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Abstract

Data on the sightings of SBT schools in the Graadtfalian Bight (GAB) were collected by
experienced tuna spotters during commercial sgptperations between December 2010
and March 2011. Spotting data has now been cotlemter ten fishing seasons (2001-02 to
2010-11). The commercial spotting data was usguidduce nominal and standardised
fishery-dependent indices of SBT abundance (sudacedance per unit effort — a SAPUE
index). As seen in previous seasons, the stanéarcisiex is lowest in 2003 and 2004, and
the estimate for 2011 is the highest seen so fémsitime series.

Introduction

In the summer of 2001-02 (called the 2002 seasopilpt study was conducted to investigate
the feasibility of using experienced industry-bageth spotters to collect data on the
sightings of SBT during commercial spotting opemasi in the Great Australian Bight. The
data provided a preliminary fishery-dependent inde8BT abundance (surface abundance
per unit effort — a SAPUE index) for that fishingason.

Recognising the importance of time-series of inticg we continued to collect and analyse
SBT sightings data from commercial tuna spottees ¢ive following 8 fishing seasons
(2003-2010). Interpretation of the results areiclift as the data suffers from many of the
same problems that affect catch per unit effod.(ehanges in coverage over time, lack of
coverage in areas where commercial fishing isakihg place, and changes in operations
over time), but it may provide a qualitative indmaof juvenile SBT abundance in the GAB.
It has always been recognised, however, that atfatesurvey with consistent design and
protocols from year to year is highly preferabte2D11, we continued to collect SBT
sightings data from commercial spotters. This repommarises the field procedures and
data collected, and provides results of analysealfd0 seasons (2002-2011).

Field procedures

As for previous years, the field program in 201dluded the collection of spotting data from
experienced commercial tuna spotters in the GABi€Nin this report we use the
terminology ‘spotter’, not ‘observer’). Data werallected on SBT patches (schools) sighted
by spotters engaged between December 2010 and Maidh(called the 2011 fishing
season). This year, data were collected by onjyoRtars, both of which had participated in
all previous seasons and contributed the majofitii@search effort recorded each year
(Table 1).

The spotting data collected in 2011 were colleébdidwing the protocols used in the
previous seven fishing seasons. Within each plagetwas a spotter and pilot. For most
flights, the spotter searched the sea surface tindides of the plane for surface patches of
SBT. During some flights, the pilot also searchedpiatches. When a “sighting” of SBT was
made, a waypoint (position and time) was recordest the patches (or patches). The spotter
estimated a range for the size of fish in the psgdim kg) and the biomass of each patch (in
tonnes). It is important to note that many SBT pascare recorded as single patches (~35-
60% by season). Some schools, however, are recordgdups of 2-10 or even 50+ schools.
Environmental observations were recorded at thvé at@ end of each flight and when the
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conditions changed significantly during the daye Bmvironmental observations included
wind speed and direction, air temperature, cloigibiity, spotting conditions and swell.
The target species of each flight (SBT, skipjaakatumackerel, or a combination of these)
was also recorded. There were no restrictions ertivironmental conditions for
commercial spotting operations.

Table 1. Relative contribution (%) by spotters to the total search effort (time) by fishing season.

Season Spotter 1 Spotter 2 Spotter 3 Spotter 4 Spotter 5 Spotter 6 Spotter 7

2002 61.3 7.6 11.7 - 5.6 13.9 -
2003 20.2 11.5 33.2 1.2 4.4 29.5 -
2004 42.2 15.2 19.4 - - 23.2 -
2005 39.7 9.3 19.5 - 5.0 26.5 -
2006 442 11.6 - - 14.8 29.5 -
2007 38.0 11.1 - - 22.1 28.8 -
2008 37.3 23.7 - - - 39.0 -
2009 39.0 9.0 - - - 41.4 10.7
2010 28.9 16.4 - - 4.0 50.7 -
2011 47.1 0 0 0 0 52.9 0
Results

Search effort and SBT sightings

Data were collected for 64 commercial spottinghigyin the 2011 fishing season (Table 2).
Although only 2 spotters recorded data this seab@number of flights recorded was higher
than for 2010, but still lower than the precedingefrs where often well over 100 flights
were recorded. Both spotters collected data frommeBder through to March in 2011, which
is longer than in 2010 when both finished spottiygFebruary (see Table 3 below). Poor
weather conditions from mid-February may have dbuted to the extended spotting season
compared to 2010. The details of search effort @Bd sightings are also given in Table 2.
SBT were recorded on 95.3% of the 65 commercightfi in 2011 which is the highest
recorded. Note that the total biomass shown indaldoes not represent the total biomass of
SBT present in the survey area, as many schools petentially recorded several times
(either by different spotters on the same day @r @everal days). Note also that due to GPS
problems, flight path data for 3 of the 65 flight®re not available in 2011 and thus the
proportion of search time and biomass sighted én‘tbre’ fishing are currently unknown -
although the total search effort and biomass ferflights are known and are included in the
standardisation analysis (below).

Figure 1 and Figure 2 shows the spatial distribubbsearch effort and surface abundance of
SBT. In 2002-2008 and 2010, the location of SBTheigs varied little, with the area of
highest SBT sighted per nautical mile searched micguwithin the same ‘core fishing area’
(130.2-132.9°E and 32.7-34.0°S) and around theomestlumps/reefs each season. In 2009
and again in 2011, a significant amount of seaftdrteoccurred well outside the core area
closer to Port Lincoln. In 2009, this shift in effooccurred around mid-March as SBT
became more difficult to find in the core. In 201ie shift occurred in mid-February and
then some search effort returned to the core fishiea in late March. An eastward shift in
search effort (~fishing location) could be due tshét in the location of the SBT schools, or



CCSBT-ESC/1107/16

a reduced need for the fishing vessels to travéamsest before locating suitable areas of
SBT to purse seine.

Table 2. Search effort and SBT sighted by commercial spotters in the 2002-2011 fishing seasons.

% flights Total % of

Search with  number Total % of biomass

Fishing No. effort SBT of biomass® effortin in the
season flights (hrs) recorded schools recorded the core” core’
2002 86 325 83.7 1182 44626 80.6 87.7
2003 102 425 82.4 1301 38559 78.9 76.5
2004 118 521 77.1 1133 33982 88.9 90.4
2005 116 551 94.0 2395 87447 88.5 83.2
2006 102 452 82.4 1554 50524 83.1 734
2007 120 600 91.7 2600 94018 86.5 80.0
2008 93 451 80.6 2529 100341 94.2 92.6
2009 114 527 77.2 1353 41514 54.2 67.7
2010 49 210 83.7 918 32907 72.3 68.3
2011 64 328 95.3 1472 75887 57.3 70.8

The total biomass recorded does not representotakbiomass of SBT present in the survey areanasy
schools were potentially recorded several timeth€eiby different spotters on the same day or @eweral
days).

2 Does not include data for flights where flight pdtita was not obtained; e.g. 3 flights in 2011 édmmve).
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Figure 1. Search effort (nm flown/0.1°square) in t he GAB by fishing season. Note the log scale. The
core fishing area is shown by a red square.



CCSBT-ESC/1107/16

0.5 05

0.1
0.05

0.1
0.05

0.01 0.01

128 130 132 134 136 128 130 132 134 136

128 130 132 134 136

31

2005

32

-33

0.5 05

-34 0.1

0.05

0.1
0.05

-35

-36 \jf

-37

0.01 0.01

128 130 132 134 136 128 130 132 134 136 128 130 132 134 136

-31

- /J\MZOOS

33 ?“
R "{

-34

J
\S

0.5

0.1
0.05

36 001

-37

128 130 132 134 136 128 130 132 134 136 128 130 132 134 136

128 130 132 134 136

Figure 2. SAPUE (tones/nm/0.1°square) in the GAB by fishing season. SAPUE data are displayed as
the % of total effort for the season. Areas of darkest blue in the SAPUE plot indicate zero SAPUE.
Note the log scale. The core fishing area is shown by a red square.

Figure 3 and Figure 4 show the size of SBT schawtkfish recorded by Spotter 1 between
2002 and 2011. Using data from one spotter remthesproblem of differences between
spotters in their estimates of school and fish. sspmtter 1 was selected because he had
collected data on the greatest number of SBT sshemith season. The mean size of schools
has varied over time, but was at it lowest in 20680 tonnes) and highest in 2011 (~60
tonnes). In 2011, nearly 12% of the schools reabmere > 120 tonnes, which is much
higher than recorded in any other year. An incréaslee average size of schools was also
recorded in the line-transect aerial survey (seSETGESC/1107/15).
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The mean size of fish was slightly lower in 201arthhe previous season, but the proportion
of fish <10kg was slightly higher at 7.6% (Figuie Bhe increase in small fish recorded in
the line-transect aerial survey this year compévqatevious season was not found to the
same extent in the commercial spotting data, apdalsably due to the commercial spotters
not specifically targeting small fish while the As@rSurvey records all fish encountered.

School size
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[ 0120 tonmes
0 120+ tonnes

100
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Figure 3. Proportion of SBT schools by size class (bars) and mean school size (line) recorded by one
commercial spotter in the 2002-2011 fishing seasons. Total number of school size estimates = 7,405.

101
Fish size

| B

[ 10-20 kg

12030 kg
[ Jao+ky

80—
—25

Mean fish weight (kg)

Figure 4. Proportion of SBT by fish weight class (bars) and mean weight in kg (line) recorded by one
commercial spotter in the 2002-2011 fishing seasons. Data are weighted by school size. Fish size

data collected for 7,269 schools.
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Nominal SAPUE

As for previous years, the duration of “searchtsescduring flights were calculated using
the GPS logged position and time. The logbook dat&BT sightings were summarised to
give the total number of sightings, schools, andl toiomass per plane per day. The data
were extracted to ensure consistency between sedsliagghts were excluded if they were
outside the main fishing seasons (December to Maot were less than 30 minutes
duration because these were considered too shibaivea meaningful SAPUE estimate. As
these data were removed for all seasons, it shtldffect the relative index of abundance.
Nominal (unstandardised) indices of juvenile SBUradance (surface abundance per unit
effort — SAPUE) were calculated, based on the noédmomass sighted (tonnes) per unit of
search effort (minutes). The SAPUE indices weteutated by geographic area (whole
GAB and core fishing area) and for flights wherelS#&as/was not targeted.

The four nominal SAPUE indices of juvenile abundaace shown in Figure 5. All four
indices fluctuate similarly between 2002 and 200He 2011 indices were higher than for
2009 and 2010, and were higher that the 2002-20é1age. Recording the type of search
effort during a flight occurred again in 2011, kus very subjective and it appears that it is
not always recorded correctly (e.g. a completéntlig recorded as broad when the track
shows that this was not the case). This suggeatsnitices based on search type are not
particularly meaningful and have not been inclustethe analyses this year.

All flights (n=924; hrs=4258)

Flights with SBT recorded (n=795; hrs=3811)
Core fishing area (n=841; hrs=3306)

Flights SBT targeted (n=764; hrs=3581)

Mean SPAUE

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Figure 5. Nominal SAPUE indices (+/-se) (tonnes of SBT sighted per minute searching) for the 2002-
2011 fishing seasons for all flights, flights in the core area, and flights that SBT were recorded. Note
that only flights in December to March were included, and when search effort was >30 minutes.

Standardised SAPUE

Commercial spotting data are available for ninesses. These data can potentially be
standardised to obtain an index of juvenile abunddages 2-4 primarily) in the GAB
between December and March. Although up to sepetiess have operated at different
times since 2002, only 2 spotters’ data can be ussthndardisation analyses as they
operated in all years (Table 3). In the past, weshexplored the sensitivity of results to the
inclusion/exclusion of data from different spottarsl results showed that the index is not
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sensitive to this (see CCSBT-ESC/0809/25). The rexrabspotters required by industry has
decreased, as there has been a tendency ovemtirfgsvier fishing companies to catch tuna
for the other companies in the fishery. As inplast, we note that the commercial spotting
data can suffer from many of the same hard-to-djfydniases that affect catch per unit effort,
for example, changes in coverage over time, lacgtovérage in areas where commercial
fishing is not taking place —for whatever reasomsé changes in operations over time. From
a statistical perspective, the scientific aerialey, which uses a line transect design and
consistent protocols, is far preferable as an amtrdo an index compared to the commercial
spotting. However, these additional (commercialtpg) data can potentially provide

further insights given the relatively large amoaheffort (hours flown).

Given the changes in spotting effort (Table 3)yafdta from spotters 1, and 6 are in the
updated modelling presented below. Data from foantins (Dec, Jan, Feb and March) were
included in the analyses, as in the past.

Environmental variables

As noted in the past (e.g. CCSBT-ESC/0409/19) sightonditions and surfacing behaviour
are influenced by weather and environmental vaemblhe environmental variables
recorded by season are summarised in Table 4 godeFb. Note that the scientific aerial
survey transects are only flown during certain ¢ooals, so that summaries of environmental
conditions recorded during the scientific aeriavey and during commercial spotting
operations would tend to differ. The data suggegstsduring the 2011 commercial spotting
flights, environmental conditions were not as gasgrevious years. For example, the
average wind speed was high relative to the earg-mid-2000s, but similar to the past
three years. Cloud cover was the second highesinpseason which is consistent with the
high summer rainfall experienced over much of Sduiktralia. Visibility, swell height and
spotting conditions were close all to average.

We have noted previously (e.g. CCSBT/ESC/0609Ma1) although the mean temperature
can be quite similar between seasons, the morghipératures can be very different. Figure
7 shows the monthly mean temperatures from theatdiiacted over the past 9 seasons. In
2011, the average temperatures increased steemhtyDecember to February, but then
decreased in March. The December average wasvedlatvarm compared to the preceding
two years, but colder than previous years. JanaradyMarch temperature temperatures were
about average, while February temperatures weneeaderage.
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Table 3. Number of days flown by spotter, year and month (Dec-Mar) within a year. Note that the
‘season’ is the same as the ‘year’ for all months except December; for example December 2001 will
fall in the 2002 Season.

Year Month spotterl spotter2 spotter3 spotter4 spotter5 spotter6 spotter7

2001 Dec 14 8 4
2002 Jan 7 5 5 7
2002 Feb 7 3 3 4 4
2002 Mar 11

2002 Dec 10 10
2003 Jan 10 6 9 5 10
2003 Feb 2 3 6 2 1 4
2003 Mar 5 6 4
2003 Dec 11 10
2004 Jan 9 7 5 11
2004 Feb 15 10 9 6
2004 Mar 16 2 4
2004 Dec 4 3
2005 Jan 11 7 9 1 7
2005 Feb 9 2 10 6 16
2005 Mar 19 2 8
2005 Dec 9 3 4
2006 Jan 8 4 3 8
2006 Feb 9 8 9 9
2006 Mar 12 4 10
2006 Dec 6 2 7
2007 Jan 15 7 10 14
2007 Feb 9 6 7 7
2007 Mar 12 11 6
2007 Dec 5 11
2008 Jan 11 11 9
2008 Feb 11 6 12
2008 Mar 8 5 4
2008 Dec 9
2009 Jan 11 4 13
2009 Feb 9 7 11
2009 Mar 15 9 7
2010 Dec 7
2010 Jan 8 5 1 14
2010 Feb 4 3 3 4
2010 Mar

2011 Dec 8 2
2011 Jan 11 14
2011 Feb 8 7
2011 Mar 3 11
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Table 4. Average environmental conditions during search effort on commercial flights by season (all
companies, Dec-Mar). Note visibility was not recorded in 2002.

Fishing  Wind speed Swell height Air temp Cloud cover  Spotting Visibility
season  (knots) (0-3) (°C) (/8) condition (/5) (nm)
2002 7.06 1.46 18.06 4.48 2.64
2003 6.90 1.18 23.35 3.62 2.81 5.58
2004 7.92 1.65 19.75 3.95 2.64 7.77
2005 6.99 1.59 21.14 4.23 2.55 8.95
2006 7.59 1.95 22.11 4.01 2.75 7.64
2007 6.98 1.87 21.10 3.60 2.78 7.92
2008 7.94 1.48 22.88 2.90 2.91 10.80
2009 8.47 1.53 20.33 3.42 2.72 5.81
2010 8.90 1.85 22.09 2.82 241 5.98
2011 8.50 1.56 21.94 4.51 2.64 7.93
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Figure 6. Boxplots summarizing the environmental conditions present during search effort on
commercial flights by season (all companies, Dec-Mar). The horizontal band through a box indicates
the median, the length of a box represents the inter-quartile range, and the vertical lines extend to the
minimum and maximum values. The dashed line running across each plot shows the overall average
across all survey years. Note visibility was not recorded in 2002.
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Figure 7. Average monthly temperatures (all companies, Dec to Mar) from the spotting data for the
past 10 seasons. DJFM = Dec, Jan, Feb, Mar. Date were only recorded for Dec to Feb in 2010.

The sightings data

The data are compiled as the biomass sighted &ord ief hours flown on each day by each
spotter. We have previously commented on altereatiays of compiling the data at finer
spatial and temporal scales for analyses (CCSBTAE®O/23). However, given the
complexity of such a task and the availability atalfrom the aerial survey, we have
followed the approach used in the past. The agstenvironmental variables are taken as
the means for that day and spotter. The data emmgpiled as a set for the entire area and all
the analyses were done on the ‘whole area’ datéabte 5 shows a summary of the number
of days flown with no biomass sighted. This infotima can be treated as a simple
‘presence’/’absence’ index. The percentage datts ma sightings were below average in
2005 and 2007, and the lowest in 2011 (3.9%; tleeaae is 10.6%).

In the 2009 and 2010 seasons there was an indretdtsenumber of flights targeted at
Mackerel (Table 6). These flights generally ocoutside the core area for SBT and
therefore there is less likelihood of spotting SBa&n on flights ‘targeted’ at SBT or even at
skipjack. If this is taken into account by exchugliflights with target="Mack”, then the
percentage days with zero biomass are:

2009 16.7 (compared to 18.9 for all flights)

2010 11.4 (compared to 16.3 for all flights)

If flights that target skipjack and mackerel (SKa@k) are also excluded, then the percentage
days with zero biomass drops further to 9.3% in(20Lhe only other year in which this
combination of targeting was recorded is 2006 thateffort was less than 1% (Table 6) and
the estimate of percentage zero biomass days snged. In interpreting the targeting

11
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information, it is assumed that recording of tattgest been consistent over time, at least by
each spotter. Note though that the effort by spotias changed considerably over time
(Table 3). In 2011 the majority of effort (93.3%as designated as being targeted at SBT.

Table 5. Number of days flown with no biomass sighted and days with some biomass sighted (all
companies, Dec to Mar). Since different levels of effort are associated with each day, the % effort in
hours associated with days when no biomass was sighted is also shown. Results are not aggregated
over spotters, i.e. on a given day, if one spotter saw 0 biomass it contributes 1 to the ‘zero biomass
days’, and if 2 spotters saw some biomass on the same day, they contribute 2 to the ‘Positive
biomass days’.

% effort

% days (hours)

Zero  Positive with  associated

biomass biomass Total Zero with zero
Season days days days biomass biomass
2002 10 72 82 12.2 10.0
2003 15 76 91 16.5 11.9
2004 25 90 115 21.7 15.7
2005 6 108 114 5.3 4.1
2006 16 84 100 16.0 11.5
2007 9 110 119 7.6 4.8
2008 19 74 93 20.4 17.2
2009 18 77 95 18.9 16.1
2010 8 41 49 16.3 10.8
2011 3 61 64 4.7 3.9

Table 6. Summaries of percentage search effort by ‘target’ type and season. This information was not
recorded in the first season, 2002. (SBT=southern bluefin tuna; SKJ=skipjack; Mack=Mackerel)

2003 2004 2005 2006 2007 2008 2009 2010 2011

SBT 556 826 79.8 703 87.2 897 488 76.1 93.3
SBT/SKJ 42.1 26 114 49 1.9 1.1 103

SBT/Mack 9.1 6.8 08 228 13 45
SBT/SKJ/Mack 3.4 0.7 49 117

SKJ 24 149 8.8 8 2.3 3.4 1.6

SKJ/Mack 0.6 2.3

Mack 3.7 1.1 4.8 8.6 2.2

Modelling approach

We used the same modelling approach as in theapdstpdated those analyses with data
from the 2011 season. The main intention of maaglif these data is to standardise the raw
index (e.g. average biomass per unit effort sighfieddifferences between spotters and
different environmental, weather and spotting cbads from year to year. As mentioned
previously, only data for spotters 1 and 6 are isbastly available in recent years, so only
these spotters were included in the analyses pexséere. Last year, we were still able to
include data for spotter 2, but there are no dat#his spotter in 2010/11. As in the past,
data for December, January, February and Marcinel@ded in the analysis. Some of the

12
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variables (e.g. moon illumination) most likely ordffect surfacing behaviour of tuna,
whereas others (e.g. wind, swell) may affect bpthtting ability and surfacing behaviour.
The “regression model” used must be able to copte thve zero observations, and with the
strong dependency of the variance on the meanon&enient way to do this is to fit GLMs
using the Tweedie family of distributions (Jgrgensk997; Candy 2004) with a log-link, so
that different factors combine multiplicatively. &l mean-variance relationship in Tweedie
distributions follows a power-law with adjustabbkpenentd, and ford<2 there is no
problem with zero observations. When fitting thedwals, the exponendt was entered (1&
<2). Note that the value df=1 coincides with the Poisson distribution, anchlug ofd=2
with the Gamma distribution. A value ®&1.5 was found to be acceptable in the past, and
was again used as the default in this working papast sensitivity trials with values of 1.2
and 1.7 supported the appropriateness of a vallie&sof

All analyses were done in R using library (Tweeddegnable use of “family=tweedie()” in
the standard GLM routine. The Akaike Informationt€ion (AIC) statistic was primarily
used to compare model fits.

The first model that was fitted is the same asfittad in 2010:

biomass ~ as.factor(season) + as.factor(spottas)factor(month) + wind + spotcon + swell
+ cloud + temperature + moonillum + offset(log(effp

Results for this model (see below) indicated thatlsand moon illumination were not
significant. This was also the case last yearfaredata up to the 2010 season, and these
variables were again dropped from the model, sothigabasic model is:

Model 1:
biomass ~ as.factor(season) + as.factor(spottas)factor(month) + wind + spotcon + cloud
+ temperature + offset(log(effort))

Given the change in dates of the CCSBT-ESC meetihgse was insufficient time to
conduct the kinds of sensitivity trials done prexgly. However, in the past, alternative
models in the sensitivity trials generally indicghieery little difference in the resulting
standardised series.

Results

Diagnostics for Model 1 (Figure 8) shown that raesid are reasonably well-behaved, though
the qqg-plots are (as always) rather poor, andineai as expected. This is unlikely to badly
affect the point-estimates of coefficients, butsloelicate a ‘fat’ tail in the data. In a relative
analysis such as this, where the focus is on yegear comparisons, poor qg-plots do not
generally imply bias in the point-estimates, bupdmt to the need to validate standard
errors.

Estimated coefficients are given in Appendix A, déimel estimated annual index is shown in
Figure 9 below. The spotter and moth effects dreigificant as are the included
environmental variables — wind, spotting conditicloud and temperature. The year effects
are highly significant for 2003 and 2004 (at <1%elg; these coincide with the lowest
standardised index. The year effect for 201139s &lghly significant and it coincides with
the highest index value seen so far.

13
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The ranges shown in Figure 9 were obtained by tpttia predicted values + or — 2 standard
deviations on the log scale and then convertirtheéanormal scale. Note though, that the
standard deviations themselves take into accoertittt that the index has been scaled to the
mean. Results of the estimated index value amdiatd error are shown in tabular form in
Table 8. Since the index is scaled to the seriemmelues for earlier years will change as
new seasons’ data are added to the analysis, trenmodel does not change.
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Figure 8. Diagnostics for Model 1 (see text above) with spotters 1 and 6, months Dec — Mar.
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Figure 9. Estimates of standardised relative surface abundance, scaled to the mean over the relevant
period, for Model 1 (see text for details). Data from spotters 1 and 6, and months December — March

were used. The median and exp(predicted value + or — 2 standard errors) are shown. The horizontal
line at 1 indicates the mean. ‘Season’ is indicated by the second year in a split year so that, e.g. 2002
implies the 2001/2002 season.

Table 8. Standardised SAPUE index of juvenile SBT in the GAB for Model 1. Data from all months
(December — March) and spotters 1 and 6 (see text for further detail) were used. Season refers to the
second year in a split year, i.e. 2002 = the 2001/2002 season. The estimated values are also
illustrated in Figure 9 above.

Season Model 1

Estimate SE
2002 0.94 0.13
2003 0.56 0.09
2004 0.47 0.07
2005 1.13 0.12
2006 0.81 0.10
2007 0.91 0.09
2008 1.26 0.12
2009 0.83 0.10
2010 1.40 0.19
2011 1.70 0.16
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Summary

We present results of a standardised ‘surface anasdper unit effort’ (SAPUE) index,
based on fitting a general linear model to the .datee to the changes in spotter effort since
2006, it is currently most appropriate to only ird¢ data for spotters who have consistent
and broad temporal coverage; these are now onlyespd. and 6. This year there was
insufficient time to conduct sensitivity trials, tdn the past, most sensitivity trials made very
little, if any, difference to the estimated indehabundance (see e.g. CCSBT-ESC/1009/15).

One of the factors which can potentially affect ithdex seems to be ‘targeting’.

Operational changes can complicate standardisatidreven the recorded ‘target’
information may not fully capture changes in spaftactivity between seasons. Although we
did not explore this here (and note that 93.3%fofrewas designated as targeting “SBT”),
we again suggest that information on targetingiooetto be recorded, so that the sensitivity
of results to this covariate can be consideredllgé¢he definitions of each targeting
category should remain consistent between sealon#)is may be difficult to achieve.

The most important environmental variables for ttagaset are still: wind, spotting condition
and temperature. Cloud is also relevant but appedrs ‘weaker’ than the other
environmental covariates (significance at a loweel).

The standardised SAPUE index is the highest sedar $0 2011. It is still the lowest in 2003
and 2004 (Figure 9). The index reflects the aboodaf 2, 3 and 4 year olds combined. The
two low years would therefore represent the 199902and 2001 year-classes (as 4,3,2-year
olds in 2003) and the 2000, 2001 and 2002 yeasetafs 4,3,2-year olds in 2004). The
Aerial Survey detected large schools of very snpatibably 1-year old, fish (see CCSBT-
ESC/1107/15). Although the spotting data for onéhefspotters show a slight decrease in the
mean size of fish and an increase in the propodforilOkg fish, the signal is not as strong as
in the aerial survey. It would therefore be reabtm&o assume that the standardised index
for the 2010/11 season still represents primahniégydbundance of 2, 3, and 4-year olds. We
reiterate the caveat that it is well-known that albjuveniles spend their summers in the
GAB. Unfortunately, there is not yet any diredbmmation about the proportion of the total
juvenile population in the GAB each year. Thisigd a major problem if the proportion has
remained approximately constant over time. If, hosvethere have been substantial changes
in the proportion (e.g. through changes in movendgnamics) then it becomes more

difficult to know how to interpret this index.
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Appendix A

Estimates of coefficients, standard errors and related ‘significance’ quantities for

model 1.

Model 1: basic model with no targeting.
sapu> summary(wmod2011)

Call:

glm(formula = biomass ~ as.factor(season) + as.fact
as.factor(month) + wind + spotcon + cloud + tem
offset(log(SearchEffort)), family = mvb.tweedie
data = workdat11)

Deviance Residuals:
Min 1Q Median 3Q Max
-16.528 -5.772 -1.819 1.977 23.840

Coefficients:

Estimate Std. Error t value
(Intercept) 0.356517 0.356506 1.000
as.factor(season)2003 -0.510422 0.217210 -2.350
as.factor(season)2004 -0.685515 0.202483 -3.386
as.factor(season)2005 0.183810 0.180310 1.019
as.factor(season)2006 -0.147346 0.184484 -0.799
as.factor(season)2007 -0.025349 0.173506 -0.146
as.factor(season)2008 0.299546 0.173954 1.722
as.factor(season)2009 -0.126712 0.187627 -0.675
as.factor(season)2010 0.400890 0.207658 1.931
as.factor(season)2011 0.593584 0.174851 3.395
as.factor(spotter)6 -0.667872 0.088120 -7.579
as.factor(month)2  -0.410405 0.104379 -3.932
as.factor(month)3 -0.918905 0.115787 -7.936
as.factor(month)12  0.219359 0.105846 2.072

wind -0.100290 0.017232 -5.820
spotcon 0.377346 0.071331 5.290
cloud -0.037118 0.017091 -2.172
temperature 0.023853 0.006301 3.785

Signif. codes: 0 ***' 0.001 **' 0.01 *' 0.05 *.

(Dispersion parameter for Tweedie family taken to b
Null deviance: 53891 on 631 degrees of freedo

Residual deviance: 22105 on 614 degrees of freedo

AIC: 8387.5
Number of Fisher Scoring iterations: 6
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or(spotter) +
perature +
(1.4, 0),

Pr(>|t[)
0.317689
0.019094 *
0.000756 ***
0.308407
0.424779
0.883893
0.085575 .
0.499713
0.054001 .
0.000731 ***
1.29e-13 ***
9.39e-05 ***
9.93e-15 ***
0.038642 *
9.49e-09 ***
1.70e-07 ***
0.030257 *
0.000168 ***

011

e 40.74442)
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