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correction procedure
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Abstract

The abundance index based on the CPUE model of the south-central Chilean purse seiner fleet is
one of the main indices used in the jack mackerel stock assessment model. This index was updated
to the first quarter of 2022. The CPUE model uses vessel hold capacity both in independent and
dependent variables. To evaluate the effect of the use of vessel hold capacity in the CPUE model, a
new model based on the catch with vessel hold capacity as covariable was fitted. The two models
estimated a similar abundance index with an important recovery trend in the last years.

The relationships between the CPUE index and hydro-acoustic survey results in the south-central
area were analyzed, including acoustic biomass, acoustic density, and fish distribution area. Acoustic
surveys found the fish highly concentrated close to the coast in the last two years. A ramp model
was fitted between the CPUE index and biomass. CPUE index tends to increase with acoustic density
until an asymptotic level. A linear model was fitted between the CPUE index and area (excluding the
last two years), which is proposed to correct the CPUE index. This correction reduced the recovery
rate in the last two years. It is recommended to have a precautionary approach because the CPUE
index seems to overestimate stock recovery.

Background

The abundance index based on the CPUE model of the central-south Chilean purse seiner fleet is
one of the main indices used in the jack mackerel stock assessment model. Therefore, this index has
to be updated for the next scientific meeting. This model uses CPUE as the ratio between catch (ton)
and days at sea multiplied by the vessel hold capacity, and vessel hold capacity bands as fixed
effects. To analyze the impact of using the vessel hold capacity on both dependent and independent
variables, a new model based on catch was fitted in this report.
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Another important index is the biomass estimated by hydroacoustic surveys in south-central Chile
which is partially (1997-2009) used in the stock assessment model. The rest of the years (2010 to
2021) are not used because there were modifications of survey sampling designs, which were done
to cover the changes in fish distribution (Catasti and Cordoba 2022). The most recent hydroacoustic
surveys have shown a biomass recovery and change in fish distribution which need to be analyzed
and compared to the CPUE index.

Aims

1) To update the index based on the CPUE model up to 2022

2) To estimate a new abundance index based on the catch model.

3) To compare the index based on the CPUE model with the one based on the catch model.
4) To analyze relationships between abundance indices and acoustics survey results.

Methods
1) Index based on CPUE model.

The CPUE model (Canales et al. 2008) is:
CPUE =year + quarter + zone + hc + €
where CPUE is catch (t)/ days at sea multiply by the vessel hold capacity (m3); year is the
temporal effect (1983 to 2022); zone is the spatial effect (Z11, 212, 213, 721, 722, 723, 731,
Z32 and Z33) and hcis the vessel hold capacity bands effect (1: 0:250; 2: 251:350; 3: 351:500;
4:501:600; 5: 601:750; 6: 750: 850; 7: 852:910; 8:911:1100; 9: 1102:1506; 10: >1506); and
€ is the error term.
The model was fitted as a GLM with gamma error distribution with a logarithm link function.

2) Abundance index based on catch model

Because in the CPUE model the vessel hold capacity is part of both the dependent variable
(CPUE) and an independent variable (hc bands), the following catch model was fitted:

log(C) = year + quarter + zone + log(CB) + offset(log(DFP)) + €
where C is the catch (t); CB is the vessel hold capacity covariable (m3), and DFP is the days
at sea; a e is the error. The DFP was used as an offset variable. The model was fitted as a

GLM with a gaussian error distribution.

The acoustic results were taken from Catasti and Cordova (2022).
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Results
1) Abundance index based on CPUE model
The CPUE index shows an important recovery in the last years, reaching at 2020 a level similar to

the one estimated at 1995 (Figure 1). The updated index was consistent with index used in the 5
previous stock assessments (Figure 2).

CPUE
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Figure 1. Abundance index based on CPUE model with 95%Cl bands.
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Figure 2. Abundance index based on CPUE model updated up to 2022 (first quarter) and the same

index used in the 5 previous stock assessments.

2) Abundance index based on catch model

The index based on the Catch model was similar to the one based on the CPUE model (Figure 3).
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Figure 3. Abundance indices estimated using the CPUE model and the catch model.

CPUE index and hydroacoustic surveys in south-central Chile

There have been important changes in acoustic survey sampling designs to follow the changes in
fish distributions (Figure 4). During the last two surveys, the fish were found concentrated very
close to the coast.

5

Departamento de Evaluacion de Recursos / Stock Assessment Department.



SC10-JM05

77

IFOP

N\
INSTITUTO DE FOMENTO PESQUERO / FISHERIES DEVELOPMENT INSTITUTE

Densidad acistica (¥mn?)
1-75

76-150
@ 151-300

e >3

Figure 4. Spatial distribution of Jack Mackerel acoustic density (t/mn?) by south latitude (Latitud
(S)) and west longitude (Longitud (O)) and survey sampling design (track lines) in the Chilean
south-central zone (taken from Catasti and Cordoba 2022).

The acoustic biomass showed a recovery in the last three years which is consistent with the CPUE
index recovery (Figure 5), however, taking into account the whole time series (both series used
and not used in the jjm model), these indices were not linearly correlated (Figure 6). A
preliminary model suggests the CPUE index is independent of the biomass until a biomass
threshold, and when biomass is lower than this threshold the CPUE index is proportional to
biomass (Figure 7).
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Figure 5. Abundance index based on CPUE and acoustic biomass estimated in the central-south

area.
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Figure 6. Ramp model for abundance index based on CPUE and acoustic biomass estimated in
the central-south area.
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The acoustic density in the last two years was very high, almost doubling the maximum historical
levels (Figure 7). The CPUE index tends to increase with the acoustic density until reaches an
asymptotic level, which corresponds to the last two-year data (Figure 7).
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Figure 6. Abundance index based on CPUE and density estimated by acoustic surveys in the
central-south area.
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Figure 7. Abundance index based on CPUE and density estimated by acoustic surveys in the
central-south area.
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The area covered by fish in the last two years was very small compared to the area covered in
the 1997-2006 years (Figure 8). The CPUE index seems to be proportional to the area covered by
the fish except for the last two years (Figure 9).
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Figure 8. Abundance index based on CPUE and distribution area estimated by acoustic surveys in
the central-south area.
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Figure 9. Abundance index based on CPUE and distribution area estimated by acoustic surveys in
the south-central area.
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There is a relationship between the CPUE index and area, excluding the last two years, which is
proposed to correct the CPUE index (Figure 10). Although no acoustic survey was done in 2022,
commercial catch distributions showed that fish kept concentrating close to the coast during
2022 (Figure 11), and therefore, the area 2021 was assumed for area 2022. This correction
reduced the recovery rate in the last two years (Figure 12 and table 1).
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Figure 10. Linear relationship between CPUE index and distribution area estimated by acoustic

fitted excluding the last two years, and correction proposed for the last two-year CPUE index.
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Figure 11. Jack mackerel commercial catch distributions by month during 2021 (left) and 2022
up to June (right). The 200 nm EEZ borders are shown by lines (figure provided by Karen Walker,

IFOP).
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Figure 12. CPUE index and corrected CPUE index.

Table 1. CPUE index and corrected CPUE index.

Year CPUE index Corrected CPUE index
1983 0.84 0.84
1984 0.78 0.78
1985 0.69 0.69
1986 0.58 0.58
1987 0.69 0.69
1988 0.61 0.61
1989 0.60 0.60
1990 0.52 0.52
1991 0.58 0.58
1992 0.54 0.54
1993 0.49 0.49
1994 0.53 0.53
1995 0.48 0.48
1996 0.48 0.48
1997 0.39 0.39
1998 0.34 0.34
1999 0.35 0.35
2000 0.34 0.34
2001 0.41 0.41
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2002 0.36 0.36
2003 0.32 0.32
2004 0.35 0.35
2005 0.32 0.32
2006 0.35 0.35
2007 0.26 0.26
2008 0.17 0.17
2009 0.15 0.15
2010 0.11 0.11
2011 0.06 0.06
2012 0.20 0.20
2013 0.17 0.17
2014 0.14 0.14
2015 0.12 0.12
2016 0.21 0.21
2017 0.25 0.25
2018 0.26 0.26
2019 0.28 0.28
2021 0.40 0.15
2022 0.48 0.15

Discussion

The current CPUE index figures are similar to the figures estimated for the nineties, suggesting that
the stock could be in similar conditions, however, the acoustic surveys show that density and fish
distribution are quite different, therefore the CPUE could be overestimating the fish recovery rate.
The procedure proposed is a first attempt to correct CPUE index using acoustic survey results, and
has several limitations related with the changes in the sample design of the acoustic surveys. The
surveys designs were adapted to try to cope with fish distribution changes though years. However,
the acoustic surveys seem to be informative about densities and distribution area and show that
fish condition in the middle of nineties was very different to the current conditions.

The relationships found between CPUE index and acoustic results are valid for the south-center zone
only, and they should not be extrapolated for northern area and/or for the whole stock. The acoustic
surveys conducted in the north during the last 6 years have shown an increasing trend both in the
biomass (Figure 13) and in the distribution area (Figure 14). Therefore, further analyses are needed
for the north zone, where to understand CPUE is more difficult because it is mainly based on bycatch
of small pelagic fisheries.
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Figure 13. Biomass estimated by acoustic surveys by zone and whole. The whole biomass was
calculated for those years with surveys in both zones only.
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Figure 14. Fish distribution area by zone and whole. The whole area was calculated for those years
with surveys in both zones only.
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Conclusions

1)

Abundance index based on the CPUE model and index based on the catch model were very
similar, therefore, the use of vessel hold capacity in both independent and dependent variables
seems to have no effects.

2) The CPUE index had an important recovery trend in the last years, however, the fish is highly
concentrated close to the coast.

3) The CPUE index could be affected by the high increase in fish concentration close to the coast.

4) It is recommended to have a precautionary approach when using the CPUE index because it
seems to overestimate the stock recovery.

5) A linear relationship between the CPUE index and distribution area is proposed to correct the
last two years of the CPUE index.
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