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Summary

In 2020, the abundance index used for the stock assessment for southern bluefin tuna
in CCSBT will be changed from that of GLM to that of GAM. The characteristics of the
new abundance index were searched. Regarding the divergence between Nominal CPUE
being high in 2019, Nominal CPUE has been raised due to the concentration of
operations in one spatiotemporal space (May 2019, 7 areas, 40S, 150E), and the
standardized abundance index was considered appropriate. Since the new index includes
many explanatory variables in the model, the absolute value of the residual is small and
the fitting 1s good. However, there was also a poor fit in some part of variables. The high

2013-2016 abundance index was attributed to the 45S data for Area 6. The data here is
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small before 2015 and does not exist after 2016, so caution should be exercised in

interpreting the estimation results.
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Introduction

In CCSBT, abundance index of southern bluefin tuna Thunnus maccoyii in CCSBT
have been prepared by generalized linear model (GLM) standardization from the data
of core vessels since the 2007 CPUE Workshop (Anon. 2007). At ESC24 in 2019, the
exploration of the cause was instructed because the abundance index value in 2018 was
extremely high (Anon. 2019). The 2020 CPUE Group Meeting identified that the cause
was the non-correspondence of data at 35S and 40S in Areas 8 and 9. At the same
meeting and thereafter at OMMP11, an abundance index using generalized additive
model (GAM) and an abundance index using generalized linear mixed model (GLMM)
were proposed, and GAM was adopted (Anon. 2020).

However, there were concerns about the behavior of the abundance index by GAM,
and it was decided to pursue it by ESC25. Concerns are (1) Nominal CPUE continues
to increase and is particularly high in 2019, but why is the abundance index lower in
2019 than in 2015 or 2018? (2) Why is the GAM abundance index around 2015 (2013-
2016) higher than the previous one (Base of GLM)? This document shows the results of
examination of these points. In addition, the estimation of the abundance index is

evaluated.
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Materials and methods
Data source is the core ship data. The data were summarized by year, month,
latitude 5 degrees, and longitude 5 degrees (called cells). See CCSBT-OMMP/2006/11
for details. In addition, Area 5 was integrated into Area 4, and Area 6 was integrated
into Area 7. CPUE was standardized by GLM, GLMM, and GAM.
GLM was implemented with the following model. This has been called the Base
series.
log(CPUE+0.2) = Intercept + Year + Month + Area + Lat5 + BET CPUE +
YFT CPUE + (Month*Area) + (Year*Lat5) + (Year*Area) + Error,

GLMM was implemented by the following model, which is a modified version of
GLM's Base model.
log(CPUE+0.2) = Intercept + Year + Month + Area + Lat5 + BET CPUE +
YFT CPUE + (Month*Area) + (Year*Lats) + (1/Year:Area) +

Error,

GAMM was implemented by the following model.
log(CPUE +0.2) ~ Intercept Year + te(Lon, Lat) + te(Month, Lat) +te(Lon, Month)
+ te(Year, Lat) + te(Year, Month) +te(Lat, Lon) + te(Lat, Lon) +
s(BETepue) + s(YFTepue) + Error,

For details, see CCSBT-OMMP/2006/11 for GLM, CCSBT-OMMP/2006/12 for GLMM,
and CCSBT-OMMP/2006/15 for GAM.
Note that in the CPUE and resource abundance indices, the following seven types of
values occur in combination with numbers and data sets.
Value 1: Nominal CPUE using original data. (Total SBT number) / (Total hook
number).
Value 2: Average of unstandardized CPUE using original data. CPUE=(number of
SBT by layer)/(number of hooks by layer). Average value of all levels of
CPUE.
Value 3: Standardized coefficient value from the original data. coefficient of
variable.
Value 4: The predicted value fitted to the original data. Residuals as a derivative
(predicted value-observed value).
Value 5: The predicted value applied to newdata, without weighting. newdata is
created by the total combination of variable hierarchies.
Value 6: New data is limited to the range corresponding to the area weighted data

and is not weighted. For example, 45S in Area 4 will be deleted.
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Value 7: newdata weighted value. Constant squares (CS), variable squares (VS),
their intermediate W0.5, WO0.8, etc.
The analysis in this document uses value-1 and value-2 for Nominal CPUE
considerations. The model fitting uses value-4. Value-7 is used for the examination of the
abundance index (increased around 2015).

R (version 3.6.1) was used for the analysis.

HBREER

1. 2019 £ Nominal CPUE &£ DEVDREEDEFE

Fig. 1{Z Nominal CPUE & %) CPUE Z/~9, W& IZITEVWRH Y | 1TEAEETOF
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2. BREIZKDETIVERDGE
GLM, GLMM, GAM T CS BIREFEHIL. 1986 5 2012 FF Tl L A & —3
LRV RERLTWS (Fig. 5), L2vL 2013 005 2016 4Fi2iE GLM B8 LW
GLMM (2t LT, GAM OENEL > TW5, £TETAMOESIC L D5HE&21T
W, FORIT, TD 2015 TADOEFRERE O E D OfEFEM:Z N L7,
QQ v v ML 2EARARY TITE Y IX, GAM & GLMM 28[[% T, GLM 3% -7
(Fig. 6), newdata |2k % L 22— FRllO CSEEZET VTl L7z (Fig. 7)., GAM
F721% GLMM (2% L THMUEIZ R STy, GLM Tl 8 #E X 40S TOAMUE
2018 - & 2019 HEITAFE LTz, Z OMEIEEEIZ Ttoh (2020; CCSBT-OMMP/2006/11) THL
wLTH 5D,
7= (il 4) IZOWTER LZ, RED 2R/ICLHET LVEOLEE Fig. 8 12T, 7%
2= QFEBLARW) ICLD2ETABOLKZ, —EHIZHOWT Fig. 912, —2ZHIc>\T
Fig. 10 (4F « #J). Fig. 11 (4 - H). Fig. 12 (& « X)) 1TRT, REEZEGH-T
TORERIT Attachment 3 THIHFRETH 5, LA FOREMN A LIV,
o FEFED2FIZBWVT, GAM IZEN TV,
« INENOET VT 2019 FiI bIEE 2 AN KE Motz
o FEFE QFELARV) OMFHIBWNT, GAM OYTiXE Y ix. GLM/GLMM (2% L
T, WX, EE, RECTERL O, 2720 GAM I 2N 5L A2 ET AVHEIZE AT
5D TYUIROFERTH 5,
s GAM OHE~DYTIFTE Y X, GLMM (2% -7,
o AEBIREEE (Fig. 10) ([Z2W\WT 458 (/7 7 T-47.5 LHK5E) & 40S 12860 C,
GLM & GLMM Tl KHEE THeilt 10 I O WTRAER 2R BN B S Tz,
GAM TIIRRFRI R IRIBE ORI BTz, 35S IZOWTIE 3 ET /L& bRl 10
T/ IMIEE DSRAERIZHE N L Tz,
o FHIA (Fig. 11) 1IZ2W T, 2019 Y TULE W BEL TN EDRE (B HD
W NHEE, 7T A OKHEE, 9 A Oml/NMEE) oM EREIX3ET A THELT
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Wiz,
. %i‘ﬂﬁl: (Fig. 12) 1Z2W T, 2019 H2Y TITE W BNE S TN Z O (41
W/ NHEE T VEX O KRHETE . 8 VEIX O/ IMEE) DS ERREIX 3 ET LT
WL TWEe,
. @%'(@E IOWT, THXTIZ 37 /L CTHE L T 2012 H0 Bl KHEE 23 e VT
Wb,

PLENS, GAM D7 4 w7 A U ZITET VR, o7 v L0 HERICEND
HOTIER L BEOBHEDITH L THUIY TIXEV BNENEENH -7,

3. GAM T2015 ECAICENF LN EDEFEM

GLM. GLMM, GAM [# CS &IREHEHIL. 1986 D 2012 FE TR A E—%K
LRV RERLTWS (Fig. 5), L2vL 2013 005 2016 4Fi21E GLM 5 LW
GLMM (2t LT, GAM OfERE L 2> TV 5D, Z 0 2015 F A DGR EREOE £
0 DS Z F7E L 7=,

T L A7ay hTRELEE ZA GAMIZBWT 2015 FEZAIC EF- Lz, +
(AR « SREETEA L Tz (Fig. 13), IRWT—E&24E « HIEAEL T\, AES
iz GAM (GAM11) 72»B4F - fiEEF JOME - HIEZHIBR L7z GAM

(GAM_YMTLat) #%EjiL, CSEZ KD, 2012 FIZHEN KT L5 L9ICL, /77
T GAM11 & OFEWVOFEIROJA S TREZRE Lz (Fig. 14), TORER, K& 72
BEHBZ TN THERO4H, 5H, 6 ATho7z, Ziubid 7 X O LRy
R Cho7Z &nnn, 2016 FEZADEE D BV OAUEIC L - THEEZShTWD
DIF T RNWZ EEZR LTS,

TEEIX 4SS MR E e BAE 52 TRV, 40S bZN L VNS RETRELZ 5 2 T\
Too ATHT —XITEHEEND THX (FIERO X S IZ 6 WX L DFA) OF —XI%, 458 T
137 BRI L A 720y (Table 1), 2016 4E00 5 13 72> CTWvD, F72 458 TO#H:
203 2002 005 2015 4F £ Tl 160E LW T, 6 XD EDTH -7 (Table 2),

GAM 1% 458 (/"7 7?d-47.5) TD 2015 FD7 1 v M- 72 (Fig. 10), 7EXIC
RELTZZ 7 7128 W TH 458 D7 ¢ v FEES | 2015 I KHEE TH - 72 (Fig.
15), 408(-42.5)TiX. GAM 7213 T72< GLM & GLMM %, 2013-2019 4E /3 KHEE
Lo Tz (Fig. 15),

VLENS, BIREFREO 2013 05 2016 FFOREE 0 13 6/7 XD 45S (KL, *
MUTET VOYNTIFONENZ &, T2 RPN LICRINT D2 L 28T o 0%
WD, 2015424 (2013-2016 42) OFEEVIZOVWTOFBHEENMENESZS BN,

Results and discussion
1. Identifying the causes of the difference from the 2019 Nominal CPUE
Figure 1 shows Nominal CPUE and average CPUE. There was a difference between
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the two, with Nominal CPUE surpassing almost every year, but in some years, like 2009,
it was slightly reversed. The difference was particularly large in 2019. It was also large
in 2017 and small in 2018. The difference is caused by the number of operations
depending on Area. The causes of the large difference in 2019 is further searched.

It seems that the number of operations is high in the sea where CPUE is high, and the
relationship between CPUE and hook number used is plotted in units of cells (Fig. 2;
Attachment 1 for all years). We examined whether the correlation between the two was
significant by the ANOVA F test of Pearson's correlation coefficient. The data showed a
positive correlation for many years, suggesting a concentration of effort in the high
CPUE area. However, the correlation was significant only in 9 out of 34 years, and no
strong correlation was found. In addition, there were many data points that there were
many hooks used but low CPUE. Therefore, it was considered that the vessels were not
quickly gathering in the high CPUE area.

We investigated how much a certain cell had effect on Nominal CPUE by obtaining
the following scores.

1 Calculate the Nominal CPUE (N1) by year.

2 Calculate the Nominal CPUE (N2) for each year by jackknife method (delete only one
data).

3 Calculate the score in each cell.

Score = (N1-N2)/N1,

Scores can be positive (the cell raised Nominal CPUE) and negative (the cell lowered
Nominal CPUE).

Figure 3 shows the score. In this figure, the scores are arranged in order. One cell
had a large positive impact in 2019. This cell increased Nominal CPUE by 9% (58% of
the difference).

The cells with strong influences were 40S and 150E (Area 7) in May (Fig. 4; all months
are shown in Attachment 2). Area 7 had cells with the most positive impacts for many
years, and cells with the most negative impacts for many years. There were also some
cells with high CPUE but not concentrated operations (e.g. Area 7 in May 2011).

The analysis up to this point is summarized below.

(1) The average value of Nominal CPUE and cell-specific CPUE may differ.

(2) Nominal CPUE was higher in many years, but it was almost the same in some years
or slightly reversed in one year.

(3) The difference is due to the different number of hooks for each cell
(year/month/latitude 5°/longitude 5°).

(4) Nominal CPUE was high in 2019 because 1 cell (May 40S, 150E in Area 7) had a
strong influence, and operations were concentrated in the high CPUE area.

(5) Operations were not always concentrated in high CPUE area.

8



CCSBT-ESC/2008/26
(ESC Agenda item 8)

Therefore, the Nominal CPUE has been raised due to the concentration of operations in
one spatiotemporal space in 2019 (May, Area 7, 40S, 150E), and it is considered

appropriate that the standardized abundance index has decreased.

2. Evaluate model results with residuals

The CS abundance indices among GLM, GLMM, and GAM show almost the same
annual trend from 1986 to 2012 (Fig. 5). However, from 2013 to 2016, GAM has a higher
value than GLM and GLMM. First, we evaluated the residuals between the models, and
then evaluated the certainty of the increase in the abundance index around 2015.

The overall fit from the QQ plot was that GAM and GLMM were equivalent and GLM
was inferior (Fig. 6). The CS values for each record in newdata were compared between
the models (Fig. 7). No outliers have been found for GAM or GLMM. GLM had outliers
in the 40s in Area 8 in 2018 and 2019. This problem has already been described in Itoh
(2020; CCSBT-OMMP/2006/11).

The residuals (value-4) were summarized. Figure 8 shows a comparison between the
models based on the square of the residual. Comparison between models by residuals
(not squared) is shown in Fig. 9 for one variable, Fig. 10 (year/latitude), Fig. 11
(year/month), and Fig. 12 (year/sea area) for two variables. All results, including
longitude, are available in Attachment 3. The following features were observed.

- GAM was excellent in the residual squared.

- Each model had the largest residual squared value in 2019.

In the examination of residuals (not squared), the GAM fit was superior to
GLM/GLMM in terms of Area, latitude, and longitude. However, since GAM
includes these in the model term, this is an expected result.

- GLMM fits the year better than GAM.

- GLM and GLMM overestimate over the last 10 years at 45S (expressed as -47.5 in the
graph) and 408 for by year and latitudes (Fig. 10), and have shown an increase
with year. In GAM, the amplitude increased with year. For 35S, underestimation
of all three models has increased over the last 10 years.

- Regarding year-by-month (Fig. 11), the fit was poor in 2019, but the direction and
degree of the error (underestimation in May, underestimation in dJuly,
underestimation in September) were common to all three models.

- Regarding Area by year (Fig. 12), the fit was poor in 2019, but the direction and degree
of the error (underestimation of Area 4, overestimation of Area 7, underestimation
of Area 8) are common to all 3 models.

- Regarding Area by year, overestimation has continued from 2012 in common for the
three models in Area 7.

From the above, the fitting of GAM is not bad, but it is not overwhelmingly superior
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to other models, and there are cases where it does not fit well to parts with variables.

3. Reliability of high value of GAM around 2015

The CS abundance indices among GLM, GLMM, and GAM show almost the same
annual trend from 1986 to 2012 (Fig. 5). However, from 2013 to 2016, GAM has a
higher value than GLM and GLMM. We evaluated the certainty of this rise in the
abundance index around 2015.

As a result of examination using a progress plot, the increase in GAM around 2015
was mainly due to the year and latitude terms (Fig. 13). Next, partly affected by the
year and month term. Perform GAM (GAM_YMTLat) that removes the year/latitude
term and year/month term from the agreed GAM (GAM11), calculate the CS value, and
adjust to make them match in 2012, and compare them with GAM11 on the graph. We
searched for the cause by the extent of the difference (Fig. 14 as yellow area). As a
result, it was in April, May, and June of Area 7 that had a great influence. These
months were the main operating seasons in Area 7, indicating that the rise around
2015 was not caused by a few outliers.

For latitude, 45S had a large impact, and 40S had a lesser impact. The data for Area
7 (integrated with Area 6 as described above) included in the core vessel data is low for
458 and the number of operations is also small (Table 1). It has disappeared since
2016. From 2002 to 2015, the operation at 45S was to the east of 160E in Area 6 (Table
2).

The GAM had a poor fit in 2015 at 45S (-47.5 on the graph) (Fig. 10). The 458 fit was
poor even in the graph limited to Area 7, and was overestimated in 2015 (Fig. 15). At
408 (-42.5), not only GAM but also GLM and GLMM were overestimated during 2013-
2019 (Fig. 15).

From the above, it 1s necessary to recognize that the increase in the abundance index
from 2013 to 2016 is due to 45S in Area 6/7, which is due to poor model fit and limited
data. It is considered that the degree of confidence in the rise around 2015 (2013-2016)

1s low.
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Table 1.  Number of longline operation in Area 7 by year and latitude in the core vessel data.
Assuming 3000 hooks per operation.

Lat 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
-47.5  45S-49S 247 301 281 273 472 483 222 198 126 186 51 417 254 253 88 112 109 86 107 47
-42.5  40S-44S 156 293 528 757 1172 1001 1122 803 1175 910 609 550 756 1613 1191 1837 1287 995 736 581
-37.5  35S-39S 3 5 7 6 10 11 5 37 4
Lat 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
-47.5  45S-49S 55 47 88 35 54 45 28 14 9 15
-42.5  40S-44S 317 646 443 461 448 611 750 1106 1037 1135 1197 1468 1427 1143
-37.5  35S-39S

Table 2. Number of operation in 45S in Area 7 by year and latitude in the core vessel data.

Assuming 3000 hooks per operation.

Lon Area 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
1325 7 6 7 8 43 13 4 18 37 6

1375 7 7729 61 81 142 18 12 15 7 17 169 137 74 13 4

1425 7 11 113 47 19 46 8 328 42

1475 7 4 8 9 3 44 5 11

1525 7

1575 7 3

1625 6 5 11 6 5 7 12
1675 6 110 78 63 71 128 262 190 166 69 181 86 74 137 48 73 109 8 95 47
1725 6 44 65 100 66 96 148 91 3% 20 17

1775 6 26 14 38 3

Lon Area 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

1325 7

1375 7

1425 7

1475 7

1525 7 9

1575 7

1625 6 8 7 6

1675 6 47 40 88 28 54 45 18 14 9 15

1725 6

1775 6
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Fig. 1. Comparison of Nominal CPUE and mean CPUE in the core vessel data.
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Fig. 2. Plot of hooks (Y axis in 1000 hooks unit) to CPUE (X axis) by cell.
A cell is by year, month, latitude in 5 degree and longitude in 5 degree. Regression
line is solid if slope was significantly different from 0. r is the Pearson’s

correlation coefficient.
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1s the influence that changes Nominal CPUE, see text.



CCSBT-ESC/2008/26
(ESC Agenda item 8)

Y2010 M5 Y2015 M5
(1R N "] i e
.7 [ .3l
l:{ - T T T T :I:: - T T T T
0 50 100 150 0 50 100 150
Y2011 M5 Y2016 M5
"] i ([ " H ] B
] H ol
il T T T T - T T T T
0 50 100 150 0 50 100 150
Y2012 M5 Y2017 M5
"] W 0 ] m R
.| e ] pr
- T T T T £ T T T T
0 50 100 150 0 50 100 150
Y2013 M5 Y2018 M5

dmm  E @I Amr "B

T T T T ! T T T T

0 50 100 150 0 50 100 150
Y2014 M5 Y2019 M5
1 all a A egan &
- T T T T il T T T T
0 50 100 150 0 50 100 150

Fig. 4. Mapping of CPUE and hooks
CPUE and hook in May are plotted by year, latitude in 5 degree, and longitude in
5 degree. Longitude is on the X-axis and latitude is on the Y-axis. The color of the
section is CPUE (white = 0, black = maximum CPUE for the year/month). Hook is
a relative value to the maximum hook of the year and month. Hook in yellow
indicates maximum score, light blue indicates minimum score, and white indicates

intermediate score. Score is the influence that changes Nominal CPUE, see text.
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Fig. 6. (cont'd) (GAM)
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Fig. 7. Comparison of predicted value among models
Plot CS in newdata. X axis is GLMM, and Y axis is GAM. Line denotes X=Y.
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Fig. 7. (contd)
X axis 1s GLM, and Y axis is GAM. Red denotes 40S in Area 8 between June and
September.
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Fig. 7. (contd)
X axis 1s GLM, and Y axis 1s GLMM. Red denotes 40S in Area 8 between June and
September.
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Fig. 8. Squared residuals by variables
Red is GLM, green is GLMM, and blue is GAM.
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Fig. 10. Residuals by two variables (Year, Latitude)

Red is GLM, green is GLMM, and blue is GAM.
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Fig. 11. Residuals by two variables (Year, Month)
Red is GLM, green is GLMM, and blue is GAM.
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Fig. 12. Residuals by two variables (Year, Area)
Red is GLM, green is GLMM, and blue is GAM.
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Fig. 13. Progress plot of GAM
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Fig. 14. Comparison of CS abundance index among models by month in Area 7.

Xis year, and Y is CS abundance value. The top panel is all months, and the others

are by month. In the monthly chart, the Y-axis range is unified. Red is GAM11.
Black is for GLMM and adjusted with the value of 2012 GAM11. Green
(GAM_YMYLat) is based on GAM11 except for the year/month and year/latitude

terms, which had a strong effect on raising around 2015 in the step plot. The solid

and dotted lines in green are the nominal value and adjusted with the 2012

GAM11 value, respectively. The yellow polygon is the area between the red line

and the green dotted line, and indicates that the CS value of GAM11 is increased

by the year/month term and the year/latitude term.
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Fig. 15. Fitting by year and latitude in the data between April and June in Area 7.
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Attachments

Examination of the abundance index for southern bluefin tuna
calculated through GAM CPUE standardization

Tomoyuki ITOH

Attachment 1. Mapping of CPUE and hooks
CPUE and hook in May are plotted by year, month, latitude in 5 degree, and
longitude in 5 degree. Longitude is on the X-axis and latitude is on the Y-axis. The
color of the section is CPUE (white = 0, black = maximum CPUE for the
year/month). Hook is a relative value to the maximum hook of the year and month.
Hook in yellow indicates maximum score, light blue indicates minimum score, and
white indicates intermediate score. Score is the influence that changes Nominal

CPUE, see text.
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Back ground is CPUE. Black is the highest CPUE of the year.
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Attachment 2. Comparison of CS abundance index among models by month

Xisyear, and Y is CS abundance value. The top panel is all months, and the others
are by month. In the monthly chart, the Y-axis range is unified. Red is GAM11.
Black is for GLMM and adjusted with the value of 2012 GAM11. Green
(GAM_YMYLat) is based on GAM11 except for the year/month and year/latitude
terms, which had a strong effect on raising around 2015 in the step plot. The solid
and dotted lines in green are the nominal value and adjusted with the 2012
GAM11 value, respectively. The yellow polygon is the area between the red line
and the green dotted line, and indicates that the CS value of GAM11 is increased
by the year/month term and the year/latitude term.
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Attachment 3. Residuals by one or two variables
Red is GLM, green is GLMM, and blue is GAM.
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