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Abstract

During the year 2022 (January-July) the totality of the fishing activity in Jack mackerel
(Trachurus murphyi) was carried out inside the coastal strip delimited by the 60 mn
offshore continuing with a trend registered since 2016 and that has been more marked
during 2022. This condition was favored by the high level of aggregation, commercial
abundance and recurrence of sighting areas that presented the schools of 7. murphyi near
the coast. There were few incursions into the ocean sector that did not yield positive results
in the meeting of fishing areas.

The increase in fishing yields from 2016 onwards stands out, however in the last two years
(2021 and 2022) this occurs above what was observed in the 90's, a period in which 7.
murphyi registered a high landing value. It is indicated that this increase in fishing yields is
linked to the high level of aggregation of this resource in the coastal strip and the high
abundances of schools, which would be associated with the preference of the species for
areas with high levels of food, in its condition of active predator with a high metabolism.

In recent years there has been an increase and predominance in the catches of the longest-
lived size groups (36 to 45 cm FL) and a low capture of juvenile specimens especially less
than 26 cm FL.

This strong retreat of the schools of T. murphyi towards the coastal sector may be due to a
strategy of this species in periods of low population abundance that allow it to increase its
biomass if environmental conditions facilitate this situation as is the coastal system located
off the coasts of Chile and Peru considered highly productive. The detection of this coastal
pattern in the late 70's and early 80's may be evidence that this resource has resumed a
historical pattern of its spatial distribution, a process that could be related to the decadent
stage of population contraction, the latter in relation to what was indicated by Klyashtorin
(2001) and Sharp (2004). Given the evidence presented, the question arises: What caused
this high aggregation of jack mackerel close to the coastal region in recent years?

Biological-fishing background of the T. murphyi fishery (2016 to 2022).

Landings

During the last 7 years the landing of 7. murphyi has registered a progressive increase, from
259,966 t to 519,186 t in the south central region of Chile, (Figure 1). This is based on the
increase in the annual quota that this fishery has experienced, due to the favorable signals
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that have been observed in the population indicators, determining that the landing of the
resource has doubled in this period.

En este periodo las principales especies asociadas a la pesqueria de cerco de 7. murphyi han
sido la caballa (Scomber japonicus) y la jibia (Dossidicus jigas). La caballa para el periodo
2016 al 2019, presentd un desembarque que fluctud entre 16.000 t y 48.000 t, para luego
decaer en los afios 2020 al 2022, alcanzando un desembarque de 4.240 t en 2022. En
segundo lugar se observo a la jibia, recurso que ha estado presente en todo el periodo
analizado, al igual que la caballa, sin embargo, ha mantenido un desembarque inferior a las
1.000 t anuales.

In this period the main species associated with the purse seine fishery of 7. murphyi have
been horse mackerel (Scomber japonicus) and jumbo squid (Dossidicus jigas). Horse
mackerel for the period 2016 to 2019, presented a landing that fluctuated between 16,000 t
and 48,000 t, and then declined in the years 2020 to 2022, reaching a landing of 4,240 t in
2022. Secondly, the jJumbo squid was observed, a resource that has been present throughout
the period analyzed, as well as horse mackerel, however, it has maintained a landing of less
than 1,000 tons per year.
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Figure 1. Annual landing of 7. murphyi and its secundary species fauna recorded during the
period 2016 to 2022 (July) (Source: Inpesca-Sernapesca).

On the monthly scale, landings of 7. murphyi between 2016 and 2022 showed a markedly
seasonal pattern. In December, the beginning of a positive trend in the landing is observed
to gradually decline towards winter, until it becomes close to zero in spring. During 2022
(January to July), although the seasonal pattern was maintained, a monthly landing for
March, May, June and July stands out higher than that registered in the same months of the
indicated period (Figure 2). The first quarter (until July 2022) represented 45.2% of total
landed. Subsequently, in the course of autumn and winter entry, landings had a behavior
similar to that registered in the period 2016-2021.
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Figure 2.Monthly landings of 7. murphyi from the industrial fleet of south-central Chile from 2016

to 2022 (until July) (Source: Sernapesca).

Fishing yields

The fishing yields of T. murphyi for the period 2016-2022 (Figure 3), registered a
progressive increase, which was more marked from 2019 onwards, reaching a value of
23.1% in 2022, higher than that registered in the 90's (Gonzalez et al., 2021), where it did
not exceed 20%. Likewise, the fishing haul in 2022 was 2.26, a value lower than that
registered in the indicated decade, in which the values had magnitudes between 10.5 and

21.2.
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Figure 3.Annual dynamics of landings, fishing haul and fishing yields of the industrial fleet of
central-south Chile that operates in the resources of jack mackerel and / or jack mackerel + horse
mackerel between the years 1990-2022 (until July). Annual fishing yields of jack mackerel and jack
mackerel + horse mackerel are estimated by dividing the catch by fishing haul. The fishing haul is
calculated by multiplying the Warehouse Capacity by the days out of Port (CB*DFPTO). The
standardized catch per unit of effort (CPUE) of the south-central fleet is mainly based on this
indicator and is equivalent to a measure of the relative abundance of the resource, being the most
relevant estimator in determining the biomass levels of the resource in the South Pacific. (Source:
Sernapesca).

Length frequencies of Jack mackerel

The Fisheries Research Institute conducts permanent biological monitoring of the T
murphyi fishery at the discharge sites of purse seine vessels operating in this resource, as
well as maintains continuously on-board scientific observers to support the recording of
biological information from fishing grounds. This has made it possible to form an important
biological database of this resource. Structures of annual size of 7. murphyi have been
formed and expanded to the catch (Figure 4), which according to analysis of progression of
the modal classes (blue lines) (Pauly, 1983), indicate the presence of different cohorts that
have been present in the area of the fishery of central-south Chile during the period
analyzed. In the period, the presence of a structure made up mainly of adults stands out,
with low presence of juveniles or under the minimum legal size (<26 cm FL), a fraction
that did not exceed 7%, with comparatively higher values in the years 2017 and 2018 (6.5%
and 6.7%, respectively). On the other hand, as a recurrent pattern during the fishing season,
a greater recurrence of modal groups less than 30 cm FL has been recorded in the samples
carried out during the summer and part of the autumn, to subsequently give way to a greater
recurrence of modal groups greater than 30 and 40 cm FL. However, during the year 2022,
unlike what was recorded in the analyzed period, it was observed that the modal group that
entered the beginning of the fishing season was between 30 to 35 cm FL, with a low
contribution of juveniles corresponding to 0.04%. When analyzing the proportion of the
size groups of 7. murphyi present in the catches of the period 2016-2022 (Figure 5), the size
groups that generated a greater contribution to the catches were those that were in the range
26 to 35 cm FL, standing out with a proportion of 74% and 73% respectively for this
group.However, during the period 2020 to 2022 the main contributions to the catches were
represented by the specimens of 7. murphyi of range 36 to 45 cm FL, highlighting the 2022
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with a predominance of 65% of the total captured until July of this year. This indicates that

catches of 7. murphyi are occurring in longer-lived groups, particularly during 2022.
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Figure 4. Structures of sizes of 7. murphyi in the catches of the Chilean fleet of the southern
macrozone during the years 2016 to 2022.The segmented lines represent the estimation of modal
progressions (Source: Inpesca).
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Figure 5. Proportion in percentage of size groups present in annual catches of T. murphyi for the
period 2016 to 2022 (July) (Source: Inpesca).

Spatial distribution of the fishing operation 2016 al 2022

From 2016 to 2019 the fishery of this resource registered a coastal-oceanic distribution
(Figura 6) characterized by a displacement of the fleet to the inside of the EEZ, generally
attached to the coast during the summer period, and later towards the autumn the fleet
evidences the gradual displacement towards the northwest or southwest near the limit of the
EEZ. From 2020 to 2022, the fleet experienced a predominantly coastal displacement with
a north orientation of the Biobio Region during the summer period, and later during the
autumn and winter the fleet distributed its operation also in the vicinity of Mocha Island. In
these years the fishing fleet developed its operation within the strip of 60 mn offshore in
99%, 97% and 100%, respectively. During the year 2022 the fishing operation did not
require a search for commercial schools of better abundance of 7. murphyi outside this
strip, as well as beyond Valparaiso in the north and Mocha Island in the south,
concentrating its operation from 35°00'S to 37°00'S. The few incursions that were made
outside this strip for the search for schools with smaller sizes (28-35 cm LH) in order to
meet format requirements of some products generated by the industry, allowed to establish
the absence of 7. murphyi in commercial schools of importance.
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Figure 6. Spatial position of the fishing sets of 7. murphyi of the Chilean fleet from 2016 to 2022
(July) (Source: Inpesca).
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Density analysis of fishing sets during the period 2016 to 2022

In this analysis, the Kernel density tool (Spatial Analyst of Arcmap 10.2) was used, which allows to
calculate a magnitude per unit area from the positions of the fishing hauls of T. murphyi, using a
kernel function to adapt a gently narrowed surface to each point or position of a fishing sets of this
resource. In this case, the annual data were converted to shapefile and then projected to UTM
coordinates (WGS84-18S). By submitting these shapefiles to the Kernel density geoprocess, they
were converted to the raster format, from which the heat map for the fishing sets of each year
analyzed was obtained (Figure 7).

The results of the density analysis of the fishing sets of 7. murphyi, allow us to establish that during
this period of analysis (2016-2022) the fleet carried out its fishing operation in spotlights that have
been prevalent during a large part of each year analyzed. From 2016 onwards the fleet has
developed operating spotlights on the coastal edge; however, from 2016 to 2019 there is also an
operation in the ocean area with the development of operating spotlights of lower intensity. From
2020 onwards the fishing operation registered an important retreat towards the coastal edge with
highly active operation spotlights present in front of the regions of Nuble, Biobio and the
surroundings of Mocha Island recurrently from the years 2020 to 2022. This allowed the fleet to
capture a large part of its annual quota in these spotlights, determining that the operation has been
developed in a manner close to the landing ports located in the Biobio region (Figure 7). It also
highlights the reduction that the area of operation has suffered from 2016 to 2022.
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Figure 7. Heat maps relating to the density of fishing sets of 7. murphyi carried out by the purse
seine fleet of the south central region, for the period 2016 to 2022 (July) (Source: Inpesca)
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Historical analysis of the chilean jack mackerel fishing operation inside
the coastal strip of 60 nautical miles. Period 1994-2022.

In order to characterize the fishing operation within the coastal strip of 60 mn of the coast
and establish the impact it has represented in recent years in the fishing operation in 7.
murphyi in south-central Chile, a spatial analysis of the georeferenced catch data of the
purse seine fleet of south-central Chile was carried out. The methodology used was
described in Gonzalez et al. (2021).

The results of this analysis (Figure 8) indicate that, for the period (1994-2021), the coastal
strip has had a participation close to 90% in the mid-90's, presenting a negative trend
towards 2006, largely determined by the oceanic distribution of the fishing operation. From
2015 to 2022, the contribution of this coastal strip in the catches of 7. murphyi increased
significantly, established by the concentration of the fishing operation inside it, which was
more extreme from 2020 onwards, reaching 100% of the total operation within this strip in
2022. These results are consistent with the comments made by captains of the purse seine
fleet in interviews conducted by the authors, in which they have indicated the presence of
shoals in high concentrations in the coastal sector during these three years, in an
extraordinary way compared to previous years.
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Figure 8. Contribution of coastal jack mackerel catches as a percentage to the total landed in south-
central Chile during the years 1994 to 2022.
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Dicussion and conclussion

The T. murphyi fishery over the past 7 years has progressively developed a highly coastal
pattern, which has been most evident from 2020 onwards. This recurrent pattern had not
been observed since the 80's (Bohm et al., 1993), precisely from 1980 to 1986 in which the
fleet maintained a reduced operation within a strip of 60 mn offshore, with landings that
gradually grew from 191,421 to 1,050,471 t in 1986 (B6hm et al., 1993) in those years the
operation began inside the quadrant 36°S-37°00'S, was registering an expansion towards
35°S by the north and up to 37°30'S by south. The fleet at that time was made up of vessels
with less storage capacity and autonomy than the current ones, these came to represent a
fleet of great magnitude in number that was growing to the extent of the growth of
landings. The trend that is observed today in the distribution pattern is not exactly the same
as that observed in the 80's, however, it is possible to indicate that this pattern of
distribution strongly added on the coast was already recorded in that decade, a period where
the distribution of this resource also presented an oceanic pattern in what was called the
"Jack mackerel belt" (Elizarov et al, 1993) in the South Pacific. This last condition
apparently would not be the current one, in this aspect the surveys carried out by IFOP in
2020 and 2021 to estimate the biomass of this resource have indicated a very low presence
beyond the range of 60 mn offshore, revealing biomasses of 7. murphyi of 1,548,640 t and
1,213,775 t (Ifop, 2021), for the most part was evaluated within this strip. At the same time,
the search carried out by vessels of the European community in 2021 in the autumn period
in the oceanic distribution area of 7. murphyi associated with the "Jack mackerel belt"
indicated the almost non-existent presence of this resource, which forced to look for other
fishing areas located in the oceanic area (outside the EEZ) of northern Chile (between Arica
and Antofagasta), in which they remain carrying out fishing operation until 2022. This
background largely confirms that the resource is not present in the ocean sector and remains
highly concentrated in the coastal strip during 2022.

During the last 7 years, favorable aspects have been observed in the fishing activity of 7.
murphyi, such as the incremental trend of fishing yields that has reached values higher than
that observed during the decade of the 90's mainly in the years 2021 and 2022 (Gonzalez et
al., 2021), period in which the 7. murphyi registered a high landing value. The high
concentration of 7. murphyi in the coastal area evidenced in a high level of catch obtained
in these years, has largely determined the increase in yields.

It is likely that this highly coastal distribution of 7. murphyi schools is linked to the
preference for areas with high levels of food (near the coast). This species is an active
predator with a high metabolism (Konchina 1983), so the availability and quality of food is
essential for its distribution (Serra, 1991); on the other hand, it is also necessary to consider
a low presence of predators such as Dossidicus gigas, a species that has decreased its
presence in recent years in the coastal area. The existing trophic demand in the biomass
currently observed in the coastal region would be below the productive capacity of the
coastal upwelling system, according to what was proposed by Cubillos et al. (1998). They
also propose that the productive area of the coastal zone would extend up to 60 nautical
miles offshore (Cubillos et al., 1998), a strip in which the neritic zone is immersed where
food is more accessible to 7. murphyi (Quifiones et al., 1997).
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In relation to the sizes of 7. murphyi, it is noteworthy that in the years analyzed the
development of several modal progressions has been observed, thus determining the
presence of cohorts that have been the basis of the landings generated. However, the low
presence of juvenile specimens in landings have been predominantly made up of adult
specimens greater than 30 cm FL. In the first half of 2022, the presence of modal groups
close to 30 cm FL was recorded, which seasonally enter the area of the central-southern
fishery from the northern region, influenced by the displacement of the subtropical front to
the south (Gretchina ef al., 2019; Gonzélez et al., 2021), characteristic during the summer
period. This causes a greater warming of the intermediate zone and that in combination
with the presence of coastal upwelling processes generates thermal fronts associated with
areas of high biological productivity (Gretchina et al. 2019), facilitate the approach of these
schools to the intermediate and coastal region during the summer period. Despite the
occurrence of this seasonal oceanographic process, during this year there have been very
low percentages of juveniles less than 26 cm LFL in a (0.2% in February). In addition, it
highlights that in recent years there has been an increase and predominance in the catches
of the groups of longer size (36 to 45 cm FL), and there has been a decrease in the presence
of specimens less than 26 cm FL.

As indicated in Gonzalez et al., (2021) the strong retreat of the schools of 7. murphyi to the
interior of the coastal strip of 60 mn offshore may be due to a strategy of this species in
periods of low population abundance that allow it to increase its biomass if environmental
conditions facilitate this situation as is the coastal system located off the coasts of Chile and
Peru considered highly productive (Strub et al. 1998, Thiel et al. 2007, Cisterna 2020). The
detection of this coastal pattern in the late 70's and early 80's may indicate that this resource
is currently resuming a historical pattern of its spatial distribution, a process that could be
related to the decadent stage of population contraction, the latter in relation to what was
indicated by Klyashtorin (2001) and Sharp (2004). Given the evidence presented, the
question arises: What has caused this high aggregation of horse mackerel in the coastal
region in recent years?

12
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