‘ South Pacific Regional Fisheries Management Organisation

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

SC12 - Doc 29
Annual Report of Peru to the SC—ANJ

Peru

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/

‘ South Pacific Regional Fisheries Management Organisation

12" MEETING OF THE SCIENTIFIC COMMITTEE
Lima, 30 September — 05 October 2024

Peru National Report No. 2

NATIONAL REPORT ON THE SITUATION OF THE PERUVIAN
STOCK OF JACK MACKEREL
(FAR-NORTH STOCK) AND THE PERUVIAN FISHERY IN
NATIONAL JURISDICTIONAL WATERS,
PERIOD JANUARY 2023 — JUNE 2024

by
IMARPE - PRODUCE

~THIS TEPOIT contains Mmrormation on e Jack MacRerel 151 SIGCK and TIsnery 1 Peravian |

jurisdictional waters that, we reiterate, the delegation of Peru, in use of its discretionary
powers, voluntarily provides for the purpose of information and support to the scientific
research work within the Scientific Committee of the SPRFMO. In doing so, while referring
to Article 5 of the Convention on the Conservation and Management of High Seas Fishery
Resources in the South Pacific Ocean and reiterating that Peru has not given the express
consent contemplated in Article 20 (4) (a) (iii) of the Convention, Peru reaffirms that the
decisions and conservation and management measures adopted by the SPRFMO
Commission are not applicable within Peruvian jurisdictional waters.

2024



SUMMARY

The Peruvian marine environment is characterized by its high productivity and variability. It
is particularly exposed to the effects of the opposed significantly warm (El Nifio) and cold
(La Nifa) climatic patterns in the Pacific Ocean that alternate with relatively short periods
of close to neutral conditions. Between 2013 and the first part of 2018, these changing
environmental conditions caused a more dispersed distribution, reduced availability, lower
abundance indexes, and consequently lower catches of Jack mackerel. This has been
followed by an expanded distribution in denser concentrations farther offshore, much higher
abundance indexes, increased availability to the industrial and artisanal purse seine fleet,
and higher catches of Jack mackerel from the second half of 2018 to 2022. In 2023, a
Coastal Nifio event was registered along the Peruvian coast, which led to a concentration
of Jack mackerel south of the Peruvian coast, making this resource more accessible. In
2024, the catches initially decreased for an initial dispersion of Jack mackerel schools; but
when the environmental conditions cooled, Jack mackerel concentrated again south of the
coast. This will be closely monitored throughout this year. Between January 2023 and June
2024, the fishery targeted a wide range of sizes, with the highest proportions of juveniles in
February 2024 (63%) and March 2024 (78%). A research survey in 2023 also found younger
and smaller juveniles with total lengths as small as 4 cm. In late December 2023, IMARPE
(Instituto del Mar del Pert) updated the available 2023 Jack mackerel assessment made
for the Peruvian (far-north) stock with the JJM model using the configuration agreed during
the 11th meeting of the Scientific Committee (SC11). This resulted in a range of options for
setting the 2024 TAC that was included in its advice to the Government, recommending
three scenarios: (i) the catch corresponding to an F equal to applied in 2023 (TAC = 143
000 1), (ii) the catch corresponding to applying 80% of the Fusy (TAC = 187 000 t) and, (iii)
the catch corresponding to an F equivalent to 1.5 that applied in 2023 (TAC = 204 000 t).
Based on this advice, in December 2024, PRODUCE established a catch limit of 70 568
tons for the Jack mackerel (Trachurus murphyi) to be caught in Peruvian jurisdictional
waters by the large-scale or industrial fleet during 2024 and a catch limit of 66 654 tons to
be caught by the artisanal fishing vessels with purse seines and hold capacity equal or
greater than 20 m® up to 32.6 m®. Also, based on their regular low catches throughout the
year and socio-economic and legal considerations, no catch limit was set for artisanal
fishing vessels that use passive fishing gear, and purse seine vessels with a hold capacity
of less than 20 m3. Later, on 12 July 2024, PRODUCE decided to establish a catch limit for
the Jack mackerel for 2024 at 204 000 t., applicable to extractive activities carried out by
fishing vessels with valid permits. An updated assessment with the JJM model has been
made by IMARPE based on the most recent information and data available up to June
2024. The recent observations and assessments confirm the increasing trend in the
biomass estimates observed from 2016, nevertheless, the model projection for 2024 shows
a slight decrease in its trend. Despite this, the Peruvian Jack mackerel stock is in an overall
healthy situation.
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1. INTRODUCTION

This report updates the information provided by the Peruvian delegation during earlier
meetings of the SPRFMO Science Working Group and the SPRFMO Scientific Committee
(IMARPE-PRODUCE 2012, 2012a, 2013, 2014, 2015, 2016, 2017, 2018, 2019, 2020, 2021,
2022 and 2023).

2. THE MARINE ENVIRONMENT

After a strong El Nifio event from April 2015 to April 2016, the 2017 Coastal El Nifio
developed in the far Eastern Pacific (Nifio 1+2 region) and lasted from late December 2016
to May 2017. This was followed by a cooling period associated with a weak to moderate La
Nifia event from October 2017 to May 2018. Subsequently, there was a brief warm period
associated with a weak El Nifio event (between December 2018 and March 2019), followed
by near-neutral conditions from April 2019 to May 2020. From June 2020 to July 2021, in
the central Pacific (Nifio 3.4 region), conditions fluctuated between La Nifia and neutral,
while cool neutral persisted in the Nifio 1+2 region. Sustained La Nifia conditions were
observed from August 2021 until January 2023 in the Nifio 3.4 region and from November
2021 to November 2022 in the Nifio 1+2 region.

The impact of the 2023-2024 El Nifio was evident in the El Nifio indices for about a year
from the first and second quarters of 2023 in the Niflo 1+2 and Nifio 3.4 regions,
respectively. The ICEN index, which is based on the 3-month running mean of sea surface
temperature anomalies (SSTA) from the Nifio 1+2 region (Takahashi, et al., 2014), showed
a value of -0.24°C in January 2023. It quickly rose to +0.71°C in February and continued to
increase in the following months, reaching its peak in August 2023 at +2.91°C. In the central
Pacific, the ONI index (Huang et al., 2017) exceeded the threshold for warm conditions in
May 2023 and continued to increase, peaking in December 2023 at nearly +2°C, indicating
strong to very strong conditions. From September 2023 to March 2024, El Nifio conditions
gradually weakened in the Nifio 1+2 region and became neutral by April 2024. A similar
trend was observed from December 2023 to April 2024 in the Nifio 3.4 region, with neutral
conditions re-established by May 2024. Negative trends continued in both regions until June
2024, remaining in the neutral range (see Figure 1).

Regarding the atmospheric component, the South Pacific Anticyclone (SPA) was
strengthened during most of 2022, which was evidenced by positive values of the SPA
Index that are associated with the sea level pressure anomaly in the SPA core (ISPA,;
Chamorro et al., 2024). However, from September to December 2022, it weakened, even
presenting negative ISPA values. It is remarkable that the Southern Oscillation Index (SOI),
maintained positive values during 2022, typical of a La Nifia event. Between January and
May 2023, the ISPA was within the neutral range; however, then it began to weaken,
reaching its lowest value in July 2023 (-2.66 hPa). After this, the SPA strengthened again,
reaching positive ISPA values in September, with a maximum in November 2023 (+3.51
hPa), which contributed to the enhancement of coastal upwelling and decline of the warm
SST anomalies. In the case of the SOI, there was a transition from positive to negative
values (associated with El Nifio events) during the first half of 2023, reaching its lowest
value in May 2023 (-18.5). The SOI then showed an increasing trend, presenting positive
values in December 2023. In the austral summer of 2024, the ISPA has again shown
negative values, although not as intense as it was observed in the austral autumn of 2023,



but since April 2024, ISPA has presented positive values. Meanwhile, the SOI exhibited
negative values in the austral summer of 2024, down to -12 in February. These values have
been progressing towards normality until June 2024 (Figure 2).
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Figure 1. Time evolution of the Oceanic Nifio Index (ONI) (the 3-month running mean of the sea
surface temperature anomalies in the Nifio 3.4 region) from 2022 (year 0) to mid-2024 (year 2) is
shown in the top graph, along with comparisons to other three-year periods. The bottom graph
displays the time evolution of the coastal El Nifio index (ICEN) (the 3-month running mean of the sea
surface temperature anomalies in the Nifio 1+2 region) during the same period. The shaded pink
and light blue areas indicate El Nifio and La Nifia conditions for each region. Data source for ONI is
CPC-NOAA, and the data source for ICEN is http://met.igp.gob.pe/datos/icen.txt
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Figure 2. Time series of Southern Oscillation Index (SOI) (a) and SPA Index (b) from January 2015
to June 2024. In (b) the value of June 2024 represents the temporal value of the SPA Index

On the other hand, the LABCOS Index, based on monthly pier SSTA records along the
Peruvian coast (Quispe & Vasquez 2015), after exhibiting a switch from cool to neutral
conditions in the 2022 austral spring, reached a value of +0.12°C in January and thereafter
rapidly increased to a peak in July 22023 (+3.5°C). Similar to ICEN, the LABCOS index
decreased progressively afterwards, from +2.97°C in August 2023 to +0.7°C in March 2024.
From April to June 2024, LABCOS values were negative though still in the neutral range,
reaching -0.5°C by June 2024, as a temporary value (Figure 3). Similarly, the SSTA from
IMARPE’s network of coastal laboratories from July 2023 to June 2024 indicate that
oceanographic conditions were very warm (SSTA > +2.5°C) during most of 2023 from
Tumbes (03°30’'S) to llo (17°30’S), and particularly between April (Paita) and July
(Chimbote), with values of +6.7°C and +4.4°C, respectively, associated with the early
development of the 2023-2024 EIl Nifio. During the first quarter of 2024, SSTAs dropped
rapidly to values below +1° C and then to neutral values (Figure 4). For the second quarter,
values below -1° C were observed, mainly south of Paita (-1.5 °C in May) and in south-
central Peru, reaching -1.2 °C in June (Huacho).

As it can be observed in the evolution of the SSTA indices in Figure 1 and Figure 2, the
strong 2023-2024 EIl Nifio impacted the more oceanic area of the Nifio 1+2 Region as well
as along the entire Peruvian coast, with stronger effects north of Callao (12° S). However,



it was not as strong and did not have as long-lasting warming effects along the entire
Peruvian coast as the two extraordinary El Nifio events of 1982-1983 and 1997-1998.
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Figure 3. Mean monthly sea surface temperature anomalies (SSTA in °C) in the Nifio 1+2 coastal
region (top panel) and along the Peruvian coastline as indicated by IMARPE’'s LABCOS index
(bottom panel) from January 2015 to May 2024

Within 60 nautical miles off the Peruvian coast (4°S-16°S), the concentration of chlorophyll-
a, an indicator of primary production, showed negative anomalies (-2 ug L) during autumn
2022 and then recovered at the beginning of summer 2022-2023. However, starting in
February 2024, negative anomalies were observed, which extended along the entire coast
and reached their peak intensity in April 2024, with values down to -6 pug L™ between 12°S
and 13°S. These conditions were related to the arrival of warm Kelvin waves, as well as to
the decrease of coastal upwelling. Between June and October 2023, a transition period to
neutral conditions was observed, although with still negative anomaly values. From
November 2023 to the end of April 2024, on average, positive anomalies (>+3 pg L™ %)
predominated along the coast; however, there was a region between 10°S and 14°S that
presented alternating negative and positive anomalies. The high productivity could be
related to the recovery of coastal upwelling during these months. Between May and June
2024, chlorophyll-a anomalies varied between neutral values and negative anomalies (-1

Mg L™ 1) (Figure 5).
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Figure 4. Sea surface temperature anomalies (SSTA in °C) from IMARPE’s coastal laboratories and
stations by latitude along the entire Peruvian coast, covering the years 1976-2024 (up to June 2024).
Data source: IMARPE
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Figure 5. Hovmaéller plot of latitude vs. time of pentadal Chlorophyll-a anomalies (in ug L™ 1) averaged
within 100 km of the coast between January 2022 and June 2024. Chlorophyll-a data was obtained
from MODIS satellite observations. The anomalies were calculated using a climatology from 2000 to
2020, derived from a merged product of SeaWiFS and MODIS satellite data



3. CHARACTERIZATION OF THE STOCK
3.1 Spatial distribution

In 2019, denser concentrations of Jack mackerel were observed within 20 to 80 nm from
the coast, especially between Chimbote (9°04'S) and Pisco (13°43'S). This pattern
continued in the first half of 2020, extending as far north as Paita (5°00'S) closer to the
coast for most of the second half of 2020. From late 2020 until May 2022, denser
concentrations were observed within 100 nm from the coast, particularly between Supe
(10°47'S) and Bahia Independencia (14°14'S). Research survey information indicated low
concentrations during the summer of 2023 between Pacasmayo (7°24’S) and Chicama
(7°50’S), at 27 mn off Callao (12°03’S), and between Pisco (13°42’'S) and Punta San Juan
(15°22'S). However, the highest concentration during this period was recorded in the
southern part of the Peruvian coast. During the second half of 2023, research surveys
recorded Jack mackerel in four areas with sparse characteristics, located between 20 and
50 nm off Talara-Bayovar (north), between 50 and 70 nm off Salaverry (around degree 8°S,
the most important nucleus), and in the south (Atico, and between Quilca and 1lo). During
the summer of 2024, Jack mackerel were recorded in a few cores mainly in the northern
part of Peru (between 5°S and 6°S).

3.2 Age and growth

The growth parameters used for Jack mackerel are those originally estimated by Dioses
(1995) and confirmed by observations and growth estimates by Dioses (2013), Goicochea
et al. (2013) and Diaz (2013): L.=80.77 cm total length (TL), k=0.1553 y* and t, = -0.3562.

3.3 Reproductive aspects

The monthly variability of the gonadosomatic index (GSI) of Jack mackerel in the Peruvian
waters (Figure 6) indicates higher values during 2012, suggesting a favorable reproductive
condition for the fish. However, from 2013 to 2019, there has been a lower intensity in the
reproductive process, or it has been out of phase. From 2020 to 2022, there is an observed
increase in GSI values, surpassing the historical pattern and maintaining the trend. This
could be explained by the increase of larger adults analyzed in that period. Later, in 2023,
the reproductive period has shifted, peaking in August and declining in October. In 2024,
the Jack mackerel showed a period of reproductive inactivity until June, as expected for the
season.
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Figure 6. Monthly variability of Gonadosomatic Index (GSI) of Jack mackerel above 26 cm TL caught
in Peruvian jurisdictional waters. The solid red lines represent the monthly mean for the period 2002
— 2016 (taken as a standard), and the vertical gray lines represent their standard variations. The
black dots and dashed lines are the current monthly values observed from January 2012 to June
2024

3.4 Trophic relationships

The latest information on the diet of the Jack mackerel (Figure 7) continues to confirm that
it is an opportunistic forager. Changes in their diet likely indicate changes in their ecosystem
(Konchina 1981; Muck and Sanchez 1987; Alegre et al. 2015) with euphausiids being the
predominant prey.

The dominance of euphausiids in the Jack mackerel diet is most noticeable during the
1980s and 1990s, corresponding to a slightly warmer multidecadal period. A more
diversified diet is observed during the slightly colder period from 2001 to 2014. During these
colder years, euphausiids continued to be an important component of the Jack mackerel
diet, but there was an increased presence of other species, especially zoeas and red squat
lobsters (Pleuroncodes monodon). This last prey became the dominant component of the
Jack mackerel diet during the warmer years (from 2015 to 2019), as it was particularly
abundant, likely benefitting from the influence of the strong 2015-2016 El Nifo, the
moderate 2017 coastal El Nifio and, the weak 2018-2019 El Nifio.

Since 2020 there has been no clear scenario. Thus, the mesopelagic fish Vinciguerria
lucetia, was the prey with the highest contribution to the diet during 2020 (47%) and 2023
(49%), followed by the notable decrease of red squat lobster between 2020 and 2023 (15%-
38%). On the other hand, the contribution of anchoveta was not as high (22% and 12%) in
2021 and 2022, respectively. During the first half of 2024, the dominance of red shrimp in
the diet of Jack mackerel is remarkable.
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4. DESCRIPTION OF THE FISHERY

In Peruvian national waters, there are two main groups of vessels that fish for Jack
mackerel. The first group consists of 104 industrial purse seiners with hold capacities above
36.2 m3. The second group is made up of artisanal and small-scale fleets, with a maximum
holding capacity of 32.6 m*. The small-scale fleet includes approximately 947 small purse
seiners, lightly mechanized with hold capacities ranging from 20 to 32.6 m3. The artisanal
fleet can include up to 18000 small boats using a wide variety of manual fishing gear, with
about 704 vessels having hold capacities under 20 m? frequently fishing for Jack mackerel,
mostly with small purse seines.

The industrial purse seiners participate in two types of pelagic fisheries. One is for Peruvian
anchoveta (Engraulis ringens), which is mostly used for fishmeal and fish oil. The other one
is for Jack mackerel, also targeting chub mackerel (Scomber japonicus), bonito (Sarda
chiliensis), and other mid-sized pelagics such as sardine (Sardinops sagax) when available.
These fisheries, used exclusively for direct human consumption, take place during different
fishing seasons, adopt different searching (and fishing) strategies, use different types of
purse seines (with mesh-size of 13 mm for anchovy and 38 mm for mid-size pelagics), as
well as different maneuvering and storage holding on board. The fleet cannot fish for both
(i.e., anchoveta and mid-size pelagics) during the same trip, and it has been noted that
whenever the fishing season is open for the two groups (anchoveta and mid-size pelagics),
the industrial purse seine fleet clearly prefers to fish anchoveta. The small-scale and
artisanal fleets are more flexible and opportunistic, and target indistinctly a large variety of
species depending on their availability and market demand.

11
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4.1. Catch and CPUE trends

The landings of Jack mackerel in Peruvian waters were in continuous decline between 2011
and 2017. During the years 2015 to 2017, annual catches hit their lowest records (Figure
8). The low catches during this period can be attributed to the displacement and dispersion
of Jack mackerel concentrations, a direct result of the impacts of the weak 2014 EIl Nifio,
the strong 2015-2016 El Nifio, the moderate 2017 coastal El Nifio, and the weak-to-
moderate 2017-2018 La Nifia.

Catches during the first part of 2018 were low but increased slightly during the second half
of 2018. There was a clear significant increase in catches from 2019 to 2023, likely due to
neutral to cold environmental conditions, which may have favored the increased abundance
and the availability of Jack mackerel. The impact of the 2023 EI Nifio was also significant,
concentrating Jack mackerel catches south of the Peruvian coast and making them more
accessible to industrial, artisanal and small-scale purse seine fleets. In early 2024, the
catches of Jack mackerel decreased due to the warm environmental conditions and the
dispersion of Jack mackerel schools. However, after the first quarter of 2024, when the
environmental conditions cooled, the catches of Jack mackerel increased south of the
Peruvian coast due to its increased availability in fishing areas.

The industrial purse seine fleet did not target much and did not report significant catches of
Jack mackerel between 2014 and early 2018. This was mainly due to the scarcity of
attractive enough concentrations of Jack mackerel, but also due to the high demand, good
price, increased abundance and higher availability of other species that are usually caught
by this same fleet, such as Peruvian anchoveta (E. ringens), chub mackerel (S. japonicus)
and bonito (S. chiliensis). This resulted in that most Jack mackerel catches that were
reported during those years were those taken by smaller vessels of the artisanal and the
small-scale purse seine fleets.

From late 2018 to 2019, there was a significant increase in the availability and catch of Jack
mackerel concerning the previous three years, and remained high until 2023 (Figure 9).
These higher catches were mainly made by the industrial purse seine fleet during the
relatively short fishing seasons during which this fleet was allowed to fish and target Jack
mackerel. When choosing, part of this fleet may prefer other species, such as anchoveta,
chub mackerel, or bonito. In contrast, monthly catches of Jack mackerel by artisanal and
small-scale fleets are usually lower and tend to spread more evenly throughout the year,
albeit with some fluctuations, mostly related to local market demand, seagoing weather
conditions, and availability of suitable Jack mackerel school concentrations in coastal areas.

During the first three months of 2019, the total Jack mackerel caught almost doubled
compared to the entire year of 2018, and it was six times higher than the total catches from
2015 to 2017. Despite all this, fishing for anchoveta and other pelagic fisheries has been
competing for the attention of the industrial purse seine fleet, as partly evidenced by the
drop in monthly catches in March and April 2019 in coincidence with the opening of the
anchoveta fishing season, which happened to remain closed during January and February
2019 and the first part of March 2019. A similar situation occurred during the early months
of 2020, 2021, 2022 and 2023. In 2024, the industrial purse seine fleet reported lower Jack
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mackerel catches due to the dispersion of their schools and the increased abundance of
chub mackerel, which was also captured by the same fleet.
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Figure 8. Total annual landings of Jack mackerel (Trachurus murphyi) caught in Peruvian waters,
years 1970-2024 (up to June 2024)
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Figure 9. Total monthly landings of Jack mackerel (Trachurus murphyi) caught in Peruvian waters,
between January 2018 and June 2024

The previous increase in monthly Jack mackerel catches during 2018 and 2019, and the
sustained high catches during 2020 and more recently, in the first part of 2023, can also be
attributed to the rising trend in the abundance indexes of CPUE (Capture Per Unit of Effort)
from both the industrial fleet and the group of artisanal and small-scale fleets (Figure 10).
As can be noted, the monthly CPUE (in tons per trip) of both fleet groups increased during
the second half of 2018 and continued to increase, with some fluctuations, during the whole
of 2019 and early 2020. The levels remained relatively high with a generally increasing
trend in 2021 till March 2023. Between April 2023 and June 2024, the CPUE values
remained high and showed some fluctuations, mainly in the summer of 2024, which appears
to be associated with the displacement and dispersion of Jack mackerel concentrations due
to the impact of the 2023-2024 EI Nifio. It could be noted that the low CPUE value in October
2023 was due to the suspension of fishing activity by the industrial and small-scale fleets
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because of the reproductive closure (R.M. N° 339-2023-PRODUCE). During this month,
only artisanal vessels with less fishing power were operating.
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Figure 10. Monthly catch per unit of effort (CPUE, in tons per trip) of Jack mackerel (Trachurus
murphyi) by the industrial purse seine fleet (red dots and broken lines) and by the artisanal and small-
scale purse seine fleets (blue dots and lines) fishing in Peruvian waters between January 2018 and
June 2024

The industrial purse seine fleet did not have CPUE data for certain months because the
fishery was closed as a conservation and management measures applied by the Peruvian
Government. Unlike the industrial purse seine Jack mackerel fishery, which may face
seasonal closures throughout the year, the artisanal and small-scale fleets are usually
allowed to fish for Jack mackerel year-round.

The increase in the abundance of Jack mackerel in the period 2018-2023 illustrated by
CPUE values of both fleet groups is corroborated by observations made during the regular
hydroacoustic pelagic resource assessment surveys conducted by IMARPE during the
same period (2018-2023). These surveys may not effectively record dispersed or densely
schooling Jack mackerel close to the surface. They typically only cover areas within 60 to
100 nm distance from the coast, and may miss important off-shore Jack mackerel
concentrations. For example, a recent pelagic stock assessment survey conducted by
IMARPE from 20 September to 04 November 2023, covered only the first 50 nm south of
the Peruvian coast. However, most of the catches made during September-October 2023
by the industrial fleet came from fishing areas between 70 and 110 nm from the coast.
Despite these limitations, observations made during this and other surveys have shown a
significant increase in the acoustic abundance indices of Jack mackerel from late 2018 to
early 2022. The acoustic abundance indices observed since September 2018 have been
similar to or well above the maximums observed between 2010 and 2014 and are
consistently higher than those estimated from 2015 to 2017. Additionally, the acoustic
abundance index observed during the acoustic survey from September to November 2019
was the highest since 2007.

4.2. Fishing areas

During 2023 the Jack mackerel fishing areas were located within 150 nm distance from the
coast, mainly between Supe (10°47'S) and Morro Sama (18°00'S), with small nuclei off

14



Pimentel (06°50'S) and Chimbote (09°05'S). The fishing areas of the artisanal and small-
scale fleet were spread out, while the industrial fishing season and its fishing areas mostly
concentrated during February and March 2023 between Callao (12°00'S) and San Juan de
Marcona (15°23'S), within 120 nm from the coast (Figure 11). However, Jack mackerel
catches by the industrial fleet were also observed in July, September, and December off
the coast of Atico and Morro Sama, between 60 and 120 nautical miles.

In the first half of 2024, the main Jack mackerel fishing areas were mostly concentrated in
the center-south zone of the Peruvian coast within 70 nautical miles (nm) distance, between
Supe (10°47'S) and Morro Sama (18°00'S). During the summer (January-March), the
fishing areas were spread out and close to the coast, located between Chimbote (09°05'S)
and Morro Sama (18°00'S). In April and June, the fishing areas were located between Atico
and Morro Sama, with high catches within 30 nm from the coast, associated with the
approach to the coast of the Surface Subtropical Waters.

4.3. Size structure

Throughout the period of January 2023 to June 2024, the monthly size frequency
distributions of the Jack mackerel observed in Peruvian fisheries, across all fleets, are
presented in Figure 12. These distributions indicated that the fishery targets a wide range
of Jack mackerel sizes, with either unimodal or multimodal groups. The observed sizes
ranged from 18 cm to 65 cm in total length (TL).

Most of the Jack mackerel catches in 2023 and 2024 (Figure 13) were adult. The highest
proportions of juveniles were observed in February (63%) and March 2024 (78%).

Throughout 2023 and the first part of 2024, diverse size groups were found in commercial
catches. There was no significant difference between the monthly size-frequency
distributions of Jack mackerel caught by the artisanal and small-scale fleets and those
caught by the industrial fleet, despite slight variations in their main fishing areas. The main
fishing areas of the industrial purse seine fleet were located at similar latitudes to those of
the artisanal and small-scale fleets, but were further offshore (as shown in Figure 11).

IMARPE research surveys conducted from 2018 to 2023 also found the adult modal groups
that were caught by commercial fleets during the same period. The research vessels use
different fishing gears with smaller meshes, enabling them to find much younger and
smaller juveniles, some measuring as small as 4 cm TL (Figure 13). These small fish are
not typically caught in the commercial fishery, which uses more selective nets with a
minimum mesh size of 38 mm. The presence of these small fish during research surveys
provides valuable evidence of the existence of groups of early juveniles and pre-recruits,
not yet available for commercial fishing but soon to be recruited into the exploited
population.
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Figure 11. Distribution of the Jack mackerel (Trachurus murphyi) fishing areas of the industrial purse
seine fleet (blue circles) and by the artisanal and small-scale fleets (red circles) fishing in Peruvian

jurisdictional waters, by month, between January 2023 and June 2024
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Figure 12. Size frequency distribution of Jack mackerel (Trachurus murphyi) caught in Peruvian
jurisdictional waters by the Peruvian artisanal, small-scale and industrial fleets, numbers by size in
percentage by month, between January 2023 and June 2024
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Figure 13. Size-frequency distribution of Jack mackerel (Trachurus murphyi) caught in Peruvian
jurisdictional waters during research surveys conducted by IMARPE between February 2018 and
November 2023

The above also reinforces the observation made by Csirke & Niquen (2017) on the
consistent occurrence of all life-history stages of Jack mackerel in Peruvian waters and that
the Peruvian Jack mackerel stock reproduces and completes its full life-cycle entirely in
Peruvian waters, where it constitutes a unique biological and fishery unit, with most if not
all the characteristics of a self-sustained stock unit.
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5. STOCK ASSESSMENT

This section presents a summary of the late 2023 assessment of the Peruvian stock of Jack
mackerel (far-north stock), which the Peruvian Government used to set the total allowable
catch (TAC) of Jack mackerel in Peruvian national jurisdictional waters for 2024. It is
followed by a review and update of the Joint Jack Mackerel (JJM) model for 2024, carried
out by IMARPE using the most recent data and information. This update includes projected
catches to the end of 2024.

5.1. 2023 assessment and 2024 TAC

In December 2023, the stock assessment of Jack mackerel was conducted to advise the
Vice-Ministry of Fisheries of the Ministry of Production (Ministerio de la Produccién del Peru,
PRODUCE) on the current stock situation and the possible TAC for 2024 (IMARPE 2023).
This assessment was based on the latest version of the JJM model, which was developed
during the 11" meeting of the SPRFMO Scientific Committee meeting (SPRFMO 2023).
For this, all data and information were updated to the end of December 2023.

In this assessment, the stock size estimated on January 1t 2024 was projected to the end
of the year under several exploitation scenarios. The potential impact of each scenario was
determined by evaluating the probability that the expected stock spawning biomass (SSB)
on January 1%t 2025 would fall below the reference level (SSBusy), as well as the probability
that SSB on January 1% 2025 would be lower than the SSB estimated for January 1%t 2024,
and a TAC that does not exceed the catch corresponding to applying Fusy. Considering the
above, a range of options were generated and IMARPE recommended three scenarios: (i)
the catch corresponding to a F equal to applied in 2023 (TAC = 143 000 t), (ii) the catch
corresponding to applying 80% of the Fusy (TAC = 187 000 t) and, (iii) the catch
corresponding to a F equivalent to 1.5 that applied in 2023 (TAC = 204 000 t).

Based on this advice, on 29 December 2023, PRODUCE established a catch limit for Jack
mackerel in Peruvian jurisdictional waters for 2024. The limit for large-scale or industrial
fleets was set at 70 568 tons, while the limit for artisanal fishing vessels with purse seines
and hold capacity equal to or greater than 20 m? up to 32.6 m® was 66 654 tons (R.M. N°
000449-2023-PRODUCE). Due to consistently low catches, socio-economic, and legal
considerations, no catch limit was set for artisanal fishing vessels using passive fishing gear
(curtain, hooks, among others), and purse seine vessels with a hold capacity of less than
20 m3,

Later, on 12 July 2024, PRODUCE decided to establish a catch limit for the Jack mackerel
for the year 2024 at 204 000 tons, applicable to extractive activities carried out by fishing
vessels with valid permits (R.M. N° 00285-2024-PRODUCE). PRODUCE'’s decision also
stated that the TAC could be modified based on the biological and/or environmental factors,
including evidence about stock status.

5.2. 2024 assessment

The main purpose of this latest 2024 assessment is to review and update the JJM model
estimates using the most recent information up to June 2024, but with estimated total catch
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projected to December 2024. For this, the information updating for the 2024 assessment
was covered.

5.2.1. Updated information for the 2024 assessment

The information on the catch, catch at length, and weight at the age were updated to June
2024, but with the estimated total catch projected to December 2024 (204 000 tons, as
established by PRODUCE, R.M. N° 00285-2024-PRODUCE). The echo-abundance,
selectivity, and the remaining biological data (sexual maturity, age and growth, and natural
mortality M) remained unchanged concerning the 2014 model since there were no new
estimates or data to be added.

The IMARPE's Fisheries Monitoring System routinely collects catch and length composition
data. From this, the yearly length-frequency distributions were calculated up to June 2024.
The revised CPUE abundance index based on the industrial, artisanal and small-scale
catch and effort data under a Generalized Additive Model (GAM) was updated for the period
2002-2024 (Figure 14). The time series of CPUE (2002 - 2024), highlights the significant
changes over time. From 2002 to around 2016, the CPUE were relatively stable, however,
starting in 2017, there was a noticeable upward trend peaking in 2022 and 2023. The
updated data for June 2024 shows a slight decline from the peak but still maintains high
CPUE values compared to earlier years (Figure 14).

CPUE 2002-2023 (June 2023)
——*— CPUE 2002-2023 (December 2023)
—#— update CPUE (June 2024)
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Figure 14. Updated CPUE time series of Jack mackerel (Trachurus murphyi) caught in Peruvian
jurisdictional waters by the industrial, artisanal, and small-scale fleets between 2002 and 2024

The echo-abundance index used in the assessment was estimated as the mean value of
all the Nautical Area Backscattering Coefficients (Sa) recorded during the acoustic surveys
conducted by IMARPE since 1985. The use of the Sa coefficient is preferred to the acoustic
biomass estimates to reduce potential sources of bias that might be introduced by using
length frequency data collected during the acoustic surveys to estimate fish density in
numbers (abundance) and weight (biomass). The current record of echo-abundance of Jack
mackerel only provides estimates up to 2014, this because the environmental conditions
linked to strong El Nifio and coastal El Nifio events from 2015 to 2019. As a result, acoustic
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surveys, which were focused on assessing the anchovy, were located on nearshore areas
(within 60 nautical miles) and missed the best concentrations of Jack mackerel. A 2018
survey that extended further offshore (5 to 100 nautical miles) was impacted by La Nifia
conditions, causing Jack mackerel to disperse beyond the surveyed areas. Similar
conditions during La Nifia from 2020 to mid-2022 led to further dispersal of Jack mackerel.
Recent surveys have only partially covered their distribution, and the rapid shift to strong El
Nifio conditions in 2023 and early 2024 forced surveys to focus near the coast. Therefore,
there is no updating of the echo-abundance index in the current 2024 JJM assessment.

The biological data, including sexual maturity at age, was estimated from a length-based
ogive using the information from Perea et al. (2013) and Dioses (2013a). The weight at age
matrix was estimated from the mid-length at age, age, and growth parameters, and the
length-weight relationship parameters estimated by year.

A summary of the fishery-dependent, fishery-independent, and biological data used is
provided in Table 1. Furthermore, during the 2024 assessment, the impact of gradually
adding updated data was measured (models type 1).

Table 1. Data used in the 2024 assessment of the Peruvian (far-north) Jack mackerel stock

Type Data Details

From the fishery Catch 1970 — 2024
Catch-at-length 1980 — 2024
CPUE 2002 - 2024

Natural mortality
Maturity at age
Weight at age

Selectivity Dome shaped
Echo-abundance 1985 - 2014
Fishery independent
Selectivity Logistic
Biological Growth k=0.16 y*
parameters

Linf=80.77 cm (TL,
corresponding to Linf=73.56 cm
in FL for the assessment)

L0=15.31 cm (TL, corresponding
to L0=13.56 cm in FL for the
assessment)

M=0.33/year
First maturity = ~2 years

From updated W-L parameters
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5.2.2. 2024 Joint Jack Mackerel (JJM) model outputs

A set of model configurations were implemented for the 2024 assessment with the JIJM
model (see Table 2). The aim was to present the updated assessment for the Jack mackerel
in the far north. For this, we first update the JJM model configuration to the most updated
version of this tool in the SPRFMO framework (models type 0). Then we evaluate the
impact of the progressive information updating for the 2024 assessment (models type 1).

Regarding the model updating (models type 0), this step is important to ensure the
compatibility of the model used for the Peruvian national assessment with the model
updating in the SPRFMO framework. The results show that those improvements on the
model do not change the results (Figure 15a), since the main changes were related to the
addition of a new projection scenario. On the other hand, the progressive addition of
updated information, either catches, length compositions, mean weight at age, and CPUE
(models type 1), did not result in a substantial change in the level and overall trend of the
total biomass, being almost the same, especially at the end of the series (Figure 15c).

Table 2. Model configurations implemented in the 2024 JJM assessment of the Peruvian (far-north)
Jack mackerel stock

Model Description

Model update

0.0 - As 2023 configuration and data (Peruvian quota for 2023)

- Indices: echo-abundance (cv = 0.2) and CPUE (cv = 0.2, 2002-2017;
cv = 0.3, 2018-2023)

- JIJM model updated to December 2023

0.1 - As 2023 configuration and data (Peruvian quota for 2023)

- Indices: echo-abundance (cv = 0.2) and CPUE (cv = 0.2, 2002-2017;
cv =0.3, 2018-2023)

- JIJM model updated to June 2024

Data update

1.0 As 0.1

1.1 As in model 1.0 but with standardized metrics for fishery length composition
data and growth parameters (from total length (TL) to fork length (FL))

1.2 As in model 1.1 but with revised catches through 2023 and projected 2024
catch estimates

13 As in model 1.2 but with revised length composition through 2023 and
updated lengths to 2024

14 As in model 1.3 but with updated mean weight at age for 2024

15 As in model 1.4 but with updated CPUE (cv = 0.2CPUE for 2002-2017; cv =

0.3CPUE for 2018-2024)
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According to the final model configuration (model 1.5), two periods or regimes, with marked
contrast of productivity were observed until late 2010s. The first period of higher biomass
during the 1980s and 1990s, and the second one with lower biomass between 2000 and at
least 2018. Since 2019, a rapid increase in biomass, to levels similar to those estimated for
the high productivity regime, has been observed. These two contrasting regimes described
by the JJM model are consistent with the observed decadal regime changes in the marine
environment and in the distribution, abundance population structure and other biological
characteristics of many marine species, including Jack mackerel, in the Peruvian marine
ecosystem described by several authors (e.g.: Jordan 1983, Chavez et al. 2003, 2008,
Csirke 2013, Csirke et al. 2013, 2018, Arguelles et al. 2019). On the other hand, the higher
biomass estimated for Jack mackerel in the recent 3-4 years could be just a temporary
biomass burst but also, as it was noted during the SC9, a result of bias in CPUE indices
due to a possible increased efficiency of the fleet and observed changes in the Jack
mackerel spatial distribution. However, it could also be an indication that a regime shift (to
higher abundance) is in the making, whose expected magnitude and duration are, in any
case, great uncertainties worth looking into in future analyses. In addition, the current
biomass estimation of the JIM for this year shows a continuous decrease in its trends. This
needs to be further studied for the upcoming years.

The mean value of fishing mortality estimated for years between 1970 and 2024 was very
similar for the seven configurations, as well as their distributions (Figures 15b and 15d).

The history and current situation of the unfished biomass, total biomass and annual fishing
mortality of the Peruvian (far-north) stock as estimated with the JJM model are presented
in the top three panels in Figure 16 and those of the spawning stock biomass and resulting
recruitment are presented in the lower panel in the same figure.

As noted early, the stock would have passed through two stages of productivity, or regimes,
with high levels of total biomass during the 1990s and low levels since 2000 to at least
2018. These two main stages are represented by two stock-recruitment regimes (Figure 16,
lower panel). With one high productivity regime from 1970 to 1996 and a lower productivity
regime from 2001 to 2016.

Although, as noted earlier, the consistent increasing trend in the last 3-4 years is worth
further consideration from this “regime” perspective. The period 1997-2000 was not
considered in the fitting of the two stock-recruitment curves due to the high variability
observed for those years, which apparently was mainly induced by the very strong 1997-
1998 El Nifio and probable instability caused by the regime change itself.

It is noted that the outputs obtained with the final configuration of the JJM model used, as
well the eventual forward projections under various scenarios of F, indicate that the total
biomass as well as the spawning stock biomass are well above the levels required for the
MSY under the presumed current low abundance regime, and would still be well above the
MSY levels if a higher abundance regime is assumed. Nevertheless, even if the stock
appears to be in good health and the biomass estimates are high despite the recent
decrease, there is a need to be precautionary and pay attention to the incidence rate of
juveniles observed in the commercial catches. On this, it is also noted that the estimates
and projections of biomass and other variables obtained with the JJM also show the great
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variability of past recruitments and reaffirm the great uncertainty about the intensity of future
recruitments, reflecting quite well what has been observed and is partially described in
sections above with respect to environmental variability and its effects on the behavior,
distribution, abundance, recruitment, etc., of Jack mackerel in Peruvian waters.
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Figure 15. Results of the final JJM model configuration showing the estimated total biomasses of
Jack mackerel (Figures a and c) and boxplots of fishing mortality (Figures b and d) for the two model
groups respectively.
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Figure 16. Outputs of the final configuration of the JJM model showing the history and current
situation of the Peruvian (far-north) stock of Jack mackerel (Trachurus murphyi). Unfished biomass,
total biomass (in thousand t) and yearly fishing mortality are presented at the top panels. The stock-
recruitment relationship showing two regimes is presented in the lower panel. The horizontal blue
lines in the two top-right panels represent the estimated reference levels of mean total biomass
(Bmsy) and annual fishing mortality (Fusy) corresponding to the Maximum Sustainable Yield (MSY).
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