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Summary

In recent years there has been a positive trend regarding an increase of the jack mackerel abundance and
availability, that is, an increase towards average levels of abundance compared to past decades. Catches
in the same period (1983-2024) also show, in general, better fishing performance in years when calculated
biomass has been higher. The calculated abundance of jack mackerel, using various stratification methods
based on acoustic data collected during the summer 2024, have been given in a range of 22 to 458
thousand tons in the areas prospected by fishing vessels only.

Also in recent years there has been a positive trend regarding the chub mackerel biomass, i.e. an increase
towards average levels of abundance in comparison with past decades. Catches in the same period (1983-
2024) show, in general, better catches in years when biomass has been higher. The calculated abundance
of chub mackerel, using various stratification methods based on acoustic data collected during the
summer 2024, have been given in a range of 55 to 60 thousand tons in the areas prospected by fishing
vessels only.

There is a large biomass of mesopelagic fishes in the surveyed area, though the impossibility of collecting
length data makes not possible to produce reliable abundance assessments on these species.
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1. Introduction

The Scientific Research Committee (CIC) of the National Fisheries Society (SNP), in cooperation with the
Humboldt Institute for Marine and Aquaculture Research (IHMA) organized the Eleventh SNP Workshop
on the habitat conditions of jack mackerel and other species of the Peruvian Current in the Humboldt
System, which was held virtually from 24 to 28" June 2024. It has counted, as usual, with the valuable
participation and contribution of researchers from the Peruvian Sea Research Institute (IMARPE).

One of the topics discussed during the workshop was the need to resume the analysis of acoustic data
collected by fishing vessels during fishing trips with quantitative purposes to contribute to the
understanding of the bio-ecology of resources such as jack mackerel, chub mackerel and mesopelagic
species. Fishing trips are random, which introduces an additional uncertainty that is common to this type
of surveys, since that there is a risk of biasing the fish biomass. Another source of uncertainty in random
surveys is the fragmentation of the data, which may not be representative of the total area of distribution,
so that is common a loss of continuity of the spatial data. To deal with those sources of bias, it has been
applied two methods to produce averaged values of biomass.

2. Description of the abundance of jack mackerel and chub mackerel using
acoustic and geostatistical techniques

2.1.Estimating the abundance of Jack mackerel and Chub mackerel

In the present case, observed abundance or biomass is understood to be the amount of fish (jack mackerel
and chub mackerel) measured in mass units (tons) only in the areas of operation of the fishing fleet of the
companies affiliated with the National Fisheries Society (SNP). On the other hand, biomass is the total
amount of fish in its entire possible distribution area, which is expressed in units of mass (in tons), which
cannot be measured only with fishing trips, since the fleet operates in limited areas. Also, the industrial
fleet cannot operate within the first 10 miles from the coastline and neither in areas with the presence of
juveniles.

Apart from the biomass estimates that IMARPE periodically produces of pelagic fishes, since the first
workshop on Jack mackerel and Chub mackerel (2011) two methods have been used to estimate the
abundance of these species. The first method is acoustic, i.e. a certain number of fishing vessels equipped
with digital acoustic detection systems (echo sounders) of 120 kHz frequency, have collected information
to be analyzed during the annual workshops.

The second method used is geostatistical, through which all fishing sets carried out between 2021 and
2024, both for Jack mackerel and Chub mackerel, have been regionalized in 8 areas, in order to estimate
the centers of gravity and inertia associated with each region. The information was also grouped into
fortnights from January 2020 to March 2024. The average catch per set and zone/fortnight was used as
an indicator (proxy) of fish density (tonnes/mn2). In this way, the multiplication of the average catch by
inertia yields an abundance in tonnes, which is assumed to be proportional to the biomass only in the
areas of operation of the fleet. The methodological details used for the analysis of the data are described
in SNP (2015).

2.1.1. Jack Mackerel biomass estimated by IMARPE using acoustic methods
Information on latitudinal acoustic biomass and annual catches of Jack mackerel along the Peruvian coast
has been updated. To this end, information from IMARPE acoustic surveys has been used; the annual
landing data have been collected from the website of the Ministry of Production. Figure 2.1.1.1 presents

a Hovmoller diagram of changes in latitudinal horse mackerel biomass between 1983 and March 2024.
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Figure 2.1.1.1. Latitudinal Jack mackerel biomass along the Peruvian coast, represented by the vertical
axis on the left between 1983 and 2024 (horizontal axis). The catches are represented by the blue line and
the right vertical axis. The colors correspond to biomasses according to the legend of the figure.

In general, two regimes are observed: one between 1983 and 2002, in which biomass fluctuated between
medium and high levels; and another regime exists after 2002 with abundances varying between medium
and low levels. However, in recent years there has been a positive trend in biomass, that is, an increase
towards medium levels of abundance. Catches in the same period (1983-2024) also show, in general,
better yields in years when biomass has been higher.

2.1.2. Abundance of Jack mackerel calculated by geostatistical methods

Figure 2.1.2.1. presents the location and distribution of Jack mackerel fishing sets that have been carried
out between January 2023 and January 2024. The sets have been classified by geographical areas and by
fortnights, to determine the average catch (tons/mn2), the Center of Gravity (latitude, longitude) and
inertia (mn2) in each of them. Jack-mackerel fishing sets have been observed outside the edge of the
continental shelf, from 20 to more than 200 nautical miles from the coast, and between latitudes 11°30'S
(Chancay) and 21°00'S (lquique). 1,539 casts have been made, with catches ranging from 1 to 501 tonnes
per set. The average catch was 77.68 tons per set, and 118,604 tons of Jack mackerel were caught
between January 2023 and February 2024.
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Figure 2.1.2.1. Distribution of Jack mackerel fishing sets and related inertia between 2023 and 2024. The
blue circles correspond to Supe. The light blue color to Callao, the yellow color corresponds to Pisco and
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the green color to the southern zone. The centers of gravity and the magnitude of inertia (indicated by
squares according to the legend in the figure) in each area and fortnight have been determined in order
to estimate the abundance of Jack mackerel using as an indicator the average catch per set per region and
per fortnight. The red line indicates the limit of Peru's jurisdictional waters (200 miles).

Figure 2.1.2.2. shows the estimated abundance (tons) and inertia (mn?2) for the distribution of Jack
mackerel using geostatistical methods between January 2020 and January 2024. It should be noted that
the lack of estimates in months without a catch is because the fishing vessels were participating in the
anchovy fishing seasons, or because the corresponding fishing quota had been reached. The highest
abundance of Jack mackerel was estimated during July 2023, with 1.2 MT, followed by March 2020 with
855 thousand tons. The highest calculated inertia, which is an indicator of the area of distribution of Jack
mackerel in the areas where the fleet has operated, has been 17,120 mn?2 during July 2023. The average
value of the distribution area that has been estimated is 2,414 mn?2.
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Figure 2.1.2.2. Abundance and inertia of the distribution of Jack mackerel between January 2020 and
January 2024. The estimates shown in blue bars have been made by grouping the catch data by fortnights.

2.1.3 Geographical distribution according to acoustic records obtained for Jack mackerel between
2020 and 2024

The geographical distribution of Jack mackerel during 2020-2024, based on the acoustic assessments
carried out during IMARPE surveys besides the fishing activities of the industrial fleet, shows that the
highest concentration of this species is south of the 12th degree of south latitude, with a more continuous
distribution between 13th and 17th degrees of south latitude. Isolated areas have also been identified in
front of Paita, Punta Falsa, Chicama, Chimbote and Huacho. The distribution of Jack mackerel reaches up
to 120 nautical miles, but in general, it is within 50 nautical miles from the coast.
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Figure 2.1.3.1. Geographical distribution of Jack mackerel during IMARPE surveys and fishing seasons
carried out between 2020 and 2024.



2.1.4 Vertical distribution of Jack mackerel during 2024

The vertical distribution of Jack mackerel observed during 2024 ranged from the surface to 94 meters
deep, with an average depth of 14.06 meters. The shallowest schools were recorded between 11°, 12°,
17° and 18° degrees of south latitude, while the deepest were found between 13° and 15° degrees of
south latitude. On the other hand, the densities were similar up to 35 meters both during the day and at
night. Figure 2.1.4.1.
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Figure 2.1.4.1. Latitudinal vertical distribution of Jack mackerel during 2024; the right-hand panel shows
the backscatter volume (Sv, dB re m?/m?3) according to depth.

2.1.5. Classification of Jack mackerel echo traces

Between IMARPE assessments and SNP fleet activities, a total of 629 schools of jack mackerel were
detected. A principal component analysis (PCA) was performed for these schools, organizing the variables
according to energetic, positional and morphological criteria. Table 2.1.5.1.

Table 2.1.5.1. Parameters of the detections of schools of Jack mackerel during 2024

| wineo | pomedo | wiamo | vamena | sa | ov

Variabl es energeticas

MASC i §032.851 B520481 15400335708 12,5157 18
sy_promedio S712 3555 3758 a852 6.5 -134
Sy_maximo 5538 -33.44 2571 &TOL 519 -175
Su_minimo 5558 -85 £118 040 0.5 018

Profundidad media 534 2ZBAD o 3AT5E B8 L

Vanables morfologcas

Altura media 032 582 2132 22638 4.7 0EZ
Longitud comegida 148 3864 2E4.04 215835 46,850 121
Area conmegida 112 28211 zan e 1802832 BD 424 51 151
Perimetro comeg@ido S48 SE.71 TETLSE B35A8E 42 225.47 159

2.1.6. Chub mackerel biomass estimated by IMARPE using acoustic methods

Information on latitudinal acoustic biomass and annual catches of chub mackerel along the Peruvian coast
has been updated. To this end, information from IMARPE acoustic surveys has been used; the annual
landing data have been collected from the website of the Ministry of Production.
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Figure 2.1.6.1. presents a Hovmoller diagram of changes in latitudinal chub mackerel biomass between
1983 and March 2024. In general, three regimes can be observed: the first occurred between 1983 and
1992, in which the biomass was uniformly distributed along the entire coast, although with medium
abundances; the second period occurred between 1992 and 2002, in which biomass fluctuated between
medium and high levels; and a third regime exists after 2002 with abundances varying between medium
and low levels.

However, in recent years there has been a positive trend in biomass, that is, an increase towards medium
levels of abundance. Catches in the same period (1983-2024) show, in general, better yields in the years
when the biomass has been higher.
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Figure 2.1.6.1. Latitudinal biomass of Chub mackerel along the Peruvian coast, represented by the vertical
axis on the left between 1983 and 2024 (horizontal axis). The catches are represented by the blue line and
the right vertical axis. The colors correspond to biomasses according to the legend on the lower side of
the figure.

2.1.7. Chub mackerel abundance calculated by geostatistical methods

Figure 2.1.7.1. shows the location and distribution of Chub mackerel fishing sets that have been carried
out between January 2023 and January 2024. The sets have been classified by geographical areas (8) and
by fortnights, in order to determine the average catch (tons/mn2), the Center of Gravity (latitude,
longitude) and inertia (mn2) in each of them. Chub mackerel fishing sets have been observed outside the
edge of the shelf, from 10 to more than 200 miles from the coast, and between latitudes 5°00'S (Paita)
and 21°00'S (lquique). 1,067 hauls have been made, with catches ranging from 1 to 454 tons per haul. The
average catch was 47.58 tons per set, and 67,289 tons of mackerel have been caught by the industrial
fleet between January 2023 and January 2024.



Inercia (mn2): \
0a10 \
[] 10 a 100 AU £ ©.7)5)2 216 AU
100 a 500 \
[ ] 500 a 1000 N\
[ ] 1000 a 2000 L
L]

2000 a 5000 \ N e

Figure 2.1.7.1. Distribution of Chub mackerel fishing sets and related inertia between January 2023 and
January 2024. The red circles correspond to the Chicama area, the purple ones to Chimbote, the blue ones
to Supe. The light blue to Callao, the yellow to the Pisco area and the green to the southern area. The
centers of gravity and the magnitude of inertia (indicated by squares according to the legend in the figure)
in each area and week have been determined in order to estimate the abundance of Chub mackerel using
as a proxy of density the mean catch per set per region and per fortnight. The red line indicates the 200-
mile limito f Peruvian jurisdiccional waters.

Figure 2.1.6.2. shows estimated abundances (tonnes) and inertia (mn?) for the distribution of Chub
mackerel observed using geostatistical methods between January 2020 and January 2024. It should be
noted that the lack of estimates in months without catch is due to the fact that fishing vessels were
participating in anchovy fishing seasons. The highest abundance of Chub mackerel was estimated during
December 2023, with 1 million tons, followed by February 2020 with 247 thousand tons. The highest
calculated inertia, which is an indicator of the Chub mackerel distribution area, in the areas where the
fleet has operated, has been 4,346 mn2 during September 2020. The average value of the distribution
areais 1,676 mn2.
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Figure 2.1.6.2. Abundance and inertia of Chub mackerel distribution between January 2020 and January
2024. The estimates shown in orange bars have been made by grouping the catch data by fortnights.

2.1.7. Estimation of the acoustic abundance of Jack mackerel, Chub mackerel and lantern fish
(Vinciguerria lucetia)

In the present case, the acoustic data collected by the fishing vessels Chaveli, lvana B, Stefano, Olga, Rate
42, Tasa 51, Tasa 52, Tasa 53, Tasa 54, Tasa 55, Tasa 56, Tasa 59 and Tasa 71 have been used for the
analysis; Four fortnights of acoustic data were analyzed. In all cases, Simrad ES70 model echo sounders
operating at the frequency of 120 kHz and Split beam transducers were used. The basic sampling unit
(BSU) was 1 n.mi., having surveyed 25,546 n.mi. in total. Two methods have been applied for the
estimation of the acoustic abundance of Jack mackerel, Chub mackerel and vinciguerria which are
presented below.

Since the fishing trips were random, and not systematic, a system of stratification of statistical squares in
two dimensions or spaces of 15 by 15 n.mi. was adopted (with an area of 225 mn? each of them), in which
all NASC measurements by BSU were averaged including zeros to avoid overestimation of the results.

In this way, the biomass observed in a certain number of strata or statistical quadrants with the presence

of Jack mackerel, Chub mackerel and vinciguerria has been calculated. Figure 2.1.7.1. shows the routes of
fishing vessels and calculated acoustic biomasses.
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Figure 2.1.7.1. Acoustic assessment of the biomass of Jack mackerel, Chub mackerel and lantern fish
(vinciguerria) by statistical squares of 15 x 15 nm in the area surveyed by fishing vessels during the first
fortnights of fishing in the period 2023 - 2024. In the top left panel (a) it is shown the overlapping routes
of the ships. The upper right panel shows the statistical squares indicating the biomass of Jack mackerel
(b); The lower left panel represents those of Chub mackerel (C), and the lower right panel those of lantern
fish (Vinciguerria) (D).

2.1.7.1. Synthesis of abundance measurements for Jack mackerel (Trachurus murphyi)

Based on the results shown above, it is presented in Figure 2.1.7.1.1. a synthesis of the abundance
measurements made for Jack mackerel during 2023 and 2024. Estimates of Jack mackerel abundance have
ranged from 22 to 458 thousand tons in the areas prospected by fishing vessels. Table 2.1.7.1.1. presents
the main results, including the area covered each week by Jack mackerel; Figure 2.1.7.1.2. shows the size
structure of Jack mackerel.
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Figure 2.1.7.1.1. Synthesis of Jack mackerel biomass estimates through two methods of assessment only
in the areas of operation of the vessels that collected acoustic data during four fortnights between 2023
and 2024.

Table 2.1.7.1.1 Results of the acoustic biomass estimation and statistical accuracy estimates of the
assessment made for Jack mackerel for fortnights between 2023 and 2024.

Resultados/Quincenas 1 2 3 4

Numero de cuadrados: 20.00 8.00 8.00 5.00 unidades
Area: 4,309.92 1,727.96 1,727.96 1,096.67 n.mi.2
NASC: 3,673.77 2,114.80 2,114.80 173.74 m2/n.mi.2
NASC promedio: 183.69 264.35 264.35 34.75 m2/n.mi.2
Desviacion estandar: 185.3976 277.77 277.77 38.18 m2/n.mi.2
Numero de UBMs 6,474.00 564.00 564.00 117.00 unidades
NASC promedio ponderado: 127.07 184.18 184.18 54.93 m2/n.mi.2
Varianza ponderada: 1,745.33 4,118.32 4,118.32 682.09 unidades
Factor de conversion: 0.68 0.68 0.68 0.68 ton/m2
Densidad media: 86.93 126.00 126.00 37.58 ton/n.mi.2
Varianza de la densidad: 816.83 1,927.40 1,927.40 319.22 unidades
Coeficiente de variacién (CV): 32.88 34.84 34.84 47.54 %
Biomasa metodo 1: 458,836.12 266,543.43 266,543.43  22,209.28 ton
Biomasa método 2: 374,653.23 217,719.83 217,719.83  41,211.95 ton
Diferencia: 18.35 18.32 18.32 -85.56 %

Limites de confianza: 0.08 12.27 12.27 230 %
Promedio 31 31 31 31cm

Rango; 21a54 21a54 21a54 21a54 cm
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Figure 2.1.7.1.2. Weighted size structure of biomass of Jack mackerel in the areas evaluated in the first
four fortnights of fishing between 2023 and 2024. These estimates apply only to the areas in which the
fleet operated.
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2.1.7.2. Synthesis of abundance measurements for Chub mackerel (Scomber japonicus)

Based on the results shown in Figure 2.1.7.1, Figure 2.1.7.2.1. shows a synthesis of the abundance
measurements made for Chub mackerel during the first half of 2023 and 2024. The estimates of Chub
mackerel abundance have only been obtained for the fourth fortnight analyzed (January 2024), and have
been given in a range of 55 to 60 thousand tons in the areas prospected by fishing vessels. Table 2.1.7.2.1.
presents the main results, including the area covered each fortnight by Chub mackerel; Figure 2.1.7.2.2.
shows the size structure of Chub mackerel.
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Figure 2.1.7.2.1. Synthesis of Chub mackerel abundance estimates through two acoustic methods of
biomass assessment. Chub mackerel was only found in the fourth fortnight of data analyzed during 2024

Table 2.1.7.2.1. Results of the acoustic biomass estimation and statistical accuracy of the assessment
made for mackerel

Resultados/Quincenas 1 2 3 4

Numero de cuadrados: 0 0 0 10.00 unidades
Area: 0 0 0 2,187.48 n.mi.2
NASC: 0 0 0 429.07 m2/n.mi.2
NASC promedio: 0 0 0 42.91 m2/n.mi.2
Desviacion estandar: 0 0 0 45.23 m2/n.mi.2
Numero de UBMs 0 0 0 489.00 unidades
NASC promedio ponderado: 0 0 0 40.43 m2/n.mi.2
Varianza ponderada: 0 0 0 332.72 unidades
Factor de conversion: 0 0 0 0.68 ton/m2
Densidad media: 0 0 0 27.66 ton/n.mi.2
Varianza de la densidad: 0 0 0 155.71 unidades
Coeficiente de variacion (CV): 0 0 0 45.12 %
Biomasa metodo 1: 0 0 0 55,430.03 ton
Biomasa método 2: 0 0 0 60,502.02 ton
Diferencia: 0 0 0 -9.15 %

Limites de confianza: 0 0 0 0.02 %
Promedio 0 0 0 31 cm

Rango; 0 0 0 22a4l1l cm
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Figure 2.1.7.2.2. Biomass by size of Chub mackerel in the assessed areas over a fortnight during 2024
2.1.7.3. Synthesis of abundance measurement results for lantern fish (Vinciguerria lucetia)

Based on the results shown in Figure 2.1.7.1, a synthesis of the abundance measurements made for
Vinciguerria during February and March 2023 is presented in Figure 2.1.7.3.1. Estimates of abundance of
vinciguerria have ranged from 7,000 to 5.8 million tons in the areas prospected by fishing vessels. Table
2.1.7.3.1 presents the main results, including the area covered each week by the lantern fish. To estimate
the biomass of vinciguerria, an average size of 6 cm has been assumed, since there has been no biological
sampling on this species.

7,000,000
6,000,000

5,000,000
4,000,000
3,000,000
2,000,000
1,000,000 -
0 —
1 2 3 4

Quincenas 2023 - 2024
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Biomasa metodo 1: M Biomasa método 2:

Figure 2.1.7.3.1. Synthesis of biomass estimates of mesopelagic fish (mainly vincigueria) by two
assessment methods during 4 fortnights between 2023 and 2024.
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Table 2.1.7.3.1. Results of the acoustic biomass estimation and statistical accuracy of the assessment

made for mesopelagic fishes, lantern fish mainly

4.

Resultados/Quincenas 1 2 3 4

Numero de cuadrados: 54 61 61 8.00 unidades
Area: 11,704 13,203 13,203 1,743.43 n.mi.2
NASC: 6,536 13,866 13,866 242.26 m2/n.mi.2
NASC promedio: 121 227 227 30.28 m2/n.mi.2
Desviacion estandar: 328 469 469 50.85 m2/n.mi.2
NuUmero de UBMs 5,539 2,980 2,980 421.00 unidades
NASC promedio ponderado: 58 188 188 43.40 m2/n.mi.2
Varianza ponderada: 271 3,316 3,316 939.03 unidades
Factor de conversion: 2 2 2 2.36 ton/m2
Densidad media: 136 443 443 102.32 ton/n.mi.2
Varianza de la densidad: 1,504 18,429 18,429 5,219.06 unidades
Coeficiente de variacién (CV): 29 31 31 70.60 %
Biomasa metodo 1: 3,236,596 3,627,716 337,301 7,489.99 ton
Biomasa método 2: 1,588,751 5,851,638 5,851,638 178,388.85 ton
Diferencia: 51 -61 -1,635 -2,281.70 %

Limites de confianza: 89.24 39.89 39.89 0.08 %

Conclusions

For Jack mackerel biomass, two regimes are observed, between 1983 and March 2024: one between
1983 and 2002, in which biomass fluctuated between medium and high levels; and another regime
exists after 2002 with abundances varying between medium and low levels.

However, in recent years there has been a positive trend in jack mackerel biomass, i.e. an increase
towards medium levels of abundance. Catches in the same period (1983-2024) also show, in general,
better yields in years when biomass has been higher.

For Chub mackerel biomass, three regimes are observed, between 1983 and March 2024: one
between 1983 and 1992 in which a uniform distribution was observed along the entire coast,
although with medium abundances; the second period occurred between 1992 and 2002, in which
the biomass fluctuated between medium and high levels; and a third regime exists after 2002 with
abundances varying between medium levels and bass.

However, in recent years there has been a positive trend in Chub mackerel biomass, i.e. an increase
towards medium levels of abundance. Catches in the same period (1983-2023) show, in general,

better yields in years when biomass has been higher.

There is a large abundance of mesopelagic species in the surveyed area. However, the lack of
collection of biological simples impedes to produce reliable biomass estimations.
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