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ABSTRACT

Jumbo squid, Dosidicus gigas, is registered along the entire coast of Chile. The main
fishing areas are concentrated between 32°S and 38°S for the traditional artisanal fleet and
36°S-38°S for the industrial fleet with medium water trawls. Fishing has been important
since 2003, but since 2012 as a target fishery and for human consumption, it has been
regulated for the last 6 years with a global annual catch quota of 200,000 t, with 80% for
the artisanal fleet and 20% for the industrial fleet. Within the Monitoring Program of jumbo
squid (INPESCA) between the years 2011-2018 has compiled the biological fishing
information aboard the industrial and artisanal motors boats. On the basis of this a
temporary space stability of jumbo squid fishing areas that do not extend more than 20-60
nm from the coast was determined. In the catches of both fleets, samples of jumbo squid
from 30 to 100 cm ML are detected, with a predominance of sizes above 60-70 cm between
January and September, from May to July they appear (in a minor percentage) the lower-
sized specimens that grow and are predominant in October-December. It is assumed
presence of two generations of squid in the fishery within the annual season: present of the
previous year and incoming during the current year. It is estimated that a cohort remains in
the Chilean fishery, from its entry of the adjacent ocean waters (May-June of year 1) to its
exit in North-Northwest directions towards the spawning areas (September-October of year
2), around of 15-16 months. The exit of the fishery happens at the approximate age of 21-
23 months assuming that spawning happens in November-December of year 0.

Concentrations of jumbo squid are found in Chilean coastal zones in an active process of
fattening, practically no specimens are registered in a stage of maturation and / or mature.
Predominance is detected in the fishing with jiggers of D.gigas females above males in a
proportion of 2.2-2.5: 1.0; in industrial pelagic fishing a male-female ratio is close to 1.0:
1.0.).

A conceptual scheme of the population structure of jumbo squid in the Southeast Pacific is
proposed, which is composed by three size groups (S, M, L) of this resource and which
have preference to different bodies of water in fattening but are combined in the same
spawning area. According to this proposed scheme, the jumbo squid in Chile is composed
mainly of the group of larger sizes ("L"), its permanence and levels of abundance are
dependent on the strength of the seasonal inputs of medium size specimens (Group "M")
towards the coastal areas from the adjacent ocean waters where the latter are predominant.
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The recurrent detection of the aggregations of a new generation (of sizes less than 50-60 cm
ML) in the months of May-July, its permanence in the fishery until October and its total
predominance in the months of October- December can be a predictive indicator for the
forecast of the state of the resource for the new fishing seasons.

However, during the last two years (2017-2018) there is a concern about the future status of
the giant squid off the Chilean coast, reflecting that: a) the annual fishery of this resource is
concentrated in just one generation (and not in two before 2017) which appears in January
and leaves towards spawning in August; b) in these years it decreases CPUE of the
industrial fishing boats they lengthen times in monthly operations (from § to 1 to 15-20
days). It is supposed that these processes may be related to possible changes in the structure
of the jumbo squid population at the southern Pacific level.

1. INTRODUCTION

The history of the fishery and the biological-fishing knowledge of jumbo squid (Dosidicus
gigas) off the coast of Chile can be divided into two periods: before 2012 and after 2012.
Before 2012, since 2003 (Figure 1) the largest fraction of the catches of jumbo squid was
provided as a by catch on the coasts of the VIII Region (36-38°S) by the artisanal purse-
seine fleet dedicated to the common sardine fishery, Strangomera bentincki, and anchoveta,
Engraulis ringens, although only in very short periods. In landings of the industrial purse
seine fleet, also preferably in the VIII Region, it was less frequent, especially when it was
operated on jack mackerel, Trachrus murphyi, in regions farther from the coast. However,
the year 2010 was the exception for the industrial fleet that landed about 120 thousand tons
of squid as target fishing due to the high presence off the coasts of central-south Chile and
in the absence of jack mackerel fishing during the months from January to February (Figure
1). In the industrial hake trawl fishery, Merluccius gayi, from the V to the X Regions (32-
40°S), the jumbo squid always contributed to the by catch, in fairly low densities. In these
years the jumbo squid was considered a great active predator of the target fishery of the
indicated species (Arancibia et al., 2007).

In 2012 in Chile, registration in artisanal and industrial fishing register in the jumbo squid
fishery was temporarily suspended, due to the state of full exploitation (Res. Ex. No. 752 of
Minecon). In the same year, the fishery is declared only for human consumption and the
annual global quotas are established in the last 6 years, it is maintained at a level of 200
thousand tons per year and the annual quota is divided in 80% for artisanal fishing,
consisting of boats (from 8 to 12 m in length) and boats (from 12 to 18 m in length), and
20% for the industrial fleet, consisting of 8 vessels in operation directed at this resource,
between 32 and 52 m in length and engine power between 1,115 and 2,170 Hp.
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In this case, for the artisanal fleet, the capture of jumbo squid is authorized only with a
hand line and / or with traps and, in the case of the industrial fleet, with medium water
trawls. Jumbo squid fishing is restricted as a target species with purse seines for both the
artisanal and industrial fleets, it can be present in captures only as a by catch. Due to these
restrictions, in the years 2014-2017 the total annual landings of jumbo squid in Chilean
waters fluctuate between 145 and 185 thousand tons (Figure 1)
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Figure 1. Annual landings of jumbo squid in Chile from artisanal and industrial fleets
between 2001 and 2018 (Source: SERNAPESCA Statistics).

2. DISTRIBUTION

The landings of jumbo squid of the artisanal and industrial fleets in Chilean ports during the
last 5-8 years, both of target species and of by catch, allow to delimit the latitudinal
distribution of this to practically the entire coast of Chile, with a greater concentration in
front of the IV (30°S), V (33°S) and VIII (37°S) Regions (Figure 2) which is mainly due to
the concentration in these zones of the aforementioned fleets. It highlights its southern limit
of coastal distribution (the presence in fishing sets of hake, Macruronus magellanicus) up to
56°S (Paya et al., 2014).

Despite this, its southern distribution (from the coast to the west) is known only by virtue of
the fishing operation distance of craft boats (mainly <20-30 nm) and of industrial buildings
with medium-water trawls. (in general, <40-60 NM). However, during 2002-2007 in the
oceanic fishing of jack mackerel by the purse-seine fleet of the VIII Region (inside and
outside the EEZ, 200 nm), frequent presence of jumbo squid specimens as a by catch
(Cubillos et al., 2004; Arancibia et al., 2015) was found. These background allowed to
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suppose the possibility of spatial connections of cuttlefish between the coastal and oceanic
regions of the Southeast Pacific off the Chilean coasts.

Figure 2. Spatial distribution of fishing areas of D. gigas in relation to the landing sites on
the coast of Chile for the period 2008-2017. Yellow circles - artisanal fleet; red circles -
industrial fleet (Source: Annual reports of landings by ports / inlets, SERNAPESCA).

Through the implementation since 2011 in the Fisheries Research Institute INPESCA) of a
biological-fishing jumbo squid monitoring program, valuable information has been
obtained about the spatial-temporal distribution and dynamics of the resource off the coast
from central-south Chile, especially to the VIII Region (36-38°S). This monitoring is
mainly carried out by scientific observers on board industrial ships whose operation is
exclusively focused on capturing this resource with medium-water trawls. In addition,
unlike the catches of the artisanal fleet with jiggers (more selective fishing), in the captures
of the industrial fleet the resource is represented from a range of depths and larger sizes
that, in turn, provides the best and more complete information about this species in its
natural habitat. The spatial distribution of jumbo squid fishing sets by the industrial fleet is
presented in Figure 3 (annually, the years 2011-2018) and in Figure 4 (monthly, examples
for the years 2014 and 2016).

From the spatial distribution (annual-monthly) of the operation areas of the industrial fleet
(Figures 3, 4) it is possible to conclude that these are located parallel to the coast in a fairly
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narrow strip of sea, far from the coast at about 20-60 NM (outside the area of operations of
the artisanal fishing fleet), mainly between 36°-38°'S and 73°20'S-73°50'W (Figure 3), with
a slight meridional variability in the monthly scale, with a distribution mainly from Punta
Lavapié (37°20'S) to the north and only in some months of the year, such as from June to
August, with operation south of this latitude and very close to the 5 nm limit of the reserve
area for artisanal fishing (Figure 4).
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Figure 3. Distribution of jumbo squid fishing sets of the industrial fleet of central-south
Chile, 2011-2018 (until June). Source: INPESCA's D.gigas Monitoring Program.
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Figure 4. Monthly distribution of jumbo squid fishing sets of the industrial fleet of central-
south Chile during the months of operation in 2014 and 2016. Source: INPESCA's D.gigas
Monitoring Program.
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The good fishing yields (tons per day / boat) and, in addition, relatively low the annual
(monthly) global quota of the jumbo squid catches for the regional industrial fleet, which
during the last 5 years did not exceed 40 thousand and 5 thousand tons, respectively, are the
delimiting factors of the fishing operations in a wider area, they are sufficient to
concentrate this in the rather short distance from the landing ports and that indicates a high
availability of the resource in the exploited areas practically throughout the year. For this
reason, the important variations in the interannual dynamics of the total area of operations
of the industrial fleet over the jumbo squid resource off the coasts of central-south Chile are
not recorded (Figure 3).

The analysis of the monthly thermal dynamics of surface water in the sectors adjacent to
the main fishing areas of jumbo squid of the industrial fleet makes it possible to point out
that practically during the whole period the fishing area coincides with the spatial position
of the flow of cold coastal waters of the south (of the coastal branch of Humboldt Current),
on the one hand, and, on the other hand, with the mixing zone of productive cold waters of
the coastal upwelling, present almost all year round, and the warmest oceanic waters of
subtropical origin, in the summer season (Gretchina & Zudiiga, 2017). With this type of
waters are related the productive areas and the concentration of the main food items of
jumbo squid, such as euphausiids and mesopelagic fishes (Arancibia et al., 2015). This may
explain, in some way, the meridional (linear) extension of the area of operations of the
fleet, of the concentrated distribution of D.gigas, along the coasts of central-south Chile,
especially visible in the years 2014- 2018 (Figure 3).

At the same time, the artisanal fleet (boats and boats, from 8 to 12 m and from 12 to 18 m
in length respectively) dedicated to the jumbo squid fishing with jiggers in the years 2012-
2018 takes advantage of this resource of the area committed mainly within of the first 20
nm of the coast, to the radial distances of the landings points, which determines a patched
(discontinuous) distribution of the fishing operations along the Chilean coasts (Figure 1 and
5). However, unlike the industrial fleet, the fishing operations of the artisanal fleet are often
restricted by the weather conditions in the fishing areas when, for example, strong S-SW
winds prevail and / or during the passing of systems frontals of bad weather. This
determines the irregularities in the landings of jumbo squid.

When analyzing the monthly average vertical dynamics of the distribution of the
concentrations of jumbo squid, according to depths of fishing sets, in the operating zones of
the industrial fleet, it is possible to highlight its great amplitude, in a range between 50 and
400 meters, with an average depth between 150-300 meters (Figure 6, a). At the same time,
aggregations of D.gigas are distributed in a fairly narrow range of average monthly
subsurface temperatures, between 11.8°C and 16.2°C, however, the range of the annual
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average temperature of preference of distribution of schools of jumbo squid borders
between 12°C and 14°C (Figure 6, b).

Figure 5. Distribution of the main areas of operation on jumbo squid of the artisanal fleet
off the Chilean coast (example for 2017, modified by Galvez, IFOP, 2017).
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Figure 6. Dynamics of average monthly depth of the fishing sets (a) and water temperature
in the depth of the sets (b) in the jumbo squid fishing areas of the industrial fleet off the



10 Aug 2018 SC6-SQ02

coasts of central Chile. South, period 2011-2018. Source: INPESCA's D.gigas Monitoring
Program.

3. SIZE STRUCTURE

Based on the regular monitoring carried out on the jumbo squid resource in central-
southern Chile, of fishing operations areas mentioned, considering the fishing of the
industrial fleet from 2011 to date, July 2018, a range has been established of mantle dorsal
length (ML) in the catches in these years between 20 and 102 cm. On an annual scale
(Figure 7), the size structure of jumbo squid shows the predominance of specimens of only
one major and larger size; between 70-90 cm in 2011-2014, between 60-85 cm in 2015-
2017 and, only in 2018 (January-July) these fluctuate between 50 and 70 cm. Also, during
the years 2011-2014, a visible percentage of squid of less than 60 cm sizes appears in the
catches, this is not the case in the years 2015-2018 that can be related to the fact that in
these years the fishing was developed only in the first 3 months in 2015, 7-8 months in
2016-2018 and / or that the entry to the fishery of smaller sizes was less abundant.

Figure 7. Size structure of jumbo squid (dorsal length of the mantle) in the catches of the
industrial fleet of central-south Chile, period 2011-2018 (periods: January-December 2011-
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2014, January-March 2015, January-August 2016-2017 and January-July 2018). Source:
INPESCA's D.gigas Monitoring Program.

Comparing the annual jumbo squid structures of the catches of the industrial and artisanal
fleets (see examples for the years 2014-2016 and 2018, Figures 8 and 9), it is possible to
highlight that, in general, in the catches of the artisanal fleet these , although they fluctuate
in the same range of sizes, they are larger at about 5-10 cm with respect to the catches of
the industrial fleet. This may be related to the fact that the jumbo squid fishing of the
artisanal fleet with jiggers is more selective with respect to the fishing of the industrial
boats with the medium water trawl.

Figure 8. Size structure of jumbo squid (dorsal length of the mantle) off the Chilean coast
in the catches of the industrial and artisanal fleets during 2014-2016 (Belmar et al., 2017;
Galvez, 2017).
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Figure 9. Size structure of jumbo squid (dorsal mantle length) versus central-southern
Chile of the industrial and artisanal fleets during January-June 2018. Source: INPESCA.

On the other hand, it is also noted that in 2018 that the range and modal sizes of D.gigas are
lower compared to previous years, they fall from 60-90 to 50-80 cm ML for the
predominant group in the catches of both fleets (Figures 8 and 9).

The monthly distribution of jumbo squid ML frequencies of the total samples (there were
no significant differences by sex) in the catches of the industrial fleet of central-southern
Chile (January 2014 - March 2015, Figure 10) reveals an upward trend gradual modal sizes
from January to September and even October, which would indicate, in general, a
progressive growth of the available specimens to the fishing gear. Complementarily,
smaller specimens (40 to 65 cm ML) appear in the catches from June, which are present in
parallel with the first modal group, which is predominant and larger, until September.
During the month of October 2014, large specimens leave the fishery and become available
from the modal squid group that entered in June. The latter (of the second group) can
represent the income to the fishery of a new generation or cohort, which is solitary until at
least March 2015 and, as is supposed, has remained present in the region until the
September-October months, as well as the cohort of the 2013-2014 season, to reach the
months of September-October sizes above 75-80 cm ML (I assume the same monthly
growth rate as in 2014). At least, with the start in January of a new fishing season of
D.gigas of the year 2016 (Figure 10), the copies of the predominant cohort in 2015 are
practically boosted in the fishery, on the contrary, again very marked predominance is seen
in the monthly structure of ML of the specimens of sizes very similar to those registered in
the first months of 2015 (Figure 10).

Also, as in 2014, from May-June 2016 (Figure 10) in the coastal coastal fishery, specimens
smaller than 50-60 cm ML appear again, with a trend of accumulation of these towards
August, probably of a new annual generation (cohort) and entrances of the adjacent ocean
waters, which predominates until August of 2017, at least. However, during 2017 the
entrance to the fishery of another new cohort of jumbo squid appears only during the month
of August (Figure 10) and, it seems, in a lower abundance compared to the other years, it
does not accumulate in waters close to the coast and towards the month of September
emigrates in its totality of the region along with the group of greater units. In the catches of
the fleets the jumbo squid is absent from the beginning of September and until the middle
of December of 2017, the trend that was not recorded between the years 2013-2016. During
2018 (January-July), in the jumbo squid fishery of the industrial fleet of central-southern
Chile, a predominance of specimens from a single cohort is clearly seen and in a narrower
range of sizes than in other years, a very marked trend of monthly growth, without this
structure appearing smaller size specimens and / or a new incoming generation (Figure 10).
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Figure 10. Monthly dynamics of size frequencies (dorsal length of the mantle) of jumbo
squid in catches of the Chilean industrial fleet (35-38°S) during 2014-2018. Source:
INPESCA's D.gigas Monitoring Program.

Practically a similar trend in the inter-monthly dynamics of jumbo squid sizes is also
recorded in catches of the artisanal fleet of the V Region (Figure 11), that is, the entry to the
operation area of the fleet of specimens is registered. Squids of sizes less than 50-60 cm
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ML during the winter months, from May to June, and which, growing, remain in this area
at least until spring, the months of September-November, of the following year, when they
begin to migrate from the region, probably towards the spawning areas, located off the
coast of northern Chile and / or in the ocean waters off Peru (Tafur et al 2001, Argiielles et
al 2001, Liu et al. ; Arancibia et al., 2015). These data for the same fleet and the same
region coincide with the studies conducted in the years 2011-2013 (Paya et al., 2014).

Figure 11. Monthly dynamics of the size frequencies (dorsal length of the mantle) of
jumbo squid in the catches of the artisanal fleet in Region V (32-34°S) of Chile between
November 2015 and July 2017. Source: Program of Monitoring of D.gigas of INPESCA.

The relationship between the dorsal length of the mantle and the total weight of cuttlefish
(y = axb) presents a clear isometric growth in total weight with the increase in ML (r2>
0.9), and values of parameter (b) slightly higher to 3 (Figure 12), without the presence of
important variations in both males and females, nor inter-annual variations, nor between
fishing zones, for example between Peruvian, Chilean and oceanic coastal waters off the
coasts of Peru and Chile (Chen et al., 2010 ;, Liu et al., 2010; Arancibia et al., 2015;
IMARPE, 2015).

12
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Figure 12. Relationships Dorsal Mantle Length - Total Weight of Dosidicus gigas in
Chilean waters (Arancibia et al., 2015).

A. Arkrkkin (2015) establishes age estimates of jumbo squid based on the reading of daily
increments of statoliths (Figure 13), indicating a maximum age of 832 days (around 27
months) in an example of 101 cm of ML, concluding that at the end of the first year (365
days) D.gigas can have around 50 cm ML.

The results of Arkhipkin (2015) agree with the modal analysis of jumbo squid sizes of
catches in Peruvian waters between the years 1991-2008 (Keyl et al., 2010). This analysis
revealed fairly accurate results of the age of D.gigas for the indicated period, concluding
that its longevity fluctuates between 11.1 and 32.1 months in specimens of maximum
average sizes between 273-1024 mm, with a growth rate between 11 -44 mm per month.

On the other hand, in the oceanic zone off the Chilean coast outside the EEZ, the catches of
Chinese jigger boats (Liu et al., 2010) indicate that between April 2006 and May 2008, for
the regions between 37°31'-41°S / 78°30'-80°W and 25°-30°S / 76°-77°30'W, respectively,
jumbo squid predominated almost exclusively in smaller sizes (within a range of 23.6 -
83.7 cm ML), with averages of 37.6 cm and 38.9 cm for males and females, respectively; of
which 89% were between 35 and 45 cm ML and between 120 and 210 days of age, that is,
less than 1 year. Practically the same data was obtained from the catches of the Chinese
fleet outside the EEZ of Peru in 2010 (Liu et al., 2016), verifying that the size of the jumbo
squid at the age of 1 year reaches about 50 cm ML.
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Figure 13. Age estimates of the reading of daily increases in the statolites of jumbo squid
Dosidicus gigas (taken from Arkhipkin, 2015).

Based on the monthly structure information of sizes (Figures 10 and 11), on the ML-Total
Jumbo Squid weight growth (Figure 9) and the age estimates data (Keyl et al., 2010; Liu et
al. 2010; Liu et al 2016; Arkhipkin, 2015) (Figure 13), it is possible to assume that off the
coasts of central-south and central Chile in the fishery, both artisanal and industrial, the
specimens that present a high level of body growth, especially in weight, are preferably in
the second year of life (age 1+).

In this way, it is estimated that one generation (cohort) of cuttlefish remains in the regional
fishery, from its entry (May-June of year 1) until its departure (September-October of year
2), around 15-16 months. The output of the fishery occurs at the approximate age of 21-23
months assuming spawning occurs in November-December of year 0 (Tafur et al 2001, Liu
et al., 2010). This can be related to migrations towards the spawning areas that occur in
superficial subtropical oceanic waters, for example, off the coast of Peru with SST between
21.7-24.6°C (IMARPE, 2015), towards waters that are practically absent from Coasts of
central-south and central Chile. The above is inferred by virtue of the fact that mature and /
or spawning jumbo squid specimens (Arancibia et al., 2015) are also absent from the coasts
of central-southern Chile.

On the other hand, the entrance to the regional fishery of south-central Chile of D.gigas of a
new cohort coincides with the period of maximum cooling of the sea in the fishing zone
(June to August). Probably from this period, concentrations of squid enter the coastal zone
of central and south-central Chile from adjacent ocean waters, with specimens of similar

14
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sizes (<50-60 cm ML) to those reported in Chinese studies of the years 2006-2008 (Liu et
al., 2010).

The analysis of the monthly distributions of average sizes of jumbo squid (Figure 14) for
the annual periods (with interruptions) of fishing operations of the industrial fleet in the
years 2014-2018, reveals the progressive increase of the ML from the beginning of the year
until May (2014, 2016), decreasing in the average size (with month-to-month variations)
since June (product of significant appearance of the group of smaller sizes to 50-70 cm)
until October-November (only for 2014) when it is reached the lowest average size of the
quasi-annual series and when the group of larger individuals, as assumed, leaves the
fishery. In 2017-2018, an increase in average sizes in January continues until July.
However, it is possible to highlight that for January to April-May a progressive trend in the
decrease of average sizes of D.gigas from 2014-2015 to 2018; for example, for the month
of January, from 70 cm in 2014 to 57 cm in 2018.

Figure 14. Monthly dynamics of average sizes of D.gigas in fishing periods of the Chilean
industrial fleet between the years 2014-2018. Source: INPESCA.

4. REPRODUCTION

In the studies of jumbo squid off the coasts of central-south Chile carried out in INPESCA
during 2011-2015 (Arancibia et al., 2015), of the total samples (n = 7,481) from the catches
of the industrial fleet trawl, a slight predominance of males was observed (51.3%), being
the ratio of male-female sex ratio of 1.05: 1. Practically the same result was obtained from
the D.gigas analysis for the period of January-August 2017, that is, the sex ratio of males /
females about 1: 1 (Figure 15).
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Figure 15. Sex ratio (males / females) of jumbo squid in the catches of the industrial
creeping fleet in central-south Chile during the year 2017. Source: INPESCA.

On the contrary, in the catches of the artisanal fleet of the IV Region (30°S) during May-
September 2014 (n = 443, Arancibia et al., 2015), a clear predominance of females was
recorded (68.8% ) with a male-female ratio = 1.00: 2.21. Practically the same sex ratio was
registered during the year 2006, also from the catches with the potera in the IV Region,
with 72.1% for the females and 27.9% for the males (M: H = 1: 2 , 58) (Arancibia et al.,
2007), which agrees with observations of the sex ratio of jumbo squid in the catches of the
Chinese water fleet in oceanic waters outside Chile's EEZ in 2006-2008 (1: 2, 48, 1: 2.77
and 1: 2.36, respectively; Liu et al., 2010) and with that reported by Liu et al. (2013) for the
period 2006-2010 of the oceanic waters off the coast of Chile (1: 2.89), off the coast of
Peru (1: 3.95), and off the coast of Costa Rica (1 : 3.76).

These remarkable differences in the sexual proportion, not so much between regions and
between fishing gears, can be explained in that fishing of jumbo squid with jiggers (both of
the national artisanal fleet and of the international industrial fleet) exerts a greater reaction
of the females to the pot and / or light used in this one in comparison with the one of the
males, establishing that when fishing with pots the females are dominant. On the other
hand, capture with medium-water trawls (in the case of the Chilean industrial fleet) works
exclusively in shoals (of different densities), which may be composed of an equal
proportion of males and females (as in most pelagic species). The foregoing must
necessarily be taken into account in the proper management of this resource, especially
considering the impact that the extraction of a significantly greater proportion of females in
the fishing period may have on the dynamics of the population.
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It is interesting that in the samples of jumbo squid from the trawl catches of the VIII
Region of 2011-2014, practically all the specimens, both males and females, were in state 11
(immature) and / or in lower percentage in state III (maturing) and, only in October 2014,
only 2 females were registered in state IV (mature). The same trend is still present in the
biological samples of jumbo squid in 2016 and 2017, it is reflected in the monthly
dynamics of the gonadosomatico index, which presents the values below 07 (2016) or 0.9
(2017) (Figure 16).

Figure 16. Monthly average gonadosomatic index for females of jumbo squid in the
samples of industrial fleet catches off the coasts of central-southern Chile during 2016 and
2017.

Based on these data, it is possible to assume that the habitat of jumbo squid off the coasts of
the VIII Region is established as a fattening region, at least until the months of September-
October, when larger specimens migrate from the region, supposedly towards spawning
areas located in warmer (oceanic) waters off the northern coasts of Chile and Peru (Tafur et
al 2001, Argtielles et al 2001, IMARPE 2015).

On the other hand, in the IV Region, as indicated by the data of Arancibia et al. (2015) for
the months May-September 2014, although there are only 170 females analyzed, since
June, females appear in state [V (mature), around 16%, and in August-September the
percentage of females in states IV and V reaches 24%, even being between 2-6% of
females in state VI (spawning). These data indicate that in the IV Region, appropriate
(warmer) oceanographic conditions are present (seasonal approach towards the coasts of
subtropical waters with SSTs> 18-20°C) so that the maturation processes of squid
specimens are accelerated. The region is, as is supposed, in the migratory route from this to
the spawning area.

Although there are some data on the presence of female jumbo squid in the state of maturity
VI (spawning), as in the case of IV Region, no data are reported on the actual spawning of
females in national waters. It is only possible to suppose the existence of this one in the
area comprised of the 30°S towards the North-Northwest, towards the waters with the
superficial temperatures superior to the 20-22°C, usual more just in the zones of the open
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ocean in the same directions of the Chilean coast (of the analysis of satellite images of SST
in the frame of the Synoptic Fishing Program of INPESCA).

5. OPERATIONAL INITIATORS IN THE JUMBO SQUID FISHERY IN
CHILE

The landings of jumbo squid in Chilean national waters of the industrial and artisanal fleets
between 2001 and 2018 (Statistics SERNAPESCA, Table 1) show a sharp increase starting
in 2004: In this year, there is a jump of the total catches of D.gigas to 174,768 t in respect
to 15,192 t reported in 2003. From 2004 (until 2017) squid landings remain quite high,
above 105-140 thousand tons (exception in 2009 - 54,545 t), with peaks in 2005 (296,575 t)
and 2006 (250,639 t) (Table 1).

The statistics of the landings of jumbo squid also shows a higher contribution of the
artisanal fleet over the industrial fleet, only in 2007 the contribution to the total catches of
the industrial fleet equals that of the artisanal fleet and, in 2010 exceeds the last almost
three times (118,450 t). Between 2011-2018, in the conditions of the regulation of catches
of jumbo squid in Chilean waters (the annual quotas of catches of 180 thousand tons for
2011 and, of 200 thousand tons during 2012-2018), the percentage of landings of the
industrial fleet in relation to the total during the last three years (2014-2017) fluctuates
between 24.7% and 29.2%. So far in 2018, landings of the industrial fleet has reached
27,968 tons (June 2018), which represents 21.7% of the national total landed
(SERNAPESCA, 2018).

Table 1. Landings (tons) of jumbo squid in Chilean waters between 2001 and June 2018 of
the artisanal and industrial and national total fleets (Statistics SERNAPESCA).

SC6-SQ02

Year Artesanal Industrial Total

2001 3.088 388.000 3.476
2002 0 1.014 1.014
2003 13.727 1.650 15.192
2004 166.866 7.902 174.768
2005 283.420 13.155 296.575
2006 243.307 7.332 250.639
2007 83.299 40.427 127.726
2008 135.446 8.557 144.003
2009 51.140 3.405 54.545
2010 45.488 118.450 163.938
2011 109.694 19.743 129.437
2012 114.271 29.489 143.760
2013 96.867 9.050 105.917
2014 124.076 51.203 175.179
2015 104.179 39.403 143.583
2016 120.021 39.329 159.350
2017 108.916 38.928 147.844
2018%* 100.915 27.968 128.883

* - 2018 only until June included.
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In this context it is possible to point out that during the period before 2011 the jumbo squid
landings are mainly from the fishing of craft boats and purse seiners, mainly as by catch of
sardines, anchovies and / or jack mackerel fisheries; only in some cases as target fishing but
of the same fishing gear. On the contrary, from 2011 to date, the jumbo squid catches come
mainly (exclusively) from boats and craft boats with jars and from industrial boats with
medium water trawls whose target species is only this resource.

The evolution of the annual landings by region between the years 2011-2017 shows that the
main regions with operation of the artisanal fleet on D.gigas are the IV, V, and VIII. So far
in 2018 (until June) the regions with the highest participation in artisanal landings have
been V, VII and VIII. Between the years 2011 and August of 2018 (the years of the fishery
regulation on resource), the contribution in the total catches of jumbo squid between the
years 2011-2017 of the V Region represents 47.4% and in the VIII Region a 29.8% and of
the IV Region 22.0%. In 2018 (until June), the Fifth Region contributed with 11.5%, the
VII Region with the 11.7 and the VIII Region with 73.0% of the artisanal landings at the
national level (Figure 17).

The national landings of jumbo squid from the industrial sector between 2001-2016 occur
almost exclusively in the VIII Region. In this series, the largest landings were made in the
years 2010 and in the years 2014-2017 (Figure 17).
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Figure 17. National landings of jumbo squid by sector (a-industrial, b- artisanal) and by
regions of Chile between 2010 and June 2018 (Statistics SERNAPESCA).

In the industrial sector, the development of the jumbo squid fishery for human consumption
was established in 2014 with the implementation of specialized plants and process lines. It
depends heavily not so much on availability of the resource for the fleet as it is on quotas
designated annual catches. In this context, it is important to highlight the following
example: during 2015 the fleet concentrated all its fishing effort during the first three
months of the year with an Olympic fishing race, in which it made 222 fishing trips, with a
weekly average CPUE (t / ship) of 177.5 tons and, as a consequence, in the first 3 months
has fulfilled the annual quota of catches, around 40,000 t; During 2016, the same annual
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quota of the catches was, according to the regional companies, divided proportionally to the
8 months of the year, in which it made a total of 212 trips with fishing, working only first
8-10 days of each month, with average weekly CPUE of 186.4 t / boat; that is, practically
with the same fishing effort, the same catch was achieved.

INPESCA, within the jumbo squid monitoring program, has carried out a detailed analysis
of operational indicators (unloading and CPUE (tons per one hour of trawling)) of the
industrial vessels operated in the D.gigas resource between 2011 and June 2018 and in
which scientific observers of the institute were landed. During this period, a landing of
48,798 tons of jumbo squid was sampled, with a total of 2,216 fishing sets, counting the
actual sets and the sets without fishing, to accumulate a total of 5,587 trawl hours, revealing
minimum values of CPUE of 0.5 t / h in October 2011 and maximum of 33.7 t / h in
February 2017 (Figure 18).
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Figure 18. Monthly landings sampled on board fishing vessels (a) and yield in tons per
hour of trawling of industrial trawler fleet with medium water gear (b), between 2011 and
2018.

However, when analyzing the landings and CPUE of jumbo squid for the period of
operations of industrial vessels sampled from 2016-2018, it is possible to see that monthly
landings remain fairly stable, in a range between 1,000-1,500 tons, but the CPUE values
fluctuate over a wider range, with a tendency to visibly decrease from April to August 2017
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and remain fairly low in January-June 2018. To keep the monthly catches stable and with
the CPUEs relatively low, in these last periods increase the number of days in monthly
operations of the vessels, from 8-10 per month to 15-20 per month. This trend may be
worrisome, it may indicate less availability of the resource in 2017-2018 for the industrial
fleet in the same area of operation, especially in 2018 when the area of operations of the
fleet expands towards the south of its usual positions of the years 2011-2017 (see Figure 3).

6. CHILEAN JUMBO SQUID IN THE CONCEPTUAL MODEL OF POPULATION
STRUCTURE IN THE SOUTH PACIFIC

Among the main components to model a conceptual scheme of the life cycle of jumbo
squid in the Southeast Pacific, we count: a) the spatio-temporal dynamics of distribution of
different size groups, b) the spatial location of the spawning area, c) the existence of
seasonal migrations between the fattening and spawning zones.

From the recent studies conducted in INPESCA based on the biological information of
jumbo squid, compiled and analyzed between 2011 and 2018, mainly from the industrial
fleet of central-south Chile, and which may be the basis for discussion of the structure
population, it is possible to conclude the following:

a) In the Chilean fishery jumbo squid presents a group with a life cycle of two years;

b) This group is formed by migrant specimens in the age close to one year from the
subtropical oceanic waters to the Chilean coasts between May-June to October of each
year;

c) Its preferential habitat on the coasts of Chile is the cold waters and high biological
productivity of the Humboldt Current and / or the frontal zones on the edges of the coastal
upwellings;

d) In these waters, aggregations of jumbo squid are fattening from the entrance to the
Chilean coasts, from May-October of year 1 to September-November of year 2, mainly in
the high concentrations of mesopelagic fish and / or euphausiids;

e) Practically no jumbo squid reproductive activity is recorded in the area during this entire
period, the specimens are not found either in the maturation process or in spawning;

f) Migration of jumbo squid from the Chilean coasts (supposed towards the oceanic
spawning area in warm tropical waters off the coasts of Peru and northern Chile) occurs in
October-December when the specimens reach their longest dorsal mantle and weight, at the
age close to 2 years; In these months there is total renewal of biomass of D.gigas against
central-south Chile.
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As it is known, in the jumbo squid fishery of the Southeast Pacific (off the coasts of Peru
and Chile) it is possible to observe the presence of up to three different size groups (ages).
According to the classification of Nigmatullin et al. (1991, 1999 and 2001), these groups
correspond to: a) small sizes (males (M) 13-26 cm ML, females (H) 16-34 cm ML), b)
medium sizes (MH: 24-42 cm ML and 28-60 cm ML), ¢) large sizes (MH:> 40-50 cm ML
and from 55-65 to> 100 cm ML) (group "S", "M" and "L", respectively). The same authors
indicate that in each of these groups spawning occurs with different levels of intensity,
mainly between the months of November to January, as well as in July-August (Yamashiro
et al., 1998, Tafur et al., 2001) It is also recognized, based on fishing operations of different
fleets in the Southeast Pacific during the last decade, the spatial preference of different
groups of jumbo squid (in food) to different habitat areas, such as, for example, types of
water bodies. : group "S" - towards equatorial-tropical waters, group "M" - towards
subtropical waters, group "L" - towards sub-Antarctic origin (Corric However, the
spawning of jumbo squid occurs preferably in tropical or subtropical tropical or mixed
waters, with surface temperatures bordering between 18-25°C (mainly> 21°C) (Tafur et al.
2001; Argiielles et al. 2001; IMARPE 2015). Schematically the structure of D.gigas by size
groups, with interactions between them is presented in Figure 19.

Figure 19. Conceptual scheme of structural composition of jumbo squid size groups in the
population structure in the Southeast Pacific.

A clear example of the existence of three size groups in the jumbo squid fishery can be seen
in the results of the IMARPE survey in January-February 2015 off the coasts of the North
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and South coast of Peru (IMARPE 2015). On this occasion squid sizes fluctuated between
22 and 102 cm ML, with three modes centered on 32, 64 and 93 cm ML, that is, in ranges
close to those reported by Nigmatullin et al. (1991, 1999 and 2001). In addition to this, in
the midwater trawls the presence of the lesser specimens was found at 10-15 cm ML, of the
modal group of 3 cm ML and of an average of 5.1 cm ML, supposedly from the recent
spawning (from November-December 2014) in the adjacent area of the studied one. This
mixture of jumbo squid specimens of the sizes of different groups ("S", "M", "L") can be
related to the fact that in the summer months against the Peruvian levels the strong mixture
of different water masses also occurs: cold of the Humboldt Current and warmer,
subtropical and tropical.

On the other hand, as shown by the results of the jumbo squid fishery in open waters
(subtropical) off the coasts of Chile in 2006-2010 (Liu et al., 2010, 2013), there is a clear
predominance of specimens of medium sizes (Group "M"), that is, less than 50-60 cm ML,
of the modal group between 35 and 45 cm ML. The specimens of the same size group were
also present in 2010 in oceanic waters outside the EEZ of Peru in the catches of the Chinese
fleet (Liu et al., 2016). However, in the catches of the same fleet in the latter zone during
June-September 2013, 2015 and 2016 the specimens predominated between 20 and 35 cm
ML, that is, of the group "S" (Li et al. 2017), very likely in other oceanographic conditions
present at this time in the fishing region.

It is also interesting to note that, for example, in November-December 2015, in the area of
15-19°S outside the EEZ of Peru, in the catches of the Korean fleet they captured the jumbo
squid of the "L" group, of ML between 75 and 105 cm, the mature specimens and a full
stage of spawning (Choi et al., 2017), confirming the existence of this process in warm
ocean waters off the south coast of Peru.

On the contrary, in coastal waters of central and south-central Chile (2011-2018) there is a
predominance of jumbo squid specimens of larger sizes (Group "L") by over 60 cm ML.
Specimens smaller than 50-60 cm in this fishery are recorded only between the months of
May to July, which, as is supposed, enters the Chilean coasts of the open sea and, according
to the dynamics of the monthly structure of sizes, they grow and develop in this region
without making significant zonal migrations.

In this way, a clear differentiation is shown in the spatial distribution of the jumbo squid
specimens of the "M" (oceanic) and "L" (more coastal) groups, determined by different
habitat conditions (warmer versus coastal oceanic waters). cooler, greater biological
productivity (= abundance of prey) in the areas adjacent to the coastal upwelling), as well
as regarding the states of sexual maturity (the "L" group of the coastal zone evidences only
immature specimens and / or just in the initial stage of maturation). Finally, it is highlighted
that the spawning area of D.gigas is located in the oceanic zone (up to 200-300 mn of the
continental shelf) off the coast of Peru (Argiielles 2015), with spatial extensions even up to
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30 ° S, according to the distribution of paralarvae coinciding with the extension of warm
conditions in the same direction.

In this sense, and agreeing that each group of sizes of jumbo squid "matures, spawns and
deaths", the conceptual scheme of life cycle in the Southeast Pacific has to be made for
each size group, considering that the only thing in common All groups of sizes of squid is
the common spawning area. Figure 20 shows a conceptual scheme of the species for the
different groups of sizes mentioned, and that are mainly established in the following
characteristics:

Group "'S": The jumbo squid of small sizes (<35 cm ML) with an age inferior to 1 year
(probably around 6 months (Liu et al., 2010)), is more frequent in the northern zone, in
waters warm oceanic (tropical and / or tropical-subtropical mix) off the Peruvian coast. It is
composed of both immature and mature and mature specimens. For example, in January-
February 2015 (IMARPE, 2015) mature specimens fluctuated between 1.4-4.5% in females
and between 5.3-25% in males, indicating the existence of spawning in this group. Its
distribution coincides with the D.gigas spawning area. However, an important part of the
jumbo squid of this group, growing, migrates towards the waters within the EEZ of Peru
and / or, in the oceanic zone, towards the south, coinciding with reports of specimens in
front of the coasts of Peru and Chile center-south (Liu et al., 2010, 2013) in 2006-2010 with
sizes from 25 cm ML. On the other hand, migrations of this group towards the north have
also been evidenced, crossing the line of Ecuador towards Costa Rica and California
(Nigmatullin et al., 2001).

Group ""M": The jumbo squid of medium sizes (> 25 - <60 cm ML) with an approximate
age of up to 1 year, is most frequently observed in the coastal-oceanic area off the coast of
Peru and in the oceanic area facing the Coasts of Chile (with reports up to 42°S, Chen et al.,
2010), is also composed of immature and mature-maturing specimens throughout the
distribution area of this group. However, the spawning of these specimens (as a greater
percentage of mature specimens) is reported only against Peru and / or northern Chile
outside the continental shelf. The presence of specimens of less than 50-60 cm ML in the
coastal area of central-southern Chile from May to September involves migrations from the
oceanic area towards the coast.

Group "L": The jumbo squid of large sizes (> 40-60 cm and up to> 100 cm ML) with age
up to 2 years, its encounter in the fishery is more frequent in the coastal areas of both Chile
and Peru and / o during the spawning period within the oceanic spawning area along with
the other size groups off the Peruvian and northern coasts of Chile. In general, the spatial
distribution of D.gigas of this group of sizes coincides with the spatial (coastal) position of
the Humboldt Current, cooler waters and high biological productivity, especially
mesopelagic fish (Vinciguerria, other myctophids, etc.). .), being able to be recognized as
an area of fattening and intense growth in both sizes and weight (INPESCA monitoring
data 2011-2017). In this region, this group of sizes can remain for more than 14-16 months
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before starting the maturation process and make the migrations to the main spawning area,
a process that takes place between October-December.

Figure 20. Conceptual diagram of the life cycle of D.gigas in the Southeast Pacific. Group
"S" of 13-34 cm ML, age <6 months (yellow area - spawning area = distribution area of
group "S", red thin arrows - emigration routes). Group "M" of 24-60 cm ML, [] 1 year of
age (blue area, continuous thin arrows - emigration routes, thin dashed arrows - migrations
towards the spawning area). Group "L" of> 40-60 cm ML, age [] 2 years (green area, lines
with double arrow - local migrations, thin dashed arrows - migrations to the spawning
area). Assignment of size groups according to Nigmatullin et al. (2001). The delimitation of
the spawning area is based on Argiielles (2015). The red dotted line establishes the western
boundary of the jumbo squid distribution area in the Eastern Pacific (taken from Keyl et al.,
2008). The black dotted line - establishes the western limit of fishing operations on jumbo
squid between 2006-2016 (Liu et al., 2013, Paya et al., 2014, IMARPE 2015, INPESCA,
this study).

Finally, several authors have indicated that the appearance of these groups (dependent size)
seem to be a consequence of oceanographic factors that are expressed mainly in the intra-
seasonal and inter-annual scales (El Nifio - La Nifia), conditions that differentially impact
on the history of life, abundance and population structure along the southern distribution of
the species in the Eastern Pacific (Hammann et al., 1995, Klett-Traulsen 1996, Yu et al.,
2017). In this way, interannual changes in the conceptual scheme of the life cycle of jumbo
squid are likely.
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7. GENERAL CONCLUSIONS

The presence of the jumbo squid stands out practically along the entire Chilean coast and
throughout the year. However, the main fishing areas of this resource are concentrated in
the sectors close to the coasts, for the artisanal fleet (boats and boats with fishing with
jiggers) of the IV (30°S), V (32-33°S) and VIII (36-38°S) Regions and, for the industrial
fleet (fishing with medium water trawls) of the VIII Region. The fishing operations of both
fleets during the last years (2011-2018) are not restricted by the availability of D.gigas in
areas of their distribution, rather they are limited, for the artisanal fleet, by the unfavorable
meteorological conditions (fronts of bad weather, strong winds from the South-Southwest,
swells, etc.) and frequent in Chilean littoral and, for the industrial fleet, by the annual low
quota of the catches.

In the catches of both fleets, jumbo squid specimens are detected in a wide range of ML,
from approximately 30 to 100 cm. However, within a calendar year there is a large
predominance of sizes of over 60-70 cm (January-September) and, only from May-July are
the samples (in a lower percentage) of inferior sizes and which, growing, appear
predominant in October-December. In this way it assumes presence in the fishery within
the annual season of two generations (cohorts) of squid: present of the previous year and
incoming during the current year.

It is estimated that one generation (cohort) of jumbo squid remains in the Chilean fishery,
from its entry of the adjacent ocean waters (May-June of year 1) to its exit in North-
Northwest directions towards the spawning grounds (September-October). of year 2),
around 15-16 months. The exit of the fishery occurs at the approximate age of 21-23
months assuming spawning occurs in November-December of year 0.

Concentrations of jumbo squid are practically throughout the period of their presence in the
Chilean coastal areas in an active process of fattening, virtually no specimens are recorded
in a stage of maturation and / or mature, especially off the coast of central Chile -south;
only in the coasts of the IV Region has detected some, in a very low percentage, the
females mature and / or close to spawn.

A certain selectivity is detected in jumbo squid fishing by the artisanal fleet with jiggers,
which is reflected, in comparison with the fishing of the industrial fleet with medium-water
trawls, in the greater (exclusive) catchability of the specimens of larger sizes and in the
predominance of females above males in a proportion of 2.2-2.5: 1.0 (in industrial pelagic
fishing a female-male ratio is close to 1.0: 1.0). The latter (predominance of females in the
fishery) must necessarily be taken into account in the proper management of this resource,
especially considering the impact that the extraction of a significantly greater proportion of
females in the period may have on the dynamics of the population.

According to the proposed scheme of the life cycle conceptual model of the jumbo squid in
the Southeast Pacific, the presence (permanence) of the resource and the levels of its
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abundance (concentration and commercial availability) are strongly dependent on the
strength of the inputs (pulses) seasonal, from the specimens of medium sizes, to the coastal
areas of Chile from the adjacent ocean waters where the latter are predominant. The
recurrent detection of the aggregations of a new generation (of sizes less than 50-60 cm
ML) in May-July, its permanence in the fishery until October and its total predominance in
October- December can be used as a predictive indicator for the forecast of the state of the
resource for the new fishing seasons. That is, a greater occurrence and the frequent
presence of the specimens indicated and in the indicated periods increase the security of the
development of the stable jumbo squid fishery for next year (for example, in 2017) and, on
the contrary, its scarce presence may increase the risk of abrupt decrease in resource
abundance (for example, likely by 2019) in coastal areas and bring the (immediate)
negative consequences for extractive fishing and processing of by-products.
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