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A summary of the General Linear Modelling approachapplied to standardize the
CPUE data for the offshore trawl fishery for Merluccius capensis and M. paradoxus
off the coast of South Africa.

J.P. Glazer and D.S. Butterworth
Introduction

The models applied to standardize the CPUE datMefluccius capensisand M.
paradoxuscaught offshore off the coast of South Africa smenmarised here. This is not
straightforward because CPUE indices are requitedeaspecies level, but the offshore
trawl commercial catch data are recorded only fithispecies combined. Consequently
algorithms developed by Gaylard and Bergh (2004hjciv make use of species
proportions by size at depth, as estimated froreareh surveys, have been applied to
split the hake catches by species at a coast (st and south) before combining the
data from both coasts to perform coast-combinedispespecific analyses. Note that this
approach can be used from 1978 onwards only, astprthat the depth of drags was not
recorded.

The data used in the analyses are obtained fronMtrene and Coastal Management
(MCM) demersal database. A fair amount of pre-pssing of the data is necessary to
ready them for GLM analysis purposes. This includecumulating the drag-by-drag
data on a daily basis per vessel and applying ndeslentify and exclude potential
“outliers” from the analyses. The daily accumuatiis necessary because in certain
cases operational constraints prevent the recordirgatches per trawl. In such cases
effort is recorded per trawl, whereas the catchtlierday is logged against the effort of
only one of the trawls (usually the last) of they.daAlternatively, the skipper may
average the daily catch across the drags of the day

Separating the species

The algorithms from Gaylard and Bergh (2004) thatevused to split the catches by
species are summarized below. These splits are foadach trawl.

The proportion oM. capensisn size categorgin each trawl is given by:

1
= _ 1
s (1)
For the west coast:
B, = Jd~(d,+a + B +0.5/ )] @)
For the south coast:
B, =« Jd~(d+ 3] ®)

where: K is the coast-specific slope parameter for sizegwatys,
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dis the trawl depth in metres,

d; is the coast-specific shift parameter for sizegatys,

a, is the coast-specific year parameter for year

B, is the coast-specific long-shore parameter fogisimore category,
and

05y),,mer 1S the average of the west coast summer antewsgeason

factors estimated in the fit to the survey data.

Note that then, p andy parameters are estimated taking them to be indieperof size
category. Season and year factors are omittedhforsouth coast, as they were not
significant in the Gaylard and Bergh (2004) GLM Igsas of the survey data. The
parameter values estimated are shown in Table Fapude 1 plots, as an example, the
proportion ofM. capensiger depth and size category in thé-28° E area on the south
coast.

The General Linear Models

The following two models (equations 4 and 5) weppli@d to theM. capensisand
M. paradoxusCPUE data respectively:

En(CPUEcapensis-'- 5) =a+ :Byear + ydepth + ,7area + Kseas+ Avessel+ V(SnOGlCPUB

+V'(snoekCPUB? + w(hmackCPUB + @' (hmackCPUB)?  (4)
+interactions+ &

En(CPUEp + 5) =a+ :Byear + ydepth +,7area + Kseas+ Avessel+ I/(snoeICPUE)
+V'(snoekCPUB)? + w(hmackCPUB + @' (hmackCPUB? (5)

+interactions+ ¢

aradoxus

(Note: to avoid clutter, the subscriptsapensi and “paradoxus for the parameters of
equations 4 and 5 have been omitted)

where: CPUEupensisis the catch oM. capensisper unit of (hake-directed — the
recorded data specifies the target species for teaet) effort,

CPUBaradoxusis the catch ofM. paradoxusper unit of (hake-directed)
effort,

a is the intercept,
yearis a factor with 26 levels (1978-2003) associatétl the year effect,

depthis a factor with 8 levels in both thd. capensisand M. paradoxus
models:
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dlwc: 0 - 100m
d2wc: 101 - 200m
d3wc: 201 — 300m
d4yc: 301 — 400m
d5wc: > 400m
d6sc 0 - 100m
d7s¢101 - 200m
d8¢ > 200m

areais a factor with 6 levels in both théd. capensisand M. paradoxus
models

alwc: < 31°00S

a2wc: 31°00S - 3300S

a3wc: 3300S - 3820S

adwc: > 3420S

absc < 22200E

absc = 22°00E,

seasis a factor with 4 levels in both thd. capensisand M. paradoxus
models:

Summer: December - February

Autumn: March - May

Winter: June - August

Spring: September - November,

vesselis a factor associated with each individual vessethe dataset
being analyzed (note that for the same vesselerdift values of this
factor may be estimated fbt. capensiandM. paradoxuy,

snoek CPUE and hmack CPUE refer to the CPUE obyleatch species
snoek and horse-mackerel respectively (unlike ottmajor by-catch
species, these two species temd to co-occur with hake, so that trawls
with proportionally larger catches of these two aeflective of some
redirection of fishing effort away from hake, of \wh account needs to be
taken in the GLM),

interactionsrefer toyearxdepth yearxarea and depthxareainteractions
which allow for spatial density patterns which hakeanged over time,
and

€ is the error term, assumed to follow a normalritigtion.
d is a (usually small) constant added to the CPUthefspecies being modelled to allow

for the occurrence of zero CPUE values - leietaken to be 10% of the average CPUE
of the species being modelled in the respectivaseds.
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Standardizing the CPUE

The introduction of interactions with year requitbat the standardized CPUE (assumed
to provide an index of local density) be integrateer area to determine an index of
abundance. The boundary separating the west artd €masts is shown in Figure 2 as
being from Cape Agulhas to the tip of the AgulhanBso that the whole of the major

fishing area of Brown’s Bank is included in the twesast.

The formula applied to standardize the CPUBEMorcapensiandM. paradoxuss
therefore:

{a+ByeartVaepitNareatautumntmedianvessel estimaterv €noek CPUE)

Tyear 7Zdepth °
CPUEy - Z[eﬂ/ '6noekCPUE?)+@(hmack CPUE)+@'(hmackCPUE?) +interactins} _5] * Astratum (6)
strata Aotal
where Avaumis the size of the area of the stratum irfrfeng. depth 200-300m

and latitude 31 - 33, and

Atotal IS the total size of the area considered (it is not strietlyessary to
divide by Aotal, but this keeps the units and size of the standardisedeCPU
index comparable with those of the basic CPUE data).

For the west coast the standardised CPUE is calculatedepths > 200m since very
little fishing takes place at depths below 200m. The mgjaifthauls within the O -

200m depth range occur very close to the 200m depttowgrand accordingly are of
guestionable representativeness of densities within théewdepth-latitude stratum to
which the above equation would take them to refer. Silpiltne standardized CPUE
for the south coast is calculated for depths > 100m only.

Results

276955 records (vessel-days) were included inMheapensisandM. paradoxusCPUE
analyses. The amount of variation explained byMheapensisnodel was 65.4%, while
that for the M. paradoxusmodel was 55.6%. The standardized CPUE series are
presented in Figures 3 and 4, and indicate that (toxtiemtewhich these indices provide
unbiased indices of abundance) the abundanbé o&pensiias increased at an average
annual rate of 1.3% per annum, while thatvbfparadoxushas increased at an average
annual rate of 0.01% per annum, over the time periadidered (1978-2003).

A Spearman’s rank correlation coefficient of 0.4 (#0@1) was obtained between the
M. capensiandM. paradoxugesiduals in the GLM analysis, indicating (unsurprisingly)
that catch rates for the two species in the same hauldrengependent. Residual
distribution plots for the two species indicate that the redsdare not normally
distributed; however these deviations from normality do sesm visually too severe
(Figures 5 and 6).
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Table 1: Parameter values for substitution into egations (2) and (3): the coast-and
size-specific algorithms used to split the hake coeltes by species (Gaylard and
Bergh, 2004).

West coast South coast
Size category valuesks) Size category valuesks)
K 0.04722 K 0.09074
small small
K oo 0.03325 K oo 0.03786
K arge 0.02784 K arge 0.02085
Depth parameter values d;) Depth parameter values d;)
* 177.46 181.62
small
d . 282.76 257.29
medium
* 325.60 386.85
large
Year parameter ay
< 1985 14.04
1985 21.95
1986 13.52
1987 8.02
1988 0.50
1989 11.34
1990 32.73
1991 11.45
1992 21.14
1993 16.31
1994 4.84
1995 26.70
1996 -6.6
1997 7.22
1998 5.25
1999 4.07
2000 5.25
2001 5.25
2002 21.51
2003 0.00
Longshore (latitude) factors i) Longshore (longitude) factors £.)
North of 29°S 0.00 West of 21°H 0.00
29-30°S -4.02 21-22°E 18.92
30-31°S 4.81 22-23°E -20.74
31-32°S 1.99 23-24°E -33.63
32-33°S 5.75 24-25°E -34.00
33-34S 14.93 25-26°E -11.64
34-35°S 34.81 East of 26°E 44,51
South of 35°S 36.27
Season factor
Ysummer | -17.02
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Figure 1. Proportion of M. capensis per depth and size class on the south coast in
the 23-24°E area.
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Figure 2: Demarcation of boundaries separating thevest and south coasts in the
hake fishery. The “Old boundary” was set by ICSEAFand was used to separate
coasts until 2004 after which it was agreed by th®ICM Demersal Working Group
to adopt the “New boundary” for future analyses sahat the boundary did not split
Brown’s Bank. The depth contours shown are the 200 and 1000m contours
respectively.
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Figure 3: Coast-combinedM. capensis standardized CPUE.
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Figure 5: Histogram of unstandardized residuals fron the M. capensis model.
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Figure 6: Histogram of unstandardized residuals fron the M. paradoxus model.
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