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ABSTRACT

The longline CPUE series for the three outer istasng GLMM standardised through
to 2010. Year, month, area, trap-type, soak timpildand year-area interactions are
treated as fixed effects, and year-month interastioeated as a random effect. For
Tristan, for which the available powerboat dataracge limited, a GLM with year
and month as fixed effects is applied. After initrecrease, the standardised CPUE
indices show drops over the most recent yearslifa@li@ands — although for Gough,
this decrease is only seen in the most recent 2048on’s data.

INTRODUCTION

The commercial CPUE series of a resource is ofsed as an index of population
density and consequently to inform on populationralance when modelling the
dynamics of the underlying population. It is knowowever, that a number of other
factors besides density may influence the recovaduakes of CPUE. Where sufficient
data exist, General Linear Mixed Model (GLMM) standisation is able to take some
of these further effects into account, thereby poing a more reliable index of
abundance. This document reports the applicatiean®@EMM standardisation to
Jasus tristiani lobster catch per unit effort data from arouncctessible, Nightingale
and Gough Islands for the period 1997-2010. Fastani, for which the data are more
limited, a simpler GLM approach is used appliedata for the 1994-2010 period.
Results presented here are updated from thosenpedse Johnstost al. (2010a, b),
taking two more years data into account.

For the outer islands, only longline CPUE datacanesidered (i.e. the powerboat data
are ignored for reasons given below). For Tristemere normally all fishing occurs
using powerboats, the CPUE series relates to pamaedifort where here the unit of
effort is a combination of the amount of gear used the time fished.
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METHODOLOGY
Data

Raw Logsheet data

The logsheet data for all islands have been entdestionically into EXCEL
spreadsheets. Logsheet data from the fishery aitble for the Season-Years
between 1996 and 2010, where a Season-Year is takan from September until
August the following year, i.e. Season-Year 20G6reeto the period from September
2005 to August 2006. Unfortunately logsheet dat2@96 have been misplaced
(James Glass, pers. comm.). Logsheet data arénatsoplete for Season-Year 1996
(Edwards and Glass, 2007) for the three outeraslg@ough, Nightingale and
Inaccessible), and thus 1996 is also omitted flosse analyses.

Summary sheet data

Data summary sheets recorded by the AgricultureNatdral Resources Department
on Tristan da Cunha are available from Season-YE386 to 2010. These contain
summary data from both the logsheets (total catchtatal effort) and factory reports
(Edwards, 2007).

Accounting for inaccurate records for the threeeoiglands

Although logsheet data are valuable as they redetalls of the catches, e.g. location
and soak-time which are needed for standardisatienpgsheet entries are known to
be inaccurate (Edwards, 2007). In particular, loregtatch and powerboat effort are
unreliable. Furthermore there is currently insudint information concerning the
different catch rates for longline monster and pdwat traps, thereby precluding the
standardisation of the catch rate across diffesgr@s of fishing. All powerboat data
were therefore excluded from the analyses presdmwezfor Inaccessible,
Nightingale and Gough.

Because of inaccurate longline catch records,dta lbgsheet catch for each Season-
Year differs from the actual catch taken. A moreuaate (best) estimate of the total
longline catch in Season-Yeg(C, ) is provided by subtracting the total powerboat
catch from the total packed weight (both recordedhe Summary sheets), where the
packed weight is scaled upwards to account for mdast during processing
(Edwards, 2007). This catch estimate can then bé tesadjust the longline catch
records so that the total catches from both sowmeeequal. Unfortunately there are

logsheets missing for some years. An adjustmerfficieat k, was therefore

developed using the ratio of total recorded efforthe Summary sheets and
logsheets, to scale adjustments.

Adjusted logsheet catches were calculated as fellow

c,-c,=¢k =¢c, —2L_ 1)
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where

¢, Isthei'th logsheet longline catch record for Season-¥gar

C,° isthe total logsheet longline catch for Seasoarye

C is the best estimate of the total longline catwhSeason-Yeay (based

y
on summary sheets),
E,° s the total logsheet longline effort for Seasazaly, and

EySS Is the total Summary sheet longline effort for SsaYealy.

Adjusted catches were then used to calculate AeiuSPUE valueslg) for each
Season-year:

P B S S TN @)

| is the nominal CPUE for Season-Ygar
e, Iisthei'th logsheet longline effort record for Season-Ygaand

n, Is the number of logsheet records for Season-Y.ear

The General Linear Mixed Model for the three ougé&ands

A GLMM which includes both fixed and random effec¢sused to standardise the
lobster CPUE data for the three outer islands, wleatches are the adjusted logsheet
catches of Equation (1) and effort is logsheetrefitNote that this approach assumes
that the logsheet data represent an unbiased sarfalethe fishery in each Season-
Year.). This model allows for possible annual ddfeces in the areal distribution of
the lobsters (which is considered to be a fixeeéajfand for annual differences in
each month (considered as a random effect). Thieims given by:

IN(CPUE+J)=Xa+Zp+¢ 3)
where:

a is the unknown vector of fixed effects parametarsthis case
this consists of the factors given by equatiorb@pw),

X is the design matrix for the fixed effects,

4 Is the unknown vector of random effects paransefehich in
this application consists of a year-month inteagti

Z Is the design matrix for the random effects,

0 is a small constant added to the rock lobster CRiU&low for

the occurrence of zero CPUE values (0.1 kg/trathis case,
being about 10% of the average nominal values), and

£ is an error term assumed to be normally distribugeut
independent of the random effects.

This approach assumes that both the random eféeatsthe error term have zero
mean, i.e. Ef)=E(£)=0, so that E(ICPUE+J) = Xa. The variance-covariance
matrix for the residual errorg)(is denoted byrR and that for the random effecis) (

by G. The analyses undertaken here assume that ttouaesrrors as well as the
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random effects are homoscedastic and uncorrelstetthat botlR andG are diagonal
matrices given by:
R=0’l

G =0l
B
wherel denotes an identity matrix. Thus, in the mixed elpthe variance-covariance
matrix (V) for the response variable is given by:
Cov(lncr)=V =ZGZ" +R,
whereZ" denotes the transpose of the malrix

The sum of the factors that are considered as #ftts (i.eXa in equation (1)) in
the GLMM is given by the following:

IN(CPUE+O) = u+a,, + 8.t Vae T ocose T Avsire T Croon T T 4
where:
Y7 Is the intercept,
year is a factor with 13 levels associated with therge@e. the
Season-Years: 1997-2010, omitting 2006),
month is a factor with levels associated with the fighmonth (1-12

for Gough, 1-3 and 9-12 for Nightingale, 1-3 and 2or
Inaccessible),

area is a factor with levels associated with groupingfishing areas
(Gough = 7 areas, Nightingale = 6 areas, Inacdessibl0
areas),

trap type is a factor with levels associated with the trapetymonster
and Bee hive for Inaccessible, and Monster onlydough and
Nightingale),

soak time is a factor with 3 levels associated with the stale period
(“1"=0.0-0.49 days, “2"= 0.51.9 days and “3” for 2 or more
days),

depth is a factor with 4 levels associated with fishohgpth rangeg
“1” for depths < 10m, “2” for 10-39.9m, “3” for 489.9m, and “4”
for depths=90m),

year x area is the interaction between year and area.

In this application the CPUE has been standardmedhe year 1998, month of
September, trap typeMonster, soak time “1” , depth category “1” and area =.“0"

For this model, because of the fixed effect inteomc of area with year (which
implies changing spatio-temporal distribution patsy, an index of overall abundance
needs to integrate the different trends in densitgach area over the size of these
areas. Accordingly the standardised CPUE seriebtaned from:

CPUE,, =[S (lexdu+a,, +1+7,00) 0 AL A (5)

where:
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Aarea IS the surface size of the area concerned,

At is the total size of the fishing ground consideftb@ division byAy iy is
to keep the units and size of the standardised Cind& comparable
with those of the nominal CPUE), and

o is taken to be 0.1 kg/trap (about 10% of the maindverage values).

Table 1 provides thé _ values for Inaccessible, Nightingale and Gouginids.

Simple GLM (for Tristan data)

The powerboat CPUE database for Tristan contafiosnration at a trip level of the
following:

Year

Month

Number of traps

Number of hoops

Hours fished

Total catch (in kgs)

In Johnstoret al. (2010) a GLM was developed for which the CPUE is

taken equal to CPUE = catch kg/hour/gear (6)

(number gear)(hours fished)

where the number of gear is:

number of gear = traps + (0.5). hoopnets
(as estimated by James Glass pers. comm.) to &dlothie different relative
efficiency of the two types of gear.

The model used here is given by:

IN(CPUE+9) = u+a_ +p.., (7)
where:

C is the catch in kg,

E is the effort in hours fished,

7 is the intercept,

year Is a factor with 17 levels associated with therge@e. the
Season-Years: 1994-2010),

month Is a factor with levels associated with the fighmonth (1-12),
and

0 is taken to be 0.95 kg/hour/gear (about 10% of rthminal

average values).

For Tristan Island the CPUE has been standardisethe month ofSeptember.
Further,as noarea*year interactions are included, the standardised CPRiiessis obtained
from:

CPUE_, = exr(,u +a, + ,BSepmbg) -0 (6)
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RESULTS

Table 1 provides standardised CPUE values derivedn fthe GLMM/GLM
considered. For comparison, the adjusted nomindlECRalues are also reported.
Figure 1 compares the adjusted nominal CPUE wighubdated 2012 standardised
CPUE series, along with the 2010 standardised CB&ites. The series have been
renormalised for comparative purposes. Figure 2vshihe month effects for each
island, and Figure 3 shows the area effects fon @adnaccessible, Nightingale and
Gough Islands (area data have only recently beparted on the Tristan CPUE
datasheets).

DISCUSSION

From the analyses of this paper, the 2012 updatddNBGLM standardised CPUE
series shown in Table 1 are put forward as the uggst which to base assessment of
the resource.

Note that care should be taken in interpretingoibet 2002 increase in standardised
CPUE at Nightingale Island as entirely an abundapelzed effect. Before that time
with two vessels fishing, catching was near cormuss Subsequently only one vessel
fished for series of short periods. This alloweel lifbster to redistribute into the
limited fishable areas, thus inflating catch rates.

For all four islands, the standardised CPUE indstesv an initial increase, followed
by drops over the most recent years — althouglstargh, the decrease is only seen in
the most recent 2010 season’s data.

FUTURE WORK

The further information now available for Tristasaincludes a breakdown of the
numbers of traps and hoops used. These data nbedarmalysed further to try to use
them to estimate and take due account of the veléishing power of these two
catching devices.

Area information (four areas defined) associateith Wie catch and effort data for
Tristan have been collected since 2005. The GLM fatan could be extended to
take area fished into account.
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Table 1a: The size (Kinof each fishing area arouhdaccessible Island.

Area Name Size
1 Bank 53.58
2 North point 5.88
3 Salt beach 1.10
4 East Point 10.14
5 Toms beach and Black spot 3.60
6 South Hill 3.60
7 Pyramid rock and Blinder 5.23
8 West point 5.04
9 Blendon Hall 4.32

Table 1b: The size (kfhof each fishing area aroumdightingale Island.

Area Name Size
1 North 12.13
2 North East 3.29
3 South East 3.02
4 South 9.00
5 West 5.87

Table 1c: The size (kfpof each fishing area arou&bugh Island.

Area Name Size
1 Cave Cove 6.48
2 Hawkins Bay 8.53
3 SE pt 8.01
4 SW pt 9.11
5 Gaggins pt 10.38
6 N pt 3.69
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Table 2a: Standardised longline CPUE seriesriaccessible Island using the

GLMM model detailed in the text. The number of daeords for each Season-Year
(N) is provided, along with the adjusted nominal CP¢Ees for comparison. The
adjustment coefficient values,() by which the logsheet catches are scaled are also

provided.

Season- N Adjustment | Adjusted | Standardised

Year coefficient Nominal CPUE
k, CPUE
(kg/trap)

1997 617 0.903 1.671 1.925
1998 733 0.984 2.371 3.601
1999 371 0.757 2.846 3.864
2000 668 0.876 2.922 4.676
2001 562 0.958 3.356 4.298
2002 427 1.063 4.759 7.292
2003 246 0.863 5.607 6.097
2004 655 0.909 6.598 12.650
2005 263 1.022 7.640 12.559
2007 720 0.937 4.678 7.109
2008 816 0.996 4761 6.927
2009 1075 1.110 3.640 6.913
2010 646 1.079 2.744 4.053

# This value has been updated since 2010. Updafechiation led to an update to the
“K’ scaling parameter.

Table 2b: Standardised longline CPUE serieNightingale Island using the

GLMM model detailed in the text. The number of dateords for each Season-Year
(N) is provided, along with the adjusted nominal CPi¢Ees for comparison. The
adjustment coefficient values,() by which the logsheet catches are scaled are also

provided.
Season- N Adjustment | Adjusted | Standardised
Year coefficient Nominal CPUE
k, CPUE
(kg/trap)

1997 784 0.438 1.566 0.831
1998 549 1.173 3.147 1.542
2000 196 0.900 4.052 2.015
2001 201 0.954 3.093 1.914
2002 585 0.963 3.252 1.996
2003 497 1.062 6.115 3.575
2004 513 1.040 5.920 3.673
2005 415 1.002 7.221 3.490
2007 353 0.982 5.756 2.829
2008 439 1.017 5.307 2.639

2009 496 1.163 4.954 2.475
2010 385 1.054 5.186 2.534

# This value has been updated since 2010. Updateahiation led to an update to the
“k’ scaling parameter.
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Table 2c: Standardised longline CPUE seriesSough Island using the GLMM
model detailed in the text. The number of datamtxéor each Season-Ye&i)(is
provided, along with the adjusted nominal CPUEesefor comparison. The
adjustment coefficient values,() by which the logsheet catches are scaled are also

provided.
Season- N Adjustment | Adjusted | Standardised
Year coefficient Nominal CPUE
k, CPUE
(kg/trap)

1997 1207 0.945 2.495 2.093
1998 1304 0.788 1.798 1.795
1999 2113 1.124 1.913 2.209
2000 2116 0.990 1.501 1.389
2001 1585 0.884 1.222 1.449
2002 1911 1.023 1.374 1.351
2003 1691 0.890 1.383 1.524
2004 1076 0.892 1.615 1.358
2005 754 1.023 2.714 2.490
2007 410 1.149 5.825 5.412
2008 414 1.005 6.203 5.221

2009 320 1.286* 10.507 9.962
2010 473 1.055 6.730 5.247

# This value has been updated since 2010. Updatechiation led to an update to the
“k” adjustment coefficient.

*This value is surprisingly high; the associatethdaere rechecked and appear to be
in order.

Table 2d: Standardised powerboat CPUE serie$ifistan Island using the GLM
model detailed in the text. The number of datamtxéor each Season-Ye&i)(is
provided, along with nominal CPUE series for congaar.

Season- N Nominal Standardised
Year CPUE CPUE
(kg/hour/gear) | (kg/hour/gear)

1994 1017 0.295 0.315
1995 1253 0.246 0.278
1996 1222 0.278 0.304
1997 772 0.454 0.473
1998 502 0.650 0.568
1999 338 0.961 0.755
2000 324 1.019 0.946
2001 334 1.107 0.968
2002 335 1.397 1.325
2003 382 1.679 1.518
2004 385 1.728 1.683
2005 339 2.307 2.187
2006 284 2.828 2.548
2007 310 2.365 2.096
2008 456 1.497 1.268
2009 281 1.824 1.736
2010 484 1.317 1.235

11
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Figure 1la: Comparative plot of the adjusted nomamal GLMM standardised
longline CPUE series fdinaccessible Island. All series have been renormalised to a
mean of 1 (for 1997-2008) for easier comparisotrefds. [Note that the minimum
legal carapace size changed from 70mm to 68mma08.20
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Figure 1b: Comparative plot of the adjusted noméarel GLMM standardised
longline CPUE series faightingale Island. All series have been renormalised to a
mean of 1 (for 1997-2008) for easier comparisotresids.
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Figure 1c: Comparative plot of the adjusted nomaral GLMM standardised

longline CPUE series fdgough Island. All series have been renormalised to a mean
of 1 (for 1997-2008) for easier comparison of tierjfllote that the minimum legal
carapace size changed from 70mm to 75mm in 2003.]
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Figure 1d: Comparative plot of the adjusted nomémal GLM standardised
powerboat CPUE series foristan Island. Both series have been renormalised to a
mean of 1 (for 1994-2009) for easier comparisotreids.
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Figure 2a: GLMM month effects for thaaccessible Island.
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Figure 2b: GLMM month effects for tidightingale Island.
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Figure 2c: GLMM month effects for tidough Island.
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Figure 2d: GLM month effects for thgistan Island.
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Figure 3a: GLMM area effects fonaccessible Island (see Table 1a for area
definitions; AO being unknown area).
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Figure 3b: GLMM area effects fdtightingale Island (see Table 1b for area
definitions; AO being unknown area).
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Figure 3c: GLMM area effects f@ough Island (see Table 1c for area definitions;
A0 being unknown area).

Gough Area effects

1.4

1.2

L
508 -
% o6 -
04 -
02 -
0

AO Al A2 A3 A4 AS A6

area

17



