‘ South Pacific Regional Fisheries Management Organisation

12 MEETING OF THE SCIENTIFIC COMMITTEE
30 September to 05 October 2024, Lima, Peru

SC12-HM 03
Comparing Biomass Estimates of Chilean Jack Mackerel from Opportunistic and
Systematic Surveys in South-Central Chile

Chile

PO Box 3797, Wellington 6140, New Zealand
P: +64 4 499 9893 — E: secretariat@sprfmo.int — www.sprfmo.int



mailto:secretariat@sprfmo.int
http://www.sprfmo.int/

Comparing Biomass Estimates of Chilean Jack Mackerel from Opportunistic
and Systematic Surveys in South-Central Chile

Nicolas Alegria and Aquiles Sepulveda
Instituto de Investigacion Pesquera. Talcahuano, Chile.

Abstract

This report compares biomass estimates for CJM derived from acoustic data collected by
opportunistic fishing vessels with those obtained from systematic surveys conducted in the
central-southern zone of Chile. Acoustic data were collected from fishing trips made by five
national vessels equipped with echosounders between 2009 and 2021 in the South-Central
Zone of Chile. For comparison, only data from scientific echosounders (model EK60)
collected during June and July were used for estimating CJIM abundance through the
opportunistic survey.

The comparison focused on variables such as date, biomass, and area for the years when
systematic surveys were conducted. Biomass estimates were derived using geostatistical
methods for both survey types, systematic and opportunistic.

Results indicate that when there is an overlap between the spatial distribution of CJM and
the systematic survey transects, the biomass estimates are closely matched. In contrast,
when there is little to no overlap, the estimates differ significantly.

In conclusion, opportunistic surveys offer a valuable alternative for estimating CJM biomass,
particularly in years without formal acoustic assessment cruises. Furthermore, continuous
data collection by the fleet throughout the CIM fishing season enables monitoring of
changes in the resource's distribution, behavior, and availability, as well as its interactions
with other species and the environment.



Introduction

Chilean jack mackerel (Trachurus murphyi) is a transboundary species that has a wide
geographic distribution in the South Pacific, from the Galapagos Islands to the southern
region of Chile, in oceanic and coastal waters (Serra, 1991). In international waters it is
distributed in large schools up to 160°W, mainly between 33°S and 48°S (Gretchina,
1992).

Its migration is mainly related to their spawning and feeding behaviour, with an annual
cycle involving offshore migration in spring to spawn in oceanic waters returning to the
coastal areas of Chile and Peru in summer-autumn related to the availability of food at
the coast (Quifiones et al., 1997; Miranda et al., 1998). During autumn and winter, CJM
aggregate in compact schools providing high availability mostly for the fishing fleet off the
Chilean coast, particularly in the central-south zone of Chile (Serra, 1991; Arancibia et al.,
19953, b).

Traditionally, most acoustic research cruises aimed to estimate CIM abundance in the
south-central zone of Chile have been executed on scientific vessels following a systematic
survey design. Currently, a direct evaluation scientific cruise is carried out every two years
to quantify the CIM stock (usually in June), within the framework of National Research
Funding. Despite the existence of this study, it is still unknown to what fraction of the
population it is estimated and there are considerations about the time window in which
surveys are carried out. Also, this resource could change their structure of sizes and density
of its main fishing grounds.

The obtention of direct information by identifying and quantifying acoustic targets, together
with the collection of biological and environmental information, requires specialized
systems which are available on board of some fishing vessels and therefore, can be used to
obtain a greater volume of information to strengthen current research tools, improving the
predictability of the evaluation model, especially with the incorporation of independent
indicators obtained from the fishing activity of the fleet during all the year. Consequently,
the need to implement the acoustic evaluation method with vessels of the regional fleet to
quantify the available CJM biomass and its variations throughout the year or during the
fishing season is strongly recognized and supports this study. The aim of this contribution is
to know if it is possible to estimate the biomass of CJM by means of a opportunity survey
carried out by fishing vessels, by comparing the estimation of CJM abundance and biomass
levels in the South-Central Zone of Chile, based on acoustic information obtained from
opportunity vessels of the CIM fishing fleet (opportunity survey design), with the biomass
estimated by a systematic survey design (Cérdova et al., 2022), at the same time and in the
same area.



Material and Methods
Equipment and working platforms

The acoustic information was obtained from fishing trips made by five fishing vessels of the
national fleet since 2009 to 2021 in the South-Central Zone of Chile, all equipped with
echosounders that allow recording information (Table 1). The echosounders were
previously calibrated following the recommendations of their manufacturer.

To compare the CJM abundance results obtained by the Instituto de Fomento Pesquero
(IFOP) through the systematic survey, only the data obtained by the scientific echosounders
(model EK60) during June and July were used to estimate the CJM abundance through the
opportunity survey. The variables compared were date, biomass, and area from 2009 to
2021, only the years in which a systematic survey was conducted. Biomass was estimated
using the geostatistical method in both types of survey, systematic and opportunity.

Table 1. Vessels and equipment used to record acoustic information.

Vessel name Manufacturer Model Frequency (kHz)
PAM Cazador SIMRAD EK60 38 and 120
PAM Don Manuel SIMRAD EK60 38 and 120
PAM Don Edmundo SIMRAD EK60 38 and 120
PAM Biomar llI SIMRAD EK60 38
PAM Don Julio SIMRAD EK60 38

Acoustic information analysis and abundance estimation

The acoustic information was processed using the Echoview echogram analysis software
(v. 9.0). Acoustic data were filtered to eliminate all sources of noise. The concept of noise
should be understood as any acoustic signal, whether biological, mechanical, and/or
electrical interference that is not part of our interest or represents false measurements
(i.e. double bottom echoes and transducer resonance). The analyzed information was
eco-integrated into Basic Sampling Units (UBMs) of 1 nautical mile (nm), obtaining the
NASC (Nautical Area Scattering Coefficient) value for each cell and region, which was used
to determine abundance and spatial distribution of CJM. The estimation was made based
on a completely opportunity survey design through the geostatistical method. To obtain
the estimates, ordinary kriging was used, four variogram models were evaluated: matern,
spherical, exponential and Gaussian (Cressie, 1993), being adjusted to the experimental
variogram data minimizing the sum according to the weighted least squares procedure
(Cressie, 1993), a cross-validation was also carried out (Deutsch & Journel, 1998) of the
parameters considered in the adjusted theoretical variogram and the parameters to be
used in the interpolation by kriging (i.e. parameters of the theoretical variogram, search
radius, maximum number of pairs to use in interpolation). The parameters of the
theoretical variogram and the kriging selected after cross-validation were used to
calculate the optimal weights to be assigned to each sampling point and to estimate the
density using:



N
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Where N is the number of samples, Ai is the weighting attributed to the sample xi, y:
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The N weights Ai were calculated to ensure that the estimator is unbiased and that the
estimation variance is minimal (Journel & Huijbregts, 1978; Petitgas, 1993).

The estimate of the mean density Z(V)* of CIM, was obtained by averaging the local
estimates calculated in each of the grid nodes that covers the domain area of the estimation
polygon (AV).
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Total abundance (At) is the result of the product between the mean density obtained by
kriging within the polygon and the area of the polygon (AV), divided by sigma (o).

W Z0) 4,
o
where,
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and the Target Strenght, 7S = 20 Log. (LH) - 68.91 (Lillo et al, 1996)

where LH is the Fork Length of sampled fish.

Total biomass (B:) is the result of the product between total abundance and mean CIM
weight, obtained from sampling.

Bi= A - W



Sampling and determination of biological indicators

In the vessels, operational information was recorded corresponding to each catch, where
logbooks were completed with operational data associated with CJM structural
indicators. The operational information recorded during each fishing set is detailed
below:

a. - Position of the catch (Latitude and Longitude).
b. - Date and time of the catch.
c. - Capture obtained.

Biological-specific sampling and size frequencies of fishing sets sought to generate base
information to account for:

a. - The composition of sizes in the catches,

b. - The mean weights to size.

Results

In June and July of 2009 and 2010, CJM was distributed offshore (Figures 1 and 2). In 2009,
the systematic sampling transects covered 100% of the CIM distribution, while in 2010, they
covered 80%. Under these overlapping conditions, biomass estimates for 2009 were
665,921 tons from the opportunistic survey and 534,538 tons from the systematic survey.
For 2010, the biomass estimates were 136,133 tons from the opportunistic survey and
89,736 tons from the systematic survey (see Table 2).
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Figure 1.- Comparison between spatial distribution of CIM (orange circles), opportunity survey
(black solid line) and systematic survey (red parallel lines).



2010

-34

Latitud (°S
a0 25D

-42

CJM 2009
Y Ul

~

{ — 50000
|
\

'iro

i

-44

\paraisy

-95

In 2011, CJM was distributed near the coast in the south-central zone of the study area and
offshore in the southwestern zone (Figure 3). The systematic transects covered 70% of the
CJM distribution, with a concentration of CJM in the southern part lying outside the transect
coverage. Biomass estimates for this year were 193,213 tons from the opportunistic survey
and 127,520 tons from the systematic survey (Table 2).
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Figure 2.- Comparison between spatial distribution of CJM (orange circles), opportunity survey
(black solid line) and systematic survey (red parallel lines).
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Figura 3.- Comparison between spatial distribution of CJM (orange circles), opportunity survey
(black solid line) and systematic survey (red parallel lines).

-90

-85 )
Longitud (°W)



The year 2012 (Figure 4) is particularly notable because INPESCA conducted adaptive
transects in May, one month before the systematic survey. During this period, CIM
aggregations were found close to the coast, primarily north of Valparaiso, whereas the
systematic survey transects were situated off the coast and south of Valparaiso. This
resulted in only a 15% spatial overlap between CJM distribution and the transects.
Consequently, biomass estimates were 332,614 tons from the opportunistic survey and only
2,547 tons from the systematic survey (Table 2). These results highlight the critical
importance of timing in acoustic surveys to accurately capture the highest densities of the
resource.
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Figure 4.- Comparison between spatial distribution of CIM (orange circles), opportunity survey
(black solid line) and systematic survey (red parallel lines). Year 2012.
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The year 2015 (Figure 5) is particularly noteworthy because, despite both surveys being
conducted on the same date, there was no overlap between the systematic survey transects
and the spatial distribution of CJMs. The transects were positioned near the coast in the
north-central part of the study area, while CJMs schools were located offshore and to the
south. This resulted in a biomass estimate of 299,249 tons from the opportunistic survey
and 0 tons from the systematic survey (Table 2).
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Figure 5.- Comparison between spatial distribution of CIM (orange circles), opportunity survey
(black solid line) and systematic survey (red parallel lines). Year 2015.

In 2017, 2020, and 2021, CJM was distributed near the coast (Figures 6, 7, and 8), resulting
in high overlap between the spatial distribution of CJMs and the transects. The overlap was
90% in 2017 and 100% in 2020 and 2021, leading to very similar biomass estimates.
Specifically, in 2017, the opportunistic survey estimated the biomass at 497,317 tons, while
the systematic survey estimated it at 431,469 tons (Table 2). In 2020, the biomass estimates
were 1,424,990 tons from the opportunistic survey and 1,548,640 tons from the systematic
survey. For 2021, the biomass was 1,295,440 tons from the opportunistic survey and
1,213,776 tons from the systematic survey (Table 2).

Notably, in these three years, the surveys were conducted in June and July, and there was a
high overlap between the transects and the resource distribution. This alignment explains
the close agreement between the biomass estimates obtained from both survey methods.
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Figure 6.- Comparison between spatial distribution of CJM (orange circles), opportunity survey

(black solid line) and systematic survey (red parallel lines). Year 2017.
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Figure 7.- Comparison between spatial distribution of CJM (orange circles), opportunity survey
(black solid line) and systematic survey (red parallel lines). Year 2020.
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Figure 8.- Comparison between spatial distribution of CIM (orange circles), opportunity survey
(black solid line) and systematic survey (red parallel lines). Year 2021.

Table 2.- Summary of the results obtained by systematic and opportunity survey.

DATE AREA BIOMASS Ccim

YEAR OPPORTUNITY SYSTEMATIC % Overlap [OPPORTUNITY SYSTEMATIC
2009 July June/July 100 665,921 534,538
2010 June/July June/July 80 136,133 89,736
2011 May June/July 70 193,213 127,520
2012 May June/July 15 332,614 2,547
2015 June/July June/July 0 299,249 0
2017 June/July June/July 90 497,317 431,469
2020 June/July June/July 100 1,424,990 1,548,640
2021 June/July June/July 100 1,295,440 1,213,776

Finally, Figure 9 presents a graph comparing biomass estimates for each year. It clearly
shows that in years where the spatial distribution of CIM overlap with the systematic
sampling transects, the biomass estimates were very similar, particularly in the recent years
of 2017, 2020, and 2021. Conversely, in years with little to no overlap between the resource
distribution and the transects, such as in 2012 and 2015, the biomass estimates varied
significantly.
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Figure 9.- Comparison between opportunity survey and systematic survey since 2009 to 2021.

Concluding remarks

The results were very close in years where the date and area of biomass estimates
from both surveys coincided.

Biomass estimates from opportunistic surveys provide a valuable alternative for
managing CJM, particularly in years without formal acoustic assessment cruises.
Additionally, the fleet's continuous data collection throughout the CIM fishing
season enables monitoring of changes in distribution, behavior, and resource
availability, as well as interactions with other species and the environment.

Estimation of CJM biomass by opportunity survey is possible, the discussion could be
the precision of the estimate.
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