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Abstract

The jack mackerel fishery between 2012-2018 in each annual fishing season of the Chilean
fleet is concentrated in the coastal sectors (mainly up to 120-150 mn from the coast,
between 30-42°S) and, from the international fleet in a narrow strip along the limit of the
EEZ of Chile, between 37-47°S. The distribution of jack mackerel, availability for fleets,
size structures in the catches are strongly dependent on the thermal dynamics of waters in
the habitat area of the resource.

An analysis of the fishing-biological aspects of jack mackerel during fishing seasons of
2017 (warm year, EIl Nifio coastal of Peru) and 2018 (cold year, of La Nifia weak) shows
that: a) In 2017 a greater influence towards the coasts of Chile and to the south of warm
subtropical waters that determines the distribution and fishing of very coastal jack mackerel
for Chilean fleet, with a high presence of juvenile fish (<26 cm FL), even a voluntary
fishing ban is decreed in January-March (determinant of low catches in these months). On
the contrary, the international fleet presents south-north displacements along the EEZ
between March-July, usual for the years 2013-2016; b) In 2018 the progress towards the
coasts of Chile slower subtropical waters, the flow of cold water from the south to the north
remains quite powerful, the adult mackerel concentrates in the wider coastal sectors and the
smaller fish towards warmer water fronts that determine greater fishing stability in the
region as well as the monthly structure of fish sizes in the catches. For the international
fleet, this stability is maintained only during March-May, in June the search and fishing is
carried out on jack mackere 1> 40 cm towards the West (90°W) and in July it operates in a
micro-zone at 37°S / 78-79°W over the fish of similar sizes captured by the Chilean fleet off
the coast in June. The latter indicates possible emigrations of jack mackerel from June to
the NW of the region (at N of 37°S and 77°W), an event that occurs earlier than in 2017
(August) and what is usually recorded in normal and / or warm years.
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1. ANTECEDENTS

According to historical records of the operational records of the industrial fleet of central-
southern Chile (INPESCA, 1995-2018), the jack mackerel fishery has a marked spatial
seasonality, which behaves according to: i) the activity begins during December with the
entrance of schools of post-spawning jack mackerel from the northwest and / or north
towards the Chilean coasts between 32° and 33° S. Later, in mid-January, most of these
aggregations migrate southwards along the coast (south of 38°S); ii) in some years (i.e.
2014, 2015, 2016) since mid-January begin to join the fishery, immature individuals (1-2
years of age); iii) between January and May the fishing activity takes place in an area close
to the coast between 32° and 38° S and later in April-May it moves towards the north
beyond 30°S; iv) in parallel, during March-April a second group (later than the first) of
schools of jack mackerel in feeding activity, enters the exclusive economic zone of Chile
south of 38°-40 ° S (farther south than the first group). These schools form commercial
aggregations of jack mackerel sustaining a fishery that moves gradually to the north.
Finally, between July and September, the schools scatter towards the oceanic area north of
33°-35°S to gradually begin spawning. An example of the annual cycle described above is
presented in Figure 1, which summarizes the spatial distribution of the fishery in the period
2004-2007. An exception to this scheme are those years in which the migratory pattern
between June and August changes from Northwest to West (2007-2011) or East (2012-
2018).

The concentration of schools of jack mackerel in Chilean coasts is closely related to the
seasonal dynamics of oceanographic conditions. The entry of schools of post-spawning fish
and / or immature fish at the beginning of the fishing season coincides with the seasonal
advance (summer) towards the coasts of the ocean front produced by waters of subtropical
origin. This oceanographic process promotes concentration in narrow regions along the
coast, with the predominance of larger-sized specimens on the colder edges of the front,
and smaller sizes to the warmer ones. On the other hand, the incorporation into the fishery
of feeding jack mackerel schools, from the south during March and April coincides with the
seasonal advance (autumn-winter) towards the north of subantartic waters. Along with the
advance of the cold waters towards the north, the schools of jack mackerel move, while a
gradual process of gonadal maturation takes place. In spring, fish migrate to the oceanic
zone to spawn in subtropical waters with surface temperatures above 15-16 ° C
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Figure 1. Annual cycle of the industrial jack mackerel fishery in central-southern Chile,
period 2004-2007. Source: Synoptic Fishing Program, INPESCA.

On a larger scale, the distribution, concentration and availability of jack mackerel in the
fishing area is strongly dependent on the population size and the influence of regional
climate events, such as EIl Nifio or La Nifia.

During the period 2002-2012 there was a contraction of the distribution area of jack
mackerel, which coincided with a marked decrease in population size in the South Pacific.
Recently, some signs of recovery have been observed in the interannual dynamics of the
Chilean and international fleets (see Annexes 1 and 2). Since 2012, the distribution of
fishing activity is concentrated mainly off the Chilean coast, with an extension west up to
84°W. In recent years, the jack mackerel fishery in central-southern Chile was developed
under a warm El Nifio event (2017) followed by a cold La Nifia event (2018). In this
contribution, the analysis of the jack mackerel fishery is presented under these opposite
environmental regimes.

2. ENVIRONMENTAL CONDITIONS

The monthly multivariate index ENSO shows that the years 2017-2018 there was an
alternation between positive and negative periods. Between March and July of 2017
positive anomalies were registered (> 0.5 ° C), while between August 2017 and April 2018
negative anomalies were observed (<0.5 ° C). The first period corresponded to an atypical
El Nifo event (called El Nifio Coastal Peru; ENFEN 2017), and the second was a weak La
Nifa event (http://www.cpc.ncep.noaa.gov/products).



10 Aug 2018 SC6-IJM02

Figure 2. Monthly dynamics of the ENOS Multivariable Index (MEI) in the Equatorial
Pacific during 2017-2018 (https://www.esrl.noaa.gov/psd/enso/mei/).

These anomalous conditions determined a different oceanographic pattern along the coasts
of Peru and Chile, which is reflected in the spatial distribution of sea surface temperature
(SST) anomalies in this region. During the January-February 2017 period, there was a
predominance of positive SST anomalies off the coasts of Peru and Chile, which moved to
central-southern and southern Chile, typically under an El Nifio equatorial event (Figure 3).
Conversely, during January-February 2018, negative thermal anomalies were observed
along Chilean coasts, similar to previous La Nifia events (Figure 3). These anomalous
thermal conditions have influenced the intensity and timing of warm mass incomes from
subtropical waters towards south-central Chile during the beginning of summer, impacting
the spatial distribution pattern of jack mackerel that is closely linked to the dynamics of this
oceanographic process. Thus, the entry of subtropical waters was faster at the end of
December 2016 and slower in December 2017 (Figure 4). The conditions of anomalous
temperatures were maintained between 6 and 8 months in both periods (2017 and 2018;
Figure 5), generating differences in the migratory pattern of jack mackerel and, as a
consequence, altering the dynamics of the Chilean fleet within the EEZ as well as the
international fleet in the open ocean.


https://www.esrl.noaa.gov/psd/enso/mei/
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Figura 3. Monthly dynamics of sea surface temperature anomalies in the South Pacific
during January-February 2017 and 2018 (ttp://iridl.ldeo.columbia.edu/maproom/ENSO

/SST_Plots/ Weekly Anomaly.html).

Figure 4. SST charts off the coast of central-southern Chile, with routes and areas for the
entry of jack mackerel to the coast (arrows and circles). The supposed distribution front of
smaller fish (<26 cm LH, blue line) and size structure in the catches is indicated, during

December 2016 and 2017.
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Figure 5. Monthly dynamics of sea surface temperature in central-south Chile during a)
January-April and b) May-August 2017 and 2018. Marked isotherms correspond to
preferential temperature limits for the distribution of jack mackerel.
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3. MONTHLY DYNAMICS OF SPATIAL DISTRIBUTION OF CATCHES AND
SIZE STRUCTURE OF JACK MACKEREL

The jack mackerel quota assigned to Chile by SPRFMO for 2017 and 2018 was 317,300 t
and 371,887 t respectively, but including transfers between countries, these increased to
351,521 t and 427,264 t, respectively. In this region the fleet has captured in 2017 (January-
December) 281,736 t, corresponding to 80.15% and, in 2018 (January-July) 328.287 t, a
76.83%, of the final global annual quota of the country. The monthly dynamics of catches
of jack mackerel in central-south Chile are presented in Figure 6.
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Figure 6. Monthly landings of jack mackerel of the industrial fleet of central-south Chile in
2017 and 2018 (until July). Source: INPESCA.

As it is possible to see (Figure 6), the monthly landings of jack mackerel in the region of
central-south Chile during 2018 (January-July) are over 40,000 t per month, reaching
64,732 t in May. During the year 2017 these are comparable with 2018 only in the months
of March-May and July, and are very low in January-February, accumulating in these last
months only 13,872 t.

The low catches of jack mackerel in January-February 2017 are related to the massive
presence of juvenile fish (<26 cm FL, under legal minimum size) in the operation areas of
the fleet that has forced the latter to decree a self-imposed ban. fishing in these months. The
entrance of juvenile fish towards the coasts of central-south Chile is related to a sudden
advance in the same direction of warm subtropical waters, the influence of which remained
quite strong at least until April-May, especially in the coastal areas located to the north of
37-36°S (Figure 5). For this reason, in the months of January, March, and April, the fishing
zones have a very coastal location and with south-north displacement, as well as in the
zones located south of 37°S in March-April (Figure 7, a). During the months of May to
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August, in the conditions of gradual seasonal cooling of waters from the south to the north,
the fishing operations of the regional fleet also move gradually from the south to the north,
they remain in the areas that are not they expand towards West of 76°W (Figure 7, a).

During the mackerel fishing season (January-July 2017), the operational instability of the
fleet, determined, firstly, by a high presence in the juvenile fish area, is also reflected in a
high variability of the monthly structures of sizes of jack mackerel in the catches, mainly in
the months of January-April, and which stabilizes only since May-July (Figure 8, a). The
important presence in the catches of the fleet of jack mackerel samples larger than 38-40
cm FL in February-April (Figure 8, a) indicates that in these months the boats avoiding the
fishing of juvenile fish have operated in the Large jack mackerel in the very coastal areas
adjacent to Isla Mocha (38°30'S) and which historically inhabits this sector (“resident jack
mackerel™ or "jack mackerel").

On the contrary, during the 1998 jack mackerel fishing season, in the region, in cold
oceanographic conditions, in general (Figure 5), the entry of jack mackerel to the fishery
occurs in December 2017 between 32-34°S, but since January 2018 it is concentrated to the
south of 37°S, in wider areas from the coast to the West, with a clear shift towards the south
between January-March, concentration between 37-39°S in April-May, with a marked
displacement towards NW during the month of June and, with coastal concentration (Isla
Mocha area) in July (Figure 7, a). Under these conditions, which are more stable
temporarily and spatially, the monthly structures of jack mackerel sizes also show
similarities between the months of January and June; only in July does a proportion of fish
greater than 38-40 cm increase (Figure 8, a). On the other hand, in 2018 the smaller fish are
seen in the catches every month, however, their contribution in the catches is in an allowed
range (<35% in number of the total catch per set) ). It is assumed that these have a more
abundant distribution towards the warm edges of the subtropical front and that they had a
location farther from the coast with respect to their position in 2017 (see Figure 5).

The spatial dynamics of the fishing operations of the international fleet outside the EEZ of
Chile also present significant differences within the fishing seasons of 2017 and 2018 that
extend in the region to south-central Chile between the months of March to July (Figure 7,
b). During March-July 2017, the international fleet operated in fairly narrow areas close to
the 200-mn limit of Chile's EEZ, with a progressive displacement of these from the south to
the north, with a very similar behavior. registered in 2013-2016 (see Annex 2). This
stability of the fishing zones has also determined a certain similarity in the monthly
structure of sizes of jack mackerel in the catches, with a marked fashion of 34-36 cm FL,
but also with the presence of smaller fish (<24- 28 cm FL) (Figure 8, b).
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Figure 7. Monthly distribution of fishing sets and routes of displacement of fishing areas in
operations of the Chilean (a) and international (b) fleet off the coast of central-southern
Chile during the fishing seasons of 2017 and 2018.
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Figure 8. Monthly size structure of jack mackerel in the fishing sets of the Chilean (a) and
international fleet (b) off the coasts of central-southern Chile during the fishing seasons of
2017 and 2018.

During 2018, the spatial dynamics of the fleet in the months of March to May remain quite
similar to that of 2017 (Figure 7, b), which is also reflected in the size structure of jack
mackerel in the catches in the months of April-May (fashions 36-37 cm FL) (Figure 8, b).
However, the behavior of jack mackerel in the fishing zones is more arratic, with a
permanent tendency of inward movement of the national waters of Chile, especially in the
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months of June-July (personal reports of captains of EU and Russia). During the month of
June, in the conditions of almost total absence of fish near the EEZ of Chile, it is detected,
in the zone of 40°S / 80°W approximately, a mass of jack mackerel of larger sizes, by over
40 cm FL (Figure 8 , b), with an active and very marked migration towards the Weste,
which arrives in less than two weeks towards 88-90°W and where it disperses (Figure 7, b).
When the jack mackerel is lost in the Weste end, the fleet returns to the zone centered and
very restricted in 37°S / 78-79°W (Figure 7, b), to work in jack mackerel of sizes different
from other months, of two main fashions centered in 26-27 and 32-33 cm FL (Figure 8, b).

This last size structure of jack mackerel in July 2018 of the catches of the international fleet
is very similar to that recorded in June in the catches of the Chilean fleet (Figure 9), of the
area that has shown a clear trend of displacement of coast towards NW (Figure 7, a). This
similarity of sizes in the catches of both fleets may indicate that in July the international
fleet operated on migrating fish from the Chilean coasts towards the open ocean.

In both 2017 and 2018, the international fleet leaves the open water region outside Chile's
EEZ from the end of July, heading north, to the region located outside the EEZ between 21-
29°S.
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Figure 9. Mackerel size structure of the catches of the Chilean fleet within the EEZ in June
2018 and of the international fleet outside Chile's EEZ in July 2018.
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Annex 1: Monthly spatial location of the fishing areas (sets) of the Chilean fleet off the
coasts of central-southern Chile between 2004-2014, with three periods of similarity

between time periods: 2004-2007, 2008-2011 and from 2012 (Source: SynopticFishing
Program, INPESCA).
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Annex 2: Monthly dynamics of the fishing sets of the Chilean and international fleets
against the Chilean coasts between the years 2013-2018 (until June). Source: Synoptic
Fishing Program, INPESCA).
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