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Summary

An update of the analysis on changes in jack mackerel and chub mackerel habitats has been carried out,
with emphasis on what was observed between 2020 and 2022.

Regarding the habitat, it was observed that during summer 2022 the presence of jack mackerel and chub
mackerel has occurred in a typical way, that is, along the fronts between oceanic and coastal waters,
unlike the year 2020 in which they were observed in oceanic waters, which was considered unusual at
least for that season.

From the analysis of the various variables analyzed regarding the habitat of jack mackerel and chub
mackerel, it is concluded that there were different conditions in recent years, where the only analyzed
parameter that remained almost invariant is sea surface salinity. Another aspect that is highlighted is that
both species have been available for fishing in areas with a low concentration of chlorophyll and with
relatively high values of altimetry and sea surface anomaly. In the case of jack mackerel, its distribution
closer to the coast in the center-south area is remarkable, also a lower abundance of adults in the north.
On the other hand, for the case of chub mackerel, a latitudinally wider availability was observed.

Vertically, jack mackerel had during the summer a shallower distribution than that observed during the
summers of 2020 and 2021. Also, jack mackerel was densely aggregated and available for fishing during
summer 2022.

In the habitat reports submitted in the previous two years (2020 to 2021) to the Habitat Monitoring
Working Group, as well as in the present case, it should be specified that what has generally been mapped
and modeled are the ideal environmental conditions (habitat) for fishing for adult fish of jack mackerel in
the short term; a similar type of study is pending for the early stages of jack mackerel and chub mackerel,
including their reproductive process and recruitment, in addition to the larval and post-larval stages.
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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 Tenth 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 22 to 25 July 2022. It has counted, as usual, with the valuable
participation and contribution of researchers from the Institute of Sea Research of Peru (IMARPE). This
activity is a contribution to the national and international effort to research and diagnose the changing
conditions of jack mackerel and chub mackerel populations, as well as other important species of the
South Pacific, with special emphasis on aspects related to their habitats since the first workshop in 2011.

2. Description of jack mackerel and chub mackerel habitats using
oceanographic satellite and fisheries data

Various oceanographic parameters are presented for the summer years 2020, 2021, and 2022 with an
indication of the fishing sets made for jack mackerel and chub mackerel, since they were the months in
which the fishing seasons were developed. In the Figures 2.1.1 to 2.1.5. the oceanographic parameters
of January 15, February 15, and March 15 of each year are presented from left to right, to assess the
changes that have occurred in the last three years and their relationship with the relative distribution and
abundance of jack mackerel and chub mackerel (location of fishing sets are represented by color symbols).

2.1.Sea surface temperature between 2020 and 2022

In the period described, the presence of jack mackerel and mackerel has been observed in the thermal
fronts, except for February and March 2020, in which the presence of both species has occurred in oceanic
waters (Subtropical Surface Waters). Chub mackerel and jack mackerel were also fished outside the
continental shelf. It is considered that, in general, the moderate thermal conditions of the last four years
(since 2019) have led to a higher concentration of jack mackerel, especially in the southern zone. Chub
mackerel, on the other hand, has tended to be distributed — as usual — further north to the extent that in
that area the presence of Equatorial Surface Waters favors it during summers (Figure 2.1).
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Figure 2.1. Sea surface temperature (SST°C) during the summer seasons of years 2020, 2021 and 2022.
Jack mackerel fishing hauls are indicated by black circles, and chub mackerel ones are indicated by purple
crosses. In March 2022, no catches are observed because the industrial fishing quota was reached at the
beginning of February.
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2.2.Sea surface temperature anomaly (ATSM, °C) between 2020 and 2022

Summer 2019 was characterized by frequent changes in ATSM values, especially on the southern coast,
and yet the jack mackerel fishing grounds remained without geographical variation. 2020 had a summer
characterized by negative thermal anomalies along the entire coast. It is in these conditions that the
largest presence of jack mackerel and chub mackerel has occurred -instead- on cores with positive thermal
anomalies in the southern zone. During summer 2021 there were higher negative anomalies than in 2020,
but only during January and February. Under these conditions, the jack mackerel fishing areas were
distributed, as in 2019, in the area located south of the Paracas Peninsula. Chub mackerel was instead
distributed in certain areas in the north and center zones, but also in areas where it matched the
distribution of jack mackerel in the south. The conditions in which jack mackerel was detected and caught
during January 2022 are similar to those of February 2021. In February 2022 colder conditions begin to
develop in the coastal zone, so fishing operations were carried out in warmer areas (Figure 2.2).
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Figure 2.2. Sea Surface Temperature Anomaly (ATSM, °C) during the summer of years 2020, 2021, and
2022. Jack mackerel fishing hauls are indicated by black circles, and mackerel ones are indicated by purple
crosses. In March 2022, no catches are observed because the industrial fishing quota has been completed.



2.3.Sea surface salinity (SSM, ups) between the years 2020 and 2022
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In the summer of 2019, the presence of jack mackerel and chub mackerel were observed in areas with
mixing waters between Subtropical Surface Waters (ASS) and Cold Coastal Water (ACF) mainly in the
central and southern zone. In that year the predominance of chub mackerel in the north and jack mackerel
in the south were also observed. On the other hand, in the summer of 2020, a predominance of ASS was
observed in the south, and it is where the highest concentrations of jack mackerel and chub mackerel
were found, which would be explained by the presence of adequate prey in that area (macrozooplankton
and mesopelagic fish). In 2021 chub mackerel fishing zones were distributed both in the center and in the
south along the front between ACF and ASS; in the case of jack mackerel, in 2021 its fishing zones have
been located approximately in the same regions as in 2019, that is, south of the Paracas Peninsula along
the front between ACF and ASS. During the summer of 2022, the distribution of jack mackerel and chub
mackerel catches occurs again in a typical way, that is, along the front between ACF and ASS, as in 2019

and 2021 (Figure 2.3).
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Figure 2.3. Sea surface salinity (SSM, ups) for the summer season during 2020, 2021 and 2022.
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mackerel fishing hauls are indicated by black circles, and mackerel ones are indicated by purple crosses.
In March 2022, no catches are observed because the industrial fishing quota was completed at the

beginning of February.
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2.4.Sea surface chlorophyll (ug/Lt) between 2020 and 2022

In the summer of 2019, a concentration of chlorophyll lower than usual was observed, and on that
occasion, jack mackerel and chub mackerel were found on the outer edges of the highest concentration
of chlorophyll in the central and southern areas. The summer of 2020 was characterized by good
concentrations of chlorophyll, but this time the preference of jack mackerel and mackerel was in oceanic
waters and not on the edges of the coastal upwelling. In the years 2021 and 2022, the presence of both
species on the outer edges of denser chlorophyll is observed again (Figure 2.4). In particular, the
distribution of jack mackerel and chub mackerel during the summer of 2020 stands out, but mainly during
February of that year when their presence covers areas even further away the 200 n.mi. from the coast.
Undoubtedly, this distribution during summer 2020 was not usual and is attributable to the possible high
availability of prey (euphausiids, macrozooplankton, mesopelagic fish) in the open sea and not in the usual
fronts along the coastal zone.
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Figure 2.4. Sea surface chlorophyll (SSC, ug/L) during the summer of years 2019, 2020 and 2021. Jack
mackerel fishing hauls are indicated by black circles, and chub mackerel ones are indicated by purple
crosses. In March 2022, no catches are observed because the industrial fishing quota has been reached.
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2.5.Sea Level Anomaly (SLA, cm) between 2020 and 2022

The summer months of years 2019 to 2021 — except January 2021 — presented higher ocean dynamics
than in previous years, which is associated with a larger availability of jack mackerel and chub mackerel,
but mainly in the southern zone. More specifically, the presence of jack mackerel and chub mackerel has
been related to SLA values between intermediate and high. The anomaly of the sea surface has thus
indicated a higher dynamic during the summer of 2020, it was significantly larger than during 2019, 2021
and 2022, which would contribute to explaining the distribution rather away from the coast of jack
mackerel and chub mackerel during the summer of 2020 (Figure 2.5).
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Figure 2.5. Sea level anomaly (SLA, cm) during the summer of years 2020, 2021 and 2022. Jack mackerel
fishing hauls are indicated by black circles, and chub mackerel ones are indicated by purple crosses. In
March 2022, no catches are observed because the industrial fishing quota reached at the beginning of
February.
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3. Analysis of variability of parameters for jack mackerel and chub mackerel according to fishing sets
carried out during the years 2018 to 2022 in relation to satellite oceanography variables.

Figures 3.6.1 and 3.6.2 present the comparative results of the analysis of variability of parameters relevant
to the distribution of jack mackerel and chub mackerel between the years 2018 to 2022. The parameters
analyzed were: Sea Surface Temperature (TSM, °C), Sea Surface Temperature Anomaly (ATSM, °C), Sea
Surface Salinity (SALINIDAD, ups), Chlorophyll (ug/Lt), Sea Surface Anomaly (SLA, cm), Sea Surface
Altimetry (ALT, cm), latitude (LAT), distance to the coast (DC) and month of the year (MESES).

3.1.Variability in the case of jack mackerel

In the case of jack mackerel, Figure 3.1.1 is presented, which shows notable differences between several
parameters for the years 2018 to 2022. For the TSM there is a wide range of thermal values (between 15
and 23°C), with a preference for relatively high temperatures during the years 2019 and 2020; in the years
2018, 2021, and 2022 the thermal values have been below average.
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Figure 3. 1.1. Boxplots on the variability of parameters in the case of jack mackerel between the years
2018 t0 2022: Sea Surface Temperature in °C (TSM), Sea Surface Temperature Anomaly in °C (ATSM), Sea
Surface Salinity in ups (SALINIDAD), Chlorophyll (Clorofila), Sea Surface Anomaly (SLA), Altimetry (ALT),
latitude (LAT), distance to the coast (DC) and months (MESES). The red line on each box indicates the
average value of all measurements.

As for the ATSM (in a range between -4 to +2°C), there has been a wider presence of jack mackerel in
slightly positive values except year 2021 in which all the catches of jack mackerel were made on negative
values. In contrast, salinity remained in a discrete range of values (35 to 35.2 ups) and low chlorophyll
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concentration values (< 3 ug/Lt). As for SLA and ALT, the presence of jack mackerel is almost entirely
limited to positive values, but not beyond values of 10 cm.

Latitudinally, the distribution of jack mackerel presented a restricted range in the analyzed years, although
it should be specified that this description represents only the areas of operation of the fleet, which has
operated mainly during the summers in the center-south zone between 2019 and 2022, unlike the year
2018 in which there was a fishing activity also in the north-central zone. Regarding its distribution
according to the distance to the coast, jack mackerel was at relatively close distances, around 50 n.mi. on
average between 2018 and 2022, except for 2020 when it was located at more than 100 n.mi. on average.

Finally, the temporality of the distribution of the fishing sets made on jack mackerel is directly related to
the national fisheries management, specifically according to the development of the anchovy fishing
seasons; this is how in the year 2018 fishing sets were carried out during September and October when
the anchovy season had been suspended (figure 3. 1.1.).

3.2.Variability in the case of chub mackerel

In the case of chub mackerel, Figure 3.1.2 shows some differences, but also similarities with jack mackerel
for several parameters between the years 2018 to 2022. For TSM, different ranges of thermal values
(between 16 and 24°C) can be appreciated, having chub mackerel distributed in warmer conditions during
the years 2019 and 2020, but in colder conditions during 2018, 2021 and 2022.
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Figure 3. 1.2. Analysis of variability of parameters (boxplot) related to the presence of chub mackerel
between the years 2018 to 2022. Sea Surface Temperature in °C (TSM), Sea Surface Temperature Anomaly
in °C (ATSM), Sea Surface Salinity in ups (salinity), Chlorophyll (Clorofila), Sea Surface Anomaly (SLA),
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Altimetry (ALT), latitude (LAT), distance to coast (DC) and months (MESES). The red line on each box
indicates the average value of all measurements.

Likewise, the distribution of chub mackerel is related to a rather wide range of ATSM values (between -4
to +2°C) but discreet in the case of SSM (34.7 to 35.4 ups), and with low chlorophyll values in the 5 years
analyzed; note that the value is zero in the case of 2020 due to the oceanic distribution that characterized
this species -as well as jack mackerel- during the summer of that year.

As for SLA and ALT, the presence of chub mackerel is almost entirely limited to positive values, but not
beyond values of 10 cm. Latitudinally the distribution of chub mackerel occurred toward the north during
2018, and was wide during 2019, then with a trend to the south in 2020. There was a larger abundance of
chub mackerels in the center zone during 2021 and 2022.

Regarding the distance from the coast, chub mackerel was relatively close to the coast during 2019, 2021
and 2022, and further away from it in the years 2018 and 2020. Finally, the temporality of the distribution
of chub mackerel, since it is the same fleet targeting jack mackerel, is directly related to national fisheries
management, specifically according to the development of anchovy fishing seasons; this is how the jack
mackerel and chub mackerel fishing season takes place mainly during the summer, which is the period in
which there is little anchovy activity. However, in 2018 there were fishing operations during September
(Figure 3.1.2.).
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4. Analysis of the relationship of jack mackerel to the types of surface water masses.

It was studied the relationship of jack mackerel with surface water masses in the areas of operation of the
fleet during the fishing season of 2022. Information on the nautical area scattering coefficient (NASC,
m?/mn?) i.e. acoustic coefficient per elementary sampling distance unit (ESDU) was used, as well as
position variables such as distance to the coast and latitude. Likewise, the oceanographic variables TSM
and SSM were used in order to characterize each water mass. The characterization of water masses was
made according to the methodological proposal of Swartzman et al. (2008).

In this way, three types of water masses were found during the current season (2022): Subtropical Surface
Waters (ASS), Cold Coastal Waters (ACF), and Mixed Waters between ASS and ACF (MASC). Regarding the
distribution of water masses (Figure 4.1a), the presence of ACF was observed in front of Callao until 11
n.mi. from the coast. The MASC were observed from Callao to Punta Caballas extending up to 70 n.mi.
Likewise, the ASS were found from Pisco to Punta Caballas with an extension up to 71 n.mi. Regarding the
distribution of jack mackerel (Figure 4.1b), it was found that the NASC values were higher per ESDU in the
southern zone of its distribution.

a) Masas de agua D) Coeficiente NASC
e AGCF Pacasmayo 2500
MASC 5000
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Figure 4.1. Distribution of jack mackerel during the 2022 fishing season. a) Distribution of water masses
and b) positive NASC coefficient values for jack mackerel (red circles with sizes proportional to the NASC
value). The ESDU surveyed by fishing vessels are in grey while the data corresponding to each graph is
represented by their respective legends (a: water masses, b) NASC).

On the other hand, two types of indicators were calculated to establish the association between jack
mackerel and water masses: the indicator of the number of ESDUs containing jack mackerel (Figure 4.2);
and the preference indicator, which measures the ratio between the percentage between the total NASC
value contained in a water mass and the total number of UBMs contained in the same water mass. The
latter can take values less than 1, which means no preference; values close to or equal to 1 indicate a
neutral preference, and values higher than 1 indicate a high preference for a given water mass.
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Figure 4.2. Number of ESDUs with the presence of jack mackerel for the 2022 fishing season according to
types of water mass.

Regarding the frequency with which jack mackerel has been detected for each type of water mass, it is
the number of ESDUs in which this species has been observed in the three types of water mass (ACF, ASS
or MASC; Figure 4.2). It has been found that jack mackerel were more frequently distributed within the
MASC and ASS rather than in ACFs. Regarding the preference of species in the types of water masses
according to eco-integrated values, jack mackerel showed a high preference for ASS (Figure 4.3). From
both indicators, it is observed that, although there have been a larger number of detections of jack
mackerel in the MASC, the highest NASC values (echo integration) have been detected in ASS.
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Figure 4.3. Indicator of jack mackerel preference for the 2022 fishing season according to the types of
water bodies. When the indicator exceeds the red line (> 1), it represents the species' preference for a
certain body of water.
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The results of this study show that, by January 2022, jack mackerel showed a distribution and preference
for water masses different from that observed in summer 2021 (SNP, 2021). During the summer of 2021,
jack mackerel showed an almost exclusive preference for MASCs and was mostly distributed in MASC and
ASS. These differences are likely because the distribution of water masses (and therefore, the distribution
of zooplanktonic and pelagic communities that characterize them) and the areas covered by fishing
vessels were also different in both seasons. However, this comparison should be taken with caution since
for the 2022 season there has been data only for one month of summer (January).
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5. Vertical distribution of jack mackerel: vertical aggregation and center of mass indexes.

To study the variability of jack mackerel within the water column, was analyzed its vertical distribution
during January 2022. Thus, two vertical indices proposed by Urmy et al (2012) were calculated.

The calculated indices consist of i) the vertical aggregation index (IA) which refers to the vertical
aggregation of schools within an area. This index will be higher when the area presents higher densities
compared to the rest of the distribution of the fish; and (ii) the center of mass index (CM) which indicates
the central position of the schools in the water column within the explored area.

For the calculation of both indices, the explored area was stratified by producing a grid over the marine
area in squares of 60x60 n.mi, so that we will have the two indices by each square for January 2019 -2022
period. The entire period under study comprised the analysis of 1,290 schools of jack mackerel. There was
observed that the distribution of the fishing fleet was found towards the south of Callao.

Regarding the aggregation index (Figure 5.1.), it is observed that for the Callao area (12°S) there is a higher
aggregation of jack mackerel schools within the water column except the year 2020 when there were no
records of jack mackerel in that area. Also, in the area between Cerro Azul and Pisco, it is observed that
for the 2022 season there has been less abundance of jack mackerel compared to previous years.

Chimbote Chimbote
Huarmey 20 19 Huarmey 2020
Fuacho Huacho
Callao Callao
Zerro Azul Cerro Azul
Pisco Pisco

Punta Caballas

Atico

Punta Caballas

Atico

indice de agregacion (m-1)

0a0.05
Pta. Bon Pta. Bom) 0.05 a 0.1
M. S: M. Sa|
= 0.1
Chimbote Chimbote
Huarmey 2021 Huarmey 2022
Huacho Huacho
Callao Callao
Cerro Azul Cerro Azul
Pisco Pisco

Punta Caballas
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Pta. Bom
M. Sa

Punta Caballas

Atico

Pta. Bom
M. Sal

Figure 5.1 Results of the aggregation index (IA) for January of the period 2019-2022 calculated from the
NASC values of jack mackerel collected by the fishing fleet.

Regarding the center of mass index (Figure 5.2) in 2022 the schools of jack mackerel were found deeper
compared to previous years, possibly because the oxycline must have been also deeper in these areas. In
that sense, both oxygen and the availability of prey are fundamental aspects to understand the changes
in aggregation patterns, so the information collected on these variations must continue to be collected
and analyzed to contribute to the modeling of the jack mackerel habitat.
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Figure 5.2. Results of the centre of mass index (CM) for January of the period 2019-2022 calculated from

the NASC values of jack mackerel collected by the fishing fleet.
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6. Biological indicators of zooplankton and ichthyoplankton

The information presented during the workshop regarding zooplankton and ichthyoplankton comes from
samples collected by fishing companies during the fishing operations of the industrial fleet during
December 2021 between 04°S and 06°S, and also during January 2022 between 09°S and 14°S. Figure 6.1.
shows the map of collected samples for zooplankton according to the methodology described in the
compendium of technical procedures for scientific research of IMARPE (2017). It was analyzed the
presence of species of copepods as indicators of water masses. Besides the classification of water masses
made by Swartzman et al. was also used. (2008). There was also calculated the abundance expressed in
terms of individuals/100m3.
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Figure 61. Map of positions of collected samples of zooplankton. The blue colors represent the presence
of fish larvae whose identity is indicated, while the red ones represent jack mackerel eggs.

In December 2021, copepods were found as indicators of water masses; they were located between 12
and 120 n.mi. from the coast associated mainly with subtropical surface waters (ASS) and surface
equatorial waters (AES), as well as mixing waters (AM). Abundances fluctuated between 1 and 115
individuals/100m3. About ichthyoplankton, larvae of Engraulis ringens, Vinciguerria lucetia, Merluccius
gayi gayi, Diogenichthys laternatus, among others, were found.

In January 2022, the presence of copepods indicating cold coastal water masses (ACF) was observed
throughout the fishing area located between 8 and 84 n.mi., reaching a maximum value of 852
individuals/100m3. The presence of ASS indicator species between 18 and 84 n.mi. was also observed,
with values ranging between 1 and 626 individuals/100m3. Likewise, the presence of larvae was observed,
mainly of Engraulis ringens, Vinciguerria lucetia, Diogenichthys laternatus, Scombridae (Auxis rochei and
Sarda chilensis), as well as the presence of eggs and larvae of Trachurus murphyi, among others.
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About the distribution of anchovy larvae, a higher presence was registered in the summer of 2022, with
the highest concentration in front of Bahia Independencia at 33 n.mi. from the coast (509 larvae/100m?3).
Likewise, in that period the presence of eggs and larvae of jack mackerel between 33 and 47 n.mi. from
the coast was observed, associated with mixing waters between ACF and ASS. Figure 6.2.

2021

15
1
i A
i
0.5 i
o A danae C. pavo C. brachiatus
04°s 04°s 05°S 05°S 05°S 05°S

04°s 06°S

Abundancia LOG(X+1) Ind./100m3

Latitud

" MAESC mMASC mASS AES

2022

09°S 10°S 13°S 13°S 13°S 13°S 13°S 14°S 14°S 14°S 14°S 14°S 14°S 14°S 14°S 14°S 14°S 14°S 14°S 14°S 14°S 14°S
Latitud

N W A o o N
© o o o o o

-
o

Abundancia LOG(X+1) Ind./100m?3

EACF ®mMASC

Figure 6.2. The latitudinal abundance of zooplankton by degrees of latitude in December 2021 (upper
left panel) and January 2022 (bottom panel). The bar colors indicate types of water masses as indicated
in the respective legends.
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7. Conclusions

e The moderate thermal conditions of the last four years have led to higher availability of jack
mackerel, especially in the southern zone. Chub mackerel has tended to be distributed to the
north although it has shared distribution areas with jack mackerel.

e InlJanuary 2022 jack mackerel fishing areas were located closer to the coast between degrees 13
and 14 mainly (Cerro Azul to Pisco), and along the front between ACF and ASS. Chub mackerel on
the other hand showed some distribution areas in the north.

e The summers of 2019 to 2022 — except January 2021 — presented stronger ocean dynamics than
in previous years, which is associated with a higher presence of jack mackerel and chub mackerel,
but mainly in the south of Callao. The presence of jack mackerel and chub mackerel has been
related to intermediate values of SLA.

e Progress has been made in understanding the influence of various variables regarding the
distribution of jack and chub mackerel. However, the differences have been attributable to the
availability of food items (e.g. euphausiids, mesopelagic fish) and also to the location of the
oxygen minimum zone. These aspects should be further investigated.

e Biological indicators maintained a spatial coherence between the water masses and the species
collected of zooplankton according to the usual water masses in which they distribute.
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