tisipefies (see
Figure 1). However, for some reason, it seemstti@animals were more catchable in the second emeet than in
the first. As a next step, a second model couldrpéemented which splits the stock into a fished anfished sector.
This may better explain the trends shown by tha.dBlbe question of the validity of the CPUE sedssan index of
abundance should be considered when assessingjidiglity of these results.

This assessment allowed the natural mortality t@stemated. Exploration of the likelihood profileasved that there
was a definite maximum likelihood associated witpaaticularM value. Groeneveld (2000) gives 0.09-0.15s a
reasonable range, so thevalue supported by the data in this assessmentssesther low (0.067%). This last value
suggests that the species is longer litreth previously thought.

One aspect of the assessment was to determinénsitafuture catches. Figure 4 shows projectioms the future
under different catch assumptions. Based on thigdi, current stock levels (estimated at 3.5% itfirbiomass, see
Table 4) would be able to sustain an annual caftett most 4 tons, at which catch rate the stocklewould not show
any substantial growth in the future.

The logistic form of the selectivity function preited an MSY value from being computed explicitlycAide method
for overcoming this is to set the catch at a caoriséad run the population dynamics for a long pkb time. If the

catch is at or below MSY, then the population wéktle at a non-zero value. As soon as the catcbegls MSY, the
population will die out. This catch value can thus adjusted until the maximum value is found foriolhthe

population does not go into decline. Using thisgermethod, an MSY of 10tons was estimated.

The extension to the model to include length dategd to be challenging. Catch-at-length data 8941997 shows a
peak at the 13tnm length group, where as the years 2004 and 260v7show a peak at ~65mm (see Figure 9). Closer
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inspection of the data, as well as the graphiclayspgiven in the experimental reports, revealex for the second
experiment, large numbers of smaller animals werght in the South region, and this is respondimehe above-
mentioned peak at lower lengths (see Figure 11y fféand is not visible in the data for the firgperiment, but lack of
information about the available data files has madenpossible to explore this further. The imptica for the
assessments is that the model battles to fit butket peaks. The model is age-structured and caonersom age to
length involve the von Bertalanffy growth curveddeigure 12), as well ascavalue which determines the size of the
uncertainty about the mean length-at-age valuengbyethe von Bertalanffy equation (see equation)(IEhe value of
o was fixed rather than estimated in the model, iamdas found that low values favour the peak atdovengths,
whereas higher values efprovide a better fit to the 13®m peak. A possible explanation of this is thaargé value
of o allows the modelled lobsters to reach larger siz@sereas a small value enforces a stricter adberén
£,=130mm, thus not providing sufficient large animats fit the 130mm peak. It was decided to setat an
intermediate value of 0.1. The fit to the lengthiadean be seen in Figure 9. The length data wezd tesinform the
selectivity function (equation (4)) and the datarsed to support an almost knife-edge selectivityh vdge-at-
selectivityas=4.34, and=0.049 (see Figure 13).

Lastly, the growth parameter values need someicatibn. Tag-recapture data from the first experims@as used to
check the von Bertalanffy growth curve parametdtsioed from Groeneveld (2000), but yieldedfarthat seems low
(£,=120mm x=0.13) . Groeneveld (2000) quotes &nthat ranges from 129.3-161.2mm and aalue from 0.0691-
0.0714. The values used in this assessment ara givihe beginning of this document, and modeliteitg to these

values should be investigated.
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Table 1:Historic catch series fd?. delagoaeock lobster

Trawl fishery Trap fishery Total Catch
Year Catch (tons) Catch (tons) | Catch (numbers) (tons)
1985 272 * 0 0 27.2
1986 59.9 * 0 0 59.9
1987 36.8 * 0 0 36.8
1988 305 * 0 0 30.5
1989 16.3 * 0 0 16.3
1990 13.7 * 0 0 13.7
1991 222 * 0 0 22.2
1992 373 * 0 0 37.3
1993 378 * 0 0 37.8
1994 244 * 89.5 * 24532 ° 113.9
1995 10.826 ** 50.0 * 21354 ° 60.826
1996 10.194 ** 39.5* 23071° 49.694
1997 10.108 ** 7.4* 6000 ° 17.508
1998 5.881 ** 0 0 5.881
1999 7.824 0 0 7.824
2000 11.113 ** 0 0 11.113
2001 8.824 ** 0 0 8.824
2002 9.079 0 0 9.079
2003 5.372 ** 0 0 5.372
2004 4.021 ** 25.97 *° 46849 *° 29.991
2005 4,497 ** 15.5°° 29591 *° 19.997
2006 4,604 ** 13.62°*° 30567 *° 18.224
2007 5.136 ** 11.09 *° 33904 °° 16.226
2008 4712 ** 0 0 4,712
2009 3.912 0 0 3.912

* Groeneveld (2000)
** Fisheries, DAFF data (Neil van den Heever, pemnmn)

Fisheries, DAFF data (Excel spreadsheet, “Rdsiimp data, 94-97.xIs”), possibly incomplete
°® Scientific reports on experiments for 2004-2007

Table 2:Pre-1985 catches as reported in Berry (1972). No&¢ &n unknown proportion of these catches emafiata

Mozambique.

Year Catch (tons)
1961 300
1962 200
1963 100
1964 200
1965 200
1966 100
1967 *
1968 *
1969 100
1970 100

*Unspecified but more than nil.

Table 3:Relative abundance trend data: CPUE series frorGLiid assessment (see Appendix).

Year CPUE
1994 416.92
1995 436.06
1996 176.82
1997 125.13
2004 282.32
2005 319.91
2006 266.94
2007 97.71




Table 4:Model parameter estimates. The approximate 95%dmmde interval (taken to be + twice the standadation) is shown
in the parenthesis.

Parameter Estimate
K 879 400 [623 200, 1 135 600]
M 0.067 [0.022, 0.112]
Nog10 /K 0.145 [0.101, 0.190]
B2o10/Bo 0.035 [0.018, 0.052]
Nzo10 / K&® 0.078 [0.044, 0.113]
Bsoto /Bo™” 0.026 [0.007, 0.045]

Figure 1: Estimated trajectory for exploitable population nombers. The CPUE fit is shown. The dashed linescatel a
probability envelope corresponding to the approx@ar@5% confidence interval. Values to the righthaf vertical dashed
line show projections into the future, under theuasption of zero catch.
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Figure 2:Estimated trajectory for exploitable biomass instonder the assumption of zero future catch.
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Figure 3 Exploitable biomass as a fraction of initial iiass.The values to the right of the dashed line shovjegtimns into the
future under the assumption of zero future catch.
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Figure 4: Population trajectories for four different futuratch scenarios. The values to the right of the ethsine show
projections into the future.
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Figure 5: The annual the model-predicted catch in numbeskasvn in (a), while (b) shows corresponding regmbrtatch in tons.
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Figure 6:Estimated annual instantaneous fishing mortality.
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Figure 7: Catch series for the year 1985-2009 from two diffeswurces, Fisheries, DAFF (Neil van den Heewvers.ocommn) and
Groeneveld (2000).
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Figure 8: Reported catches including those given in Table Resfy (1972). These catches are considered to tedialsle as they
include an unknown proportion of Mozambique catches
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Figure 9: Fit to length data for 1994-1997, and for the ye2(i84 and 2007. The white bars show the observidatal the black
line shows the model-predicted proportions. The52@d 2006 data were not available.
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Figure 11Catch-at-length distributions for 2004 split acéongdto the three different sampling regions, shaatine peak at 65mm
for region South.

Catch at length distributions for 2004

3500

3000 -

2500 A

N

o

o

o
L

B South
B Central
ONorth

Frequency

[

I3

(=]

o
L

1000 -

500

375425 47552557.562.567.572577.582587.592597.5 103 108 113 118 123 128 133 138 143 148 153 158 163
CL/[mm]

Figure 12:vVon Bertalanffy length-age relationship for the paeter values given in the data section.
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Figure 13: Logistic selectivity function for estited valuesa=4.34, and=0.049.

Logistic selectivity function
T T T

0.8 B

Selectivity at age

Age
13



APPENDIX

An approach for using general linear models (GLMs) to obtain a comparable CPUE series for the two trap-
fishing experiments (1994-1997 and 2004-2007)

A full data set is available for the second expernimthus GLMs can be run on these data. The dlaizata for the
first experiment, however, are incomplete thus emtwmg GLM’s from being run. Standardised CPUE data

available from the first experiment in Groeneved®0). In an effort to obtain comparable CPUE datathe two

experiments, the GLM described in the Groenevedsith(see below) has been repeated for the datatfre second
experiment. The resulting CPUE series is assumdzktoomparable to that given in Groeneveld (2080lifferent

GLM (as was deemed appropriate) was run on the filata the second experiment and a calibration faetas

computed between these two GLM results for the redt@xperiment. This calibration factor was appliedhe CPUE
data from Groeneveld (2000) for the first experitrterobtain a comparable series for the two expeniis

GLM gpecificationsfor the first experiment from Groeneveld (2000):
Model used: In(CPUE + 6) = ,U + ayear + /Bmonth + yregion + /]soaktime + ¢phase tE& (Al)
The constan® (0.05 of the mean CPUE) was added to allow foodwirrence of zero CPUE values. The error term

& is assumed to follow a normal distribution.

Reference points are the generic first points & dbt, i.e. year (1994), month (May), area (Norslogktime (0-35
hours), phase (experimental).

The standardised CPUE is given by:
C:PUEyear = Z [exp(/’[ + ayear + ﬁmonth + yregion + /]soaktime + ¢phase) - a—.l * Aregion (AZ)

region
where the area of each regidqgon given in Table Al below.

Table Al:Areas for the three sampling regions

Region Area
South 414.4kh
Central 340 krh
North 92.2 km

The standard set of factors were selected to belssgrphase (commercial), month (July), soak tireé-{2 hours),
corresponding to the categories with the most datats.

Table A2:GLM parameters from Groeneveld (2000)

Parameter | Estimate

Intercept -1.0117
1995 0.0435
1996 -0.8153
1997 -1.1317
south -0.3605
central 0.1925
June 0.2421
July -0.091
August -0.0688
September -0.9206
36-72 0.1317
>72 0.1539
commercial 0.6317
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Table A3: CPUE series derived by applying the parameter gajien in Table A2 to equation (A2), wheﬁmomh, Vregion: Asoaktime and

¢phase are parameter values corresponding to the stargantitions described above.

Y ear Standardised CPUE Proportional change Mean CPUE
1994 547.4 104 374.
1995 572.6 104
1996 232.2 472
1997 164.3 30

Table A4:Results from the GLM run on data from the secomegiment according to the above specifications:

Y ear CPUE Proportional change Mean CPUE
2004 443.5 104 317.4
2005 301.1] 68
2006 282.4 64
2007 242.6 55

Independent GLM assessment on data from second experiment:

Model: C =Te" (Poisson model)

where C is number of lobsters caught, T is the rermolbtraps, and L is given by:

L=+ 0year + Bronth * Viegion T Mrap-type T Asoaktime + Gutepth (A3)
where:

7] is the intercept,

year is a factor with 4 levels associated with the gdae. the Season-Years: 2004-2007),

month is a factor with levels associated with the fighmonth (months 5-12),

region is a factor with levels associated with groupirgjsfishing regions (South, Central and
North),

trap type is a factor with levels associated with the trgpetyplastic or bee-hive),

soak time is a factor with 3 levels associated with the stiale period (“1” <35 hours, “2"= 36-71
hours and “3” is >72 hours, and

depth is a factor with 5 levels associated with fishtepth ranges ( “1” for depths < 200m, “2” for
200-274m, “3" for 275-324, “4” for 325-375 and “&r depths= 375 m).

phase is a factor with two levels for commercial and expental phase

line is a factor with four levels associated with lirmndition (good, tangled, broken and missing,

where missing corresponds to a set of data paimta/fiich the line condition is missing, all
for area South in the year 2007)

In this application the CPUE has been standardisethe year 2004, month September (9), region @kritap-type
plastic, soak time “2” and depth “5”. The data useste those resulting from the experimental phasg, @nd only
data points for which line condition was good h&een used (i.e. those data points for which nodomdition data
were available have been excluded).

The standardised CPUE series is obtained from:

Z ((exp(/’[ + ayear + yregion ))* Aregion )

region

CPUE,, = (A4)

year

where:
Aregion IS the surface size of the region concerned, givdrable A** below.
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Region Area
South 414.4kih
Central 340 krh
North 152 ki

Table A5:CPUE series for the second experiment resulting fitee GLM assessment

Y ear CPUE Proportional change Mean CPUE
2004 282.2 104 241
2005 319.9 113
2006 267.0 95
2007 97.7 35

Calibration

The calibration factor is the mean CPUE series ftoeindependent GLM run on the data from the sgéexperiment
(see Table A5) divided by the mean CPUE from thé/Gun done according to the specifications in Geaid (see
Table A4). Results given below:

Table A6:Scaled CPUE series for the first experiment

gl()m Table A4) 317.4
é:i)m Table A5) 2417
Y ear CPUE (Table A3) Scaled CPUE (CPUE* 4,/ 14) | Proportional change
1994 547 .4 416.9 100
1995 572.6 436.( 106
1996 232.2 176.8 4p
1997 164.3 125.1 30

Figure Al:Re-scaled CPUE series. In this plot, ‘1’ corresgotudithe independent GLM applied to the secondrixgat’s data (Table A5), ‘2’
corresponds to the GLM applied to the second ewpmni’s data according to the Groeneveld (2000)iSpations (Table A4), ‘3’
corresponds to the GLM results for the first expemt from Groeneveld (2000) (Table A3), and ‘4’ corresporathe CPUE series
rescaled using the calibration factor (Table A@Xi&s ‘1’ and ‘4’ are taken to be comparable.
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